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Abstract

Background—Regulation of negative affect is critical to healthy development in childhood and 

adolescence. We conducted a longitudinal study examining the moderating role of attention 

control in the effects of anger and fear on changes in risk-taking behaviors from early to middle 

adolescence.

Method—The sample involved participants from the Study of Early Child Care and Youth 

Development (SECCYD), assessed at 9, 11, and 15 years of age. Composite scores for anger, fear, 

and attention control were computed using indicators from multiple informants, and risk-taking 

behaviors were assessed based on adolescents’ self-reports.

Results—Latent difference score analysis indicated significant moderating effects of attention 

control showing that increased anger between 9 and 11 years was related to increases in risk-

taking behaviors between 11 and 15 years only for adolescents with low attention control but not 

for adolescents with high attention control. In contrast, significant moderating effects of attention 

control for the link between fear and risk-taking behaviors suggested increased fear between 9 and 

11 years tended to be associated with decreases in risk-taking behaviors between 11 and 15 years 

only for adolescents with high attention control but not for adolescents with low attention control.

Conclusions—Attention control regulates the connections between negative affect such as 

anger and fear with changes in adolescent risk-taking behaviors. Our data suggest the protective 

role of strong attention control against the development of risk-taking behaviors in adolescence as 

it demotes the effects of anger and promotes the effects of fear.
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Introduction

In the transition to adolescence, many of our nation’s youth show growth in risk-taking 

behaviors. Indeed, the developmental period of adolescence is characterized by heightened 

vulnerability to risk-taking behaviors, including experimenting with drugs, alcohol, and 

severe delinquent behaviors. As such, substance use and risky behaviors among adolescents 

represent a pernicious—and potentially preventable—risk to mortality, health, and 

functioning (Steinberg, 2008). The current view of developmental psychopathology 

emphasizes a critical role of control of attention in the regulation of emotions (Posner & 

Rothbart, 2007). It has been theorized that high anger reactivity and low fear response make 

up two different temperamental pathways to behavioral problems, such as conduct disorder 

(Nigg, 2006). No empirical research, however, has examined the independent and interactive 

roles of anger, fear, and attention control in contributing to the development of risk-taking 

behaviors. In the current study, we used data from multiple informants to investigate the 

predictive links between changes in anger and fear and changes in risk-taking behaviors, as a 

function of attention control level.

Anger, Fear, and Risk-Taking Behaviors

While risk-taking behaviors increase in the transition to and throughout adolescence 

(Steinberg, 2008), there are some adolescents who are more likely to show notably 

increasing risk-taking behaviors. That is, although adolescents as a group may be considered 

risk-takers compared to children and adults, not all adolescents get into trouble with risky 

behaviors that result in serious negative outcomes. Prior research has demonstrated that 

individual differences in aggressive behaviors, for example, are moderately stable over 

childhood and adolescence (Dodge, Coie, & Laynam, 2006). However, systematic 

developmental changes (i.e., within-person changes) in these individual differences are 

expected, and much remains to be learned about the complex cognitive and affective 

processes that may explain individual differences in intraindividual variability in risk-taking 

behaviors. We propose that anger and fear are key aspects of affective reactivity that may 

contribute to systematic changes in risk-taking behaviors in adolescence. We further propose 

that attention control may play a critical role in the regulation of these emotions and their 

contributions to risk-taking behaviors (Nigg, 2006; Posner & Rothbart, 2007).

One key to understanding the etiology of risk-taking in adolescence is considering the role 

of emotion as a reactive system. According to Gray’s (1987) reinforcement sensitivity 

theory (RST), two statistically independent emotional/motivational systems are involved in 

disinhibition. The behavioral approach system (BAS) is sensitive to conditioned reward 

stimuli and responds with appetitive motivation, whereas the behavioral inhibition systems 

(BIS) responds with aversive motivation to conditioned cues signaling punishment. From 

this theory, the link between negative affect and risk-taking behavior may reflect efforts to 

approach potential rewards in the environment as shown in anger (Blair, 2012), as well as to 

inhibition or withdrawal from potential punishments in the environment as shown in fear 

(Pickering & Gray, 2001).

In the case of BAS, anger can arise ‘offensively’ from anticipation, due to behavioral 

activation that motivates movement toward a potentially rewarding experience that is 
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impeded or obstructed (Carver, 2004). Indeed, children with high levels of anger in early 

childhood are more prone to develop externalizing symptomatology in childhood and 

adolescence (Eisenberg et al., 2007; Frick & Morris, 2004). Furthermore, children showing 

higher behavioral activation behaviors (i.e., were oriented toward potential rewards in the 

environment) were more prone to anger, which in turn predicted overt aggressive behavior 

(Deater-Deckard et al., 2010). There is also evidence that BAS is positively associated with 

young adults’ substance abuse and gambling (Braddock et al., 2011) as well as adolescents’ 

experimental use of substances (van Leeuwen, Creemers, Verhulst, Ormel, & Huizink, 

2011).

In the case of BIS, dispositional fear becomes important. Researchers have suggests that 

negative affect that underlies children’s predisposition to experience behavioral inhibition 

may be a protective factor against conduct disorders, especially callous-unemotional forms 

(Kagan, 2005; Kochanska, Barry, Jimenez, Hollatz, & Woodard, 2009). Similarly, higher 

BIS is negatively associated with primary psychopathy which represents the core emotional 

deficit and interpersonal manipulation (see Bijttebier, Beck, Claes, & Vandereycken, 2009, 

for a review). Although empirical research on BIS or fear linking to risk-taking behaviors is 

rare, there is evidence from at least one study suggesting that high BIS is related to low 

probability of regular substance use among adolescents (van Leeuwen et al., 2011).

Attention Control as a Regulating Mechanism

Another key to understanding the etiology of individual differences in adolescent risk-taking 

is examining the role of cognitive control as a regulatory system. Dispositional anger or fear 

on their own may not be what matters in the prediction of growth in risk-taking behaviors. 

Cognitive control of attention has been theorized to be a key aspect of emotion regulation 

and its impact on psychological maladjustment (Gray, 2004; Posner & Rothbart, 2007). It 

may be that low control of attention exacerbate the contribution of the behavioral approach 

system (shown in anger) on risk-taking behaviors, whereas high attention control amplify 

the constraining effect of the behavioral inhibition system (shown in fear) on risk-taking 

behaviors. Indeed, a few available studies suggest interactive effects between anger and 

attention on changes in externalizing behaviors throughout childhood (Kim & Deater-

Deckard, 2011) and interactive effects between anger and effortful control on externalizing 

behaviors, as well as between fear and effortful control on internalizing behaviors among 

children and early adolescents (Eisenberg et al., 2007; Oldehinkel, Hartman, Ferdinand, 

Verhulst, & Ormel, 2007).

In the field of substance abuse research, it has been theorized that deficits in executive 

functioning (often defined as a higher-order cognitive construct involved in planning, 

initiation, and regulation of goal-directed behavior; Luria, 1980) contribute to adolescent 

substance use problems as a result of poor cognitive regulation of behavior (Giancola & 

Mezzich, 2003). However, evidence for the direct association between executive functioning 

and adolescents’ risk-taking behaviors in nonclinical populations is scant and effect sizes are 

modest (e.g., Romer et al., 2011). Therefore, based on theories (Gray, 2004; Posner & 

Rothbart, 2007) as well as empirical findings showing the lack of main effects of executive 

functioning, we propose that cognitive control variables (i.e., attention control) may not be 
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independent, direct predictors, but rather serve as ‘regulators’ that moderate the link 

between negative affect and risk-taking behaviors. Based on the temperament literature 

(Posner & Rothbart, 2007), we view attention control being broadly indicative of a set of 

cognitive control mechanisms that serve self-regulation.

The Present Study

The purpose of this study was to investigate if attention control regulates reactivity of anger 

and fear jointly contributing to the development of risk-taking behaviors among adolescents. 

Risk taking in adolescence may be the product of the interaction between two developing 

neurobiological systems: a network sensitive to rewards and a network associated with 

control. The developmental gap between these two systems peaks in mid-adolescence 

(around age 15) resulting in heightened vulnerability to risk-taking behaviors (Casey & 

Jones, 2010). Accordingly, we focused on predicting changes in risk-taking behaviors 

between early and middle adolescence from anger, fear, and attention assessed in 

preadolescence—an important developmental period preceding increases in risk-taking 

behaviors and escalation of sensation seeking later in adolescence.

Using structural equation modeling, we examined the temporally lagged prediction of 

changes in risk-taking behaviors from prior levels of anger and fear, while evaluating how 

level of attention control may modulate the effects of anger and fear. To our knowledge, the 

current study would be the first to investigate the moderating role of attention control in the 

link between dispositional negative affect and risk-taking behaviors into and through the 

transition to adolescence. We addressed the following questions and hypotheses. First, we 

examined stabilities within anger, fear, attention control, and risk-taking behaviors as well as 

contemporaneous and longitudinal correlations between the predictors of negative affect and 

attention control and the outcomes of risk-taking behaviors. Second, we examined the cross-

lagged effects of anger and fear (measured at 9 and 11 years) on changes in risk-taking 

behaviors (from 11 to 15 years) to test whether attention control plays a protective role 

against the development of risk-taking behaviors by regulating the effects of anger and fear, 

such that the detrimental effect of anger is stronger when attention control is low and the 

protective effect of fear is stronger when attention control is high.

Method

Participants

We analyzed the public datasets of the National Institute of Child Health and Development 

Study of Early Child Care and Youth Development or SECCYD (http://www.nichd.nih.gov/

research/supported/seccyd/datasets.cfm). Data collection began in 1991 and included 1364 

children (51.7% male) and their families when the children were one month of age. At the 

time of the child’s birth, all mothers were at least 18 and not more than 46 years old (M = 

28.11, SD = 5.63). The current analyses include temperament measures taken when the 

children were in 4th and 6th grades (approximately, 9 and 11 years of age), and risk-taking 

behavior assessed in 6th grade and again at 15 years of age (mean = 15 years, SD = .64). The 

present sample included 822 adolescents who had temperament data at 9 and 11 years and 

risk-taking data at 11 and 15 years, with 51% males (n = 417) and 83% White (11% Black 
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and 6% other). About 79% were from two-parent families, and the median of maternal 

education was ‘some college’. Additional details about data collection procedures are 

documented in the study’s Manuals of Operation (http://www.nichd.nih.gov/research/

supported/seccyd/Pages/overview.aspx#instruments). The procedures of the current study 

were approved by the university’s internal review board.

Measures

Anger, fear, and attention control were assessed at 9 and 11 years, and adolescent risk-taking 

behaviors were assessed at 11 and 15 years. We used mothers’, fathers’, and teachers’ 

ratings on items pertaining to several key indicators of anger, fear, and attention control. The 

items were selected based on face validity from a variety of instruments (see online 

supplementary Table S1). We used adolescents’ self-reports on risk-taking behaviors.

Adolescent Risk-Taking Behaviors—We used 19 items assessing a range of risk-

taking behaviors committed over the past year—such as fighting, damaging property, 

experimenting with drugs, and carrying weapons—that were originally adopted from the 

Risky Behavior Questionnaire (Conger & Elder, 1994). Responses were rated on a 3-point 

scale (0 = not at all; 1 = once or twice; 2 = more than twice). An average score was used, 

with higher scores indicating more risk-taking behaviors (α = .68 at 11 years and α = .81 at 

15 years). To better describe the prevalence of risk-taking behaviors reported in the current 

sample, we followed the SECCYD study protocol and calculated the frequency of 

adolescents having committed four major risky behaviors including threatening to beat up 

someone, skipping school without permission, smoking a cigarette or using tobacco, and 

drinking beer or other alcohol. We found 9% of the participants at age 11 and 35% of at age 

15 reported at least one of these major risk-taking behaviors. The results illustrate that there 

is a good range of frequencies of major risk-taking behaviors reported in the current sample, 

showing a notable increase in risk-taking behaviors from age 11 to 15.

Anger—We used four mother- and father-rated items from the Social Skills Rating System 

(SSRS; Gresham & Elliott, 1990), six mother-, father-, and teacher-rated items from the 

Disruptive Behavior Disorders Rating Scale (DBD; Pelham, Gnagy, Greenslade, & Milich, 

1992), two teacher-rated items from the Student-Teacher Relationship Scale (Pianta, 1992), 

four mother- and father-rated items from the Child-Parent Relationship Scale (adopted from 

the Student-Teacher Relationship Scale), two mother- and father-rated items from the Child 

Behavior Checklist (CBCL; Achenbach, 1991), and two teacher-rated items from the 

Teacher Report Form (TRF; Achenbach, 1991).

Fear—We used 12 mother- and father-rated items from the CBCL and three teacher-rated 

items from the TRF.

Attention Control—We used two mother- and father-rated items from the CBCL, three 

teacher-rated items from the TRF, two mother- and father-rated items from the SSRS, and 

three mother-, father-, and teacher-rated items from the DBD.

To develop composite scores for anger, fear, and attention control, we conducted principal 

components analyses (PCAs) estimating the first principal component separately for each 
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construct and each time point (6 PCA models in total). Internal consistency was acceptable. 

For attention control, explained variance in the indicators ranged from 49% to 50% and 

loadings were from .39 to .86. For anger, explained variance ranged from 30% to 32%, with 

loadings from .32 to .71. For fear, internal consistency was slightly lower with explained 

variance of 25% at both 9 and 11 years and loadings ranging from .27 to .63. Items were 

reverse scored if necessary so that higher scores indicated higher levels of dispositional 

anger, fear, and attention control. The average of the cross-informant correlations was .31 

(ranging from .21 to .41). Every indicator was standardized, averaged, and standardized 

again to yield composite z-scores within each of the two time points for anger (α = .89 and .

88 at 9 and 11 years respectively), fear (α = .78 and .76 at 9 and 11 years respectively), and 

attention control (α = .89 for at both 9 and 11 years).

Statistical Analysis—We tested latent difference score (LDS) models (McArdle & 

Hamagami, 2001) using maximum likelihood estimation to predict changes in risk-taking 

behaviors between 11 and 15 years from anger and fear measured at 9 and 11 years. 

Compared to the use of a manifest difference score, the LDS model offers an advantage of 

modeling change in perfectly reliable scores over a time series (by partitioning true scores 

from measurement errors), thus reducing the likelihood of bias in the estimates of 

parameters describing the change and enhancing power. The hypothesized LDS model 

included the time-varying predictor of anger or fear to examine the prospective effects of 

anger or fear on developmental changes in risk-taking behaviors. Because anger and fear 

scores were standardized z-scores compositing different scales reported by multiple 

informants, its time series data were constructed as a Markov simplex model based on 

manifest variables instead of an LDS model.

Results

Table 1 presents descriptive statistics as well as zero-order correlations among anger, fear, 

attention control, and risk-taking behaviors over time. For our first question, we found that 

the effect sizes for anger, fear, and attention control stability were substantial, ranging from .

59 to .72. We also found moderate concurrent and longitudinal correlations between higher 

anger and higher risk-taking behaviors (r = .14 to .23) and between lower attention control 

and higher risk-taking behaviors (r = −.19 to −.27). Fear was not significantly correlated 

with risk-taking behaviors (r = .00 to .02).

Two-group structural equation models were used to test our second question regarding the 

moderating effects of attention control in the link between negative affect and risk-taking 

behaviors. We formed low attention (below median of the attention control scores, n = 411) 

versus high attention (above median of the attention control scores, n = 411) groups based 

on each individual’s within-person mean of the attention control composites between 9 and 

11 years. Using an average attention control score is justified, based on literature indicating 

substantial stability of individual differences in attention control (e.g., conflict monitoring) 

by late middle childhood (Deater-Deckard & Wang, 2012; Rueda et al., 2004). The low/high 

attention control groups were formed for testing moderating effects of quantitative 

differences in attention control using a multiple group structural equation model; they may 

not represent clinically meaningful or qualitatively different sub-groups. The low attention 
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control group showed significantly higher levels of anger, fear, and risk-taking behaviors 

compared to the high attention control group (see online supplementary Table S2). We first 

fit a Configural Invariance model in which all parameters were freely estimated across the 

two groups. In subsequent models, we imposed equality constraints hierarchically to test 

numeric invariance between the low and high attention control groups with respect to the 

effects of age 9 anger/fear on the latent difference score of risk-taking behaviors (the Equal 

Initial Level Effect model) and the effects of age 11 anger/fear on the latent difference score 

of risk-taking behaviors (the Equal Change Effect model).

In Table 2, the chi-square difference tests comparing nested model fits indicated that the 

Equal Initial Level Effect model provided the best fit for the moderation effects of attention 

control in the link between anger and risk-taking behaviors. That is, the low and high 

attention control groups showed significantly different magnitude for the effects of changes 

in anger on changes in risk-taking behaviors. In particular, as shown in Figure 1, the low 

attention control group showed significant effects of anger at 11 years on the latent 

difference score factor of risk-taking behaviors (b* = .20, p = .004), indicating that higher 

anger at 11 years, after controlling for variance in anger at 9 years, was predictive of larger 

increases in risk-taking behaviors from 11 to 15 years. However, anger at 11 years was not 

significantly predictive of changes in risk-taking behaviors in the high attention control 

group (b* = −.04, p = .59). There was no attention control group difference with respect to 

the effects of the initial levels of anger at 9 years, showing that anger was not related to 

changes in risk-taking behaviors between 11 and 15 years (b* = −.07 for the low attention 

control group and b* = −.05 for the high attention control group with p = .26 for both 

groups).

Similar to the analysis for anger, nested model comparisons indicated that the Equal Initial 

Effect model provided the best fit for the moderation effects of attention control in the link 

between fear and risk-taking behaviors (see Table 2). Thus, the result indicated that the 

effects of age 11 fear on the latent difference score factor of risk-taking behaviors differed 

between the high and the low attention control groups. As shown in Figure 2, for adolescents 

in the high attention control group, there was a tendency that higher fear at 11 years, after 

controlling for variance in fear at 9 years, was predictive of larger decreases (or smaller 

increases) in risk-taking behaviors from 11 to 15 years (b* = −.10, p = .10—a marginally 

significant effect size). In contrast, for the low attention control group, fear at 11 years did 

not predict changes in risk-taking behaviors (b* = .06, p = .36). The two groups did not 

differ regarding the effects of the initial levels of fear at 9 years, showing that fear was not 

related to changes in risk-taking behaviors between 11 and 15 years (b* = −.04 for the low 

attention control group and b* = −.03 for the high attention control group, with p = .44 for 

both groups).

While low and high attention control groups significantly differed regarding the effects of 

age 11 fear on changes in risk-taking behaviors, age 11 fear was not a statistically significant 

predictor in either group. Therefore, we probed the differential moderation effects of 

attention control by comparing two extreme groups (McClelland & Judd, 1993)—those who 

were lower 25% of attention control and lower 25% of fear (‘low attention control with low 

fear group’; n = 36) versus those who were upper 25% of attention control and upper 25% of 

Kim-Spoon et al. Page 7

J Child Psychol Psychiatry. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



fear (‘high attention control with high fear group’; n = 33). Results revealed that higher fear 

at 11 years was significantly related to larger decreases (or smaller increases) in risk-taking 

behaviors between 11 and 15 years for the high attention control with high fear group (b = −.

06, SE = .02, b* = −.72, p = .01), but not for the low attention control with low fear group (b 

= −.45, SE = .30, b* = −.32, p = .14).

Discussion

Little is known about the link between negative affect and risk-taking behaviors over the 

course of middle childhood and adolescence, and much of the prior research on negative 

affect and adjustment outcomes has been cross-sectional and relied on data from a single 

informant. We investigated longitudinal contributions of dispositional anger and fear to 

adolescent risk-taking behaviors based on multiple informant data, in an effort to better 

understand the protective role of the self-regulation mechanisms involving attention. This 

investigation represents the first study to examine whether the cross-lagged associations 

between earlier negative affect of anger and fear and later risk-taking behaviors may be 

moderated by the level of attention control spanning preadolescence through middle 

adolescence.

Consistent with prior research on the stability of temperament constructs (Posner & 

Rothbart, 2007), we found substantial stability of individual differences in anger, fear, and 

attention control from 9 to 11 years with stability coefficients ranging from .6 to .7. In 

contrast, the stability of risk-taking behaviors from 11 to 15 years was relatively lower with 

the stability coefficient of .4. It is possible that the relatively low stability of risk-taking was 

in part due to the relatively low base rates of more serious types of risk-taking behaviors 

(e.g., substance use) at age 11. Research indicates that rates of serious risk-taking behaviors 

remain relatively low until age 15 (e.g., Dahlberg, 1998). Although prior research based on a 

large national sample reported a statistically significant association between risk-taking at 

age 18 and alcohol use at age 22, the effect size was notably low (b* = .05; Merline, Jager, 

& Schulenberg, 2008). The current investigation presents important information that fills the 

gap in the literature by finding moderate stability in adolescent risk-taking behaviors from 

early to middle adolescence. Taken together, these findings suggest the existence of 

considerable intraindividual variability and developmental plasticity in adolescent risk-

taking behaviors.

Turning to analysis of anger related to subsequent changes in risk-taking behaviors, 

increased anger was related to elevated levels of risk-taking behaviors. This finding is 

consistent with prior research showing a positive association between anger and 

externalizing symptomatology among school-aged children and adolescents (Oldehinkel et 

al., 2007; Rydell, Berlin, & Bohlin, 2003; Sentse, Veenstra, Lindenberg, Verhulst, & Ormel, 

2009). Furthermore, we found that attention control moderated the link between anger and 

risk-taking behaviors such that increases in anger predicted larger increases (or smaller 

decreases) in risk-taking behaviors from early to middle adolescence when attention control 

was low. In contrast, when attention control was high, these lagged predictive effects were 

not significant. The pattern of the anger by attention control interaction follows the 

protective-stabilizing model (Luthar, Cicchetti, & Becker, 2000) showing that the presence 
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of strong attention control confers stability in good functioning despite increasing risk (i.e., 

high anger). Thus, the current findings lend support to theory and research emphasizing a 

modulation of self-regulation (Posner & Rothbart, 2007) and extends prior research showing 

a moderating effect of effortful control on healthy social-emotional development among 

children and early adolescents (Eisenberg et al., 2007; Oldehinkel et al., 2007).

To our knowledge, no study has examined the role of fear specifically in the development of 

adolescent risk-taking behaviors. Sentse and colleagues (2009) reported a very small but 

significant longitudinal association between greater fearfulness and lower externalizing 

symptomatology in early adolescence (b* = −.05). More recently, Finy and colleagues 

(2014) reported that higher negative emotionality (worry and punishment sensitivity) was 

significantly related to lower impulsivity (b* = −.42, a medium effect size). These findings 

suggest that fearful and anxious negativity may promote cautious behavior and protect 

against impulsive risk-taking behavior. Our findings provide the first evidence of the 

regulating role of attention control for a link between avoidance reactivity or fear and 

adolescent risk-taking.

Specifically, we found that fear appeared to be a statistical predictor of latent change scores 

with increased fear being associated with larger decreases (or smaller increases) in risk-

taking behaviors from early to middle adolescence in the presence of high levels of attention 

control. In contrast, fear was not related to changes in risk-taking behaviors in the presence 

of low levels of attention control. Given that the fear by attention control interaction was 

relatively weak and only detectable at the extremes, this finding should be interpreted with 

great caution. Nevertheless, our finding presents preliminary evidence that emotional 

reactivity in behavioral inhibition may be a protective factor for externalizing problems 

(Kagan, 2005). In particular, our finding underscores the protective role of fear in the 

development of risk-taking behaviors and further illustrates when such protective effects are 

effective. The pattern of the fear by attention control interaction follows the protective-

reactive model (Luthar et al., 2000), showing that the presence of strong attention control 

confers advantages but less so with increasing risk (i.e., low fear).

Furthermore, our results provide a potential account for the weak relationship previously 

found between executive functioning (a higher-order cognitive construct that involves 

attention) and risk-taking in studies focused on main effects. For example, in a large sample 

of high-risk adolescents from families with alcohol use disorder, the effects of executive 

functioning on alcoholism and other substance use disorders explained only 1% of the 

variance (Nigg et al., 2006). In addition, among typically developing adolescents, executive 

functioning was not directly predictive of performance on risky decision-making tasks, such 

as the Iowa Gambling Task (Hooper, Luciana, Conklin, & Yarger, 2004), or risky behaviors 

such as gambling and alcohol and cigarette use (Romer et al., 2011). Moving beyond these 

prior studies examining main effects, the current findings elucidate the moderating role of 

attention control by suggesting that high attention control may promote the protective effect 

of fear, whereas it may demote the detrimental effect of anger on the development of risk-

taking behaviors among adolescents.
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The observed interaction between negative affect and attention control may be, in part, 

explained by the interplay between brain regions that are responsible for reactivity versus 

regulation. Human and animal neuroscience research indicates that there are distinct neural 

mechanisms involved in the focusing and control of attention (e.g., prefrontal cortex) and 

the elicitation and expression of affect (e.g., limbic system). Though these systems are 

clearly separate from each other and show differential developmental trajectories (Steinberg, 

2008), the activity in these brain regions is integrated in ways that serve to regulate thought, 

emotion, and behavior (Gray, 2004; Posner & Rothbart, 2007). In particular, our findings of 

the interaction between anger/fear and attention control can be viewed to reflect neural 

regulation of motivational response systems by control systems (e.g., Nigg, 2006). 

Specifically, high anger reactivity can be related to increases in risk-taking especially when 

a frontal-limbic approach system is poorly regulated, whereas high fear reactivity can be 

related to decreases in risk-taking especially when a frontal-limbic withdrawal system is 

well regulated.

This investigation addressed several methodological shortcomings present within the 

literature on temperament and psychopathology. We examined a large national sample that 

was assessed for an extended period of time and used composite scores based on multiple 

informants and measures. This approach maximizes power and the predictive validity of 

constructs by reducing random error, while it minimizes the study-wide type-I error rate by 

vastly reducing the number of statistical tests conducted. In addition, we examined 

longitudinal change in adolescent risk-taking behaviors using optimally reliable latent 

change scores via LDS models that permitted more precise estimation of the change.

Despite the strengths, the findings of the current study should be interpreted in the context of 

study limitations. First, by examining items and scales from various informants across 

different instruments at any given point in time, we had to standardize the indicators of 

anger, fear, and attention control to create meaningful and interpretable composite z-scores. 

As a result, we were not able to examine sample-wide mean-level changes over time for 

anger, fear, and attention control. A second limitation is that our secondary data analysis for 

constructing anger, fear, and attention control composites was limited by there being only 

questionnaire-based items. We also acknowledge that the majority of items used for the 

attention control construct assessed problems with sustained attention. Though it may not be 

ideal, we believe that those items measuring difficulty in maintaining attention reflect 

individual differences in attention control—the degree of well sustained, well maintained 

attention. In addition, although also having task-based laboratory measurements of attention 

would have been ideal, that may not be required to operationalizing attention control at the 

level of observable behaviors. Individual differences in questionnaire-based measures of 

attention control like those utilized in the current study have been shown to be correlated 

with task-based measures of executive attention in children (for reviews see Rothbart, 2007). 

However, one caveat is that broad measurement of attention control based solely on 

questionnaire in the present study provides a global ‘snapshot’ of overall attention control. 

We recommend future researchers to integrate multiple levels of assessment (e.g., behavior 

in laboratory paradigms, behavior in naturalistic contexts, and informant and self-reports).
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Third, we primarily focused on examining how earlier interactions between reactivity (anger 

and fear) and regulation (attention control) measured in preadolescence contribute to 

changes in risk-taking from early to middle adolescence. We acknowledge that there are 

other important biological and environmental-social relationship factors (e.g., genetic, 

parenting, and peer influences) that contribute to the development of risk-taking in 

adolescence. Finally, although the ranges of risk-taking behaviors were not restricted, the 

mean levels of risk-taking behaviors were relatively low in our sample—though typical of 

what is seen in large community samples, certainly lower than one finds in referred or 

clinical samples. Replications using higher risk samples of adolescents will be helpful to 

evaluate the generalizability of the current findings to adolescents with differing levels of 

risks and risk-taking behaviors and cognitions.

Conclusion

Based on theoretical models regarding temperamentally-based behaviors (e.g., Posner & 

Rothbart, 2007), we considered cognitive control (i.e., attention control) as a regulatory 

system that can modulate both approach and avoidance reactive tendencies (i.e., anger and 

fear, respectively). Our results suggest that individual differences in adolescent risk-taking 

behaviors reflect, in part, variation in dispositional anger and fear. Furthermore, the current 

findings present the first evidence of the moderating role of cognitive control on the 

contributions of negative affect to the development of adolescent risk-taking behaviors. If 

enough cognitive control capacity is available, the impulsive reaction that arises from 

dispositional anger can be reduced and the inhibitory reaction that arises from dispositional 

fear can be enhanced, resulting in diminished risk-taking behaviors. From an intervention 

perspective, the reported interaction suggests changes in attention control may be targeted 

for preventive intervention strategies for risk-taking behaviors to be most impactful among 

adolescents with high propensity for anger and fear.
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Key points

• Regulation of negative affect such as anger and fear is critical to healthy 

development in childhood and adolescence.

• Our results from latent difference score analyses suggest that individual 

differences in adolescent risk-taking behaviors reflect, in part, variation in 

dispositional anger and fear, and attention control moderates the contributions of 

anger and fear to the development of adolescent risk-taking behaviors.

• Strong attention control promotes the protective effect of fear, whereas it 

demotes the detrimental effect of anger on the development of risk-taking 

behaviors among adolescents.

• The reported interaction suggests changes in attention control may be targeted 

for preventive intervention strategies for risk-taking behaviors to be most 

impactful among adolescents with high propensity for anger and fear.
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Figure 1. 
Latent difference score model of the moderation of attention control between anger and risk-

taking behaviors. Risk = risk-taking behaviors; Diff = latent difference score factor; and e = 

measurement error. Values given are unstandardized coefficients with critical ratio (CR) in 

parentheses. CR that exceeds greater than 1.96 is significant using a significance level of .

05. For each path, the coefficients (CR) are listed for low attention/high attention control 

groups. For the intercept (Age 11) and the latent difference score (Diff) factor of risk-taking 

behaviors, estimated means (CR) are presented in italics.

* p < .05
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Figure 2. 
Latent difference score model of the moderation of attention control between fear and risk-

taking behaviors. Risk = risk-taking behaviors; Diff = latent difference score factor; and e = 

measurement error. Values given are unstandardized coefficients with critical ratio (CR) in 

parentheses. CR that exceeds greater than 1.96 is significant using a significance level of .

05. For each path, the coefficients (CR) are listed for low attention/high attention control 

groups. For the intercept (Age 11) and the latent difference score (Diff) factor of risk-taking 

behaviors, estimated means (CR) are presented in italics.

* p < .05; † p < .10.
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