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ABSTRACT 

Latent Trajectories of Executive Function Development:  

Associations with Cognitive Vulnerability to Major Depression  

Denise LaBelle 

Temple University, December 2015 

Dissertation Advisory Committee Chair: Lauren B. Alloy, Ph.D. 

The maturation and consolidation of executive functions, including cognitive flexibility, 

attentional control, goal-setting, and information processing, continues throughout adolescence.  

Cognitive vulnerabilities to depression, such as rumination on negative affect, negative 

cognitive style, and hopelessness, also emerge as stable risk-factors for depression during this 

time. Emerging evidence suggests these vulnerabilities may be associated with alterations in 

executive functioning, and with cognitive maturation. The current study explores the association 

between trajectories of executive development and cognitive vulnerabilities to depression using 

a person-centered characterization of latent classes of growth trajectories. Classes of adolescent 

cognitive development in working memory, selective attention, sustained attention, switching, 

and divided attention, were derived, and class associations with cognitive vulnerabilities were 

probed. The results showed that most executive domains have a normative majority with typical 

growth and low levels of cognitive vulnerability. Minority classes, representing atypical growth, 

were differentially related to cognitive vulnerability. Contrary to hypotheses, better cognitive 

development was generally associated with higher levels of cognitive vulnerability, specifically 

internal, stable, and self-worth dimensions of negative cognitive style. Several exceptions 

included classes whose trajectory suggested developmental regression; consistent with 

hypotheses, these classes also demonstrated higher levels of negative cognitive style. Results 

support a model in which cognitive development scaffolds the maturation of negative cognitive 

style.   
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CHAPTER ONE 

INTRODUCTION 

Cognitive development throughout childhood and adolescence is essential to normative 

social, emotional, and academic adjustment (Fairchild et al., 2009; McClelland et al., 2007; 

Riggs, Jahromi, Razza, Dillworth-Bart, & Mueller, 2006; Steinberg, 2005). A central 

component of cognitive development is the maturation of the “executive functions” of the brain. 

Executive functions, loosely defined, represent those functions that allow the individual to 

appropriately interpret and respond to the environment, and include top-down control of 

attention, emotion, and the initiation and modulation of goal-directed behaviors (Alvarez & 

Emory, 2006). This heterogeneous collection of functions is subserved by the frontal lobes of 

the brain, whose extended period of development and maturation makes these functions 

relatively more sensitive to environmental perturbation (Alvarez & Emory, 2006; Anderson, 

2010; Best, Miller, & Jones, 2009). Developmental disruption of cognition may contribute to 

the cognitive vulnerability of the individual to certain types of psychopathology (Paus, 

Keshavan, & Giedd, 2008).   

Executive Function Defined 

Executive function (EF) is an umbrella term meant to capture a heterogeneous set of higher 

cognitive functions (Alvarez & Emory, 2006), which can include selective and sustained 

attention, self-monitoring, shifting between mental sets (switching), planning and goal-oriented 

action, inhibition of prepotent response, working memory, fluent generation of information, and 

targeted retrieval of stored information (Alvarez & Emory, 2006; Anderson, 2010; Banich, 

2004; Miyake et al., 2000; Riggs et al., 2006). No definitive hierarchy or organization has been 

established for these functions, although a number of groups have attempted to cluster these 

domains using factor analytic methods, with mixed results (Hull, Hamilton, Martin, Beier, & 
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Lane, 2008; Miyake et al., 2000). For example, Miyake and colleagues (2000) propose three 

distinct factors (shifting, inhibition, and updating), which map onto behaviors such as moving 

between one task and another or mentally manipulating two different concepts or categories 

(shifting), preventing yourself from acting on impulse or preventing distraction by competing 

stimuli (inhibition), and experiencing and understanding the content of your internal and 

external world (updating working memory). In contrast, Hull and colleagues (2008) presented a 

two-factor solution composed of shifting and updating, whereas Anderson (2010) presented a 

four factor model that includes cognitive flexibility (divided attention, working memory, 

conceptual transfer, feedback utilization), attentional control (selective attention, self-

monitoring and regulation, inhibition), goal-setting (conceptual reasoning, planning, 

organization), and information processing (efficiency, fluency, processing speed). In the 

absence of a definitive organization for these constructs, the majority of research exploring 

executive functioning and its behavioral correlates has been conducted using individual 

component constructs (e.g. working memory, switching, inhibition).  

Developmental Trajectory of EF 

The developmental course of executive functioning is comparatively longer than other 

cognitive domains and recent work has shown that frontal systems that subserve EF continue 

maturation throughout the individual’s second and third decade of life (Best et al., 2009). The 

neurodevelopment of frontal regions subserving EF occurs in a hierarchical way that allows 

graded participation in the world. As such, measurable maturation of executive functions occurs 

within a timeframe that is specific to the domain and related to that domain’s necessity in 

successfully navigating within the world. In their review of environmental contributions to the 

development of a biological/neural diathesis for psychopathology, Grossman and colleagues 

(2003) note that anything in the environment that is processed by the body – be it pure sensory, 
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metabolic, or emotional stimulation, helps to mold the developing brain and associated 

cognition (Craik & Bialystok, 2006; Grossman et al., 2003; Hackman et al., 2010; Noble, 

Norman, & Farah, 2005; Phillips, Ladouceur, & Drevets, 2008; Puliafico & Kendall, 2006). 

Anderson (2010) describes three qualitative stages of development that can be applied to all 

domains of EF:  

1) Emerging – the behaviors and neural substrate associated with a domain begin to 

take shape, but are not yet functional,  

2) Developing – the behaviors and neural substrate associated with a domain are 

functional, but not yet mature, and  

3) Established – the domain is fully developed; the behavior and its neural substrate are 

functionally mature.  

Critically, although much development occurs within the first seven years of life, the latency 

from “emergence” to “maturity” is variable (Anderson, 2010). For example, in a typical child, it 

is hypothesized that processes such as attentional control begin to develop within the first year 

of life (e.g., emergence of the orienting reflex), and reach maturity by late childhood/early 

adolescence (Anderson, 2010; Riggs et al., 2006). Other executive domains are thought to have 

emerged by age five, but exhibit significantly different developmental trajectories, reaching 

maturity at different ages (e.g., information processing, working memory, and cognitive 

flexibility may be mature by ten to fifteen years, whereas goal-setting/planning may be mature 

by twelve to sixteen years; Anderson, 2010). Executive abilities continue to be fine-tuned and 

integrated with other functionality throughout the life span, even after the core neural substrates 

mediating those functions are grossly mature and established. This is why improvements in 

cognition and behavioral utilization of executive skills continue well past the period of early 

development and into adulthood, and why other contextual variables (including 
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psychopathology and/or its resolution) can significantly impact cognition in ways that are 

sometimes long-lasting (Craik & Bialystok, 2006).  

 The extended window of development for executive functioning puts the individual at 

higher risk for experience-dependent deviation from the normative developmental trajectory. 

More specifically, environmental variables, including factors that impact the social and familial 

environment (e.g. poverty, poor schooling, and limited access to nutritional, educational, or 

emotional resources), and factors that impact the individual’s internal psychological 

environment (including temperament, exposure to trauma, inferential feedback, and the 

presence of psychopathology such as depression/anxiety) can impact development of cognition 

(DeWan, 2006; Hackman et al., 2010; Mackey et al., 2013; Weissman & Beck, 1978). The 

impact of what has been termed “social advantage,” defined as increased familial access to 

resources in the community, is particularly important to the study of adolescent development 

because of the host of other negative outcomes associated with “social disadvantage”, including 

poorer educational and occupational outcomes and significantly higher vulnerability to 

psychopathology. Lower SES individuals experience higher numbers of daily/lifetime hassles, 

stressors, and trauma, both chronic and acute (Turner & Avison, 2003), and life stressors put the 

individual at elevated risk for a number of negative outcomes, including cognitive deficits and 

psychopathology (Beers & De Bellis, 2002; Best et al., 2009; Hammen, 2006; Pennington & 

Ozonoff, 1996). Importantly, the earlier in development stressors perturb the trajectory of 

normative growth (and the earlier the remediation/intervention), the greater the potential impact 

on the individual (Guralnick, 2011). 

Cognitive Development and Vulnerability to Psychopathology 

Successful development of higher cognitive functioning in youth has been linked to 

important outcomes such as social and behavioral adjustment (Riggs et al., 2006), performance 
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on measures of intelligence and academic outcomes (Blair & Razza, 2007; Espy et al., 2010; 

Hughes, Ensor, & Wilson, 2010), success in the workplace (Fischer, Barkley, Smallish, & 

Fletcher, 2005), the maintenance of interpersonal relationships (Struchen et al., 2008), and 

protection against the development of psychopathology (Grossman et al., 2003; Pennington & 

Ozonoff, 1996). More specifically, deficits in EF, particularly selective and sustained attention, 

inhibitory control, verbal fluency and organization, and execution of goal-oriented behaviors, 

interact with other environmental risk factors to increase a child’s risk for psychopathology, 

particularly externalizing disorders such as Attention-Deficit Hyperactivity Disorder (ADHD), 

Oppositional Defiant Disorder (ODD), and Conduct Disorder (CD; Barkley, Edwards, Laneri, 

Fletcher, & Metevia, 2001; Drabick, Bubier, Chen, Price, & Lanza, 2011; Pennington & 

Ozonoff, 1996). These deficits can be specific to the nature and quality of the psychopathology. 

For example, in an early study on autism and externalizing disorders, deficits in EF were 

associated with the disorder severity overall, and domain specific impairments were evident 

(i.e., inhibitory abilities and verbal working memory were impaired in ADHD and autism, 

respectively; Pennington & Ozonoff, 1996). Alterations in the normative trajectory of EF 

development also have been observed in internalizing disorders such as anxiety (Drabick, 

Ollendick, & Bubier, 2010). In other words, although severe psychopathology in children can 

commonly co-occur with broad and non-specific disruption in executive abilities and/or 

cognitive development, clinically significant but less profound psychopathology is oftentimes 

accompanied by deficits in executive functioning that is characteristic of the disorder.  

Cognitive Development and Vulnerability to Depression 

Cognitive development may impact risk of psychopathology both directly and 

indirectly. Indirectly, EF development may influence vulnerability to psychopathology by its 

influence on other well-established risk factors, including academic achievement and social 
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learning. For example, inhibitory control and sequencing ability in middle childhood have been 

linked to decreases in prospective teacher-report of externalizing disorders (Riggs, Blair, & 

Greenberg, 2003), and also to social competency (Nigg, Quamma, Greenberg, & Kusche, 

1999). Behavioral dysregulation and poor social competency, in turn, have previously been 

associated with increased risk for cognitive vulnerability to depression and onset of depressive 

symptomatology (Hamilton, Stange, Abramson, & Alloy, 2014; Joormann & Tanovic, 2014; 

McQuade et al., 2014; Nilsen, Karevold, Røysamb, Gustavson, & Mathiesen, 2013). Similarly, 

deficits in EF have been shown to persist into adulthood in some individuals (Barkley, Edwards, 

Laneri, Fletcher, & Metevia, 2001; Fischer, Barkley, Smallish, & Fletcher, 2005), and EF 

deficits in adulthood can impair the individual’s ability to effectively navigate academic or 

professional settings (Struchen et al., 2008), which, in turn, places them at higher risk for 

depression (Bonde, 2008; Hilsman & Garber, 1995; Robinson, Garber, & Hilsman, 1995).  

Perhaps more importantly, the development of EF may directly impact vulnerability to 

depression and other psychopathology by the promotion of cognitive characteristics that lead to 

depression. Established cognitive variables associated with depression include negative 

rumination (attentional fixation on negative events, feelings, and consequences), hopelessness, 

and negative attributional style (perceiving negative events as resulting from internal, stable, 

and global causes). Similarly, protective factors associated with resilience to depression include 

distraction from negative emotion and an attributional style that explains negative events with 

external, fleeting, situation-specific causes (Abramson, Metalsky, & Alloy, 1989).  

On their face, these vulnerabilities and resiliency factors are predicated upon the 

cognitive capacity to volitionally direct/redirect attention, engage in adaptive problem-solving, 

think critically about self in context, orient towards future goals, inhibit emotional responding, 

and attend to other environmental variables. As such, one would expect alterations in the 



7 

 

executive functions that support many of these cognitive and behavioral processes to be 

associated with vulnerability to depression, and there is a growing body of evidence that this is 

the case.  

Rumination and Executive Function 

The response style theory of depression (Nolen-Hoeksema & Morrow, 1993; Nolen-

Hoeksema, Wisco, & Lyubomirsky, 2008) first linked depression to rumination, defined as “a 

mode of responding to distress that involves repetitively and passively focusing on symptoms of 

distress and on the possible causes and consequences of these symptoms” (Nolen-Hoeksema et 

al., 2008). Research conducted over the past two decades has characterized and elaborated upon 

the construct, and supported its role in the onset and maintenance of affective symptomatology 

and psychopathology more generally (Huffziger, Reinhard, & Kuehner, 2009; Joormann & 

Gotlib, 2010; Just & Alloy, 1997; Miranda & Nolen-Hoeksema, 2007; Thomsen, 2006). 

Rumination has been reconceptualized as attentional fixation on affect - both positive and 

negative (De Lissnyder, Koster, Derakshan, & De Raedt, 2010; Feldman, Joormann, & Johnson, 

2008), and exploration of the construct within a cognitive science framework has sought to 

characterize rumination as a process associated with depression – distinct from (but critical in 

promoting) the products associated with depression (i.e. the cognitions and behaviors that are 

characteristic of affective psychopathology and associated vulnerabilities, negative schemata, 

negative attributions, sadness, and behavioral deactivation; Ingram, Bernet, & McLaughlin, 

1994).   

There is a significant body of work establishing the link between depressogenic 

rumination and alterations in attentional/executive control of emotionally-valenced information, 

particularly in individuals with a history of depression or dysphoria (see Joormann & Gotlib, 

2010 for review). This work has indicated that rumination may be associated with specific 
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impairments in executive and attentional abilities, even for non-valenced (neutral) information 

(Koster, De Lissnyder, Derakshan, & De Raedt, 2011). Ruminators previously have been shown 

to exhibit deficits in cognitive flexibility, inhibition, and set-shifting, such that, when compared 

to individuals with low levels of trait rumination, ruminators commit more perseverative errors 

on the Wisconsin Card Sorting Task (WCST; Davis & Nolen-Hoeksema, 2000), have poorer 

reversal learning (“unlearning” a reward; Whitmer & Banich, 2012), and have poorer inhibition 

in antisaccade tasks (De Lissnyder, Derakshan, De Raedt, & Koster, 2011). They also have been 

shown to have worse sustained attention if they were also depressed (Wagner, Alloy, & 

Abramson, 2015) and have difficulty with shifting between sets, especially when dealing with 

emotionally-valenced stimuli (De Lissnyder et al., 2010). Recent work has demonstrated that, 

although not cross-sectionally associated with alterations in EF or attention at baseline, levels of 

rumination predict impairments in selective attention and switching at follow-up (Connolly et 

al., 2014). These findings support an independent association between rumination and 

alterations in executive functioning and attention.  

These findings suggest that the typical individual who scores highly on indices of 

rumination may be one whose thought process is “sticky” in that the individual has difficulty 

effectively dismissing previously salient information. Once “stuck” on a thought or feeling, 

those with a ruminative response style would have difficulty disengaging from that information 

and engaging with new, incoming information. As the emotional content of information is 

known to increase attentional salience (Phillips, Drevets, Rauch, & Lane, 2003), individuals 

who experience high levels of affect (such as adolescents; Steinberg, 2005), particularly 

negative affect (such as adolescents with high levels of negative emotionality and low levels of 

emotional control; Allen & Sheeber, 2009), would be more likely to get “stuck” and have 

difficulty adaptively directing attention towards novel (and perhaps task-relevant) material. In 
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terms of executive development, it thus would follow that individuals who develop response 

styles characterized by high levels of negative rumination also would be those whose executive 

functioning is characterized by strong attention in some instances (e.g. when task demands do 

not require inhibition of recently relevant information, or when the task is more internally 

focused), and very weak attention in others (e.g. in the presence of emotionally-valenced 

information, or attentionally-salient competing stimuli).  

Attributional Style and Executive Function 

Within Beck’s cognitive model of depression, early adverse events aid in the generation 

of negative cognitive schemas, which are then activated by life events to precipitate depression 

later in life (Beck, 2008). The cognitive distortions resultant from the individual’s negative 

schemas are thought to be manifest in information processing biases and depressogenic 

attributional style (Abramson et al., 1989; Abramson, Seligman, & Teasdale, 1978). The 

information processing biases proposed are characterized by selective attention away from 

positive information, and toward negatively-valenced information. The negative attributional 

style relatedly reflects an increased tendency to attribute negative life events to stable, global, 

and internal (i.e., persistent/unchangeable, affecting all aspects of life, and originating within 

the self) causes (Abramson et al., 1978; Chamberlain & Sakakian, 2006). This model presumes 

an attributional style that is trait-like rather than context (or state) dependent. An individual’s 

profile of cognitive development could critically impact the development of cognitive 

vulnerabilities by altering the manner in which the individual is able to understand and 

instrumentally respond to those factors known to influence cognitive style.  

Regarding the development of attributional style, previous research has demonstrated 

negative cognitive style begins to consolidate as early as fifth or sixth grade (Garber & Flynn, 

2001; Hankin, 2008; Nolen-Hoeksema, Girgus, & Seligman, 1992), continues to develop and 
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stabilize through middle adolescence (Cole et al., 2008; Gibb et al., 2006), and achieves adult-

like test-retest stability by late adolescence (Gotlib, Lewinsohn, Seeley, Rohde, & Redner, 

1993). Gender differences in cognitive style also emerge during this period (Hankin & 

Abramson, 2002; Nolen-Hoeksema & Girgus, 1994). Additionally, Cole and colleagues 

observed that attributional style became more stable (traitlike) between ages 7 and 15, and did 

not function as a vulnerability factor to depression until after age 13 (Cole et al., 2008). 

 Individual temperament may lie at the heart of the intersection of cognitive 

development and negative cognitive style. Temperament is defined as an individual’s 

emotionality and reactivity to the environment, and is typically understood to be a trait-like 

characteristic, comprised of Negative Emotionality (NE), Positive Emotionality (PE), and 

Effortful Control (EC; Hankin, 2012; Rothbart & Bates, 1998). It is thought that poor effortful 

control, understood to encompass the self-regulatory component of temperament that is 

indistinguishable from executive control in its definition (i.e., task persistence, attentional 

control, planfulness, inhibitory control), may reflect a potentiating component that acts 

synergistically to exacerbate the impact/strength of the other processes in generating 

depressogenic cognitive styles (Hankin, 2012). Previous research has demonstrated that high 

negative emotionality, low positive emotionality, and poor effortful control may represent the 

temperament at highest risk for depression (Dinovo & Vasey, 2011; Vasey et al., 2013), 

particularly when occurring in interaction. Supporting this hypothesis, a recent study explored 

latent developmental trajectories of negative cognitive style (attributional style) in a moderately 

sized sample (N=366) of adolescents (Mezulis, Funasaki, & Hyde, 2011), and found that 

negative emotionality predicted growth class membership and moderated the relationship 

between negative cognitive style and life stress such that individuals with higher levels of 

reported reactivity also had higher levels of negative cognitive style resulting from life stress. 
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Thus, individuals with poor executive control may be more likely to develop negative 

cognitive styles by virtue of impairment in emotion-regulatory processes previously associated 

with the development of negative cognitive style. Additionally, it also should be noted that 

different profiles of cognitive abilities may variably impact the manner in which an individual 

interacts with other important risk factors, such as inferential feedback, parenting style, life 

stress, and the social/cultural milieu, among others. The links between executive development, 

contextual variables known to promote negative cognitive style, and the consolidation of this 

cognitive vulnerability remains to be explored. 

Hopelessness and Executive Function 

Whereas there is a paucity of work relating cognitive development to negative cognitive 

style, there is even less work on the executive functions involved in hopelessness. Cognitive 

theories of depression have focused on hopelessness, defined as the belief that negative events 

will happen in the future and the individual is helpless to affect these outcomes (Abramson et 

al., 1989). 

Several executive components could be involved in promoting and maintaining 

hopelessness. Theoretically, hopelessness could be dependent upon conceptualization of one’s 

future (future orientation), projection of stable negative self- or world-appraisal into that future, 

and failure to acknowledge contradictory evidence or generate novel solutions to negative 

experience. Cognitively, hopelessness thus may be linked to planning/organization, flexible 

thinking, metacognition about the stability of self (theory of mind), susceptibility to negative 

affect, excessive behavioral inhibition/weak initiation, and monitoring and updating behavior in 

the interest of identifying and cognitively disengaging from maladaptive/failed strategies. With 

regards to future orientation (defined as the ability to think about, plan for, and anticipate future 

events), hopelessness has been shown to be significantly associated with poorer future 
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orientation (Hamilton et al., 2014; Steinberg et al., 2009) and increases in depressive 

symptomatology. With regards to planning/organization, flexible thinking, and disengaging 

from maladaptive strategies, impairments in each of these have been associated with higher 

levels of depressive symptomatology; however, their relationship to hopelessness is unknown.  

Person-Centered Approach 

To date, the research exploring the interface of executive function development and 

vulnerability to psychopathology has been conducted almost exclusively using variable-

centered analytic methods (Rhoades, Greenberg, Lanza, & Blair, 2011).  With the emerging 

availability and utility of sophisticated modeling programs, however, a person-centered 

approach to research in executive functioning is becoming increasingly popular. A person-

centered examination of the development of executive functioning allows for a more 

ecologically valid investigation of the developmental process, something that is particularly 

important when considering complex cognition and long-term development. Although a 

variable-centered analysis may glean important information about the way certain contexts 

impact executive processes, a person-centered approach allows one to examine whether (and 

how) subgroups of individuals differentially respond to those contextual variables. Rhoades and 

colleagues (2011) summed it up well in their recent paper: “The person-centered approach is 

vital in studies …where the goal is to understand a complex, multidetermined developmental 

phenomenon and to identify groups of children who are at highest risk of maladaptive 

outcomes.”  

Growth Mixture Modeling 

Modeling longitudinal developmental trajectories allows the researcher to see and 

understand important information about interindividual differences and intraindividual change 

over time. In standard latent growth models, individuals are assumed to have come from a 
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single homogenous population and the impact of unknown moderators and covariates on growth 

trajectories/outcomes is assumed to be equally monolithic. Thus, these models are limited in 

their ability to test hypotheses or theoretical frameworks for data with heterogeneity in the 

population, trajectory, and covariate influence. Growth mixture modeling (GMM) represents a 

quantitative solution to the problem of assumptive homogeneity, and allows the researcher to 

quantitatively characterize heterogeneity as it changes over time (Berlin, Parra, & Williams, 

2014; Nylund, Asparouhov, & Muthén, 2007).   

In standard growth models, the trajectory of growth across the population is estimated 

with an equation whose characteristics (intercept, slope, variability of intercept and slope, and 

variance accounted for by covariates) are supposed to be universal to all individuals within the 

sample, and thus, by inference, population (Preacher, Wichman, Maccallum, & Briggs, 2008). 

Individual deviations from the estimated model are captured within continuous latent variables 

referred to as random effects. In these multi-level random-effects models, one is unable to 

identify or characterize subpopulations of individuals with similar variability. These models 

assume the absence of interrelatedness of individuals beyond what is identified within the 

model (i.e., all individuals have equal likelihood of deviating from each other, and from the 

trajectory estimates) and they are unable to detect/characterize latent groups of individuals 

whose deviations from global model estimates may covary. Known covariates, which 

commonly include variables such as gender or race, are easily incorporated within standard 

growth modeling. Detection of intergroup differences in modeled growth estimates (i.e., 

intercept, slope, covariate influence) is accomplished through comparison of separate growth 

models for each grouping variable identified by the researcher. Grouping variables defining 

subpopulations that are unobserved are assumed not to exist.  
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Conceptually, the inability of traditional growth models to identify or test 

subpopulations defined by a latent identifier could be problematic for the examination of 

complex data emerging from open systems, such as human cognitive development. As 

described above, executive functions represent a diffuse network of interrelated processes 

whose continued development and final maturation is not strictly linked to any single 

biological/temporal indicator, but occurs as the result of complex environment-biological 

interactions. For example, although previous research supports the existence of an 

undifferentiated executive in preschool children (Wiebe, Espy, & Charak, 2008; Miyake & 

Friedman, 2012) and differentiation of disparate executive abilities prior to adolescence, the 

timeline and sequence for individuation of EF development across individuals is still an active 

area of research. Recent work also has demonstrated that some executive abilities (both domain-

specific and domain-general) are highly heritable (Friedman et al., 2008), suggesting important 

factors relevant to development may be covert and variable between populations and samples. 

These findings again emphasize the need for an analytic method that can detect clusters (of 

variance, covariance in growth) that might otherwise be undetectable without concomitant 

genetic assessment (and/or intensive longitudinal data collection).        

In contrast to standard growth models, growth mixture modeling similarly estimates 

growth parameters (i.e., intercept, slope, their variabilities, individual error/deviation), but also 

allows for individual variations across the population to be estimated using a categorical, rather 

than solely continuous, latent variable (Jung & Wickrama, 2008). Thus, within a growth 

mixture framework, no a priori assumptions are made about the presence/absence of unobserved 

grouping variables, and the possible latent classes within a developing population may be 

explored. Given the complexity of executive functions and the fluidity of the developmental 

transitions in executive maturation, it is reasonable to assume that the overall study sample may 
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be composed of qualitatively distinct groups of individuals whose trajectories of development 

cannot be classified a priori using readily observable variables such as grade, age, or pubertal 

status. In utilizing growth mixture models, the current study thus aims to identify the nature of 

possible latent classes of growth within selective indices of executive function, and probe for a 

possible predictive relationship between class membership and later cognitive vulnerability to 

depression.  

Conceptual Summary: Cognition and Scaffolding Cognitive Vulnerability  

Executive functions, a broad category of cognitive abilities primarily subserved by the 

prefrontal cortices, represent adaptive processes that allow the individual to regulate themselves 

and interact with their environment to carry out goal directed behaviors. Executive functions 

reach maturity over a long period of time relative to other biologically-based systems, and as 

such, their development reciprocally influences, and is influenced by, contextual variables. The 

term “contextual variables” is broad, but can include both personal factors, such as temperament 

and genetic predisposition, as well as environmental factors, such as access to appropriate 

nourishment, healthcare and education, parenting style, family structure, occurrence of stressful 

life events, and interactions with peers. Maladaptive patterns of cognition and behavior, 

including those that predispose the individual to develop depression later in life, also may have 

a reciprocal relationship with the development of executive abilities. The current study 

examines the relationship between executive development and three of these depressogenic 

cognitive patterns, namely rumination, attributional style, and hopelessness. Rumination 

previously has been associated with poor inhibition, inflexible thinking, and difficulty 

switching, whereas attributional style has been associated with temperament variables reflecting 

weak executive control of emotional arousal in response to life stress. Hopelessness is relatively 

unexplored in the context of neural or cognitive development (Hamilton et al., 2015), but also 
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has demonstrated consistent association with depression, and would likely also require 

metacognitive self-appraisal, planning/organization, cognitive flexibility, and future orientation. 

Conceptualizing rumination and attributional style in these terms (i.e., rumination as an 

information processing style characterized by “sticky” thinking; attributional style as an 

explanatory system to interpret and encode emotional arousal) helps to deconstruct these 

vulnerabilities into their cognitive and affective characteristics. These characteristics then allow 

one to investigate the manner in which these maladaptive patterns consolidate into stable, trait-

like personal characteristics. The current study seeks to examine the relationship between 

cognitive development and cognitive vulnerability to depression under the assumption that the 

development of cognitive and metacognitive processes act to scaffold the development and 

consolidation of cognitive vulnerabilities to depression.  

  The Present Study 

To date, there exists no person-centered longitudinal exploration of the association 

between executive function development and cognitive vulnerability to depression. The current 

exploratory study examines the trajectory of EF development in a sample of urban adolescents 

followed longitudinally and explores a putative association between growth class and cognitive 

vulnerability to depression. Using growth mixture modeling, analyses explore trajectories of 

growth within individual cognitive processes (i.e., working memory, selective attention, 

sustained attention, switching, and divided attention). Each of the identified cognitive 

vulnerabilities discussed above (i.e. rumination on negative affect, negative cognitive style, and 

hopelessness) was then be regressed upon the resultant latent growth class to determine the 

nature of the relationship between trajectory of growth of cognition and cognitive vulnerability 

to depression in adolescents. It is predicted that differences in executive function development 

will be differentially associated with cognitive vulnerability to depression.  
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CHAPTER TWO 

METHODS 

Data for the current study are drawn from Temple University’s (TU) Adolescent 

Cognition and Emotion (ACE) Project, a longitudinal study examining the emergence of 

depression-relevant cognitions and behaviors throughout adolescence (Alloy et al., 2012). 

Sample recruitment, baseline assessment procedures, and description of several study measures 

(K-SADS, CDI, ACSQ, CRSQ, CHS, TEA-Ch, DS) are detailed in previous publications from 

this study and reviewed below (Alloy et al., 2012; Connolly et al., 2014). 

Participants and Procedures 

Sample recruitment. Mother-child dyads were recruited from the School District of 

Philadelphia and surrounding communities. Adolescents included in the study were required to 

be between the ages of 12 and 13 at the time of enrollment, and were additionally screened to 

determine if they were competent in English and free from any developmental, cognitive, 

physical or emotional disability (i.e., psychosis, mental retardation, autism, severe learning 

disability) that would prevent them from understanding or completing study measures. 

Participants with non-impairing disabilities (remediated physical or learning disability, history 

of non-psychotic psychopathology, mild developmental delay) were included in the study to 

increase its generalizability of results to the larger population. A broader aim of Project ACE 

was to investigate previously reported racial and gender disparities in the onset of depression 

and its associated cognitive vulnerabilities, and adolescents who did not self-identify as 

Caucasian, African-American, or Biracial, were excluded from participation. Female primary 

caregivers, including mothers, step-mothers, and other female family members (93% were the 

adolescents’ biological mothers), were included in the study with the adolescent, and those 
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participants without a primary female caregiver (i.e., single-parent households with only a male 

guardian) were also excluded. Dyads who met study inclusion and exclusion criteria were 

scheduled for a Time 1 assessment, at which time written consent and assent from the female 

caregiver and adolescent were obtained.  

Participant inclusion. In order to draw conclusions across models and variables and 

prevent bias in estimation, only participants who had at least two data points within each of the 

nine variables of interest were included (n=307). In general, the final assessment has a slightly 

smaller sample size, due to several factors, including incomplete assessments (i.e., individuals 

who remain involved in the study but failed to complete the required number of assessments), 

attrition (those who declined further participation after session one), and ineligibility (those 

participants subsequently found to be ineligible for participation).  

Study procedure. The Time 1 assessment lasted between 4-6 hours and was typically 

conducted in two sessions over two days. The assessment included a diagnostic interview for 

both the mother and child, the completion of self-report measures of cognitive vulnerabilities, 

emotion regulation, parenting styles, and a life stress checklist, and several interactive 

assessments of executive functioning. Time 1 – Session 1 included completion of a 

demographics questionnaire, and several subtests from the Test of Everyday Attention – 

Children (TEA-Ch; Manly, Anderson, Nimmo-Smith, Turner, & Robertson, 2001), while Time 

1 – Session 2 included the Digit Span subtest from the Wechsler Intelligence Scale for Children 

(WISC; Wechsler, 2003). Participants were asked to return annually to complete a similar 

battery of executive and emotional functioning measures. Both mother and child participants 

were compensated for their time and transportation.  
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Measures 

Demographics Questionnaire. This standard questionnaire asked the female caregiver 

to report her own age and the child’s age, date of birth, racial self-identification, and the child’s 

eligibility for free or reduced-priced school lunch, as well as the female caregiver’s relation to 

the child, marital status, education level and household income. 

Executive Functioning.  

Digit Span. The Digit Span (DS) subtest of the Wechsler Intelligence Scale for 

Children – Fourth Edition (WISC-IV; Wechsler, 2003) and the Wechsler Adult Intelligence 

Scale – Fourth Edition (WAIS-IV; Wechsler, 2008) was used to assess auditory-verbal working 

memory for adolescents. There has been standardized and normed for children and adolescents 

between the ages of 6 and 16 years old (Wechsler, 2003), while the WAIS-IV has been 

standardized and normed for adolescents and adults between the ages of 16 and 90. Adolescents 

were read strings of digits of increasing length and asked to repeat the numbers, in order, to the 

researcher (DS Forward; DSF). The second half of the task followed the same format as the 

first, but the adolescent was asked to mentally reverse the order of the digits, repeating the 

string in the opposite order of presentation (DS Backward; DSB). In the adult version (WAIS-

IV, age > 16 years), a third section is included, in which the adolescent must recall the digits in 

sequential order from lowest to highest. The DS was administered at Time 1 and yearly.   

 Test of Everyday Attention for Children (TEA-Ch). The TEA-Ch (Manly et al., 2001) 

is a well-validated neuropsychological assessment of attention for children and adolescents 

ranging in age from 6 to 16 years. Four sub-tests from the complete battery were included in the 

Time 1 and yearly assessments. The TEA-Ch was designed to minimize contamination from 

other non-target domains such as memory, language and verbal comprehension. The test-retest 
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reliability over a 5 to 20 day interval demonstrated moderate to good stability with r’s ranging 

from .64 to .92 (Manly et al., 2001). The assessment has demonstrated satisfactory convergent 

validity with other established measures of selective attention (Manly et al., 2001) and 

discriminant validity with the WISC Vocabulary, Similarities, Block Design and Object 

Assembly tests, the WRAT reading, spelling and arithmetic tests, or with SES (Manly et al., 

2001), respectively. The Sky Search, Score!, Creature Counting, and Sky Search DT were 

chosen because they are well validated and widely used measures that tap different core 

domains of executive functioning (specifically, selective attention, sustained attention, set-

shifting/switching, divided attention, respectively) implicated in depression and cognitive 

vulnerability to depression.  After age 16, adolescents were administered the equivalent form 

from the adult measure, the Test of Everyday Attention (TEA).  

The Test of Everyday Attention (TEA). The Test of Everyday Attention (TEA; 

Robertson et al., 1994) is a battery of eight tasks intended to measure various components of 

attention (selective attention, sustained attention, attentional switching, and divided attention) in 

adults (16-80 years). It is based mainly on the attentional model by Posner and Peterson (1990), 

which proposes three attentional systems: orientation, vigilance, and selection. The TEA is 

designed to measure the last two systems (Bate et al., 2001). The test itself is presented as a 

mock trip to Philadelphia (in the American version), during which the examinee must perform a 

series of tasks that would be appropriate in that context (e.g., using a map, finding information 

in a telephone directory). Overall, test-retest coefficients are substantial (acceptable to high). 

The TEA correlates highly with other attention tests, including the Ruff 2 & 7 (e. g. r = .62 and 

.69, for Map Search and Telephone Search, respectively; Bate et al., 2001). Telephone Search, 

Elevator Counting, Visual Elevator, and Telephone Search While Counting are the subtests 

analogous to the TEA-Ch subtests reflecting selective attention, sustained attention, set-
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shifting/switching, divided attention  (i.e. Sky Search, Score!, Creature Counting, and Sky 

Search DT, respectively).  

Sky Search. The Sky Search subtest, a measure of selective visual attention, is 

administered to assess the adolescent’s ability to detect target stimuli in the presence of a 

visually complex arrangement of non-target distracters. Adolescents were presented with a 

laminated sheet with 128 pairs of spaceships, arranged in rows and columns, and asked to circle 

as many matching pairs as they could find as quickly as possible. Adolescents were timed 

during this task. To control for baseline motor speed, after the initial administration, the 

adolescents were asked to complete the task again in a second trial where all non-target stimuli 

were removed. Three scores are derived from this task, the Total Correct score, the Timing 

score, and the Attention score. These scores reflect the number of correctly identified pairs in 

the first administration, the time taken to complete the first administration, and the difference 

between the ratios of targets found and time elapsed in the first and second administration.  

Telephone Search: This is a visual attention task that requires examinees to search for 

targets among distractors in a simulated telephone directory. Administration is analogous to that 

of the TEA-Ch’s Sky Search, with an identical number of symbol-targets dispersed on a 

similarly sized laminated sheet. No “motor control” component is included within the adult 

version.  

Score!. The Score! subtest assesses sustained auditory attention, defined as the ability to 

maintain performance on a task that is inherently uninteresting and unrewarding but is 

necessary to achieve a goal. Adolescents were asked to mentally count the number of irregularly 

spaced tones (range: 9-15 tones) they heard within each of ten sequences. The adolescent’s raw 

score was the number of correctly counted sequences.  
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Elevator Counting: This is an auditory sustained attention task. Examinees are 

instructed to count a series of tape-presented tones; the premise is that examinees are on an 

elevator that has a defective floor-indicator, and they must determine what floor they are on by 

keeping track of the number of tones that sound every time a new floor had been reached. 

Administration is analogous to that of the TEA-Ch’s Score!  

Creature Counting. The Creature Counting subtest was administered to assess the 

adolescent’s ability to switch between mental sets and inhibit prepotent numeric sequencing 

while counting. Adolescents were asked to count ‘creatures’ along a path intermittently 

interrupted by up or down arrows. The adolescent was instructed to change the direction of their 

counting as indicated by the arrow (i.e., following the presentation of an “up” arrow, the 

adolescent continues to count the creatures sequentially ascending, and following the 

presentation of a down arrow, the adolescent must count backwards from the last number). Each 

page had between 9 and 21 ‘creatures’ placed along the path. Between three and six arrows 

pointing either up or down were interspersed among these creatures on each trail. Adolescents 

were instructed when they come across an arrow, they must switch the direction of counting 

between upwards and downwards, as directed by the arrow. At the end of the path, adolescents 

reported the final number. Scores were composed of both an accuracy (number of trials correct) 

score and a timing score (time per switch; total time divided by total number of arrows, for 

correct trials only).  

Visual Elevator: This is a visual attentional switching task that requires examinees to 

switch from an ongoing response (counting forward), when a specific signal is presented (down 

or up arrow), to a new response style (counting backward). Stimuli are “elevator floors” 

presented in a stimulus book along with arrows to signal the response switch. Time and 

accuracy are recorded. Administration is analogous to that of the TEA-Ch’s Creature Counting. 
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Sky-Search Dual Task (Sky Search DT, SSDT). This subtest combined the Sky Search 

and Score! subtests. The adolescent was asked to complete a different form of the Sky Search 

subtest while simultaneously and silently counting the number of tones presented in consecutive 

sequences of the Score! subtest. Scores from this measure include raw scores that correspond 

with previous subtests, and several composite scores that contrast baseline and dual-task 

performance.  

Telephone Search While Counting: As with the SSDT subtest, this is a dual task 

paradigm in which the participant must engage in Telephone Search while simultaneously 

counting strings of tones presented aurally. Administration is analogous to that of the TEA-Ch’s 

Sky Search DT.  

Cognitive Vulnerability Measures. 

Children’s Response Styles Questionnaire (CRSQ; Abela, Vanderbilt, & Rochon, 

2004). The CRSQ is a 25-item self-report measure of trait styles for responding to dysphoric 

affect composed of three subscales: rumination, distraction, and problem-solving. Participants 

indicate the manner in which they respond to feelings of sadness using a four-point scale with 

higher scores representing greater levels of the respective construct (i.e., higher levels of 

rumination in response to sad mood). Past research employing the CRSQ has indicated good 

validity and moderate internal consistency (Abela et al., 2004). In the current sample, the 

internal consistency was α = .83 for the rumination subscale. The CRSQ was given at Time 1 

and yearly. 

The Adolescent Cognitive Style Questionnaire-Modified (ACSQ-M; Alloy et al., 2012) 

is a modified version of the original ACSQ  (Hankin & Abramson, 2002) that assesses 

inferential styles regarding the stability (“will it cause [the same event] to happen in the 
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future?”), and globality (“will it cause problems in other parts of your life?”) of causes, as well 

as the assumed consequences (“will other bad things happen to you in the future because of [the 

event]?”) and self-worth implications (“Is there something wrong with you because of [the 

event]?”), of negative life events in the achievement and interpersonal domains. The ACSQ-M 

also assesses cognitive styles relating to negative events within the appearance domain, another 

content area that is of importance to adolescents. Adolescents are presented with 12 

hypothetical negative events in the achievement, interpersonal, or appearance domains (4 events 

per domain) and are asked to make inferences about the causes (internal/external, 

stable/unstable, and global/ specific), consequences, and self-worth implications of each event. 

Each dimension is rated from 1 to 7, with higher scores indicating a more negative cognitive 

style, and dimension scores range from 12 to 60. A composite score representing overall 

negative cognitive style was computed by summing each of the four subscales. The ACSQ has 

demonstrated excellent internal consistency, good retest reliability, and adequate factor structure 

among adolescents (Alloy et al., 2012; Hankin & Abramson, 2002). Internal consistencies in 

this sample were α = .84 – .88 for the four individual dimensions and α = .94 for the composite 

score. The ACSQ-M was given at Time 1 and yearly. 

The Hopelessness Scale for Children (HSC; Kazdin, Rodgers, & Colbus, 1986) was 

used to measure current beliefs of hopelessness at Time 1 and yearly. For this measure, 

adolescents completed 17 true or false questions about the adolescent’s sense of hope (e.g., 

“When things are going badly, I know that they won’t be bad all of the time”; “I never get what 

I want, so it’s dumb to want anything.”). After reverse scoring the positively worded items, 

higher scores reflect higher levels of hopelessness. The HSC has demonstrated adequate validity 

and internal consistency (Spirito, Williams, Stark, & Hart, 1988). In the current sample, 

Cronbach’s α at baseline was α=0.70.  
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Diagnostic Measures.  

Kiddie – Schedule for Affective Disorders and Schizophrenia – Epidemiological 

Version (K-SADS-E). The K-SADS-E (Orvaschel, 1995) is a semi- structured diagnostic 

interview used in the current study to assess/identify current and lifetime history of Axis I 

diagnoses in youth using Diagnostic and Statistical Manual of Mental Disorders – Fourth 

Edition criteria (DSM-IV-TR; American Psychiatric Association, 2000). Back to back 

interviews, first with the maternal caregiver and then the adolescent were conducted, and 

summary diagnoses were then assigned based on integrated parent/child report. Summary 

ratings were based on the interviewer’s ‘best-estimate’ clinical judgment (e.g., Cantwell, 

Lewinsohn, Rohde, & Seeley, 1997) and consensus discussion with senior study members 

where warranted. The K-SADS-E is well-validated, and has demonstrated good inter-rater/retest 

reliability (Orvaschel, 1995), with reported κ’s of .73 and .72 for Major Depression and 

Dysthymia, respectively (Orvaschel, 1995). Interviews were conducted by postdoctoral fellows, 

doctoral students, and trained research staff that included individuals with Clinical or 

Counseling Masters degrees or advanced undergraduate education in psychology. All 

interviewers participated in a 2-day intensive training session led by the author of the K-SADS-

E (Dr. Orvaschel) and completed ~200 hours of instruction on diagnostic assessment methods, 

which included didactic seminars, extensive exposure to exemplars (e.g. case vignettes, 

videotaped interviews, role-playing), and live observation of senior interviewers. All 

interviewers conducted initial diagnostic interviews under the supervision of senior interviewers 

with post-assessment feedback prior to commencing independent interviewing. Inter-rater 

reliability (based on a subsample of 120 pairs of ratings consisting of 5 raters for each of 24 

diagnoses from 10 K-SADS interviews) was κ = .85.  

A Priori Variable Selection. The following variables were selected to maximize 

power/sample size, relevance to hypothesized constructs, and consistency across measures.   
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Working Memory. Longest digit span forward (LDSF) and longest digit span backward 

(LDSB) were used in the current study, as they reflect the maximal extent of the individual’s 

basic auditory attention and working memory (in contrast to total or overall scores, which are 

dependent upon consistency in performance throughout administration as well as maximum 

ability). 

Selective Attention. Of the three scores derived from this task (Total Correct, Timing, 

composite Attention score), modified Total Correct and Timing scores were used in the current 

study. Total Correct score was modified to reflect Omission errors ((total targets) – (total targets 

found)), both to improve modeling of the data (see Analyses below) and consistency with other 

assessments. To account for the impact of omission errors on completion time, the Timing score 

was reflected as Time per Target. The Attention score was omitted due to its significant 

covariance with the two other indices. 

Sustained Attention. Although administration is analogous, the sustained attention 

measures from the TEA and TEA-Ch differ in the number of trials administered (ten trials in the 

TEA-Ch, seven trials in the TEA). Given the previously reported ceiling effects in both 

measures (Manley et al., 2001; Preva and Wade, 2002), omission errors (i.e., the number of 

incorrectly counted sequences) was used as the variable of interest.  

Switching. As with indices of sustained attention, the TEA and TEA-Ch differ in the 

number of trials administered for their switching task (seven trials in the TEA-Ch, ten trials in 

the TEA). To avoid bias in the later time points (where perfect performance would be reflected 

in a score of seven instead of ten), the number of incorrectly counted trials was used to represent 

accuracy. Timing score (time per switch; total time divided by total number of switches, for 

correct trials only) was also used to assess speed/efficiency of attentional switching.  
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 Divided Attention. The divided attention task includes scores for selective (visual) 

attention and sustained (auditory) attention, as well as several composite and contrast variables. 

In the current study, only the raw scores (and not the contrast scores) were used to facilitate 

comparison with the selective and sustained attention tasks (when administered alone). In the 

dual task subtest, there is no fixed number of listening games. The number of trials (and thus, 

the number of correctly counted listening games) is dependent upon completion time for the 

visual search task (longer completion time = more attempted listening games). To avoid this 

confound, the percentage of correct games (games correct/games attempted) was used as the 

variable of interest for modeling the auditory component of growth over time. 

Cognitive Vulnerability. Class membership of the executive functioning indices was 

used to predict mean level of ruminative response, negative cognitive style variables (composite 

score, attribution internality/globality/stability and beliefs about consequences and self-worth 

implications of attributions) across all event-domains, and hopelessness at last assessment. Prior 

research suggests that rumination, negative cognitive style, and hopelessness are mature and 

achieve test-retest reliability consistent with adult samples by late adolescence. Each cognitive 

vulnerability outcome was drawn from the participant’s latest (i.e., most developmentally 

advanced) assessment, as it is expected to reflect the most stable, and consolidated index of a 

“trait-like” vulnerability.  

Analytic Procedure 

Data Definition. The first step in the construction of a GMM is to define the 

parameters of the observed growth within the data by specification of a single class latent 

growth curve model for the data (i.e., in the absence of any latent class specifier; Jung & 

Wickrama, 2008; Ram & Grimm, 2009). Both no-growth and linear-growth single class models 

were examined. Quadratic-growth models were not assessed, as quadratic models require at 
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least four time points and the current study was limited to three time points to maximize sample 

size, and the variables in question were expected to reflect processes with age-related linear (or 

near-linear) growth. The number of omission errors from the selective attention and divided 

attention tasks, as well as the number of errors on the sustained attention task were modeled 

using a zero-inflated Poisson procedure. The number of incorrect responses on the switching 

task was similarly modeled, although without the zero-inflation.   

 Model Selection. All models were estimated for two through five-class solutions, as the 

sample size for the current study makes the detection of more than five valid classes unlikely 

(Brown, 2003). Beginning with a single-class model, successive forced multi-class solutions 

were run until fit statistics and qualitative assessment of class structure suggested a model 

where C+1 number of classes did not improve overall model fit relative to a model with C 

number of classes. Although five class solutions were attempted for all variables, most would 

not converge without error or stringent model constraints (e.g. variance and/or covariance held 

equal across groups, for both intercept and slope), and none offered a better fitting model than 

the four class solution.  

Model fit was assessed by examination of resultant parameter estimates, fit statistics, 

entropy, and likelihood ratio tests (Ram & Grimm, 2009). Traditional χ
2
 based fit statistics used 

when conducting a latent class analysis (e.g., RMSEA, CFI) are not available with GMM. The 

optimal models were selected using the following procedure:  

1. Models with unrectifiable estimation errors (i.e. negative variances) were removed.  

2. Information criteria fit statistics, including the (adjusted and non-adjusted) Bayesian 

Information Criterion (BIC; Schwartz, 1978) and Aikaike’s Information Criterion (AIC; 

Akaike, 1987), were examined, and the model with the lowest values across these 

indicators was identified.  
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3. Entropy, reflecting the internal consistency and stability of the class structures, was 

evaluated, and models with the highest between-class entropy were identified.  

4. The adjusted Lo-Mendell-Rubin test (Lo, Mendell, & Rubin, 2001) and the 

bootstrapped likelihood ratio test (LRT) were used to compare the improvement in fit of 

class structure C relative to class structure C-1.  

5. Group characteristics and proportions were examined for conceptual fit. Generally, 

class structures that include classes whose n represents < 5% of the overall sample size 

were rejected in favor of models with larger classes and greater presumed explanatory 

power. However, models with small class size were retained in instances in which the 

small class was anticipated and conceptually meaningful. This study examines the 

trajectory of cognitive development in a community sample with the expectation of 

normative developmental change, and as such, clusters of individuals deviating from 

the normative developmental trajectory were expected to be small in size.  

For each EF variable, the model with the best mathematical fit (taking into account fit, 

entropy, and model likelihood) and most explanatory/interpretive power (e.g. greatest diversity 

of non-redundant classes) was selected.  

Characterization of classes. Demographic variables were not initially entered as 

covariates, so that resultant classes could be characterized and compared along demographic 

variables. Many models support the presence of a large, majority class and several smaller 

minority classes; comparison across multi-category demographic variables is not possible due to 

limits on cell size. All categorical demographic variables with many categories (e.g. household 

income, maternal/paternal education) and/or low cell sizes (i.e. marital status, race) were 

dichotomized along meaningful quantitative or conceptual boundaries to facilitate cross-

tabulation of these variables against class membership. For example, exploration of household 
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income reveals a bimodal distribution, with income distributed roughly normally across the five 

bins under $75,000/year, and an increasing number of people endorsing income at the upper two 

categories. Household income was therefore dichotomized above and below $75,000/year. In 

contrast, participant race and caregiver-child dyadic relationship were dichotomized 

conceptually; biracial/multiracial participants were grouped with African-American participants 

and the variable was reconceptualized as “minority-status” rather than racial self-identification. 

Dyadic relationship was dichotomized as “biological mother” and “other.” Level of education 

and marital status did not demonstrate strong distributional bias, and were thus dichotomized 

around a meaningful landmark that also divided the sample as evenly as possible.  

Tests of Hypotheses. Next, cognitive vulnerabilities were tested across latent class 

membership, controlling for lifetime history of depressive disorder (presence/absence). History 

of depression was entered as a covariate, as the overarching intent of the current study was to 

determine whether different trajectories of growth of executive processes are associated with 

consolidated cognitive vulnerability to depression later in adolescence, and (as reviewed above) 

previous diagnosis with depression has an established impact on cognitive vulnerabilities to 

depression and on concurrent executive functioning. Lifetime history of depression was defined 

as diagnosis with major depressive disorder, dysthymia, or bipolar depression as determined by 

composite parent/child KSADS rating.  

Class membership was used to predict (1) rumination on negative affect, (2) the 

dimensions of negative attributional style overall (i.e. internality, globality, stability, and 

inferences regarding consequences and self-worth, for attributions made for negative events, 

across all event-domains) and (3) hopelessness. Tests were conducted using bootstrapped and 

bias-corrected estimates to mitigate the impact of non-normal distributions within the dependent 

variable on outcome. Main effects of class membership and interaction of class with history of 

depression were reported; however, significant interaction effects only were interpreted when at 



31 

 

least one main effect (history of depression or class) and the interaction were fully significant. 

When Class was a significant predictor of an element of attributional style, post-hoc tests were 

conducted to examine whether the significant effect also was present within individual event 

domains (i.e., does class have the same impact on attributions for achievement, appearance, or 

interpersonal event types?). For all significant omnibus tests, pairwise post-hoc tests to probe 

for significant between-class differences also were conducted using bias-corrected and 

accelerated bootstrapped estimates. Significance was determined without correction for the 

three main study outcomes (rumination, negative attributional style, hopelessness), as these 

represent planned comparisons associated with a priori hypotheses. Significance of post-hoc 

comparisons was determined using a conservative Sidak correction for pairwise comparisons 

between classes (α = 0.0253 for two groups/two total tests; α = 0.0127 for three groups/four 

total tests), and for follow-up tests of class means within each event domain for significant 

prediction of attributional style (three event-domains, four total tests, α = 0.0127). Interpretation 

was limited to fully significant results (α < 0.05).   

In instances in which a multi-class solution did not improve fit relative to the single 

class solution, or when all multi-class solutions demonstrated poor class stability (entropy less 

than 0.80), the latent intercept and slope of the single-class solution were used to predict 

cognitive vulnerability, using partial correlations controlling for lifetime history of depression. 

A non-parametric correlation statistic (Spearman’s rho) was used to mitigate the impact of skew 

and non-normality in the dependent variables.    
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CHAPTER 3 

HYPOTHESES 

To date, there exists no person-centered longitudinal exploration of the association 

between executive function development and cognitive vulnerability to depression. The current 

exploratory study examined the trajectory of EF development in a sample of urban adolescents 

followed longitudinally and explored a putative association between growth class and cognitive 

vulnerability to depression. Using growth mixture modeling, analyses explored trajectories of 

growth within individual cognitive processes (i.e., working memory, selective attention, 

sustained attention, switching, and divided attention), and then compared mean levels of the 

cognitive vulnerabilities discussed above (i.e. rumination on negative affect, negative cognitive 

style, and hopelessness) across assigned class measurement. Based on prior evidence, the 

following findings were predicted: 

Hypothesis 1. Rumination is associated with the development of executive processes 

related to “sticky” thinking. As discussed above, rumination has been described as attentional 

perseveration on affect, and has been associated with a pattern of deficits involving poorer 

inhibition and set-shifting. Conceptualization of rumination as “sticky” thinking (wherein those 

with a ruminative response style have difficulty disengaging from prior information/task-set) 

suggests high levels of negative rumination may be associated with trajectories of executive 

development that are strong in some domains (e.g., in the absence of distraction/competing 

stimuli, or any task involving inhibition of recently relevant information), and very weak in 

others (e.g., in the presence of emotionally-valenced information, or attentionally-salient 

competing stimuli). Regarding working memory, selective attention, sustained attention, 

switching, and divided attention, the following specific hypotheses were made:   
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 Hypothesis 1.1: Working Memory. Working memory has been closely linked to 

cognitive inhibition, and the working memory task employed in the current study design 

necessitates inhibition of closely-related information. As such, higher levels of rumination were 

predicted to be associated with growth classes with weaker working memory..  

Hypothesis 1.2: Selective Attention. Selective attention requires the individual to 

maintain target/task characteristics in working memory, selectively inhibit (identification of, 

and response to) extraneous information, and most importantly, accurately detect and 

acknowledge the target. As rumination has been associated with poor inhibition of irrelevant 

stimuli, classes of development of selective attention with poorer overall selective attention 

were expected to significantly predict higher levels of rumination.  

Hypothesis 1.3: Sustained Attention. Sustained attention requires the individual to 

maintain set and suppress potential distractors, and the sustained attention task used in this 

study involves no competing external stimuli. As rumination has been associated with 

perseverative thought and excessive attentional engagement, it was predicted that classes of 

development with better sustained attention would exhibit higher levels of rumination.  

Hypothesis 1.4: Switching. As rumination has been associated with both poor inhibition 

and inflexibility, classes of development of switching were expected to significantly predict 

rumination, such that significantly higher levels of rumination would be associated with poorer 

switching.   

Hypothesis 1.5: Divided Attention. Similarly, classes of development of divided 

attention were expected to significantly predict rumination, such that significantly higher levels 

of rumination would be associated with lower overall level and flatter incline of growth of 

divided attention.  
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Hypothesis 2. Attributional style would be related to developmental trajectories of 

cognition.  

Hypothesis 2.1: Working Memory. Previous exploration of executive functioning and 

development of cognitive styles has linked working memory to risk factors for attributional 

style through indirect effects  (e.g., framing EF as a variable supporting the impact of other 

variables relevant to the development of cognitive style, such as life stress). Thus, growth 

classes with poorer overall working memory and shallower trajectory of working memory 

growth were expected to have higher levels of negative cognitive style.  

 Hypothesis 2.2: Selective Attention. Similarly, growth classes with poorer overall 

selective attention were expected to have higher levels of negative cognitive style, presumably 

via indirect impact of poor selective attention on risk factors for cognitive vulnerability.  

Hypothesis 2.3: Sustained Attention. As sustained attention is expected to be associated 

with ruminative information processing (and individuals with improved sustained attention are 

thus expected to experience more negative emotion, previously shown to foster the development 

of negative attributions), growth classes with better overall sustained attention and sustained 

attention growth were expected to have higher levels of negative cognitive style. 

Hypothesis 2.4: Switching. Growth classes with poorer overall switching were expected 

to have higher levels of negative cognitive style, as poor switching may reflect inflexible and 

potentially maladaptive appraisals of self following negative life events.  

Hypothesis 2.5: Divided Attention. As with switching, growth classes with poorer 

divided attention were expected to have higher levels of negative cognitive style due to 

inflexible thinking styles and difficulties managing conflicting information. 
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Hypothesis 3. Hopelessness is related to developmental trajectories of cognitive 

flexibility.  

Hypothesis 3.1: Working Memory. There is no extant evidence supporting a direct 

directional link between hopelessness and working memory, and theoretical conceptualizations 

of the role of working memory in the development of hopelessness are purely speculative. 

Therefore, classes of development of working memory were proposed to have no association 

with self-reported hopelessness.  

 Hypothesis 3.2, 3.3: Selective and Sustained Attention. As with working memory, there 

is no extant evidence or theoretical conceptualization supporting a direct directional link 

between hopelessness and selective or sustained attention. Classes of development for either 

selective attention or sustained attention were thus proposed to have no association with self-

reported hopelessness.  

 Hypothesis 3.4, 3.5: Switching and Divided Attention. Although there is not extant 

evidence linking hopelessness and switching, or hopelessness and divided attention, difficulties 

with cognitive flexibility are theoretically consistent with the proposed model of the 

development of hopelessness. As inflexible thinking and difficulties managing conflicting 

attentional demands may be reflected in weak switching and impairments in divided attention, 

classes characterized by poor performance within either of these constructs were expected to 

evidence higher levels of hopelessness.  

 General hypotheses. Finally, the identification and characterization of class structure in 

this study was purely exploratory, and as such, no predictions were made regarding the number 

or nature of observed classes. That said, the current study is predicated upon presumed 

normative trajectories of development and growth in the overall sample, and as such, all single-



36 

 

class solutions (standard latent growth models) of individuals’ executive functioning variables 

were expected to demonstrate linear positive growth. Finally, it was predicted that any class that 

represents a negative trajectory, suggesting loss of function across prospective assessment 

periods, would evidence significantly higher levels of all cognitive vulnerabilities. As the 

current study was conducted in an adolescent sample in which linear positive growth was 

presumed, a class with a negative growth trajectory may reflect the contribution of some non-

organic deleterious factor influencing neurocognitive development and/or ability to engage in 

the assessment. Alternatively, it is possible that decline over time, if observed in a class with 

above average baseline function, may reflect a class whose performance is at ceiling (meaning 

development of that domain is near complete) at baseline and whose mean level dropped over 

time as the incidence of cognitively disruptive psychopathology (and thus, variability in 

performance) increased in the aging sample.   
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CHAPTER FOUR 

RESULTS 

Characteristics of the Sample 

 Demographics of the overall sample and subsample used in the present study can be 

found in Table 1. The sample was primarily composed of adolescents (M age= 12.86, 

SD=0.61), whose female caregivers were their biological mothers (93.5%), were currently 

married (46.3%), and had completed their high school education (94.0%). The study sample 

was almost 48.5% African-American, and although more than a fifth of the sample had an 

annual household income greater than $90,000, almost half of the sample (45.3%) qualified for 

subsidized lunch.  

The current study sample did not differ from the overall sample on any critical 

demographic variables, including gender (χ
2
(1) = 0.70, p = 0.40), race ( χ

2
(2) = 0.6, p = 0.97), 

mother-child dyadic relationship (χ
2
(2) = 1.07, p = 0.59), marital status (χ

2
(4) = 3.29, p = 0.51) 

or reported paternal education level (χ
2
(7) = 8.01, p = 0.33). There was a trend to have fewer 

adolescents from households with lower socioeconomic indicators within the study sample 

(income: χ
2
(6) = 11.76, p = 0.07; lunch subsidy eligibility: χ

2
(1) = 2.89, p = 0.09; maternal 

education: χ
2
(7) = 13.23, p = 0.07). Binary classifications for multi-category demographic 

variables followed a similar pattern, with no differences evident in race, mother-child 

relationship, maternal marital status, or paternal education (χ
2
(1) < 0.93, p > 0.33), and fully 

significant differences for income (χ
2
(1) = 4.76, p = 0.03) and maternal education (χ

2
(1) = 9.43, 

p < 0.01).  
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Table 1. Demographic characteristics of the overall (n=631) and study sample (n=307) 

 

 

WHOLE 

SAMPLE 

 STUDY 

SAMPLE 
. t 

 
Mean Age (SD) 

12.92 

(0.68) 

 

12.87 

(0.61)  
1.01 

. 
        

 
 

n % 

 

n %  
χ

2
 

Gender 
Female 333 52.77 

 

167 54.40 
 0.7 

Male 298 47.23   140 45.60 
 

Race 

Caucasian 300 47.54 

 

144 46.91 
 

0.6 African American 304 48.18 

 

149 48.53 
 

Biracial/Multiracial 28 4.44   14 4.56 
 

Child-Caretaker 

Relationship 

Biological Mother 564 89.38 

 

287 93.49 
 

1.07 Step-Mother 8 1.27 

 

3 0.98 
 

Other 38 6.02 

 

17 5.54 
 

No Response 21 3.33       
 

  

Marital Status 

Married 267 42.31 

 

142 46.25 
 

3.29 

Never married 123 19.49 

 

59 19.22 
 

Divorced 81 12.84 

 

48 15.64 
 

Separated 29 4.60 

 

13 4.23 
 

Other 18 2.85 

 

10 3.26 
 

No Response 113 17.91   35 11.4 
 

  

Income 

<15,000 85 13.47 

 

36 11.73 - 

11.76^ 

15,000-29,000 93 14.74 

 

43 14.01 - 

30,000-44,000 104 16.48 

 

61 19.87 + 

45,000-60,000 79 12.52 

 

39 12.7 
 

61,000-75,000 34 5.39 

 

2 0.65 
 

75,000-89,000 42 6.66 

 

22 7.17 
 

>90,000 108 17.12 

 

68 22.15 + 

No Response 86 13.63   36 11.73 
 

  

Lunch Subsidy 

Eligible 286 45.32 

 

139 45.28 - 
2.89^ 

Non-Eligible 298 47.23 

 

162 52.77 + 

No Response 47 7.45   2 0.65 
 

  

Maternal 

Education 

<9th Grade 10 1.58 

 

4 1.30 
 

13.23^ 

Some High School 33 5.23 

 

15 4.89 
 

HS Graduate/GED 136 21.55 

 

67 21.82 
 

Some College 128 20.29 

 

55 17.92 - 

Associates Degree 69 10.94 

 

36 11.73 
 

Bachelor’s Degree 83 13.15 

 

53 17.26 + 

MA/Some Graduate 36 5.71 

 

23 7.49  
Professional Degree 90 14.26 

 

51 16.61  
No Response 46 7.29   3 0.98 
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Table 1. continued 

 
 

n % n % χ
2
 

Paternal 

Education 

<9th Grade 8 1.27 

 

2 0.65  

8.01 

Some High School 27 4.28 

 

17 5.54  

HS Graduate/GED 162 25.67 

 

82 26.71  

Some College 100 15.85 

 

47 15.31  

Associates Degree 26 4.12 

 

11 3.58  

Bachelor’s Degree 62 9.83 

 

38 12.38  

MA/Some Graduate 7 1.11 

 

3 0.98  

Professional Degree 59 9.35 

 

31 10.1  

No Response 256 40.57   76 24.76     

History of 

Depression 

Lifetime History 45 13.70   84 27.36 + 
18.39 

No Lifetime History 284 86.30 

 

223 72.64 - 

^p < 0.10; (+) indicates higher proportion in the study sample; (-) indicates lower proportion in the 

study sample  

 

Children with a history of significant depression were overrepresented in the study 

sample, (χ
2
(1) = 18.39, p < 0.01); however, there was no difference between the study sample 

and the overall sample in frequency of depression at Time 1 (χ
2
(1) = 0.24, p = 0.62). As the total 

sample includes those who have completed less than two annual assessments and those who 

declined participation after initial assessment, the disparity in frequency likely reflects 

measurement rather than a true group difference.   

Regarding specific associations, each executive functioning variable was associated 

with itself across all time points. Forward digit span was inversely correlated with switching 

variables at some, but not all, time points (see Table 2). Backwards digit span was significantly 

but inconsistently associated with accuracy and speed of selective attention, and all divided 

attention. Selective attention (accuracy) was significantly associated with divided attention 

timing, while selective attention (timing) was associated with divided attention visual accuracy. 

Switching accuracy was inconsistently correlated with accuracy in both dual-task components 

(visual search omissions, r > .10, p < 0.08; auditory attention percent correct, r < -0.12, p < 
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0.05). Of note, forward span exhibited no significant association with selective attention 

variables, and negligible association with variables from the divided attention task, while 

backward span was related to all other EF variables at at least one time point, Also of note, 

divided attention auditory accuracy was unrelated to either selective attention variable. 

Regarding cognitive vulnerabilities, rumination was significantly associated with 

hopelessness, and all components of negative cognitive style.  Hopelessness was additionally 

associated with several dimensions of negative cognitive style (internality and self-worth 

implications). All components of negative cognitive style were significantly interrelated.  
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Table 2. Means, standard deviations, and non-parametric correlations between all initial study variables at all time points.  

 WISC-IV/WAIS-IV TEA-Ch/TEA 

 Working Memory Selective Attention Switching 

 

1.  

DSF  

T1 

2. 

DSF  

T2 

3. 

DSF  

T3 

4.  

DSB  

T1 

5.  

DSB  

T2 

6. 

DSB 

T3 

7.  

#Om  

 T1 

8. 

#Om 

T2 

9.  

#Om 

T3 

 10. 

TmTg  

T1 

 11. 

TmTg  

T2 

 12. 

TmTg 

 T3 

 13.  

#Err  

T1 

 14. 

#Err 

 T2 

 15.  

#Err 

 T3 

 16.  

Tmg 

T1 

 17.  

Tmg 

 T2 

 18.  

Tmg 

 T3 

M 

(SD) 

6.27 

(1.23) 

6.35 

(1.31) 

6.57 

(1.15) 

4.15 

(1.12) 

4.32 

(1.26) 

4.56 

(1.27) 

1.48 

(1.96) 

1.75 

(2.00) 

2.11 

(2.16) 

3.79  

(1.1) 

3.16  

(0.87) 

2.88  

(0.77) 

1.58 

(1.52) 

1.26 

(1.4) 

1.51 

(1.55) 

3.77  

(0.84) 

3.49  

(0.71) 

3.29  

(0.76) 

1. 1.00 
                 

2. .51
**

 1.00 
                

3. .52
**

 .57
**

 1.00 
               

4. .25
**

 .25
**

 .26
**

 1.00 
              

5. .26
**

 .26
**

 .30
**

 .40
**

 1.00 
             

6. .30
**

 .35
**

 .34
**

 .47
**

 .40
**

 1.00 
            

7. -.08 -.11 -.06 -.13
*
 -.07 -.18

**
 1.00 

           
8. .08 -.03 .02 -.16

**
 -.05 -.09 .24

**
 1.00 

          
9. -.04 -.13 -.03 -.13

*
 .01 -.13 .16

**
 .33

**
 1.00 

         
10. -.03 -.01 -.05 -.06 -.09 -.07 .03 -.16

**
 -.20

**
 1.00 

        
11. -.07 -.07 -.08 -.15

*
 -.14

*
 -.08 .03 .01 -.21

**
 .49

**
 1.00 

       
12. -.05 -.08 -.06 -.11 -.18

**
 -.13

*
 .17

**
 -.13

*
 -.04 .54

**
 .53

**
 1.00 

      
13. -.04 -.05 -.14

*
 -.21

**
 -.23

**
 -.22

**
 .06 .13

*
 .12 -.09 .06 .03 1.00 

     
14. -.08 -.05 -.09 -.19

**
 -.20

**
 -.23

**
 .00 .08 .04 -.01 .10 .07 .25

**
 1.00 

    
15. -.09 -.17

**
 -.15

*
 -.20

**
 -.23

**
 -.28

**
 .14

*
 .15

*
 .13

*
 -.06 .03 .14

*
 .27

**
 .24

**
 1.00 

   
16. -.09 -.21

**
 -.09 -.20

**
 -.15

*
 -.23

**
 .03 .00 .08 .19

**
 .09 .24

**
 .09 .09 .23

**
 1.00 

  
17. -.18

**
 -.18

**
 -.09 -.19

**
 -.23

**
 -.24

**
 .10 -.02 -.05 .16

**
 .23

**
 .31

**
 .09 .11 .11 .41

**
 1.00 

 
18. -.15

*
 -.18

**
 -.13 -.15

*
 -.16

*
 -.23

**
 .11 .01 -.03 .17

**
 .13 .30

**
 .09 .06 .18

**
 .41

**
 .44

**
 1.00 

*p < 0.05; **p< 0.01;  WISC-IV= Weschsler Intelligence Scale for Children – 4
th

 Ed.; WAIS-IV = Wechsler Adult Intelligence Scale – 4
th

 Ed.; TEA-Ch = Test of 

Everyday Attention for Children; TEA = Test of Everyday Attention; DSF = Longest Digit Span Forward; DSB = Longest Digit Span Backward; #Om= number of 

omission errors on selective attention task; TmTrg = total completion time/number of targets identified within the selective attention task; #Err = number in incorrect 

switching games; Tmg = time per switch for correct switches; T1 = time one assessment; T2 = time two assessment; T3 = time three assessment   



42 

 

Table. 2. Means, standard deviations, and non-parametric correlations between all initial study variables at all time points continued 

 TEA-Ch/TEA  

 Dual-Task CHS RSQ ACSQ 

 

19. 

#Om 

T1 

20. 

#Om 

T2 

21. 

#Om 

T3 

22. 

TmTg 

T1 

23. 

TmTg 

T2 

24. 

TmTg 

T3 

25. 

%Crt 

T1 

26. 

%Crt 

T2 

27. 

%Crt 

T3 

28. 

Total 

29. 

Rum 

30. 

Comp 

31. 

Intrnl 

32. 

Glbl 

33. 

Stbl 

34. 

Cnsq 

35. 

Self 

M 

(SD) 

1.53 

(1.77) 

1.99 

(1.93) 

2.32  

(2.1) 

3.97  

(1.33) 

3.41  

(1.17) 

3.05 

 1.02) 

0.88  

(0.19) 

0.87 

(0.2) 

0.91 

(0.17) 

2.85 

(2.72) 

24.61 

(8.19) 

113.42 

(42.71) 

48.67 

(13.4) 

29.9 

(11.94) 

35.55 

(14.62) 

24.56 

(10.71) 

23.33 

(12.77) 

19. 1.00 
                

20. .20
**

 1.00 
               

21. .13
*
 .28

**
 1.00 

              
22. .00 -.10 -.10 1.00 

             
23. -.10 -.07 -.14

*
 .42

**
 1.00 

            
24. -.05 -.06 .02 .41

**
 .50

**
 1.00 

           
25. -.03 .04 .01 .01 -.12 -.07 1.00 

          
26. -.06 -.02 -.12 -.03 -.27

**
 -.14

*
 .21

**
 1.00 

         
27. -.03 -.03 -.20

**
 -.14

*
 -.07 -.12 .17

**
 .20

**
 1.00 

        
28. -.04 -.05 -.06 .09 .15

*
 .09 .04 .07 .04 1.00 

       
29. .01 .03 .04 -.18

**
 -.02 -.03 -.03 -.09 .07 .12

*
 1.00 

      
30. -.06 -.10 .02 -.07 -.10 .02 .06 .01 -.01 .03 .34

**
 1.00 

     
31. -.07 -.02 .00 -.15

*
 -.21

**
 -.13

*
 .11 .14

*
 .04 .12

*
 .29

**
 .49

**
 1.00 

    
32. -.03 -.09 .05 .00 -.04 .01 .06 .00 .04 .04 .26

**
 .85

**
 .33

**
 1.00 

   
33. -.07 -.09 .02 -.07 -.12 .02 .12

*
 .04 -.06 -.05 .28

**
 .85

**
 .44

**
 .62

**
 1.00 

  
34. -.08 -.07 .02 -.09 -.10 .00 .01 -.05 .05 .02 .31

**
 .86

**
 .38

**
 .74

**
 .61

**
 1.00 

 
35. -.04 -.05 .00 -.10 -.11 .02 .01 -.01 -.03 .12

*
 .34

**
 .82

**
 .46

**
 .61

**
 .55

**
 .71

**
 1.00 

*p < 0.05; **p< 0.01;  TEA-Ch = Test of Everyday Attention for Children; TEA = Test of Everyday Attention; #Om = number of omissions; Time/Tg = 

completion time per identified targets; %Crt = percentage of attempted games correct; Timing = time per switch for correct switches; T1 = Time One 

assessment; T2 = Time Two assessment; T3 = Time Three assessment; CHS = Hopelessness Scale for Children; CRSQ Rum = CRSQ Rumination subscale; 

ACSQ = Adolescent Cognitive Style Questionnaire – Modified; Comp = Negative Composite; Intrnl = Internal subscale; Glbl = Global subscale; Stbl = 

Stable subscale; Cnsq = Consequences subscale; Self = Self-Worth subscale.  



43 

 

 Table 2. Means, standard deviations, and non-parametric correlations between all initial study variables at all time points continued. 

  WISC-IV/WAIS-IV TEA-Ch/TEA 

  Working Memory Selective Attention Switching 

 
 

1. 

DSF 

T1 

2.  

DSF 

T2 

3. 

DSF 

T3 

4.  

DSB 

T1 

5. 

DSB 

T2 

6. 

DSB 

T3 

7. 

#Om 

T1 

8. 

#Om 

T2 

9. 

#Om 

T3 

10. 

TmTg 

T1 

11.  

TmTg 

T2 

12.  

TmTg 

T3 

13. 

#Err 

T1 

14.  

#Err 

T2 

15. 

#Err  

T3 

16. 

Tmg 

T1 

17. 

Tmg 

T2 

18. 

Tmg 

T3 

19. DT - #Om T1 .02 .01 -.02 -.15
**

 -.01 -.17
**

 .34
**

 .25
**

 .14
*
 -.16

**
 -.07 -.06 .10 -.04 .07 .01 .03 .01 

20. DT - #Om T2 .00 .03 .04 -.01 .02 -.07 .16
**

 .38
**

 .36
**

 -.17
**

 -.17
**

 -.06 .03 .02 .08 .04 .01 -.05 

21. DT - #Om T3 -.12 -.23
**

 -.19
**

 -.11 -.10 -.19
**

 .21
**

 .20
**

 .38
**

 -.15
*
 -.22

**
 -.10 .22

**
 .05 .27

**
 .06 .01 .08 

22. DT - TmTrg T1 -.04 -.01 -.08 -.12
*
 -.10 -.08 .11 -.08 -.18

**
 .60

**
 .39

**
 .41

**
 .04 -.01 .03 .18

**
 .12

*
 .14

*
 

23. DT - TmTrg T2 -.05 -.11 -.09 -.18
**

 -.14
*
 -.12 .12

*
 -.04 -.11 .43

**
 .53

**
 .50

**
 -.01 .04 -.03 .15

*
 .33

**
 .21

**
 

24. DT - TmTrg T3 -.09 -.11 -.08 -.12 -.09 -.09 .15
*
 .00 -.15

*
 .40

**
 .38

**
 .61

**
 -.03 .04 .10 .19

**
 .29

**
 .33

**
 

25. DT -%Crt .14
*
 .10 .08 .03 .00 .08 -.07 .03 -.05 .01 -.06 -.06 -.04 -.03 -.13

*
 -.06 -.06 -.13

*
 

26. DT -%Crt .13
*
 .11 .10 .18

**
 .16

**
 .16

*
 -.08 -.01 -.03 -.06 -.10 -.10 -.16

**
 -.12

*
 -.14

*
 -.09 -.09 -.15

*
 

27. DT -%Crt .01 .04 .07 .18
**

 .04 .16
*
 -.08 -.09 -.07 -.01 .05 -.05 -.07 -.09 -.15

*
 -.09 -.01 -.09 

28. CHS - Total -.02 -.04 -.03 .01 .05 -.03 .15
*
 -.12

*
 -.05 .18

**
 .00 .11 -.02 -.07 .01 -.06 .01 .04 

29. CRSQ -.Rum .07 -.02 -.01 .03 .05 .00 -.07 -.05 .00 -.06 -.12
*
 -.06 -.02 -.06 -.04 .04 .05 .05 

30. ACSQ -Comp -.09 .07 .02 .06 .05 .10 -.11 -.06 -.02 .07 -.04 -.05 -.12
*
 -.12

*
 -.12 -.04 .01 .07 

31. ACSQ -Intrnl .06 .12 .16
*
 .10 .08 .11 -.07 -.06 -.01 -.09 -.20

**
 -.15

*
 -.07 -.13

*
 -.13

*
 -.09 -.14

*
 -.08 

32. ACSQ -Glbl -.11 .01 -.04 .04 .00 .07 -.05 -.03 .02 .06 -.01 -.01 -.10 -.07 -.05 .00 -.02 .09 

33. ACSQ -Stbl -.03 .13
*
 .07 .10 .05 .15

*
 -.12

*
 -.09 -.05 .07 -.08 -.03 -.15

**
 -.13

*
 -.10 -.04 .05 .03 

34. ACSQ -Cnsq -.10 .06 .04 .01 .01 .02 -.08 -.03 -.01 .06 .02 -.05 -.08 -.09 -.07 -.01 .01 .02 

35. ACSQ -Self -.06 .01 .00 .05 .10 .04 -.11 -.03 -.03 .03 -.04 -.10 -.06 -.12
*
 -.13

*
 -.08 .02 .06 

*p < .05; **p< .01;  WISC = Weschsler Intelligence Scale for Children – 4
th

 Ed.; WAIS-IV = Wechsler Adult Intelligence Scale – 4
th

 Ed.; TEA-Ch = Test of 

Everyday Attention for Children; TEA = Test of Everyday Attention; DSF = Longest Digit Span Forward; DSB = Longest Digit Span Backward;  #Om= number of 

omission errors; TmTg = completion time per identified target; #Err = incorrect switching games; Tmg = time per switch for correct switches; DT - dual-task; T1 = 

Time One assessment; T2 = Time Two assessment; T3 = Time Three assessment; CHS = Hopelessness Scale for Children; CRSQ –Rum = Children’s Response 

Style Questionnaire Rumination subscale; ACSQ = Adolescent Cognitive Style Questionnaire – Modified; Comp = Negative Composite; Intrnal = Internal subscale; 

Glbl = Global subscale; Stbl = Stable subscale; Cnsq = Consequences subscale; Self = Self-Worth subscale. T1 = Time One assessment; T2 = Time Two assessment; 

T3 = Time Three assessment 
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Working Memory 

 Backward span.  

Fit indices (Table 3). Fit indices for backward-span working memory data (Table 3) 

suggested a two or four class solution fit well, whereas measures of parsimony and exploration 

of group means suggested the addition of a third class did not improve the model conceptually 

or quantitatively. Slope variance was fixed across classes to allow for model convergence. Class 

stability was moderate, and highest in the two class solution (entropy = 0.82). Thus, a two class 

solution was selected. 

Class characteristics (Table 4). Classes were comprised of one majority class whose 

backward span had a lower intercept and exhibited a shallower rate of growth relative to the 

minority class, which had significantly higher intercept (t(307) = -12.74, p < 0.01) and steeper 

growth (t(307) = -36.93, p < 0.01). 

Demographic characteristics. No significant between group differences were evident in 

age (t(307) =1.18, p = 0.24), or distribution of gender, race, child-caregiver relationship, 

maternal marital status, or history of depression (χ
2
(1) < 2.23, p = ns). The minority (steeper 

growth rate) class had significantly fewer than expected individuals who were eligible for 

subsidized lunch (χ
2
(1) = 7.54, p < 0.01), and a higher than expected proportion of mothers who 

had completed college (χ
2
(1) = 8.64, p < 0.01). The minority class also had more households 

with high incomes (χ
2
(1) = 3.03, p = 0.08) and fathers with college degrees (χ

2
(1) = 3.67, p = 

0.06).  

Predicting cognitive vulnerability (Table 5). Class membership alone was not 

significantly associated with any measure of cognitive vulnerability. However, history of 

depression was significantly associated with rumination (F(1, 303) = 11.55, p < 0.01), and 

interacted significantly with class membership (F(1, 303) = 3.82, p = 0.048). Within the 

minority class, those with a history of depression had much higher levels of rumination (M = 

34.75, SE = 4.00) than those without (M = 22.29, SE = 2.14) relative to individuals in the 
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majority class, where the relationship between depression and rumination was less marked 

(never depressed: M = 23.64, SE = 0.56; ever depressed: M = 27.00, SE =.89).  

 Table 3.  Fit indices for models of cognitive development within each executive measure.  

Class 

No. 

Free 

Parameters 

Log 

Likelihood 
AIC BIC ABIC 

LMR  

adjusted-

LRT 

BLRT 

(2XDiff) 
Entropy 

Final 

Class 

Longest Digit Span Backwards 

1 6 -1260.33 2532.67 2555.07 2536.04 
   

2 
2 9 -1251.56 2521.12 2554.72 2526.18 16.78^ 17.54** 0.82 

3 12 -1245.22 2514.44 2559.24 2521.18 11.90 12.68 0.72 

4 15 -1237.76 2505.52 2561.52 2513.95 14.10 14.92 0.69 

Longest Digit Span Forwards 

1 8 -1257.35 2530.69 2560.61 2535.34 . . . 

1 
2 11 -1240.45 2502.89 2544.03 2509.14 7.88 8.20 0.50 

3 14 -1238.21 2504.42 2556.78 2512.37 4.23 4.47 0.54 

4 17 -1237.06 2508.11 2571.69 2517.77 2.18 2.31 0.57 

Selective Attention – Visual Search Omissions 

1 8 -1521.12 3058.24 3088.11 3062.74 . . . 

3 
2 11 -1517.10 3056.2 3097.26 3062.38 17.25** 18.25** 0.85 

3 14 -1511.39 3097.26 3103.05 3058.64 10.78* 11.41* 0.78 

4 17 -1511.16 3062.38 3009.79 3065.80 0.43 0.45 0.55 

Selective Attention – Visual Search Time/Target 

1 8 -1054.74 2125.48 2155.32 2129.95 . . . 

3 
2 11 -1019.15 2060.30 2101.33 2066.44 67.27** 71.18** 0.93 

3 14 -989.19 2006.38 2058.60 2014.20 56.63** 59.92* 0.91 

4 17 -985.72 2005.43 2068.85 2014.93 6.65 6.95 0.82 

Switching – Error/Accuracy 

1 3 -1347.70 2701.40 2712.60 2703.09 . .  

1 
2 6 -1345.45 2702.89 2725.30 2706.27 4.26 4.51 0.52 

3 9 -1341.90 2701.80 2735.40 2706.85 6.71^ 7.10* 0.50 

4 12 -1338.84 2701.68 2746.48 2708.42 5.78** 6.12* 0.55 

Switching –Timing 

1 6 -892.24 1796.49 1818.85 1799.82 . . . 3 

2 9 -881.31 1780.62 1814.16 1785.62 20.67* 21.87** 0.89 
 

3 12 -869.60 1763.21 1807.93 1779.87 20.43* 21.61 0.82 

 4 15 -867.19 1764.38 1820.28 1772.71 4.56 4.83 0.69 

Divided Attention – Omission Errors 

1 8 -1501.20 3018.41 3048.27 3022.90 . . . 

1 
2 11 -1494.30 3010.59 3051.66 3016.77 13.06*  13.82** 0.46 

3 14 -1493.49 3014.97 3067.24 3022.83 1.53 1.62 0.38 

4 17 -1492.95 3019.90 3083.37 3029.45 1.12 1.19 0.45 

Divided Attention – Time/Target 

1 8 -1195.51 2407.02 2436.46 2411.09 . . . 

3 
2 11 -1154.94 2337.88 2372.37 2337.48 76.64* 81.13** 0.97 

3 14 -1126.58 2291.17 2332.69 2289.29 53.57* 56.72 0.95 

4 17 -1117.08 2268.15 2330.71 2276.80 17.96 19.02 0.95 

Divided Attention – Percent Correct 

1 8 214.92 -413.84 -384.16 -409.53 

 

. . 

3 
2 11 313.37 -604.75 -563.93 -598.82 186.04** 196.90* 0.85 

3 14 408.51 -789.02 -737.08 -781.48 179.78* 190.28 0.86 

4 17 438.51 -842.16 -779.24 -833.16 56.02^ 59.29 0.88 

*p < .05; **p< .01; ^p< .10 

Note: Bolded values reflect best fit for that indicator 
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Table 4. Class growth parameters and overall variance components for executive variables. 

 
      

Mean EF (SD) 

Growth 

Parameters Est. 

(SE) 

Var. Cov.  

    
Est. (SE) 

Est. 

(SE) 

  

Class 
  n T1  T2 T3 Int Slope Int Slope 

Int-

Slope 

Working Memory: Digits Backward     
0.42 

(0.06) 
(0.00)

a
 -

 a
 

 
1 Majority 289 

4.05 

(1.05) 

4.21 

(1.17) 

4.38 

(1.08) 

4.04 

(0.50) 

0.18 

(0.05)    

 
2 Minority 19 

5.65 

(1.17) 

6.36 

(1.01) 

7.50 

(0.52) 

5.51 

(0.43) 

0.65 

(0.10)    

Selective Attention: Target Omissions     
0.01 

(0.03) 

5.14 

(2.93) 

0.25 

(0.21) 

 
1 "MIN/NoERR" 22 

.00 

(.00) 

.00 

(.00) 

.00 

(.00) 

.00 

(.00) 

.00 

(.00)    

 
2 "MAJ/LoERR" 241 

1.18 

(1.21) 

1.64 

(1.65) 

2.22 

(2.11) 

1.74 

(0.23) 

-3.12 

(1.86)    

 
3 "MIN/HiERR" 22 

6.50 

(2.81) 

4.76 

(3.30) 

3.20 

(2.50) 

0.04 

(1.09) 

3.21 

(4.33) 
      

Selective Attention: Time/Target     
0.11 

(0.10) 

0.03 

(0.04) 

0.04 

(0.06) 

 
1 - 18 

4.43 

(0.90) 

3.90 

(0.84) 

4.92 

(0.53) 

4.31 

(0.34) 

0.23 

(0.14)    

 
2 - 263 

3.53 

(0.76) 

3.03 

(0.76) 

2.68 

(0.52) 

3.53 

(0.38) 

-0.42 

(0.08)    

 
3 - 22 

6.54 

(0.64) 

4.25 

(1.15) 

3.42 

(0.65) 

5.99 

(0.52) 

-1.30 

(0.15) 
      

Switching: Timing     
0.10 

(0.04) 
(0.00)

a
 -

 a
 

 
1 "MAJ/IMP" 269 

3.58 

(0.65) 

3.35 

(0.60) 

3.14 

(0.62) 

3.62 

(0.27) 

-.12 

(0.02)    

 
2 "MIN/IMP" 26 

5.47 

(0.62) 

4.37 

(0.63) 

3.92 

(0.49) 

4.93 

(0.29) 

-0.28 

(0.05)    

 
3 "MIN/SLO" 12 

4.15 

(0.76) 

4.66 

(0.62) 

5.15 

(0.70) 

4.28 

(0.20) 

0.17 

(0.06) 
      

Divided Attention:  Time/Target     
0.27 

(0.04) 

0.04  

(0.05) 

-0.06 

(0.07) 

 
1 "MIN/IMP" 17 

7.30 

(1.32) 

5.79 

(1.45) 

4.23 

(0.93) 

7.08 

(0.43) 

-1.46 

(0.16)    

 
2 "MIN/SLO" 10 

4.43 

(1.39) 

4.12 

(1.81) 

6.49 

(1.10) 

4.12 

(0.37) 

1.09 

(0.13)    

  
3 "MAJ/IMP" 265 

3.73 

(0.99) 

3.24 

(0.95) 

2.82 

(0.63 

3.74 

(0.38) 

-0.46 

(0.09) 
      

Divided Attention: Percent Correct     
0.01 

(0.01) 

0.00 

(0.00) 

 -0.01 

(0.03) 

 
1 "MIN/stNEG" 26 

0.85 

(0.20) 

0.71 

(0.29) 

0.46 

(0.08) 

0.86 

(0.09) 

-0.18 

(0.07)    

 
2 "MIN/sloNEG" 38 

0.78 

(0.23) 

0.75 

(0.24) 

0.72 

(0.07) 

0.80 

(0.09) 

-0.04 

(0.05)    

  3 "MAJ/IMP" 238 
0.89 

(0.18) 

0.91 

(0.17) 

1.00 

(0.01) 

0.88 

(0.07) 

0.05 

(0.03) 
      

a 
= slope parameter set to 0 
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Table 5. Classes of working memory and lifetime history of depression in predicting cognitive 

vulnerability to depression 

    df1, df2 MS F partial η
2 

p R
2
 (adj R

2
) 

CHS - Total 

     

.027 (.017) 

 

Class (1, 298) 0.45 0.06 0.000 0.80 

 

 

Depression (1, 298) 1.72 0.24 0.001 0.63 

   Class X Depression  (1, 298) 4.69 0.64 0.002 0.42   

CRSQ - Rumination 

     

.056 (.046) 

 

Class (1, 303) 120.71 1.89 0.006 0.17 

 

 

Depression (1, 303) 739.07 11.55 0.037 < 0.01 

   Class X Depression  (1, 303) 244.71 3.82 0.013 0.05   

ACSQ - Composite 

     

.010 (.000) 

 

Class (1, 302) 2592.00 1.43 0.005 0.23 

 

 

Depression (1, 302) 752.83 0.42 0.001 0.52 

   Class X Depression  (1, 302) 16.86 0.01 0.000 0.92   

ACSQ - Internal 

     

.013 (.003) 

 

Class (1, 304) 333.50 1.86 0.006 0.17 

 

 

Depression (1, 304) 66.81 0.37 0.001 0.54 

   Class X Depression  (1, 304) 1.33 0.01 0.000 0.93   

ACSQ - Global 

     

.011 (.001) 

 

Class (1, 304) 244.65 1.72 0.006 0.19 

 

 

Depression (1, 304) 285.58 2.00 0.007 0.16 

   Class X Depression  (1, 304) 125.54 0.88 0.003 0.35   

ACSQ - Stable 

     

.016 (.006) 

 

Class (1, 304) 273.83 1.29 0.004 0.26 

 

 

Depression (1, 304) 4.01 0.02 0.000 0.89 

   Class X Depression  (1, 304) 102.98 0.48 0.002 0.49   

ACSQ - Consequences 

     

.011 (.002) 

 

Class (1, 304) 133.21 1.16 0.004 0.28 

 

 

Depression (1, 304) 109.19 0.95 0.003 0.33 

   Class X Depression  (1, 304) 13.42 0.12 0.000 0.73   

ACSQ - Self-Worth 

     

.012 (.003) 

 

Class (1, 304) 36.34 0.22 0.001 0.64 

 

 

Depression (1, 304) 15.30 0.09 0.000 0.76 

   Class X Depression  (1, 304) 38.97 0.24 0.001 0.63   

CHS - Children's Hopelessness Scale; CRSQ = Children's Response Style Questionnaire; ACSQ 

- Adolescent Cognitive Style Questionnaire Modified 
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Working Memory 

Forward span.  

Fit indices (Table 3). Fit indices for forward-span working memory consistently 

suggested an optimal two-class model; however, low class stability (entropy = 0.49) and non-

significant tests of parsimony supported a single-class solution. The latent intercept and slope 

variables from the single-class solution were used to test the association between forward span 

growth and distal outcomes.  

Demographic characteristics. Neither slope nor intercept were associated with gender 

(slope: B = -0.48, SE = 0.54, p = 0.37; intercept: B = 0.13, SE = 0.14, p = .35), maternal marital 

status (slope: B =  -0.92, SE = 0.58, p = 0.11; intercept: B = -0.12, SE = .15, p = 0.45), or 

caregiver-child dyadic relationship (slope: B = -0.52, SE = 1.07, p = 0.63; intercept: B = -0.29, 

SE = 0.29, p = 0.32).  

Intercept evidenced group differences on free lunch (B = -0.33, SE = 0.15, p = 0.03)), 

maternal (B = 0.59, SE = 0.15, p < 0.001) and paternal (B = 0.48, SE = 0.17, p < 0.01) education 

level, and household income level (B = 0.44, SE = 0.16, p < 0.01). Slope evidenced group 

differences on race (B = -1.83, SE = .57, p < 0.01), free lunch (B = -0.99, SE = .54, p = 0.07), 

maternal education level (B = 1.33, SE = .56, p = 0.02), and household income level (B = 2.06, 

SE = 0.63, p < 0.01). Across significant associations, higher intercepts and steeper slopes 

(reflecting better baseline working memory and more growth over assessments, respectively) 

were found in the group/category associated with higher levels of “social advantage” (e.g., 

majority race, ineligible for free lunch, higher maternal and paternal education, and higher 

household income). Finally, only intercept differed across history of depression (B = -0.46, SE = 

0.17, p < 0.01), such that those with a history of depression had significantly lower intercepts.  

Predicting cognitive vulnerability: Intercept (Table 6). After controlling for 

depression, latent intercept was associated with internality of attributions; however, this 

association failed to reach full significance (rs(302) = 0.11, p = 0.06). 
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Predicting cognitive vulnerability: Slope (Table 6). After controlling for lifetime 

history of depression, slope was significantly associated with internality (rs(302) = 0.15, p = 

0.01) and stability (rs(302) = 0.12, p = 0.03) of attributions. After Sidak correction, follow-up 

tests found slope to predict internality of attributions from interpersonal events (rs(302) = 0.16, 

p < 0.01), but not achievement events (rs(302) = 0.14, p = 0.015) or appearance events (rs(302) 

= 0.05, p = 0.37). Slope was not significantly associated with stability of attributions for any 

specific event domains after correction (rs(302) < 0.13, p > 0.03). Across all significant 

associations, steeper slope predicted higher levels of negative cognitive vulnerability.  

Summary of working memory findings. Working memory was examined using well-

validated indices of simple (digit span forward) and more complex (digit span backward) 

working memory. A single-class growth model was fit to the former, and a two-class solution 

(with one “typical” majority class and one “advancing” above-average minority class) was fit to 

the latter. Across both indices, higher socioeconomic resources were associated with stronger 

working memory. Regarding association with cognitive vulnerability, trajectories of growth 

were not directly associated with rumination or hopelessness. A significant main effect of 

history of depression in predicting rumination was found. This effect was qualified by a 

marginally significant interaction of complex working memory class membership with 

depression, such that the minority class evidenced more marked disparity between previously 

depressed and never depressed adolescents. Aspects of attributional style were associated with 

steepness of growth of simple working memory. Slope of growth was significantly associated 

with stability of attributions overall, with no event-domain-specific associations evident within 

post-hoc analyses. Internality of attributions, specifically internality of attributions from 

interpersonal events, was also was significantly correlated with slope of growth, such that more 

growth over time was associated with higher levels of negative attributional style.
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Table 6. Correlations between single-class growth factors and measures of cognitive vulnerability 

 
Executive Growth Factors Cognitive Vulnerabilities 

 

1. 

DSF 

Int 

2.  

DSF 

Slope 

3. 

Sw-Err 

Int 

4. 

Sw-Err 

Slope 

5. 

DT-Err 

Int 

6. 

DT-Err 

Slope 

7.  

CHS 

 

8. 

CRSQ - 

Rum 

9. 

ACSQ 

Comp 

10. 

ACSQ  

Intl 

11. 

ACSQ 

Global 

12. 

ACSQ 

Stable 

13. 

ACSQ 

Cnsq 

14. 

ACS

Q 

Self 

M 6.24 0.14 0.24 -0.04 0.38 -0.53 2.87 24.63 112.98 48.81 29.77 35.43 24.44 23.33 

SD 0.80 0.22 0.40 0.05 0.40 0.70 2.74 8.26 42.93 13.42 12.00 14.71 10.83 12.87 

1. 1.00 
 

            2. -0.12* 1.00 
 

           3. -0.13* -0.10 1.00 
 

          4. -0.11 -0.01 0.22** 1.00 
 

         5. -0.12 -0.11 0.93*** 0.23** 1.00 
 

        6. -0.16** -0.03 0.37*** 0.87*** 0.42*** 1.00 
 

       7. 0.04 0.02 -0.04 0.02 -0.04 0.04 1.00 
 

      8. 0.04 -0.06 -0.04 -0.04 -0.06 -0.07 0.15* 1.00 
 

     9. -0.06 0.11 -0.18** -0.05 -0.17** -0.07 0.05 0.34*** 1.00 
 

    10

. 
0.11 0.15** -0.15* -0.09 -0.16** -0.08 0.11 0.29*** 0.52*** 1.00 

 

   11

. 
-0.10 0.05 -0.12* -0.001 -0.11 -0.02 0.03 0.25*** 0.86** 0.38*** 1.00 

 

  12

. 
0.01 0.12* -0.19** -0.03 -0.17** -0.05 -0.02 0.26*** 0.82*** 0.47*** 0.61*** 1.00 

 

 13

. 
-0.08 0.09 -0.13* -0.03 -0.14* -0.05 0.05 0.31*** 0.90*** 0.41*** 0.78*** 0.59*** 1.00 

 

14

. 
-0.06 0.11 -0.17** -0.11 -0.17** -0.12* 0.10 0.35*** 0.83*** 0.49*** 0.59*** 0.53*** 0.73*** 1.00 

 *p < .05; **p< .01;  ***p< .001  DSF = Longest Digit Span Forward; Sw - Err = number in incorrect switching games; DT - Err- # number of omission 

errors on dual-task selective attention task; CHS = Hopelessness Scale for Children; CRSQ – Rum = Children’s Response Style Questionnaire  

Rumination subscale; ACSQ = Adolescent Cognitive Style Questionnaire – Modified; Comp = ACSQ Negative Composite Score; Intl = ACSQ Internal 

subscale; Glbl = ACSQ Global subscale; Stbl = ACSQ Stable subscale; Cnsq = ACSQ Consequences subscale; Self = ACSQ Self-Worth subscale. Int = 

Intercept for single-class model; Slope = Slope for single class model 
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Selective Attention  

Omitted Targets  

Fit Indices (Table 3). Fit indices suggested a three class solution to the data. Although 

AIC suggested a two class solution and BIC suggested four classes, log-likelihood, ABIC, and 

both the LMR and BLRT tests supported a three class solution, whose class stability was 

moderate, but acceptable (entropy = 0.78).   

 Class characteristics (Table 4). Examination of class characteristics revealed one 

majority and two minority classes. The minority classes included a group of individuals without 

any omission errors across all assessments (MIN/NO-ERR), and a group of individuals with 

high number of errors across assessments (MIN/HI-ERR). Between these extremes is the 

majority class (MAJ/LO-ERR), whose low intercept and positive slope suggest a low error rate 

and subtle increase in errors over assessments. The MIN/HI-ERR group is described by a high 

intercept and negative slope, or a high initial error rate and decreased errors over time. 

Significant group differences in mean errors were evident at time one and two (t(285) =  -17.26, 

p < 0.001). By time point three, the (MAJ/LO-ERR) and MIN/HI-ERR groups were no longer 

significantly different (t(285) = -1.69, p = 0.11). 

Demographic characteristics. No significant group differences were observed in mean 

age, or distribution of gender, race, female-caregiver/child relationship, marital status, 

household income, subsidized lunch use, or either maternal or paternal level of education. There 

also was no significant between-group difference in presence of lifetime history of depression 

(χ
2
(2) = 7.54, p < 0.01). 

Predicting cognitive vulnerability (Table 7). Controlling for depression, group 

membership was associated with stability of attributions (F(2, 304) = 4.16, p = 0.02). Follow up 

analyses to explore stability of attributions within event type found a significant effect within 

the achievement (F(2, 304) = 4.73, p = 0.01) event-domain. There was no significant 
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association between class membership and stability of attributions for appearance events (F(2, 

304) = 2.14, p = 0.12), and group differences in the interpersonal event domain were not 

significant after Sidak correction (F(2, 304) = 3.84, p = 0.02).  

Table 7. Classes of selective attention accuracy and lifetime history of depression in predicting 

vulnerability to depression 

    df1, df2 MS F partial η
2 

p R
2
 (adj R

2
) 

Sig. 

Comp. 

CHS - Total 

     

.034 (.018) 

 

 

Class (2, 298) 10.09 1.38 0.009 0.25 

  

 

Depression (1, 298) 8.73 1.20 0.004 0.28 

    Class X Depression  (2, 298) 0.69 0.09 0.001 0.91     

CRSQ - Rumination 

     

.065 (.050) 

 

 

Class (2, 303) 65.47 1.03 0.007 0.36 

  

 

Depression (1, 303) 27.28 0.43 0.001 0.51 

    Class X Depression  (2, 303) 164.90 2.59 0.017 0.08     

ACSQ - Composite 

     

.019 (.002) 

 

 

Class (2, 302) 1408.60 0.79 0.005 0.46 

  

 

Depression (1, 302) 2344.10 1.31 0.004 0.25 

    Class X Depression  (2, 302) 3653.33 2.04 0.014 0.13     

ACSQ - Internal 

     

.036 (.019) 

 

 

Class (2, 304) 438.02 2.49 0.016 0.09 

  

 

Depression (1, 304) 106.20 0.60 0.002 0.44 

    Class X Depression  (2, 304) 302.72 1.72 0.011 0.18     

ACSQ - Global 

     

.031 (.014) 

 

 

Class (2, 304) 44.88 0.32 0.002 0.73 

  

 

Depression (1, 304) 217.06 1.54 0.005 0.22 

    Class X Depression  (2, 304) 440.64 3.13 0.021 0.05     

ACSQ - Stable 

     

.051 (.035) 

 

 

Class (2, 304) 858.90 4.16 0.027 0.02 

 

1>2, 1>3 

 

Depression (1, 304) 1.01 0.00 0.000 0.94 

    Class X Depression  (2, 304) 142.82 0.69 0.005 0.50     

ACSQ - Consequences 

     

.023 (.007) 

 

 

Class (2, 304) 20.07 0.18 0.001 0.84 

  

 

Depression (1, 304) 409.34 3.59 0.012 0.06 

    Class X Depression  (2, 304) 235.55 2.07 0.014 0.13     

ACSQ - Self-Worth 

     

.028 (.012) 

 

 

Class (2, 304) 72.64 0.45 0.003 0.64 

  

 

Depression (1, 304) 144.53 0.90 0.003 0.35 

    Class X Depression  (2, 304) 276.81 1.72 0.011 0.18     

CHS - Children's Hopelessness Scale; CRSQ = Children's Response Style Questionnaire; ACSQ - 

Adolescent Cognitive Style Questionnaire Modified 
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Exploration of class means revealed the MIN/NO-ERR group (M = 44.94, SE = 3.29) 

endorsed more stability than the MAJ/LO-ERR group (M = 35.51, SE = 0.99; mean difference 

= 9.35, 95%CI: [1.78, 17.72], p=.01) or MIN/HI-ERR group (M = 32.68, SE = 3.97; mean 

difference = 12.26, 95%CI: [24.01, 2.19], p = 0.02). For achievement events, the MIN/NO-ERR 

group (M = 15.94, SE = 1.20) similarly endorsed more stability than the MAJ/LO-ERR group 

(M = 11.67, SE = 0.36; mean difference = 3.71, 95%CI: [0.62, 6.68], p = 0.01) and MIN/HI-

ERR group (M = 10.71, SE = 1.45; mean difference = 4.67, 95%CI: [1.23, 8.57], p = 0.02).  

Time-per-Target.  

Fit indices (Table 3). Fit indices suggested that the three class model best described the 

data; AIC was virtually identical for the three and four class solutions, while the BIC and ABIC 

statistics were lowest in the three class model. The LMR adjusted LRT and bootstrapped LRT 

supported a three class solution as well. Entropy was highest in the two class solution, but well 

above threshold (entropy = 0.91) for the three class solution, suggesting class membership 

among three classes was relatively stable. Conceptually, the addition of the third class appeared 

to reflect a group of individuals with meaningful differences in growth, as intercept, slope, and 

mean value at each time point were different across and between groups.   

Class characteristics (Table 4). As in other models, the three classes reflected one large 

majority class and two smaller minority classes. The first class was the smallest (n = 18), and 

was described by a positive latent growth slope, which in this instance reflected worsening 

performance. The second class was the majority class (n = 263), which demonstrated a negative 

growth slope, reflecting increased speed/reduced completion time across assessments. The third 

class (n = 22) had an intercept that was almost twice that of the majority class, and a much 

steeper, negative slope.   

Demographic characteristics. No significant difference was seen in mean age (F(2, 

301) = -0.50, p = 0.61), racial distribution, marital status, household income, parental education 
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level or history of depression (χ
2
(2) < 3.94 p > 0.14). There was a significant difference in 

gender (χ
2
(2) = 7.45 p = 0.02), with more boys present in class one (worsening performance), 

and more girls in the majority class (class two). There was a marginally significant difference in 

the distribution of dyadic relationship across classes (χ
2
(2) = 4.10 p = 0.06), with biological 

mothers underrepresented in classes one and three.  

Predicting cognitive vulnerability. Class membership was not associated with any 

significant main effects on any cognitive vulnerability indices examined (data not shown).  

Summary of selective attention findings. Selective attention was assessed with a 

visual search task. Selective attention accuracy (frequency of omission errors) and efficiency 

(relative speed of target detection) both yielded three-class solutions. Efficiency of selective 

attention was described by a majority class whose performance improved over time, and two 

minority classes: one class with “improving” performance (very slow at baseline with marked 

improvement over assessments), and another class with worsening performance (typical at 

baseline, slowing performance over time). Contrary to all hypotheses, class membership was 

not significantly related to any of the cognitive vulnerability variables. Accuracy of selective 

attention also was described by three classes. One was a majority class with low error rate and 

slow improvement over time. The two remaining classes included one with perfect performance 

across all assessments, and one with an “improving” profile of development (i.e. high errors at 

baseline, marked improvement over time). Classes with poorer selective attention and shallower 

growth were expected to have higher levels of negative cognitive style, and the current study 

observed an association in direct opposition to this hypothesis. Higher levels of attributional 

stability for negative events were found in the class with the strongest selective attention (the 

“no error” class), an effect found to be driven by stability of attributions from achievement 

events.  
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Sustained Attention  

Model estimation failed due to difficulties with convergence, extreme logit values, and 

negative covariance in the model. Alterations to parameters to improve fit and facilitate 

convergence were unsuccessful, as were attempts to model the data using negative-binomial and 

floor-censored algorithms. This may be the result of distributional issues inherent to this 

variable, and previously reported (Manly et al., 2001).  See the Discussion section.  

 

Switching 

 Errors. 

Fit indices (Table 3). Standard estimation of the development of switching-accuracy 

resulted in estimation errors and poor conversion. As this variable represents count data, the 

growth was successfully modeled using a Poisson distribution (without zero-inflation) and 

constraining slope variance across classes. (Table 3). Class stability was poor (entropy: 0.50) 

and there was no improvement in fit with the addition of a second class. A single-class growth 

trajectory thus was selected. 

Demographic characteristics. Intercept and slope of the growth curve varied 

significantly across race; Caucasian adolescents had lower mean intercept (B = 1.49, SE = 0.32, 

p < 0.001) and higher change (B = 1.56, SE = 0.55, p < 0.01) over time. Mean slope was not 

significantly associated with any other demographic categories. Mean intercept was associated 

with marital status (B = 1.26, SE = 0.33, p < 0.01), mother-child relationship (B = 1.56, SE = 

0.55 , p < 0.01), income (B = -0.87, SE = 0.33 , p < 0.01), free lunch eligibility (B = 1.07, SE = 

0.30 , p < 0.01), and maternal (B = -1.12, SE = 0.21, p < 0.001) and paternal (B = -0.98, SE = 

0.39 , p = 0.01) education level. Across these, higher intercept (i.e. worse performance) was 

associated with factors typically associated with “social disadvantage,” such as lower household 

income, free lunch eligibility, fewer years of completed education (both maternal and paternal), 
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and unmarried female caregivers (mean differences: > 0.13, p < 0.01). Intercept was not 

significantly associated with history of depression (B = -0.19, SE = 0.32, p < 0.55) or gender (B 

= -0.09, SE = 0.29, p = 0.75). 

Predicting cognitive vulnerability:  Intercept. Controlling for lifetime history of 

depression, intercept of the growth curve was not significantly associated with hopelessness 

(rs(302) = -0.38, p = 0.52), or rumination (rs(302) = -0.04, p = 0.45; Table 6). Intercept was 

significantly associated with the composite measure of negative cognitive style (rs(303) = -0.18, 

p = 0.02), internality (rs(303) = -0.15, p < 0.01), globality (rs(303) = -0.12, p = 0.04), and 

stability (rs(303) = -0.19, p < 0.01) of attributions, and both consequences (rs(303) = -0.14, p = 

0.02) and self-worth implications of attributions (rs(303) = -0.17, p < 0.01). 

Post-hoc analyses revealed significant associations with composite scores in all event 

domains (rs(303) < -0.16, p < 0.01), and self-worth implications in all event domains (rs(303) < 

-0.14, p < 0.012),  as well as internality within achievement and interpersonal event domains 

(rs(303) < -0.15, p < 0.01), and stability within appearance and interpersonal event domains 

(rs(303) < -0.18, p < 0.01). Association with internality of attributions for appearance events 

(rs(303) = -0.13, p = 0.03), stability for achievement events (rs(303) = 0.14, p = 0.02), and 

globality (rs(303) > -0.14, p > 0.02) and consequences for all event types (rs(303) > -0.10, p > 

0.03) were not significant with post hoc correction. Directionality of all significant associations 

suggests that as intercept decreases (indicating fewer switching errors), negative attributional 

style composite increases. 

Predicting cognitive vulnerability: Slope. The latent growth term was not significantly 

associated with rumination (rs(303) = -0.04, p = 0.49), hopelessness (rs(303) = -0.02, p = 0.69), 

or any component of negative attributional style (rs > -0.11, p > 0.05).   
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Timing.  

Fit indices (Table 3).  Slope variance was fixed across classes to allow for model 

convergence. A three class model had adequate stability (entropy = 0.82) and was supported by 

several fit statistics (AIC, BIC, LMRT; Table 3). The four class model did not generate a unique 

or conceptually meaningful extra class, and was rejected.  

Class characteristics (Table 4). The three classes included one majority class with a 

shallow negative slope (majority/improving; MAJ/IMP), and two minority classes, one with a 

high intercept (poorer performance) and a steep negative slope (minority/improving; 

MIN/IMP), and one with an intercept closer to that of the “normative” class, but a positive 

slope, suggesting worsening performance over time (minority/slowing; MIN/SLO). Intercept 

and slope were significantly different across classes (F(2,303) > 45.05, p < 0.001); post-hoc 

analyses revealed no significant difference between the MIN/IMP and MIN/SLO classes at time 

two (i.e., just after their growth curves intersected).  

Demographic characteristics. Classes differed in household income (χ
2
(2) = 6.05, p = 

0.04). The MIN/SLO class had significantly more individuals from affluent households, 

however, this result may not be stable due to small cell size (n [< $75,000] = 5; n [> $75,000] = 

7). Otherwise, classes did not significantly differ on mean age, gender, race, caregiver-child 

relationship, maternal marital status, lunch subsidy eligibility, or maternal/paternal education 

(χ
2
(2) < 4.80, p > 0.09).  

Predicting cognitive vulnerability. Class membership significantly predicted self-worth 

implications overall (F(2,304) = 4.04, p = 0.02; Table 8). Post-hoc examination of event domain 

revealed class membership was significantly associated with self-worth inferences for 

achievement events (F(2,304) = 4.31, p = 0.01). Associations between class and self-worth 

inferences for appearance (F(2,304) = 3.53, p = 0.03) and interpersonal (F(2,304) = 2.74, p = 

0.07) events were not significant with Sidak correction. Exploration of means revealed the 
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MIN/SLO class (M = 34.23, SE = 3.67) reported significantly higher levels of negative self-

inferences relative to the MAJ/IMP class (M = 23.51, SE = 0.86; mean difference = 10.72, 

95%CI: [1.67, 19.77], p = 0.01) and the MIN/IMP class (M=24.31, SE= 3.12), although the 

latter comparison did not reach significance (mean difference = 9.91, 95%CI: [-1.65, -21.43], p 

= 0.99). Similar results were seen within the achievement domain, where mean level of self-

worth inference for the MIN/SLO class (M = 11.66, SE = 1.29) was larger than that of the 

MAJ/IMP (M = 7.80, SE = 0.30) or MIN/IMP (M = 8.47, SE = 1.10) classes. However, these 

comparisons failed to reach significance following Sidak correction (mean difference < 3.86, p 

> 0.03).  

Summary of switching findings. Switching was examined using both accuracy (error 

frequency) and efficiency (timing) variables, for which a one-class and three-class model of 

development was derived, respectively. The three-class model for switching efficiency included 

a single majority class with moderate speed and improvement over assessments, a minority 

class with weaker baseline speed but a steep growth trajectory suggesting improvement over 

sessions, and a second minority class with poor baseline functioning and worsening abilities 

over time. Both indices of switching were associated with components of negative cognitive 

style, but not rumination or hopelessness. Regarding efficiency (switching speed), class 

membership was significantly associated with self-worth implications within the achievement 

event domain, an effect found to be driven by the weak-baseline/worsening-growth class. 

Regarding accuracy of switching, baseline accuracy (intercept) was associated with higher 

levels of composite negative style across all event types, self-worth inferences, internality of 

attributions (achievement and interpersonal domains), and stability of attributions (appearance 

and interpersonal domains). Globality and inferred consequences of attributions also were 

associated with baseline switching accuracy, but not within any specific event domain. In 
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contrast, growth of switching accuracy over time (slope) was not significantly associated with 

any element of cognitive style.  

Table 8. Classes of switching speed and lifetime history of depression in predicting cognitive 

vulnerability to depression 

    df1, df2 MS F partial η
2
 p

 
R

2
 (R

2 
adj) 

Sig. 

Comp. 

CHS - Total 

     

.033 (.017) 

 

 

Class (2, 298) 1.35 0.19 0.001 0.83 

  

 

Depression (1, 298) 12.39 1.70 0.006 0.19 

    Class X Depression  (2, 298) 4.93 0.68 0.005 0.51 

 

  

CRSQ - Rumination 

     

.059 (.043) 

 

 

Class (2, 303) 142.47 2.22 0.015 0.11 

  

 

Depression (1, 303) 258.98 4.03 0.013 0.05 

    Class X Depression  (2, 303) 1.89 0.03 0.000 0.97     

ACSQ - Composite 

     

.021 (.004) 

 

 

Class (2, 303) 18.87 1.53 0.010 0.22 

  

 

Depression (1, 303) 18.31 1.48 0.005 0.23 

    Class X Depression  (2, 303) 1.49 0.12 0.001 0.89     

ACSQ - Internal 

     

.031 (.015) 

 

 

Class (2, 304) 228.30 1.29 0.009 0.28 

  

 

Depression (1, 304) 75.78 0.43 0.001 0.51 

    Class X Depression  (2, 304) 92.08 0.52 0.004 0.60     

ACSQ - Global 

     

.024 (.008) 

 

 

Class (2, 304) 129.86 0.92 0.006 0.40 

  

 

Depression (1, 304) 0.99 0.01 0.000 0.93 

    Class X Depression  (2, 304) 209.54 1.48 0.010 0.23     

ACSQ - Stable 

     

.017 (.001) 

 

 

Class (2, 304) 350.45 1.64 0.011 0.20   

 

Depression (1, 304) 179.67 0.84 0.003 0.36 

    Class X Depression  (2, 304) 58.48 0.27 0.002 0.76     

ACSQ - Consequences 

     

.032 (.015) 

 

 

Class (2, 304) 289.77 2.57 0.017 0.08 

  

 

Depression (1, 304) 164.77 1.46 0.005 0.23 

    Class X Depression  (2, 304) 146.69 1.30 0.009 0.27     

ACSQ - Self-Worth 

     

.052 (.036) 1 < 3 

 

Class (2, 304) 636.03 4.04 0.026 0.02 

  

 

Depression (1, 304) 423.52 2.69 0.009 0.10 

    Class X Depression  (2, 304) 284.36 1.81 0.012 0.17     

CHS - Children's Hopelessness Scale; CRSQ = Children's Response Style Questionnaire; ACSQ - 

Adolescent Cognitive Style Questionnaire Modified 
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Divided Attention 

Omissions (visual) 

Fit indices (Table 3). Fit indices for target omission in the divided attention task 

consistently suggested an optimal two-class model; however, low class stability (entropy = 

0.46) and non-significant tests of parsimony supported a single-class solution.  

Demographic characteristics. Intercept was significantly associated with race (B = 

1.53, SE = 0.32 , p < 0.001), dyadic relationship (B = 1.38, SE = 0.55, p = 0.01),  marital status 

(B = 1.14, SE = 0.33, p < 0.001), household income (B = -0.68, SE = 0.33, p = 0.04), free lunch 

(B = 0.98, SE = 0.30, p < 0.01), and both maternal (B = -1.00, SE = 0.31, p < 0.01) and paternal 

education (B = -0.96, SE = 0.39, p = 0.01). Examination of means across demographic variables 

indicated that higher intercepts (more errors at baseline) were associated with minority racial 

status, eligibility for subsidized school lunch, lower household income and parental education, 

unmarried female caregivers, and non-traditional family system (e.g. primary female caregiver 

other than biological mother). Similarly, slope was significantly associated with race (B = 0.65, 

SE = 0.19, p < 0.001), marital status (B = 0.39, SE = 0.18, p = 0.03), free lunch (B =0.34, SE = 

0.17, p = 0.047), and maternal education (B = -0.57, SE = 0.19, p < 0.01) such that shallower 

slopes (slower improvement over time) were associated with minority racial status, eligibility 

for subsidized lunch, lower maternal education level, and unmarried female caregiver. In short, 

across all significant associations, lower intercepts (less errors at baseline) and higher slopes 

(faster growth) were found in the group/category associated with higher levels of “social 

advantage” (e.g., majority race, no free lunch, more education, and higher household income). 

Neither slope (B = -0.01, SE = 0.17, p = 0.95) nor intercept (B = 0.01, SE = 0.29, p = 0.96) were 

associated with gender, or history of depression (intercept: B = 0.05, SE = 0.32, p = 0.87; 

slope:(B = -0.24, SE = 0.19, p = 0.21). 
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Predicting cognitive vulnerability: Intercept (Table 6). Controlling for lifetime history 

of depression, intercept of the growth curve was not significantly associated with hopelessness 

(rs(299) = -0.04, p = 0.53), or rumination (rs(302) = -0.06, p = 0.32). Intercept was significantly 

associated with composite measure of negative cognitive style (rs(299) = -0.17, p < 0.01), 

internality (rs(299) = -0.16, p < 0.01), and stability (rs(299) = -0.17, p < 0.01) of attributions, as 

well as consequences (rs(299) = -0.14, p = 0.02) and self-worth implications (rs(299) = -0.17, p 

< 0.01). 

Post-hoc analyses revealed significant associations with composite attributional style 

scores and internality of attributions within all event domains (rs(299) < -0.15 p < 0.01). 

Intercept also was associated with stability of attributions within the appearance and 

interpersonal event domains (rs(299) < -0.17, p < 0.01), consequences within the achievement 

domain (rs(299) < -0.15, p = 0.01), and self-worth implications within the achievement and 

interpersonal event domains (rs(299) < -0.15, p < 0.01). All other post-hoc tests of associations 

within event domain failed to reach significance following Sidak correction. Directionality of 

all significant associations suggests that as intercept decreases (indicating fewer omission errors 

with the dual-task visual search task), negative attributional style increases. In other words, 

higher intercept (more errors at baseline) was associated with lower level of negative cognitive 

style.  

Predicting cognitive vulnerability: Slope (Table 6). Controlling for lifetime history of 

depression, slope of the growth curve was not significantly associated with hopelessness 

(rs(299) = -0.04, p = 0.48), or rumination (rs(302) = -0.07, p = 0.21). Slope was associated with 

self-worth implications overall (rs(299) = -0.12, p = 0.04), such that steeper slope (faster 

growth, fewer errors over time) was associated with less cognitive vulnerability. Associations 

between slope and self-worth implications from individual event domains were not significant 

after Sidak correction (rs(299) > -0.12, p = 0.02).   
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Time-per-Target (Visual). 

Fit indices (Table 3). Fit indicators (log likelihood, AIC, BIC, ABIC) supported a four 

class solution; however, the four class solution resulted in three classes with membership falling 

below 5% of the overall sample (and one class with n = 2). The three-class solution, supported 

by the LMR test of parsimony, presented the next best fit. Class stability for the three class 

solution was good (entropy = 0.95).  

Class characteristics (Table 4). Of the three classes, one majority “typically 

developing” class (“majority/improving,” MAJ/IMP) evidenced a low intercept and a low 

shallow trajectory of growth (i.e., improved performance over time). Of the two minority 

classes, one reflected poor early performance (high intercept) with more marked improvement 

(steep negative slope) over observations (“minority/improving,” MIN/IMP). The other minority 

class was statistically equivalent to the majority class at baseline, but evidenced worsening 

performance (positive slope) over time (“minority/slowing,” MIN/SLO).  

Demographic characteristics. Classes differed across gender (χ
2
(2) = 9.07, p = 0.01), 

with more males in the MIN/IMP class and more females in the MAJ/IMP class. There were no 

other significant differences in the distribution of demographic characteristics across classes, 

including age, race, caregiver-child relationship, maternal marital status, household income, free 

lunch, and maternal/paternal education level (χ
2
(2) < 4.34, p = ns).  

Predicting cognitive vulnerability (Table 9). Class membership predicted rumination 

(F(2, 287)  = 3.51, p = 0.03). Exploration of marginal means found the MIN/IMP class endorsed 

lower levels of rumination (M= 21.27, SE = 1.94) than the MIN/SLO class (M= 30.13, SE = 

3.15) or MAJ/IMP class (M= 25.53, SE = 0.56). Post-hoc pairwise comparisons revealed 

significant group differences between the MIN/IMP and MAJ/IMP classes (mean difference = 

4.26, 95%CI: [0.98, 7.24], p < 0.01), whereas the difference between MIN/IMP and MIN/SLO 
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failed to reach statistical significance after correction (mean difference = 9.04, 95%CI: [3.79, 

15.15], p = 0.04).  Class membership also was associated with hopelessness, however this 

association did not reach full significance (F(2, 283) = 2.98, p = 0.05). Finally, classes were not 

significantly associated with any components of attributional style (F(2, 288) < 2.46, p < 0.09).  

 

Table 9. Classes of divided attention visual search efficiency and lifetime history of depression in 

predicting cognitive vulnerability to depression 

    df1, df2 MS F partial η
2 

p R
2
 (R

2
adj) 

Sig. 

Comp. 

CHS - Total 

     

.061 (.045) 

 

 

Class (2, 283) 20.61 2.98 0.021 0.05 

  

 

Depression (1, 283) 0.01 0.00 0.000 0.97 

    Class X Depression  (2, 283) 16.85 2.44 0.017 0.09     

CRSQ - Rumination 

     

.067 (.050) 

 

 

Class (2, 287) 222.93 3.51 0.024 0.03 

 

1 < 3 

 

Depression (1, 287) 514.26 8.10 0.028 0.01 

    Class X Depression  (2, 287) 89.69 1.41 0.010 0.25     

ACSQ - Composite 

     

.012 (-.006) 

 

 

Class (2, 286) 2817.78 1.51 0.011 0.22 

  

 

Depression (1, 286) 1528.37 0.82 0.003 0.37 

    Class X Depression  (2, 286) 247.07 0.13 0.001 0.88     

ACSQ - Internal 

     

.024 (.006) 

 

 

Class (2, 288) 354.37 1.95 0.014 0.14 

  

 

Depression (1, 288) 433.97 2.39 0.008 0.12 

    Class X Depression  (2, 288) 170.20 0.94 0.007 0.39     

ACSQ - Global 

     

.020 (.003) 

 

 

Class (2, 288) 189.16 1.31 0.009 0.27 

  

 

Depression (1, 288) 356.04 2.46 0.009 0.12 

    Class X Depression  (2, 288) 106.30 0.74 0.005 0.48     

ACSQ - Stable 

     

.014 (-.003) 

 

 

Class (2, 288) 197.83 0.92 0.006 0.40 

  

 

Depression (1, 288) 0.55 0.00 0.000 0.96 

    Class X Depression  (2, 288) 85.41 0.40 0.003 0.67     

ACSQ - Consequences 

     

.033 (.016) 

 

 

Class (2, 288) 284.62 2.46 0.017 0.09 

  

 

Depression (1, 288) 93.48 0.81 0.003 0.37 

    Class X Depression  (2, 288) 10.32 0.09 0.001 0.92     

ACSQ - Self-Worth 

     

.026 (.009) 

 

 

Class (2, 288) 334.49 1.98 0.014 0.14 

  

 

Depression (1, 288) 88.89 0.53 0.002 0.47 

    Class X Depression  (2, 288) 1.56 0.01 0.000 0.99     

CHS - Children's Hopelessness Scale; CRSQ = Children's Response Style Questionnaire; ACSQ - 

Adolescent Cognitive Style Questionnaire Modified 



64 

 

 

Percent correct (auditory).  

Fit Indices (Table 3). Class fit indicators were mixed; log-likelihood suggested a 

single-class model, indices of parsimony supported a two (BLRT) or three (LMRT) class 

model, and AIC/BIC/ABIC supported a four class model. Stability of class membership was 

acceptable across all classes (entropy = 0.84-0.88). Examination of class means suggested the 

three class solution best conceptualized different patterns of growth within the data.  

Class characteristics (Table 4). As with many other models, the three class solution 

described a single large class and two smaller classes. Intercepts between the three classes were 

clustered between 0.78 and 0.90, reflecting ~78%-90% accuracy in auditory attention at 

baseline. The majority class had a high intercept and positive slope, suggesting good accuracy 

and gradual improvement over time (“majority/improving,” MAJ/IMP). In contrast, the 

minority classes had negative slopes, suggesting worsening performance. The class with the 

steeper slope (minority/steep-negative, MIN/StNEG) had an intercept which was statistically 

equivalent to that of the normative class (mean difference: 0.02, 95%CI: [0.02, 0.06], p = 0.48), 

whereas the class with the more gradual decline (minority/slow-negative, MIN/sloNEG) had an 

intercept that was significantly lower than either the MAJ/IMP (mean difference: 0.08, 95%CI: 

[0.05, 0.11], p < 0.001) or MIN/StNEG class (mean difference: 0.06, 95%CI: [0.02, 0.10], p < 

0.01). 

 Class demographic characteristics. Maternal educational achievement was 

significantly associated with class membership (χ
2
(2) = 9.26, p = 0.01), such that the MAJ/IMP 

class had more college-completing female caregivers. Classes were not otherwise significantly 

different across other demographic variables (χ
2
(2) < 1.46, p > 0.48) or history of depression 

(χ
2
(2)  2.19, p = 0.34).  
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Predicting cognitive vulnerability: Rumination. (Table 10). A marginally significant 

main effect of class (F(2, 296) = 2.82, p = 0.06) was observed, qualified by a fully significant 

interaction with history of depression (F(2, 293) = 4.07, p = 0.02). Although it did not reach full 

significance, bootstrapped pairwise comparisons of marginal means for the main effect of class 

revealed that the MIN/StNEG class (M=20.52,SE=2.17) had levels of rumination that are lower 

than either the MIN/sloNEG class (M = 26.28 , SE = 1.42; mean difference: -5.76, 95%CI: [-

11.98, .46], p = 0.08) or the MAJ/IMP class (M = 25.65, SE = 0.57; mean difference: -5.13, 

95%CI: [-10.51, 0.25],  p = 0.07). 

Exploration of the interaction of class and history of depression revealed that the 

MIN/sloNEG class had significantly higher levels of rumination among its ever-depressed 

members. The difference in mean level of rumination between ever-depressed and never-

depressed was more than twice as large within the MIN/sloNEG class (never-depressed: M = 

21.74, SE = 1.53; ever-depressed: M=30.82, SE=2.39) as it was in the MAJ/IMP class (never-

depressed: M = 23.86, SE=0.62; ever-depressed: M= 27.44, SE=0.96). In contrast, within the 

MIN/StNEG class, those with a history of depression endorsed less rumination (ever-depressed: 

M=17.75, SE=3.97) relative to those who had never been depressed (never-depressed: M = 

23.29. SE=1.73), although this last difference should be interpreted with caution due to small 

cell size in the MIN/StNEG x Depressed cell (n=4). In sum, the class with lower baseline 

functioning and slow decline in dual-task auditory attention seems particularly vulnerable to the 

impact of depression on the development of rumination, whereas the class with average baseline 

functioning and steep decline in auditory attention appears resilient.  

Predicting cognitive vulnerability: Attributional style. Class membership did not 

significantly predict components of attributional style as a main effect (F(2, 297) < 2.15, p > 

0.12).    
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Attributional style: Moderation of depression. History of depression was significantly 

associated with negative cognitive style composite score (F(1, 295) = 6.20, p = 0.01), globality 

of attributions (F(1, 297) = 4.83, p = 0.03), and stability of attributions (F(1, 297) = 7.51, p < 

0.01). In all cases, history of depression was associated with increased vulnerability. Class 

membership moderated the association between history of depression and stability of negative 

attributions (F(2, 297) = 3.41, p = 0.03), whereas other Class X History interactions did not 

reach statistical significance (F(2, 297) < 2.43, p > 0.09). Post-hoc exploration of the significant 

interaction within different event domains revealed the effect to be driven by stability of 

attributions within the achievement domain: history of depression significantly predicted 

stability of attributions for achievement events (F(1, 297) = 11.75, p < 0.001), an effect that was 

qualified by a significant interaction with class (F(2, 297) = 4.61, p = 0.01). Exploring means of 

the interaction, history of depression was associated with a marked elevation in stability of 

attributions for negative events in the MIN/StNEG(never-depressed: M = 10.09, SE = 1.13; 

ever-depressed: M=18.75, SE=2.65)  and MIN/sloNEG (never-depressed: M = 11.67, SE = 

1.02; ever-depressed: M=14.82, SE=1.60) classes, whereas no significant change was evident 

for the MAJ/IMP class (never-depressed: M = 11.41, SE = 0.41; ever-depressed: M=11.69, 

SE=0.64). 

Predicting cognitive vulnerability: Hopelessness. Class membership did not 

significantly predict hopelessness (F(2, 292) = 0.96, p = 0.39). 

Summary of Divided Attention. Divided attention was assessed via three indices: 1) 

accuracy of dual-task visual selective attention, 2) speed of dual-task visual selective attention, 

and 3) accuracy of dual-task sustained auditory attention. Modeling of accuracy of selective 

attention resulted in a single-class solution, where growth over time was associated with self-

worth assumptions alone, but baseline abilities (intercept) predicted internality of attributions in 

all domains, and other attributional components within select domains (i.e. stability for 
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appearance and interpersonal events, consequences for achievement events, and self-worth for 

achievement and interpersonal events). Contrary to hypotheses, stronger accuracy at baseline 

and faster growth were associated with more depressogenic attributions.  

 

Table 10. Classes of divided attention auditory attention accuracy and lifetime history of depression in 

predicting cognitive vulnerability to depression 

 df1, df2 MS F partial η
2
 p R

2
 (R

2 
adj) 

Sig. 

Comp. 

CHS - Total 

     

.044 (.027) 

 

 

Class (2, 292) 7.01 0.96 0.007 0.39 

  

 

Depression (1, 292) 0.00 0.00 0.000 0.99 

    Class X Depression  (2, 292) 17.50 2.39 0.016 0.09     

CRSQ - Rumination 

     

.076 (.060) 

 

 

Class (2, 296) 178.01 2.82 0.019 0.06 

 

1<2, 1<3 

 

Depression (1, 296) 113.83 1.81 0.006 0.18 

    Class X Depression  (2, 296) 256.37 4.07 0.027 0.02     

ACSQ - Composite 

     

.019 (.002) 

 

 

Class (2, 295) 1614.57 0.88 0.006 0.41 

  

 

Depression (1, 295) 11316.86 6.20 0.021 0.01 

    Class X Depression  (2, 295) 5141.56 2.82 0.019 0.06     

ACSQ - Internal 

     

.012 (-.005) 

 

 

Class (2, 297) 97.94 0.54 0.004 0.58 

  

 

Depression (1, 297) 361.23 2.00 0.007 0.16 

    Class X Depression  (2, 297) 76.37 0.42 0.003 0.66     

ACSQ - Global 

     

.022 (.006) 

 

 

Class (2, 297) 40.83 0.29 0.002 0.75 

  

 

Depression (1, 297) 691.22 4.83 0.016 0.03 

    Class X Depression  (2, 297) 347.79 2.43 0.016 0.09     

ACSQ - Stable 

     

.030 (.014) 

 

 

Class (2, 297) 459.26 2.15 0.015 0.12 

  

 

Depression (1, 297) 1590.31 7.46 0.025 0.01 

    Class X Depression  (2, 297) 727.66 3.41 0.023 0.03     

ACSQ - Consequences 

     

.020 (.003) 

 

 

Class (2, 297) 24.30 0.21 0.001 0.81 

  

 

Depression (1, 297) 280.33 2.43 0.008 0.12 

    Class X Depression  (2, 297) 175.25 1.52 0.010 0.22     

ACSQ - Self-Worth 

     

.032 (.016) 

 

 

Class (2, 297) 294.31 1.80 0.012 0.17 

  

 

Depression (1, 297) 536.25 3.28 0.011 0.07 

    Class X Depression  (2, 297) 411.66 2.51 0.017 0.08   

 CHS - Children's Hopelessness Scale; CRSQ = Children's Response Style Questionnaire; ACSQ - 

Adolescent Cognitive Style Questionnaire Modified 
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Summary of divided attention (continued). Models for speed of visual selective 

attention and accuracy of sustained auditory attention each resulted in three classes: a “typically 

developing” majority class, and two minority classes with weaker functioning and/or growth. 

For speed of selective attention, minority classes included one with a slow baseline but strong 

improvement over time, and another with a normative baseline but slowing speed over time. For 

accuracy of auditory attention, one class had a weak baseline and even weaker performance 

over time, and one class with a normative baseline but steeply worsening accuracy over time. 

Classes were related to rumination: lower levels of rumination were evident in the class with 

weak (slow) baseline/strong improvement (for speed of selective attention), and higher levels of 

rumination were evident, in interaction with depression, for the class with lowest baseline 

accuracy and worsening abilities over time (for accuracy of sustained attention). In the latter 

model, class moderated the relationship between depression and stability of attributions for 

achievement events, such that members of both minority classes (weak baseline/weak growth, 

normative baseline/weak growth) had markedly more attributional stability for achievement 

events if they had a history of depression.  

In sum, integrity of selective attention accuracy (despite competing attentional 

demands) at baseline is related to the adolescent’s ability to conceptualize negative events as 

self-referent (internal), static (stable) and relevant to their future selves (consequences, self-

worth). Importantly, baseline functioning and growth over time had different associations with 

attributional style. In contrast, weakening trajectories of dual-task auditory attention and of 

selective attention speed reflect subtle developmental regression signifying sensitivity to 

depression’s impact on ruminative response and stable attributions.  
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CHAPTER FIVE 

DISCUSSION 

The current study sought to explore the association between trajectories of cognitive 

development and the cognitive vulnerabilities for depression. Specifically, I sought to test 

whether development of several dimensions of executive functioning, namely working memory, 

switching, sustained attention, selective attention, and divided attention during adolescence 

predicted cognitive vulnerabilities of rumination, negative cognitive style, and hopelessness, 

previously shown to predict risk for depression. Classes of adolescent cognitive development in 

working memory, selective attention, switching, and divided attention were derived, and class 

associations with cognitive vulnerabilities were probed. Results found most executive domains 

to have a normative majority with typical growth and low levels of cognitive vulnerability. 

Minority classes, representing atypical growth, were differentially related to cognitive 

vulnerability. Contrary to hypotheses, better cognition was generally associated with higher 

levels of cognitive vulnerability, specifically internal, stable, and self-worth dimensions of 

negative cognitive style. Several exceptions included classes whose trajectory suggested 

developmental regression; consistent with hypotheses, these classes also demonstrated higher 

levels of negative cognitive style. Complex working memory and divided auditory attention 

additionally interacted with lifetime depression to predict cognitive vulnerability. Results 

support a model in which cognitive development scaffolds the maturation of negative cognitive 

style.  

Review of Class Findings 

Working Memory. Working memory was examined using well-validated indices of 

simple (digit span forward) and more complex (digit span backward) working memory. A 

single-class growth model was fit to the former, and a two-class solution (with one “typical” 
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majority class and one “advancing” above-average minority class) was fit to the latter. Across 

both indices, higher socioeconomic resources were associated with stronger working memory.  

Selective Attention. Selective attention was assessed with a visual search task. 

Selective attention accuracy (frequency of omission errors) and efficiency (relative speed of 

target detection) both yielded three-class solutions. Efficiency of selective attention was 

described by a majority class whose performance improved over time, and two minority classes: 

one class with “improving” performance (very slow at baseline with marked improvement over 

assessments), and another class with worsening performance (typical at baseline, slowing 

performance over time). Accuracy of selective attention was also described by three classes. 

One was a majority class with low error rate and slow improvement over time. The two 

remaining classes included one with perfect performance across all assessments, and one with 

an “improving” profile of development (i.e. high errors at baseline, marked improvement over 

time). 

Switching. Switching was examined using both accuracy (error frequency) and 

efficiency (timing) variables, for which a one-class and three-class model of development was 

derived, respectively. The three-class model for switching efficiency included a single majority 

class with moderate speed and improvement over assessments, a minority class with weaker 

baseline speed but a steep growth trajectory suggesting improvement over sessions, and a 

second minority class with poor baseline functioning and worsening abilities over time.  

Divided Attention. Divided attention was assessed via three indices: 1) accuracy of 

dual-task visual selective attention, 2) speed of dual-task visual selective attention, and 3) 

accuracy of dual-task sustained auditory attention. Modeling of selective attention accuracy 

resulted in a single-class solution, whereas models for speed of visual selective attention and 

accuracy of sustained auditory attention each resulted in three classes: a “typically developing” 

majority class, and two minority classes with weaker functioning and/or growth. For speed of 
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selective attention, minority classes included one with a slow baseline but strong improvement 

over time, and another with a normative baseline but slowing speed over time. For accuracy of 

auditory attention, one class had a weak baseline and even weaker performance over time, and 

one class with a normative baseline but steeply worsening accuracy over time.   

Review of Hypotheses 

Hypothesis 1. Rumination is associated with the development of executive 

processes related to “sticky” thinking.  

As discussed above, rumination has been described as attentional perseveration on 

affect, and has been associated with a pattern of deficits involving poorer inhibition and set-

shifting. Conceptualization of rumination as “sticky” thinking (wherein those with a ruminative 

response style have difficulty disengaging from prior information/task-set) suggests high levels 

of negative rumination may be associated with trajectories of executive development that are 

strong in some domains (e.g., in the absence of distraction/competing stimuli, or any task 

involving inhibition of recently relevant information), and very weak in others (e.g., in the 

presence of emotionally-valenced information, or attentionally-salient competing stimuli).  

Hypothesis 1.1: Working Memory. Working memory has been closely linked to 

cognitive inhibition, and the working memory task employed in the current study design 

necessitates inhibition of closely-related information. As such, weaker working memory was 

hypothesized to predict higher levels of rumination.  

Contrary to the hypothesis, neither latent growth factors from the simple working 

memory model (digit span forward) nor more complex working memory (backward digit span) 

growth class membership significantly predicted rumination. Complex working memory did 

moderate the significant main effect of depression on rumination, but in a manner counter to the 

stated hypothesis. The association between depression and rumination was significantly 
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stronger in the minority class that demonstrated stronger complex working memory abilities 

relative to the normative class. In other words, whereas simple working memory was not 

significantly associated with rumination at all, stronger complex working memory was 

associated with higher levels of rumination in youth with a history of depression. If we assume 

history of depression was causal in exacerbating rumination, better working memory may 

reflect increased susceptibility to the deleterious impact of depression, perhaps by fostering 

longer and more complex ruminative episodes and associated maladaptive behaviors.  

Hypothesis 1.2: Selective Attention. Selective attention requires the individual to 

maintain target/task characteristics in working memory, selectively inhibit (identification of, 

and response to) extraneous information, and most importantly, accurately detect and 

acknowledge the target. As rumination has been associated with poor inhibition of irrelevant 

stimuli, classes of development of selective attention with poorer overall selective attention 

were expected to significantly predict higher levels of rumination.  

Regarding rumination, higher levels of rumination were expected to be associated with 

weaker selective attention abilities; however, this was not supported in our class comparisons. 

No significant differences in ruminative response style were seen across classes of selective 

attention (either as a main effect or in interaction with depression). This finding was surprising, 

as previous research has supported a model of rumination based on failure to appropriately 

disengage attention, particularly from emotionally-salient stimuli.  

 The null finding may reflect elements of the selective attention task, which was short, 

easy to comprehend/complete, and was composed of neutral targets/content. The absence of a 

significant association between rumination and the development of selective attention may thus 

be attributable to a failure of an affectively neutral task, which did not elicit frustration, to 

engage the “stickiness” of a high-ruminator’s attention enough to disrupt performance. The 
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nature of the accuracy indicator also may play a role, as “sticky” attention might easily result in 

higher numbers of commission errors, whereas our measure of accuracy was based on 

omissions. Alternatively, the absence of an association may reflect a true negative result. It is 

possible that rumination’s disruption of attentional maintenance is a phenomenon present only 

in attentionally mature brains, whose more consolidated and streamlined networks more readily 

manifest difficulty disengaging from affective stimuli and appropriately inhibiting previously 

salient information.  

Hypothesis 1.3: Sustained Attention.  Sustained attention requires the individual to 

maintain set and suppress potential distractors, and the sustained attention task used in this 

study involves no competing external stimuli. As rumination has been associated with 

perseverative thought and excessive attentional engagement, it was predicted that classes of 

development with better sustained attention would exhibit higher levels of rumination.  

Growth model estimation failed due to difficulties with convergence, extreme logit 

values, and negative covariance in the model. Alterations to parameters to improve fit and 

facilitate convergence were unsuccessful, as were attempts to model the data using negative-

binomial and floor-censored algorithms. The distribution of the data from the sustained 

attention task resulted in insurmountable difficulties (issues with convergence, extreme logit 

values, negative variance/covariance) and the construct could not be modeled using GMM. 

Model failure may be the result of distributional issues inherent to this variable, and previously 

reported (Manly et al., 2001). Closer examination of the data revealed that over half of the 

individuals at each time point had perfect scores (“no error”) on the sustained attention measure, 

and more than three-quarters of individuals at each time point had one error or less. This finding 

is consistent with previously reported ceiling effects for this measure (e.g., the authors noted 

that 72% of youth in the highest age band achieved scores at ceiling; Manly et al., 2001). 
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Similarly, the ceiling effect is also evident in the adult measure, the TEA, where the absence of 

variability in the standardization sample (i.e., no normal controls made two or more errors) 

precluded creation of standardized norms; instead, the authors of the measure established a 

categorical descriptor of performance (“normal” “doubtful [impairment]”, and “definitely 

abnormal”). More recent work using the TEA in a college sample also noted strong ceiling 

effects among their intact population (Pleva & Wade, 2002)  

Attempts to model these data were made using zero-inflated Poisson distribution, 

negative-binomial, and floor-censored algorithms. Two part modeling of the data using standard 

distributional assumptions, which is suggested where there is a very high frequency (>20% of 

the data) of a constant, was not attempted in this instance because of the restricted variance and 

small size of the remaining (i.e. non-zero) sample.  Due to these difficulties modeling, 

hypotheses 1.3, 2.3, and 3.3 could not be tested. 

Hypothesis 1.4: Switching. As rumination has been associated with both poor 

inhibition and cognitive inflexibility, both of which are critical to switching between sets, 

classes of development of switching were expected to significantly predict rumination, such that 

classes with poorer switching would be associated with significantly higher levels of 

rumination. Switching was examined using metrics of both accuracy (switching errors) and 

efficiency (timing) variables, for which a one-class and three-class model of development was 

derived, respectively. The three-class model included a single majority class with moderate 

speed and improvement over assessments, a minority class with poor baseline functioning but a 

steep growth trajectory suggesting improvement over sessions, and a second minority class with 

poor baseline functioning and worsening abilities over time. Contrary to hypotheses, neither the 

latent intercept/slope of switching accuracy, nor the classes associated with switching speed, 

were significantly associated with rumination. Interestingly, although the across-class 

comparison failed to reach statistical significance, the mean level of rumination across classes 
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was notably higher in the minority/slowing class; however, variance within all classes was high, 

possibly obscuring what might otherwise be a significant effect.    

Hypothesis 1.5: Divided Attention. Dividing attention requires the individual to switch 

fluidly between background and foreground information, managing competing task demands 

flexibly. As rumination has been associated with poor inhibition and inflexibility, poor divided 

attention at baseline and weak growth over time was expected to significantly predict 

rumination. Analyses revealed three-class models for speed of visual selective attention and 

accuracy of sustained auditory attention, each of which was composed of a “typically 

developing” majority class, and two minority classes with weaker functioning and/or growth. 

For speed of selective attention, minority classes included one with a slow baseline but strong 

improvement over time, and another with a normative baseline but slowing speed over time. For 

accuracy of auditory attention, one class had a weak baseline and even weaker performance 

over time, and one class had a normative baseline but steeply worsening accuracy over time.   

For the visual (dual-task) selective attention task, speed was significantly related to 

rumination, such that lower levels of rumination were evident in the class with weak (slow) 

baseline speed but marked improvement over time. In contrast, accuracy within this task was 

not significantly associated with rumination. For accuracy of auditory sustained attention within 

the dual- task subtest, higher levels of rumination were evident within the class with lowest 

baseline accuracy and worsening performance, but only in interaction with depression. In other 

words, rumination levels for members of this class with a history of depression are markedly 

higher than they are in other classes, suggesting this class is particularly vulnerable to the 

impact of depression on the development of rumination 

Hypothesis 2. Attributional style would be related to developmental trajectories of 

cognition.  
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Hypothesis 2.1: Working Memory. Classes with poorer overall working memory and 

shallower trajectory of working memory growth were expected to have higher levels of negative 

cognitive style, as this would be consistent with previous work that has linked poor working 

memory to variables known to promote depressogenic cognitive style (e.g. life stress). Results 

indicated that, although class membership for complex working memory was not significantly 

associated with any measure of cognitive vulnerability, the growth of simple working memory 

over time was significantly associated with internality of attributions for interpersonal events, 

and stability of attributions across event domains. Contrary to the initial hypothesis, faster 

growth over this time period was associated with higher levels of negative cognitive style.  

Hypothesis 2.2: Selective Attention. As with working memory, growth classes with 

poorer selective attention and shallower growth were expected to have higher levels of negative 

cognitive style, and the current study observed an association in direct opposition to this 

hypothesis. Whereas classes for efficiency of selective attention were not significantly related to 

any cognitive vulnerability measures, the class with the strongest selective attention accuracy 

evidenced higher attributional stability than the other groups overall, an effect found to be 

driven by attributions for negative achievement events. An association between strong selective 

attention and the development of stable attributions is consistent with a developmental, rather 

than a deficit, model of influence. In other words, these findings are consistent with theoretical 

models of cognitive vulnerability that propose that an individual must reach prerequisite levels 

of cognitive development before attributional style can truly emerge and solidify. This finding 

links two processes that were previously unrelated, and suggests that the development of 

selective attention and the maturation of attributional stability and internality may share a 

common (or related) cognitive or contextual process. This suggests that the stability and 
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internality of attributions may be dependent upon early development of strong (i.e. accurate) 

selective attention.  

Hypothesis 2.4: Switching. Poor switching was hypothesized to contribute to negative 

cognitive style by allowing the individual to inflexibly maintain and generalize potentially 

maladaptive appraisals of self following negative life events. As such, growth classes with 

poorer overall switching were expected to have higher levels of negative cognitive style  

Class membership and single-class growth parameters were associated with 

components of negative cognitive style. Regarding efficiency (switching speed), self-worth 

implications within the achievement event domain was related to class membership, with the 

minority class characterized by weak baseline functioning and worsening efficiency over time 

evidencing more negative self-worth implications for all negative events (regardless of event 

domain). In contrast, the minority group characterized by poor baseline functioning but a strong 

trajectory of improvement reported an attributional style indistinguishable from the normative 

majority group.  

Regarding accuracy of switching, fewer errors at baseline, but not growth over time, 

was associated with higher levels of self-worth inferences across all event types, internality of 

attributions (achievement and interpersonal domains), and stability of attributions (appearance 

and interpersonal domains). Globality and inferred consequences of attributions were similarly 

associated with baseline switching accuracy, but not within any specific event domain.  

The two indicators of switching may appear to generate conflicting results, as higher 

levels of negative self-worth were predicted by worsening efficiency over time (but not at 

baseline) in one instance, and increased baseline functioning but not growth in the other. 

However, one of the global predictions about the relationship between executive growth and 

cognitive vulnerability was that classes that deviate from the normal positive growth trajectory 
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would reflect the contribution of some non-organic deleterious factor influencing 

neurocognitive development and/or ability to engage in the assessment, provided their baseline 

functioning was not at ceiling. For switching efficiency, the presence of a lower baseline in the 

class driving the significant finding (i.e. worsening efficiency predicting more negative 

cognitive style) suggests the decline seen over assessments in this class is not attributable to 

increased incidence of cognitively disruptive psychopathology acting on a cognitive domain 

that has reached maturity. The significant association between worsening efficiency and 

increased negative self-worth implications may thus reflect contribution from some disruptive 

and depressogenic influence on the class driving this result.  

Regarding the positive association between baseline switching accuracy and negative 

attributional style, it is unclear whether switching, as a whole, is the cognitive process 

facilitating the development of negative cognitive style, or if one of the subcomponents of 

switching is the critical variable. In order to switch between sets accurately, the individual must 

have 1) sufficient working memory to retain information about set “A” while engaging in set 

“B,” 2) be able to appropriately inhibit information from set A when engaging in set B, 3) be 

able to appropriately release inhibition for set B while inhibiting set A, and 4) self-monitor for 

errors/discrepancies. Each of these components may facilitate the development of certain 

elements of negative cognitive style given the appropriate context, by allowing the adolescent to 

1) retain and apply a maladaptive mental set, while 2) inhibiting conflicting external 

information, and accurately incorporating  schema-congruent information (3, 4).  It is unknown 

whether the development of negative cognitive style is more closely related to one of these 

component processes, or if it is the collection of these subprocesses (i.e. switching as “a whole”) 

which provides an executive milieu permissive to the development of depressogenic self-

schemas in the presence of negative life events. Similarly, it is also possible that baseline 
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switching accuracy is really a proxy variable for overall cognitive development, and it is global 

improvement in cognition (rather than domain-specific executive functions) that is needed to 

scaffold negative cognitive style. This conclusion is supported by the absence of a relationship 

between slope of growth and negative cognitive style, and by the subtest’s association with 

intellectual functioning; of all the subtests from the TEA-Ch, the switching subtest has been 

most closely associated with IQ overall (r = 0.31) and with math achievement (WRAT-R 

Arithmetic: r = 0.40).  

Hypothesis 2.5: Divided Attention.  As with switching, growth classes with poorer 

divided attention were expected to have higher levels of negative cognitive style due to 

inflexible thinking styles and difficulties managing conflicting information.   

Development of accuracy for the dual-task selective attention measure was defined by a 

single class solution whose growth was associated with self-worth implications and whose 

baseline predicted internality of attributions in all domains and other attributional components 

within select domains (i.e. stability for appearance and interpersonal events, consequences for 

achievement events, and self-worth for achievement and interpersonal events). Contrary to 

hypotheses, stronger accuracy at baseline and faster growth were associated with higher levels 

of negative cognitive style. 

For the three-class models of dual-task visual search speed and dual-task auditory 

accuracy, there was no main effect of class in predicting components of negative cognitive 

style. However, classes of auditory accuracy significantly moderated the relationship between 

depression and attributional stability, specifically for achievement events. The class with lowest 

baseline accuracy and worsening abilities over time moderated the significant relationship 

between depression and stability of attributions for achievement events, such that members of 
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both minority classes (i.e. weak baseline/weak growth, normative baseline/weak growth) had 

markedly more attributional stability for achievement events if they had a history of depression.  

In sum, integrity of selective attention accuracy (despite competing attentional 

demands) at baseline was related to the adolescent’s ability to conceptualize negative events as 

self-referent (internal), static (stable) and relevant to their future selves (i.e. future 

consequences, self-worth). In this instance, dual-task visual search accuracy may reflect a more 

generalized cognitive development that facilitates the generation of one’s self-concept. 

Importantly, baseline functioning and growth over time had different associations with 

attributional style. As development slows as one approaches maturity, a steeper slope of growth 

may reflect the continued maturation of an important element of cognition during a time when 

the youth is becoming increasingly aware of themselves in relation to their peers. In other 

words, a steep trajectory of growth may be related to inferences made about self-worth because 

the cognitive maturity necessary for the consolidation of attributional style is still “in progress” 

at a time when emotional and social development facilitates reflection on the self in relationship 

to others and the social hierarchy.  

As with working memory and rumination, class membership for accuracy with the dual-

task auditory attention task was not significant in of itself, but did significantly interact with 

history of depression to predict attributional style. Unlike that relationship, where depression 

within a class of strong working memory resulted in higher levels of rumination, for the dual-

task auditory accuracy, a history of depression within the class with the weakest performance 

resulted in higher levels of stable attributions, a result driven by the association for achievement 

events. As mentioned above for switching, negative trajectories of growth, in the absence of 

ceiling effects, are thought to reflect subtle cognitive regression secondary to significant 

ongoing life stress. The association with elevated cognitive vulnerability may thus reflect a 

“two-hit” model, in which weaker cognitive abilities/growth exacerbates the impact of 
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depression in promoting depressogenic cognitive vulnerability. Alternatively, dual-task 

accuracy of auditory attention that is weaker than typical at baseline and continues to weaken 

throughout adolescence may denote deficits in the domain of attentional control that is critical 

for academic success, which may contribute to failure within the academic environment. 

Stronger associations between stability of attributions regarding negative achievement events 

and weak auditory attentional control may reflect concrete learning through repeated academic 

struggle/failures. Within a population of previously depressed youth, these struggles may take 

on increased emotional salience and be encoded as permanent knowledge about the world. In 

other words, the significant interaction between weaker auditory attentional control and 

depression in predicting attributional stability may reflect concrete learning about causality, 

rather than an expression of mature depressogenc self-concept. This would help explain why 

better cognition is associated with more internality/stability of negative attributions (presumably 

through the facilitation of self-concept) in domains such as working memory/attention, but with 

poorer abilities here.  

Hypothesis 3. Hopelessness would be related to developmental trajectories of 

indices of cognitive flexibility.  

Hypotheses 3.1-3.3: Working Memory, Selective Attention, Sustained Attention. 

Hopelessness was hypothesized to have no significant association with the development of 

working memory, selective attention, or sustained attention, as there is no extant evidence 

supporting a direct directional link between hopelessness and these domains, and theoretical 

conceptualizations of such a link would be purely speculative. Consistent with expectations, 

there was no association between hopelessness and latent classes or growth factors for working 

memory or selective attention variables. Although it represents a null finding, this result 

provides important evidence suggesting the independence of the development of hopelessness 
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and information processing. As the growth of sustained attention over time could not be 

modeled, the relationship between trajectories of development for sustained attention and 

hopelessness remains unknown. 

 Hypothesis 3.4-5: Switching and Divided Attention. Although there is minimal extant 

literature relating hopelessness to executive function, difficulties with cognitive flexibility are 

theoretically consistent with the established models concerning the etiology of hopelessness 

from (uncontrollable, unpredictable) stressors and helplessness. Hopelessness, theorized to be 

dependent upon the presence of negative and stable conceptualizations of self/future and the 

absence of the flexibility, planning and metacognition to engage in adaptive strategies, was 

hypothesized to be associated with classes of switching and divided attention characterized by 

poor functioning at baseline or over time.  

Contrary to hypotheses, class membership and single-class growth parameters for 

indicators of both switching and divided attention were not associated with hopelessness. Class 

membership for speed of selective dual-task attention was weakly associated with hopelessness; 

however, this association fell just short of significance.  

Review: Trajectories of Development and Cognitive Vulnerability to Depression 

Taken together, several patterns emerged. First, domains of executive function whose 

development was found to have a multiclass solution consistently revealed one large majority 

class (>75% of the overall sample) characterized by improved functioning over time. This is 

consistent with similar work modeling cognitive style in a sample of a similar size and age 

range (Mezulis et al., 2011), and supports the a priori presumption of developmental 

normativity (i.e., improvements in cognitive functioning with age).  

Second, trajectories of executive function development evidenced more complex and 

significant relationships with various elements of negative cognitive style than with 
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hopelessness or rumination. Regarding negative cognitive style and depressogenic attributions, 

analysis revealed that for almost all models of cognitive development, stronger cognitive 

functioning was associated with higher levels of negative cognitive style, particularly 

internality, stability and self-worth. This was true for classes of development derived for simple 

working memory, selective attention accuracy (in both the single and dual-task condition), and 

switching accuracy.  

The link between stronger executive abilities and higher levels of cognitive 

vulnerability lends support to the hypothesis that cognitive development must occur as a 

prerequisite for cognitive vulnerability to depression, which suggests that the maturation and 

consolidation of negative cognitive style occurs in conjunction with the development of the 

capacity to cogitate about life events/causality in relation to the self, the future, and other 

individuals. For example, accurate switching could help support the development of ideas about 

the internality, stability, and self-worth of negative attributions by allowing the individual to 

retain information (the “set”) about prior simple negative events (“I tripped and broke the vase,” 

“I lost my homework and got a zero”) and apply that “set” (“I feel bad, it is my fault”) to other, 

more ambiguous, complex, or multifactoral negative events (“I didn’t make honor roll,” “I don’t 

have a boyfriend”). Within this framework, temperament (i.e., negative emotionality and poor 

effortful control) would provide an emotional nexus for one attributional set (“I feel bad, it’s my 

fault”) to be inappropriately maintained and applied to a different, but similarly emotionally 

valenced, context. Over time, this could result in generalization about characteristics of the self 

(“It’s always my fault”) and the world (“Every situation is like this”). Implicit in this example is 

a possible hierarchical developmental trajectory for the emergence and consolidation of 

negative cognitive style, wherein the development of internality precedes stability, which 

precedes globality. Switching is used as an example because its component parts mentioned 

above (i.e. working memory, inhibition, release of inhibition, and self-monitoring) can be easily 
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applied to the other significant associations between strong cognitive development and negative 

cognitive style.  

Weaker executive functioning was only significantly associated with higher levels of 

depressogenic cognitive style when the trajectory of growth suggested subtle regression and 

baseline abilities were lower than those observed within the normative class. Even then, a main 

effect of class on attributional style was only evident for switching efficiency in predicting self-

worth inferences for achievement events; the class with the weakest baseline and growth for 

accuracy of auditory attention with the divided attention task was associated with attributional 

stability (also for achievement events), but only among those with a history of depression. The 

link between weaker/potentially deteriorating cognitive abilities and negative achievement 

related attributions is notable, as weaker attentional control and slower switching might 

critically impact academic functioning and precipitate negative life stressors (e.g., failed tests, 

missed homeworks, etc.) in a mandatory striving environment. According to Beck’s theory, 

negative attributional style does not develop en bloc; it emerges over years as the individual 

gains life experiences and generates an integrated story about causality (and eventually, 

themselves) from these experiences. Repeated negative life experiences in achievement 

domains would thus facilitate domain-specific negative attributions; however, as suggested by 

the link between stronger executive abilities and higher levels of negative cognitive style, the 

generalization of specific attributions and eventual consolidation of a broader negative cognitive 

style, is dependent upon executive development that supports the formation of self-concept and 

promotes internal attributions.  

Third, with one exception, class of cognitive development did not predict rumination, 

except in interaction with a history of depression. Classes of visual selective attention 

efficiency/speed was the only significant main effect of class on rumination; the main effect was 
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driven by the class with low (slow) baseline abilities but marked recovery over time, which had 

lower levels of rumination. These findings run counter to initial hypotheses and to previous 

reports in the adult literature. These results may reflect developmental differences between 

adolescents and adults, the absence of emotional content in the assessments (a failure to engage 

the “stickiness” of a high-ruminator’s attention and disrupt performance), weak indices of 

perseverations (which may better tap the attentional dysregulation inherent to rumination), or a 

true absence of an association between cognitive development in adolescents and rumination. 

Regarding the interactions, both complex working memory and dual-task auditory attention 

accuracy moderated the relationship between depression and rumination, although in opposite 

directions (i.e., classes with better working memory and worse divided attention had stronger 

depression-rumination effects). These results have been conceptualized as reflecting the impact 

of more advanced cognitive development and subclinical disease state, respectively. These 

seemingly contradictory findings may be attributable to the nature of the classes that interact 

with depression, as the working memory class structure reflected normative and supra-

normative performance classes, whereas the divided task class structure reflected classes with 

normative and differentially weaker performance, making it impossible to probe for the 

presence of concordant relationships. 

Fourth, hopelessness was not significantly associated with any indicator of cognitive 

development. The absence of an association between hopelessness and executive functions 

suggests that hopelessness may be more contingent on developmental processes that do not 

involve cognitive maturation. Alternatively, should a cognitive prerequisite for hopelessness 

exist, it is likely to involve a cognitive domain other than those explored here (e.g. working 

memory, selective/sustain attention, or switching). Indeed, Hamilton et al. (2015) found that 

less future orientation predicted greater hopelessness in the current sample of adolescents. 

Future orientation is a complex construct, composed of cognitive, affective, and motivational 
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elements (Johnson, Blum & Giedd, 2009). Conceptually, future orientation involves projecting 

oneself into the future to generate/preexperience possible behaviors/consequences and assess 

associated risk and reward. From the perspective of executive functioning, the cognitive aspects 

of future orientation involve accurate retrieval and updating of semantic knowledge about a 

particular context, and metacognition involving a stable self-concept; executive functions 

relating to the behavioral aspects of future orientation include inhibition, planning, and higher-

order problem solving. Associations with the development of future orientation, inhibition, and 

metacognition about the self/stability of self-concept, as well as their interactions with 

depression, are important topics of further study of precursors of hopelessness.  

Fifth, the null results for sustained attention and for efficiency of selective attention are 

thought to be an artifact of data quirks, rather than construct incompatibility. Longitudinal 

assessment of selective and sustained attention, using measures with more extended range of 

measurement (to prevent ceiling effects) and more precise measures of timing (to mitigate intra-

individual variability) will be necessary to further explore the association between development 

of cognitive vulnerability and maturation of executive functioning. 

Finally, negative cognitive style does not develop en bloc, but is context specific. These 

results lend support to Beck’s original theory of the development of cognitive style and other 

work demonstrating the domain-specific nature of negative cognitive style. Just as depression is 

understood to be the result of a stress and diathesis, so negative cognitive style can be cast as 

the result of cognitive development and context. In the introduction, rumination and attributional 

style were described as an information processing style characterized by “sticky” thinking, and 

an interpretive system to explain and encode emotional experience, respectively. Placed within 

a model of contextual development, the development of rumination and negative attributional 

style may be a natural byproduct of 1) stimuli in the environment evoking negative emotion, 2) 
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individual temperament amplifying emotional experience, 3) executive control failing to 

dampen the emotion and/or behaviorally disengage from the emotion-provoking experience, 

and 4) higher-order cognitive processes generating meaning and encoding the collective 

experience (i.e., the environmental trigger and emotional response) for future use. These latter 

two steps may reflect the cognitive and executive precursors for rumination and negative 

attributional style – precursors that may consolidate into cognitive vulnerabilities to depression 

when encountered with consistency or in conjunction with other risk factors. In this model, 

rumination is context-independent, as it is most directly relevant to perpetuation of aroused 

emotion (rather than emotion induction or interpretation). In contrast, attributional style would 

be heavily context dependent, as it reflects both the generation of meaning through accurate 

retrieval of extant semantic associations and subsequent projection of meaning/contextual 

variables into the future. Within this model, domains of negative cognitive style would reflect 

the frequency and severity of negative, emotion-evoking experiences within those domains. 

Consistent with this assumption, significant post-hoc tests within event domains modeled the 

likely experience of a 16 year old; across all significant associations between class and negative 

cognitive style, significant effects also were observed within the achievement domain (whose 

negative events are focused heavily on negative academic events), followed by interpersonal 

events (including negative events with friends). Prior to puberty, these domains are the source 

of the overwhelming majority of negative events for youth, and thus the most likely to evidence 

depressogenic attributions. 

Strengths and Limitations 

The present study has several important strengths. Methodologically, the study 

examines executive constructs longitudinally, rather than at a single time point. Relative to 

cross-sectional data, the conclusions drawn from these analyses may represent a more reliable 
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indicator of the relationship between any single element of executive function and cognitive 

vulnerability.  Additionally, the study takes advantage of person –centered analytic methods. A 

person-centered examination of the development of executive function allows for a finer-

grained and more ecologically valid investigation of the developmental process that is 

particularly important when considering complex cognition and long-term development. The 

study explored attention using one of the only measures of attentional functioning explicitly 

developed with a theoretical model of attention in mind (Posner and Peterson, 1990). In the 

current study, this methodology allowed for the detection of minority classes whose trajectory 

of cognitive development deviated from the norm, and who were differentially at risk for 

depressive psychopathology based on their level of cognitive vulnerabilities.  

The current study also has some limitations. First, although the sample size was 

adequate to detect/differentiate 2 or 3 class linear structures, the study may have been 

underpowered to detect higher numbers of classes. Similarly, three assessment periods is the 

minimum number of data points needed to model a linear growth curve; however, to increase 

robustness of the results, more than three periods are recommended (even for linear models). 

Consequently, we were unable to probe for quadratic or mixed trajectory models of growth. 

Additionally, sustained (undivided) attention could not be modeled because of data 

insufficiency. Although the results from the divided attention task suggest some interesting 

results regarding sustained attention and the development of certain aspects of cognitive 

vulnerability, this construct should be examined independently to parse what contribution, if 

any, it has towards the development of cognitive vulnerabilities. Conceptually, the current study 

explored several components of executive functioning, but several components of executive 

functioning that may critically impact vulnerability to depression, including verbal fluency, 

inhibition, encoding/retrieval, conceptual flexibility, future orientation, and problem solving, 

could not be included in the present study. Of these, verbal fluency and retrieval/encoding 
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maybe be most relevant to negative cognitive style, as these functions are most closely linked to 

the etiological conceptualization of negative cognitive style laid out above. Inhibition, 

conceptual flexibility, and problem solving may be most relevant to maintenance in rumination. 

Future research should explore trajectories of executive functioning using a more 

comprehensive battery of measures that utilize behavioral indicators of executive abilities 

across all domains. Ideally, sample sizes should be robust enough to allow for factor analysis of 

executive domains prior to the modeling of growth in executive development, as factors derived 

from multiple assessment measures will provide a description of executive domains that is more 

accurate and robust and less susceptible to error inherent in the assessment measure. Given the 

results of the current study, particular attention should be paid to changes in cognitively 

demanding or dual-task activities, as these may be the most sensitive to developmental 

perturbation. 

Clinical Applications 

The findings of the current study have several clinical and practical applications. As 

incidence of depression increases dramatically during adolescence, it is important to identify 

what variables are critical in promoting or mitigating depression. The current study found 

significant effects of baseline abilities on the development of cognitive vulnerabilities, and thus 

programs dedicated to preventing depression would be most likely to have the greatest impact if 

implemented in developmentally appropriate ways throughout early and middle childhood, prior 

to (and continuing through) the transition into adolescence. Many of the significant results 

suggested internality of attributions and self-worth implications to have the most consistent and 

strongest association with cognitive abilities, which suggests that these elements of negative 

cognitive style may be the first to emerge, and thus, should be the targets of early intervention 

programs. Given that the association between executive function and cognitive vulnerability is 

not a straight-forward one, intervention to promote or remediate executive development could 
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have unknown impact on their concurrent development of cognitive vulnerabilities. Finally, the 

significant association between cognitive development and negative cognitive style was not 

equal across event-domains. By frequency, achievement events, then interpersonal events, and 

finally appearance events were most closely associated with cognitive maturation. Given the 

age of the sample at the time of study initiation (mean age = 12.89), most study participants 

were not yet dating or managing their own interpersonal lives; however, all participants 

attended school. The domain of importance for negative cognitive style likely reflects the 

frequency and severity of negative life events occurring within that domain. Teachers and 

parents may wish to explicitly seek out and offer targeted help (via discussion, cognitive 

restructuring) to vulnerable youth who have experienced more negative life events.  

Conclusions 

In sum, the current study reflects a methodologically unique examination of the 

development of executive functions hypothesized to support cognitive vulnerabilities to 

depression, namely ruminative response style, negative attributional style, and hopelessness. 

These cognitive vulnerabilities, understood as maladaptive patterns of thought, were 

hypothesized generally to be associated with less adaptive (poorer) executive development. 

However, findings suggest a developmental (rather than a deficit) model of the role cognitive 

development plays in the maturation of cognitive vulnerability. Although most individuals were 

developmentally typical and demonstrated average performance and positive growth, the data 

revealed that (across most executive domains) classes of individuals with aberrant development 

were most likely to endorse higher levels of depressogenic cognitive style if they had above 

average cognitive development relative to their peers, or lower levels if they had weaker 

executive development. Individuals with declining cognition were found to have higher levels 

of negative attributional inferences among those executive processes particularly sensitive to the 

cognitive changes associated with depression (e.g. processing speed and dual-task measures). 
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Rumination and hopelessness were not strongly associated with classes of executive 

development. Taken together, this report yields support for cognitive-developmental 

prerequisites of negative cognitive style, but fails to provide evidence that the maturation of the 

two other cognitive vulnerabilities (i.e., rumination and  hopelessness) are impacted by the 

developmental trajectory of working memory, selective attention, switching, or divided 

attention in early adolescence.   
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