
 

 

 

Individual Differences in the Neural Response to Personal Goal Pursuit Success and 

Failure: A Developmental Analysis 

by 

Allison M. Detloff 

 

Department of Psychology and Neuroscience 

Duke University 

 

Date:_______________________ 

Approved: 

 

___________________________ 

Timothy Strauman, Supervisor 

 

___________________________ 

Alison Adcock 

 

___________________________ 

Philip Costanzo 

 

___________________________ 

John Curry 

 

Dissertation submitted in partial fulfillment of 

the requirements for the degree of Doctor 

of Philosophy in the Department of 

Psychology and Neuroscience in the Graduate School 

of Duke University 

 

2015 

 

 

 



 

 

ABSTRACT 

Individual Differences in the Neural Response to Personal Goal Pursuit Success and 

Failure: A Developmental Analysis 

by 

Allison M. Detloff 

Department of Psychology and Neuroscience 

Duke University 

 

Date:_______________________ 

Approved: 

 

___________________________ 

Timothy Strauman, Supervisor 

 

___________________________ 

Alison Adcock 

 

___________________________ 

Philip Costanzo 

 

___________________________ 

John Curry 

 

 

An abstract of a dissertation submitted in partial 

fulfillment of the requirements for the degree 

of Doctor of Philosophy in the Department of 

Psychology and Neuroscience in the Graduate School of 

Duke University 

 

2015 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright by 

Allison M. Detloff 

 2015 

 

   



 

 

iv

Abstract 

Regulatory focus theory (RFT) proposes two different social-cognitive 

motivational systems for goal pursuit: a promotion system, which is organized around 

strategic approach behaviors and “making good things happen,” and a prevention 

system, which is organized around strategic avoidance and “keeping bad things from 

happening.”  The promotion and prevention systems have been extensively studied in 

behavioral paradigms, and RFT posits that prolonged perceived failure to make 

progress in pursuing promotion or prevention goals can lead to ineffective goal pursuit 

and chronic distress (Higgins, 1997).  

Research has begun to focus on uncovering the neural correlates of the 

promotion and prevention systems in an attempt to differentiate them at the 

neurobiological level.  Preliminary research suggests that the promotion and prevention 

systems have both distinct and overlapping neural correlates (Eddington, Dolcos, 

Cabeza, Krishnan, & Strauman, 2007; Strauman et al., 2013).  However, little research has 

examined how individual differences in regulatory focus develop and manifest. The 

development of individual differences in regulatory focus is particularly salient during 

adolescence, a crucial topic to explore given the dramatic neurodevelopmental and 

psychosocial changes that take place during this time, especially with regard to self-

regulatory abilities.  A number of questions remain unexplored, including the potential 
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for goal-related neural activation to be modulated by (a) perceived proximity to goal 

attainment, (b) individual differences in regulatory orientation, specifically general beliefs 

about one’s success or failure in attaining the two kinds of goals, (c) age, with a particular focus 

on adolescence, and (d) homozygosity for the Met allele of the catechol-O-methyltransferase 

(COMT) Val158Met polymorphism, a naturally occurring genotype which has been shown 

to impact prefrontal cortex activation patterns associated with goal pursuit behaviors.  

This study explored the neural correlates of the promotion and prevention 

systems through the use of a priming paradigm involving rapid, brief, masked 

presentation of individually selected promotion and prevention goals to each participant 

while being scanned.  The goals used as priming stimuli varied with regard to whether 

participants reported that they were close to or far away from achieving them (i.e. a 

“match” versus a “mismatch” representing perceived success or failure in personal goal 

pursuit).  The study also assessed participants’ overall beliefs regarding their relative 

success or failure in attaining promotion and prevention goals, and all participants were 

genotyped for the COMT Val158Met polymorphism.   

A number of significant findings emerged. Both promotion and prevention 

priming were associated with activation in regions associated with self-referential 

cognition, including the left medial prefrontal cortex, cuneus, and lingual gyrus.  

Promotion and prevention priming were also associated with distinct patterns of neural 

activation; specifically, left middle temporal gyrus activation was found to be 
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significantly greater during prevention priming. Activation in response to promotion 

and prevention goals was found to be modulated by self-reports of both perceived 

proximity to goal achievement and goal orientation.   Age also had a significant effect on 

activation, such that activation in response to goal priming became more robust in the 

prefrontal cortex and in default mode network regions as a function of increasing age.  

Finally, COMT genotype also modulated the neural response to goal priming both alone 

and through interactions with regulatory focus and age.  Overall, these findings provide 

further clarification of the neural underpinnings of the promotion and prevention 

systems as well as provide information about the role of development and individual 

differences at the personality and genetic level on activity in these neural systems.   
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1. Introduction 

1.1 Self-regulation and regulatory focus theory 

Goal pursuit is one of the most fundamental and widely researched human 

psychological processes. The types of goals people choose to pursue and how they 

choose to pursue them have been used to explain a broad spectrum of behavioral 

differences.  In order for effective goal pursuit to occur, the individual must have the 

capacity to self-regulate.  Self-regulation encompasses a wide range of phenomena, but at 

its most basic level has been defined as the processes by which individuals identify and 

pursue goals and assess their progress toward them (Carver & Scheier, 1990). Effective 

self-regulation is subserved by executive functioning skills such as working memory, 

inhibition, and task switching (Hofmann, Schmeichel, & Baddeley, 2012; Hofmann, 

Schmeichel, Friese, & Baddeley, 2010), which are basic cognitive processes that together 

create the capacity to represent and pursue higher order goals. However, while intact 

executive functioning abilities are necessary for effective self-regulation, they are not 

sufficient; other components such as endorsed standards and motivation must also be 

activated and present in order for goal pursuit to occur (Baumeister & Heatherton, 1996; 

Carver & Scheier, 1981; Hofmann et al., 2012). Self-regulation is also heavily influenced 

by genetic and neurobiological processes (Banfield, Wyland, Macrae, Munte, & 

Heatherton, 2004; Bell & Deater-Deckard, 2007; Fan, Fossella, Sommer, Wu, & Posner, 

2003; Heatherton, 2011).  Multiple factors across different levels of analysis contribute to 
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optimal self-regulation, and difficulties in self-regulation of personal goal pursuit have 

been identified at a number of different conceptual levels. 

Self-regulation in the service of personal goal pursuit has been extensively 

studied and conceptualized using the framework of regulatory focus theory (Higgins, 

1997).  RFT proposes two different social-cognitive motivational systems for goal 

pursuit: a promotion and prevention system.  The promotion system is associated with 

“ideal” goals (i.e. hopes, dreams, and aspirations), and individuals pursue their 

promotion goals by “making good things happen.”  Using signal detection terminology 

(Tanner & Swets, 1954), the promotion system operates by attempting to “maximize 

hits”, so that primary importance is placed upon identifying and pursuing opportunities 

while disregarding “misses.”  The prevention system, on the other hand, is associated 

with “ought” goals (i.e. an individuals’ duties, responsibilities, or obligations).  In signal 

detection terminology, the prevention system operates by attempting to “avoid misses,” 

and individuals pursue their prevention goals by “keeping bad things from happening” 

(Higgins, 1997).  While both systems operate in reference to desired end-states, they 

differ in terms of the mechanisms and strategies used to reach such end-states (i.e. 

approaching positive end-states versus avoiding negative end-states).  The systems are 

related to, but neuroanatomically and functionally distinct from, the behavioral 

activation system (BAS; Depue & Iacono, 1989; Jeffrey A Gray, 1990) and the behavioral 

inhibition system (BIS; Fowles, 1988; Jeffrey A Gray, 1982). While both 
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promotion/prevention and BIS/BAS can be conceptualized in terms of 

approach/avoidance motivation, RFT encompasses higher-order social-cognitive 

approaches to goal pursuit that the BIS/BAS model does not (Depue & Collins, 1999; 

Strauman & Wilson, 2010; Tomarken & Keener, 1998). 

Higgins’ theory of self-regulation also provides a model for how perceived 

failures in goal pursuit can give rise to different emotions depending upon the 

regulatory focus from which the goal was pursued (Higgins, 1987).  Self-discrepancy 

theory (SDT; Higgins, 1987) is a precursor of RFT which proposes that negative affective 

responses arise from the existence of a mismatch between one’s “actual” and “ideal” or 

“ought” self.  The “ideal” self is an internalized representation of what someone hopes 

or wishes to be, whereas the “ought” self represents what someone believes they are 

obligated or responsible to be.  Ideal and ought “self-guides” exist for each individual, 

albeit in differing strengths, and can be influenced and shaped by both one’s own and/or 

another’s expectations for them.  Ideal and ought self-guides hold a great deal of 

psychological significance for an individual, and the perception or belief that one’s 

“actual” self does not measure up to these self-relevant standards has been shown to be 

associated with profound affective consequences (Strauman & Higgins, 1993).   

Consistent with the predictions of RFT, research has shown that the type of 

emotion experienced in the face of goal pursuit failure is dependent upon whether the 

goal was framed as a promotion or prevention goal (Higgins, Bond, Klein, & Strauman, 
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1986; Strauman & Higgins, 1987).  The successful pursuit of promotion goals has been 

linked to feelings of joy and happiness, whereas a discrepancy between one’s “actual” 

and “ideal” self is associated with dejection and sadness.  In contrast, successful pursuit 

of a prevention goal results in feelings of quiescence and relief, whereas a discrepancy 

between one’s “actual” and “ought” self is associated with anxiety and worry.  These 

early findings in experimental studies have been replicated within the broader 

framework of RFT (Scholer & Higgins, 2008). 

1.2 Neural correlates of self-regulation 

Research has begun to identify the neural correlates of the promotion and 

prevention systems in an attempt to differentiate them at the neurobiological level.  

While there is a plethora of behavioral evidence for the distinct roles of the promotion 

and prevention systems (Higgins, 1987, 1997; Shah & Higgins, 2001), evidence regarding 

the similarities and distinctions between the two systems at the neurobiological level 

will provide additional support for their construct validity and help to elucidate their 

functional connections with other psychological processes relevant to goal attainment.  

Given that the behavioral data points strongly towards the existence of discrete 

motivational states and strategic roles for the two systems, it was hypothesized that each 

system would be characterized by its own distinct neural signature.  However, it also 

appears likely that some degree of overlap in activation will be observed as well, given 

that activation of both systems should result in broader mental processes such as self-
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referential thought, autobiographical memory, planning, and the pursuit of positive 

end-states.   

Several studies have helped to shape and refine the aforementioned hypotheses.  

Amodio, Shah, Sigelman, Brazy, and Harmon-Jones (2004) assessed for individual 

differences in regulatory focus (i.e. whether participants were more promotion or 

prevention oriented) and then observed how these measurements related to an EEG 

measure of resting prefrontal cortex (PFC) activation asymmetry.  Their results indicated 

that individuals with a chronic promotion focus had higher levels of resting left PFC 

activity, whereas individuals with a chronic prevention focus displayed greater right 

PFC activity.  Eddington et al. (2007) used fMRI to further investigate the activation 

associated with each system.  They used an idiographic priming paradigm in which 

participants’ promotion and prevention goals were incidentally presented to them as a 

part of a depth-of-processing task.  Results indicated that priming with promotion goals 

was associated with left PFC activation, and that this activation was stronger for 

individuals with a chronic promotion focus.  However, results regarding prevention 

priming were more complex, and did not include significant activation within the right 

PFC.    

 Given the multifaceted nature of personalized goals as well as the numerous 

strategies that can be used in their pursuit, it stands to reason that the neural substrates 

of promotion and prevention priming would be more complex and widespread than 
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those that underlie basic approach and avoidance.  Contemplation of personal goals has 

been observed to elicit activation in several brain regions linked to self-reflection and/or 

encompassed by the default mode network (Spreng, Stevens, Chamberlain, Gilmore, & 

Schacter, 2010).  The default mode network, which includes the medial prefrontal cortex, 

posterior cingulate cortex, precuneus, lateral and medial temporal lobes, and posterior 

inferior parietal lobule, is a network of brain regions thought to be preferentially active 

during internally focused cognition (Buckner, Andrews-Hanna, & Schacter, 2008; Laird 

et al., 2009; Raichle et al., 2001; Shulman et al., 1997).  Activation of regions associated 

with the default mode network would likely be observed in response to priming of 

personally salient/important promotion or prevention goals, due to the self-referential 

cognition required in order to define, maintain, and regulate toward such goals. 

 In addition to regions included in the default mode network, there is a partially 

overlapping network of regions along the cortical midline that has been shown to be 

critical for self-referential thought, and therefore (by extension) likely to be engaged 

during the process of personal goal pursuit (Northoff & Bermpohl, 2004; Qin & 

Northoff, 2011).  Included in the cortical midline structures model are the orbital and 

dorsomedial PFC, the anterior cingulate cortex, and the posterior cingulate cortex 

(including the precuneus) (Northoff & Bermpohl, 2004).  The regions described as a part 

of the cortical midline structures model are not mutually exclusive from those included 

in the default network model; both include the medial PFC and the precuneus (Northoff 
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& Bermpohl, 2004; Qin & Northoff, 2011).  The cortical midline structures have been 

widely found to be associated with the representation and processing of self-related 

stimuli (Beer & Ochsner, 2006; Northoff & Bermpohl, 2004).  This model provides 

another framework from which to generate hypotheses regarding the potential neural 

correlates of the promotion and prevention systems. 

To date, several neuroimaging studies of the neural correlates of the promotion 

and prevention systems have found activation in one or more of the aforementioned 

self-reflective regions.  Johnson et al. (2006) used fMRI to investigate differences in 

neural activation in response to promotion and prevention goals in contrast with non-

self-relevant items.  Their results indicated that reflection on promotion/prevention 

goals was associated with greater activity in both the frontal medial/anterior cingulate 

cortex and the posterior cingulate cortex/precuneus.  Moreover, they found that the 

frontal regions were relatively more active in response to reflection on promotion goals, 

whereas the posterior regions were more active in response to prevention goals.  Packer 

and Cunningham (2009) investigated whether temporal proximity to a promotion or 

prevention goal altered neural activation.  In addition to observing neural differences 

based on how near or far a hypothetical goal was in time, they again observed activation 

in the medial prefrontal cortex, anterior cingulate cortex, and the precuneus; however 

they did not observe the same dissociation between promotion and prevention goals as 

was reported by Johnson et al. (2006).   
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A recent fMRI study by Strauman et al. (2013) subliminally primed participants 

with their self-generated promotion and prevention goals in order to further investigate 

the neural correlates of the promotion and prevention systems. Their results were 

indicative of a clear distinction between the two systems at the neural level, and showed 

activation in regions implicated in self-referential cognition/the default mode network as 

well as reward-related regions. Specifically, promotion priming was associated with 

increased activation in medial frontal and occipital regions as well as the caudate and 

thalamus, whereas prevention priming was associated with activation in the precuneus 

and posterior cingulate cortex. Overall, on the basis of the few studies available, 

evidence to date seems to suggest that the neural substrates of the promotion and 

prevention systems (at least in young adults) are characterized by activation in self-

referential regions as well as a by a pattern of prefrontal cortex asymmetry.  

1.3 Self-regulation and adolescence 

While important for optimal functioning across the life-span (Mischel et al., 

2011), self-regulation toward the pursuit of personal goals takes on particular relevance 

during adolescence, as this is a life stage during which goal formulation and pursuit 

have long-ranging impacts on one’s future academic success, romantic partners, and 

career (Higgins, Loeb, & Moretti, 1995; Papadakis, Prince, Jones, & Strauman, 2006). 

Adolescence is broadly characterized as the transition from childhood to adulthood, a 

time which is naturally associated with significant changes in physical, cognitive, and 
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social domains (i.e. pubertal development, increased reward-seeking behavior, and 

increased focus on social interactions with peers) (Dahl, 2004; Spear, 2000; Steinberg & 

Morris, 2001).  Adolescence marks a period in which for the first time, cognitive 

capabilities have become sufficiently developed to allow for the contemplation of 

abstract, generalized, long-term goals and the ability to assess whether or not one is 

attaining them.  Similarly, from an interpersonal perspective, adolescence is a time 

period in which individuals are encouraged to set a great number of goals for their 

futures (Higgins et al., 1995). Research has shown that levels of both planning and 

intentionality with respect to goals increase linearly with age in adolescent samples 

(Massey, Gebhardt, & Garnefski, 2008; Nurmi, 1991), and given these increased abilities, 

abstract, long-term goals become much more relevant during this stage of life as 

opposed to during childhood.  Goal pursuit is a prominent part of adolescents’ daily 

lives; furthermore, they have constant access to both success and failure feedback with 

regard to their goals in terms of grades, athletic endeavors, and/or romantic/social 

relationships within a school setting (Nurmi, 1991, 1993; Offer, Ostrov, Howard, & 

Atkinson, 1990). During this highly critical stage, the goals an adolescent chooses to 

pursue, as well as the success and failure feedback they receive, can have a profound 

impact upon identity formation and the types of goals they pursue throughout their 

adult years (Carroll, Hattie, Durkin, & Houghton, 2001; Massey et al., 2008; Nurmi, 

1991). 
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Paradoxically, despite both the increased importance placed on personal goals 

and adolescents’ increased ability to conceptualize them, adolescence is largely 

characterized by self-regulatory deficits at both the behavioral and neural level 

(Blakemore & Choudhury, 2006; Spear, 2000; Steinberg, 2004, 2008).  This paradox leaves 

adolescents particularly vulnerable to consequences associated with goal failure 

including psychological distress (Higgins, 1989).  In fact, self-regulatory deficits have 

been linked to two of the defining psychosocial issues associated with adolescence: 

increases in risk-taking behaviors and in the onset rate of depression (Costello et al., 

2002; Steinberg, 2004).  However, despite the marked self-regulatory deficits observed at 

this developmental stage, relatively little research has investigated adolescent goal 

pursuit using a regulatory focus perspective, or with regard to how individual 

differences in regulatory focus influence goal pursuit during adolescence.  Moreover, 

there has been even less research on the adolescent response to goals at the neural level, 

a crucial topic to explore given the dramatic neurodevelopmental and psychosocial 

changes that take place during this stage, specifically with regard to self-regulatory 

abilities.   

1.3.1 Self-regulation and the adolescent brain  

The adolescent brain has been extensively researched in an attempt to shed light 

upon the neural underpinnings of the dramatic behavioral and emotional changes that 

occur during this life stage (i.e. increased rates of depression, risk-taking behavior, 
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impulsivity, and emotional reactivity) (Casey, Jones, & Hare, 2008; Dahl, 2004; Giedd, 

2004; Spear, 2000).  The adolescent brain differs from the fully developed adult brain in 

several aspects, with the most marked and well defined differences being the relative 

immaturity of adolescent brain regions associated with self-regulatory and self-

referential capacities (Giedd, 2004; Giedd et al., 1996; Gogtay et al., 2004; Sebastian, 

Burnett, & Blakemore, 2008) and altered responsivity to reward (Ernst et al., 2005; Forbes 

et al., 2010).  Optimal functioning across all of these domains is crucial for effective goal 

pursuit, and their altered responsivity places adolescents at a neural disadvantage 

relative to adults for optimal self-regulation toward goals (Huttenlocher & Dabholkar, 

1997; Rakic, Bourgeois, Eckenhoff, Zecevic, & Goldman-Rakic, 1986; Somerville, Jones, & 

Casey, 2010).   

1.3.1.1 Maturation of the prefrontal cortex 

One of the most significant differences in the adolescent brain is the immaturity 

of the prefrontal cortex (PFC), a key region for executive function and cognitive control 

(Alvarez & Emory, 2006; Krawczyk, 2002).  Executive functions cover a wide range of 

cognitive processes, including planning, inhibition, problem solving, attention, cognitive 

flexibility, and action initiation, just to name a few (Baddeley, 1996; Miyake et al., 2000).  

Research clearly indicates that adequate functioning of the PFC is both necessary for 

adequate self-regulation through the use of executive functions (Posner & Rothbart, 

2000) as well as critical to effective goal pursuit (Berkman & Lieberman, 2009).  Studies 
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in both humans and nonhuman primates have revealed that whereas subcortical regions 

are relatively fully developed by adolescence or the corresponding age range, prefrontal 

regions develop at a much slower rate; synaptic pruning continues in prefrontal regions 

far later into development than in subcortical regions (Huttenlocher & Dabholkar, 1997; 

Rakic et al., 1986; Somerville et al., 2010).  Longitudinal imaging work has well 

delineated the slow time course of development for the PFC; specifically, data indicates 

that regions recognized as crucial for impulse control, such as the dorsal lateral 

prefrontal cortex (DLPFC) (Miller & Cohen, 2001), do not in fact finish developing until 

the early twenties (Giedd, 2004; Giedd et al., 1996; Gogtay et al., 2004).  In general terms, 

it appears that the adolescent brain simply has not yet developed sufficiently to provide 

consistently effective self-regulatory control.  However, as noted by Somerville et al. 

(2010), it is important to remember that immaturity in self-regulatory brain regions 

cannot be held solely responsible for all changes in adolescent behavior, otherwise 

young children would have even higher rates of impulsivity and other behavioral 

correlates of self-regulatory dysfunction.  Clearly there must be other factors at play, 

such as the increased emphasis placed on independent goal pursuit and social 

interactions that occurs during adolescence interacting with neural activity to bring 

about overt behavioral changes.   

 There is overwhelming evidence to suggest that immaturity of the PFC, leading 

to deficient top-down regulatory processes, is associated with deficits on tasks that 
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require self-regulatory skills in healthy adolescent samples.  Several imaging studies 

have suggested that age-related improvements on tasks typically associated with self-

regulatory/executive functioning skills are driven by age-related alterations in PFC 

activation.  For example, a fMRI study by Adleman et al. (2002) used the Stroop color-

word interference task, an inhibitory task for which improvements in performance are 

correlated with age (Diamond & Taylor, 1996; MacLeod, 1991), to investigate whether 

alterations in neural development underlie age-related differences on this task. 

Specifically, young adults were found to have significantly greater Stroop-related 

activation than adolescents in the left middle frontal gyrus, a region implicated in 

response inhibition and interference processing (Pujol et al., 2001), indicating that 

adolescents’ inferior performance on the task may be related to the immaturity and/or 

relative inefficiency of this region.  Tamm, Menon, and Reiss (2002) found similar results 

using a Go/No-Go paradigm as a measure inhibitory skills during adolescence.  A 

Go/No-Go paradigm requires individuals to press a button in response to a certain type 

of stimulus, but to withhold their response when a different type of stimulus is 

presented (Donders, 1969).   Go/No-Go paradigms have been used extensively as a 

measure of inhibitory function; impaired ability to withhold responses is indicative of 

disinhibition and difficulties in self-regulating efficiently to meet task demands, and 

efficient performance has been linked to activation in the prefrontal cortex (Casey et al., 

1997; Simmonds, Pekar, & Mostofsky, 2008).  They found that while number of errors on 
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the task did not correlate with age, the ability to inhibit responses more quickly was age 

dependent, such that adolescents were able to inhibit more quickly than children.  

Moreover, activation in frontal regions in response to Go/No-Go task performance was 

found to differ across the age-span, such that adolescents displayed more focal frontal 

activation patterns than children in response to inhibition trials, indicative of higher 

prefrontal cortex efficiency.  Kwon, Reiss, and Menon (2002) had children, adolescents, 

and young adults complete a 2-back paradigm in the scanner in which participants were 

presented with a string of visual stimuli and required to remember the stimulus that 

came two places before the current presentation (Kirchner, 1958).  N-back tasks are 

considered to be an excellent measure of working memory capacity, an executive 

functioning ability which requires prefrontal cortex recruitment (Miller & Cohen, 2001) 

and underlies basic self-regulatory skills such as planning and the ability to manage 

long-term goal pursuit (Hofmann et al., 2010).  They found that activation in frontal 

regions underlying working memory performance (e.g. left and right dorsolateral 

prefrontal cortex) increased as a function of age in response to task demands. 

  However, some debate remains as to whether PFC activation in response to self-

regulatory tasks increases or decreases as a function of age, as results have been found in 

both directions (Blakemore & Choudhury, 2006; Kwon et al., 2002).  A study by Casey et 

al. (1997) using a Go/No-Go paradigm found that activation in the greater inferior and 

middle frontal gyrii decreased with age, which led the researchers to conclude that 
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greater PFC activation was required for the younger participants due to the inefficiency 

of that as yet immature region, whereas the mature PFC in adults could achieve equal or 

greater levels of inhibitory signaling with less activation required.  Differences in ages of 

participants sampled, tasks used, and/or analysis methods employed may be responsible 

for these apparently contradictory findings (Kwon et al., 2002).  Regardless of the 

relative magnitude of activation, it appears clear that the maturation of the PFC 

underlies the development of effective and functional self-regulatory skills over the 

lifespan.  Combined, the evidence suggests that the relative immaturity of the PFC in 

adolescence leads to observable behavioral deficits in self-regulatory/executive function 

domains.  

1.3.1.2 Self-referential cognition 

Evidence suggests that self-referential cognitive processes, which are both 

fundamental to and necessary for the contemplation of personal goals, mature across the 

lifespan (Pfeifer & Peake, 2012).  For instance, children have been found to have less well 

articulated and overly simplified self-descriptions as compared to adults (i.e. 

considering oneself to be either “all good” or “all bad”), which ultimately leads to a less 

accurate mental representation of one’s true abilities (Damon & Hart, 1991; Harter, 

2012).  Self-referential processing and default mode network activation also differ 

between adolescents and adults at the neural level, likely as a function of PFC 

maturation with age (Sebastian et al., 2008).  The default mode network, which includes 
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the medial prefrontal cortex (mPFC), posterior cingulate cortex, precuneus, lateral and 

medial temporal lobes, and posterior inferior parietal lobule, is a network of brain 

regions thought to be preferentially active during internally focused cognition (Buckner 

et al., 2008; Laird et al., 2009; Raichle et al., 2001; Shulman et al., 1997), and more 

recently, also has been found to be active during goal-directed cognition (Spreng et al., 

2010).   

The role of the mPFC as a crucial region for self-knowledge processes has been 

particularly well established (Heatherton et al., 2006).  Given that the medial prefrontal 

cortex is one of the last brain regions to reach developmental maturity (Giedd, 2004), it 

has been hypothesized that self-referential cognition driven by this region and other 

default mode network regions would be altered in adolescents (Pfeifer & Peake, 2012).  

A study by Pfeifer, Lieberman, and Dapretto (2007) asked young adolescents (mean age 

= 10.2) and adults to report whether phrases described themselves or a familiar other 

(Harry Potter) while being imaged.  The medial PFC was found to be more active during 

self-knowledge retrieval than other-knowledge retrieval for both groups; however, the 

magnitude of the medial PFC activation was significantly greater for the adolescents.  

The authors hypothesized that this hyperactivation in the medial PFC for adolescents 

was perhaps due to the relative inefficiency of this region and thus the requirement of 

greater “mental effort” during this task.  Blakemore, Den Ouden, Choudhury, and Frith 

(2007) found similar results in an imaging study designed to explore the neural 
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differences between adolescents and adults when they think about their intentions.  Both 

groups completed an “intentionality task” during which they were asked questions 

regarding both intentional causality (e.g. “You are at the cinema and have trouble seeing 

the screen.  Do you move to another seat?  Likely or Unlikely?”) and physical causality 

(e.g. “A huge tree suddenly comes crashing down in the forest.  Does it make a loud 

noise?  Likely or Unlikely?”).  In both groups, answering the intentional causality 

questions resulted in significantly greater activation in self-referential regions, including 

the mPFC.  Moreover, this activation was modulated by age, such that adolescents 

activated part of the mPFC more strongly than did adults when contemplating personal 

intentions.  In sum, it appears that adolescents require more activation in the mPFC than 

do adults while engaging in self-referential cognition, indicating that this region is not 

yet optimally efficient in adolescence.   

1.3.1.3 Altered reward responsivity 

Another critical difference between the neural functioning of adolescents and 

adults are their neural responses to reward.  Behaviorally, adolescents have been 

characterized as having higher reward responsivity and higher rates of reward seeking 

than adults, even across different species (Spear, 2000; Steinberg, 2004).  This pattern of 

response is specific to adolescence; levels of reward responsivity are higher during this 

life stage than in either childhood or adulthood (Somerville et al., 2010).  There has been 

a great deal of research upon the neural underpinnings of reward responsivity in 
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adolescents; overall findings indicate that the behavioral changes seen in reward seeking 

behavior during this period do correspond with functional alterations in reward centers 

of the brain, particularly in the striatum.  The striatum is recognized as a key reward 

region; receipt of reward has been shown to result in increased levels of striatal 

activation (Delgado, Nystrom, Fissell, Noll, & Fiez, 2000; Knutson, Adams, Fong, & 

Hommer, 2001; O'Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001).  Most 

research on adolescent reward responsivity has focused on activation in the striatum, 

with particular focus on the ventral striatum (nucleus accumbens) due to the important 

role it plays in coding the salience of stimuli and mediating responses to appetitive 

stimuli (Delgado, 2007; Ernst et al., 2005).   However, similar to findings of activation in 

the PFC in executive function tasks in adolescence, controversy remains in the field as to 

whether the striatum is hyper- or hypoactive in response to rewards in adolescents 

compared to adults (Forbes et al., 2010).   

Two theories are currently extant with regard to normative adolescent reward 

processing at the neural level (Forbes et al., 2010).  The first theory suggests that 

adolescents show exaggerated neural responses to reward, which leads in turn to the 

increased salience of rewards and increased reward seeking behavior (Ernst, Pine, & 

Hardin, 2006).  Several studies have found evidence for increased striatal responsivity to 

reward in adolescent populations.  A study by Ernst et al. (2005) investigated the 

influence of development on the neural response to reward by having both adults and 
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adolescents play a monetarily incentivized “Wheel of Fortune” task in the scanner.  They 

found increased activation in the nucleus accumbens (NAcc) when winning in both age 

groups, however, this effect was modulated by age such that the NAcc activation to 

reward was more robust for adolescents.  The authors concluded that this heightened 

activation in the ventral striatum for adolescents was representative of their 

experiencing rewards more intensely.  Galvan et al. (2006) found similar results; their 

imaging analysis of a wide age range of participants (7-29) indicated that compared to 

children or adults, adolescents showed heightened activity in the striatum in response to 

reward.  They found a differential pattern of activation in both the orbitofrontal cortex 

and the striatum in the adolescent sample, such that their striatal response looked 

similar to adults, but greater in magnitude, while their orbitofrontal activation looked 

more similar to the children than the adults.  They hypothesized that it was the relative 

imbalance of striatal and top-down cortical activity that might lead to increased risk-

taking in adolescents such that immediate rewards would be favored over more distal 

positive outcomes.   

The second theory suggests that increased reward seeking behavior in 

adolescence is actually driven by hyporeactivity in reward regions, meaning that 

adolescents need more of a “boost” in order reach normative levels of activation in 

reward regions (hence driving them to seek out rewards to a greater degree) (Forbes et 

al., 2010).  Bjork et al. (2004) had adolescents and adults complete the Monetary 
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Incentive Delay (MID) task, a task designed to elicit neural response to the potential gain 

or loss of money, while being imaged.  The MID is particularly useful in neuroimaging 

studies of reward, as it allows for the dissociation of neural response to the anticipation 

and receipt of a monetary reward (Knutson, Westdorp, Kaiser, & Hommer, 2000).  They 

found no differences in activation in response to the receipt of reward, but found that 

while the ventral striatum was reactive to the anticipation of possible gains in both age 

groups, adolescents demonstrated relatively less reactivity in this region compared to 

adults.   

Taken together, these findings indicate that the adolescent neural response to 

reward does differ from that of adults, with the striatum being a particularly relevant 

region in terms of age-modulated responsivity.  A substantial amount of research will 

still be required in order to help clarify the directionality of striatal response to reward 

in adolescents compared to adults, as the literature is currently mixed.   Differences in 

results are potentially due to differences in reward task features, such as the magnitude 

of reward offered, whether activation was measured during anticipation or receipt of 

reward, or whether reward receipt was contingent upon performance.  

 Striatal reactivity and reward-related behavior will also necessarily influence 

self-regulatory and goal pursuit processes during adolescence, given that striatal 

responsivity underlies motivated behavior (Ernst et al., 2006).  There is a substantial 

conceptual overlap between reward and goal pursuit, as the attainment of goals is an 
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inherently rewarding experience (LaLumiere & Kalivas, 2013).  In fact, goals can be 

considered a more naturalistic and idiographic, and therefore more ecologically valid, 

type of reward cue as opposed to the monetary rewards used during most reward-

related imaging tasks (Bonner & Sprinkle, 2002; Erez, Gopher, & Arzi, 1990; Locke & 

Latham, 1990).  Unfortunately, relatively little research has been conducted on neural 

response to personal goal activation in adolescent samples, although recent research has 

begun to illuminate the neural correlates of these processes in adults (Eddington et al., 

2007; Strauman et al., 2013).   However, the alterations in reward responsivity at 

observed at both the behavioral and neural level in adolescents suggest that their 

responses to self-regulatory success or failure might also differ from those of adults.  

Specifically, given adolescents’ increased responsivity to reward, it could be theorized 

that certain types of goals may appear more salient during adolescence and thus 

inability to make progress toward them may result in even more dramatic affective 

consequences than those observed in adults.  Additionally, adolescents’ increased 

motivation to pursue rewards may result in increased levels of goal pursuit, thereby 

leading to increased chances for goal pursuit failure and/or the pursuit of unattainable 

or unreasonable goals.   

1.4 Genetic influences on self-regulation: effects of the COMT 
gene  

In an attempt to better characterize the biological underpinnings of self-

regulatory behavior, genetic contributions also have been explored.  Genetic 
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polymorphisms have been found to be an efficient way to index variability in brain 

chemistry, which in turn have downstream impacts on neural activation and 

subsequently, behavior (Glatt & Freimer, 2002; Hariri & Weinberger, 2003). The COMT 

Val158Met polymorphism is one such genetic variant that has been studied extensively 

with regard to its impact on prefrontal dopamine availability, cortical activation 

patterns, and subsequently, individual differences in behaviors crucial to self-regulation 

and goal pursuit (Bilder, Volavka, Lachman, & Grace, 2004; Chen et al., 2004; Colzato, 

Waszak, Nieuwenhuis, Posthuma, & Hommel, 2010; Drabant et al., 2006; Goetz, Hariri, 

Pizzagalli, & Strauman, 2013). COMT is an enzyme that is responsible for the 

breakdown of extracellular dopamine in the prefrontal cortex (Axelrod, Senoh, & 

Witkop, 1958; Axelrod & Tomchick, 1958).  The Val158Met polymorphism in the COMT 

gene is responsible for differences in the activity level of the COMT enzyme, and 

subsequently availability of dopamine in the PFC (Hariri & Weinberger, 2003; Lewis, 

Sesack, Levey, & Rosenberg, 1998; Weinshilboum, Otterness, & Szumlanski, 1999).  With 

increasing numbers of Met alleles, the enzyme encoded for by the gene is less stable and 

therefore less functional in its degradation of synaptic dopamine. The presence of the 

Met allele results in lower rates of extracellular dopamine inactivation, and 

consequently, higher levels of available dopamine in the PFC (Chen et al., 2004; Colzato 

et al., 2010; Hariri & Weinberger, 2003).   
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Dopamine signaling in the PFC has been linked to behavioral outcomes that are 

highly implicated in effective goal pursuit, such as attentional control, working memory, 

and cognitive stability and flexibility (Cohen, Braver, & Brown, 2002; Durstewitz & 

Seamans, 2002; Goldman-Rakic, 1998).  Research has attempted to establish whether 

direct associations exist between genotype and individual differences in such behaviors 

with relevance for self-regulation.  Many studies suggest that the Met allele confers a 

cognitive advantage during tasks requiring higher-order cognitive processing; the Met 

allele has been found to contribute to more efficient prefrontal cortex activation and 

increased attentional control, which are crucial self-regulatory abilities (Bilder et al., 

2002; Bruder et al., 2005; Egan et al., 2001; Joober et al., 2002; Malhotra et al., 2002; Rosa 

et al., 2004; Thomason et al., 2010).  However, research has also made it clear that the Val 

allele is not a universal “risk allele” conferring self-regulatory disadvantage.  The 

Val158Met polymorphism has been most frequently conceptualized in the terms of a 

“trade-off” hypothesis, in which each allele can be beneficial under different 

circumstance/task demands (Bilder et al., 2004; Goetz et al., 2013; Papaleo et al., 2008).  

While the Met allele has been found to be beneficial under circumstances where 

cognitive stability is important, the Val allele has been found to confer an advantage in 

circumstances where cognitive flexibility is more beneficial (Colzato et al., 2010; Krugel, 

Biele, Mohr, Li, & Heekeren, 2009).  For instance, Krugel et al. (2009) had genotyped 

subjects participate in a reversal learning task while being scanned.  The task was 
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designed to measure individual differences in reward-based learning, i.e. participants’ 

ability to use different strategies when rewarded responses change mid-task.  Results 

indicated that Val/Val participants had a behavioral advantage on this task, due to more 

flexible learning rates.  fMRI analyses revealed that this behavioral advantage was 

related to both more differentiated responses in the striatum to prediction errors, and 

more effective connectivity between the PFC and the striatum for Val/Val participants.  

A clear parallel exists between the differential benefits of the Met and Val alleles during 

goal pursuit and the differential benefits of being promotion or prevention oriented 

depending on the type of goal being pursued (Goetz et al., 2013).  Clearly both alleles 

confer advantages depending on task demands and the type of mental strategy required 

to effectively obtain a goal.   

In addition to affecting PFC signaling, the COMT Val158Met polymorphism has 

also been linked to differential signaling within regions of the default mode network, 

and to differential patterns of connectivity between the two.  Liu et al. (2010) used 

functional connectivity analyses to demonstrate that Val/Val homozygotes displayed 

significantly decreased connectivity between the prefrontal cortex and posterior 

cingulate.  They concluded the relative impairment in functional connectivity between 

the PFC and the default mode network in Val/Val individuals may underlie the 

inefficient cognitive processing observed in Val/Val homozygotes, given that 

connectivities between the default mode network and PFC have been positively 
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correlated with efficient working memory task performance (Hampson, Driesen, 

Skudlarski, Gore, & Constable, 2006; Sambataro et al., 2010).  Stokes, Rhodes, Grasby, 

and Mehta (2011) also found evidence to suggest COMT genotype moderates the 

activation of default mode network regions (specifically the precuneus and posterior 

cingulate) in response to executive function and working memory tasks.  Their results 

indicated that Val/Val homozygotes displayed the greatest levels of deactivation in the 

posterior cingulate in response to working memory tasks.  Given that the posterior 

cingulate and other regions of the default mode network are typically deactivated when 

individuals are required to sustain focused attention on a task (at the expense of 

engaging in self-referential thought at rest)(Buckner et al., 2008), the authors concluded 

that the Val/Val individuals were needing to significantly decrease default mode 

network to a greater degree than Met/Met individuals in order to achieve the same level 

of focused cognitive performance.  However, it is less clear how neural responses that 

require some degree of self-referential thought (as opposed to strictly working memory 

or executive functioning processes) differ as a function of COMT genotype, specifically 

the contemplation of goal pursuit.   

The COMT Val158Met polymorphism has also been investigated with regard to its 

impact on affect and psychopathology.  Many correlational studies have associated the 

Met allele with higher frequencies of negative affect and/or mental illness, including 

anxiety disorders (Domschke et al., 2004; Enoch, Xu, Ferro, Harris, & Goldman, 2003), 
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major depression (Ohara, Nagai, & Suzuki, 1998), bipolar disorder (Mynett-Johnson, 

Murphy, Claffey, Shields, & McKeon, 1998), anger and aggressiveness (Volavka et al., 

2004), and alcoholism (Tiihonen et al., 1999) to name only a few.  The simplified 

consensus across many studies suggests that while the Met allele can confer an 

advantage in situations requiring cognitive stability/higher-order cognitive processing, it 

may confer a disadvantage in terms of optimal mental health (Thomason et al., 2010).  

See Table 1 for a brief summary of the individual differences associated with each allele. 

Table 1: Summary of the Val- and Met-allele associated individual differences. 

 Val allele Met allele 

COMT enzyme • High activity • Low activity 

Cognitive impact • Pro: benefits on tasks of 

flexibility (updating and 

switching) 

• Con: may show 

distractibility 

• Pro: benefits on tasks that 

require stability and 

sustained execution 

• Con: may show rigidity and 

have difficulty disengaging 

Affective impact • Affective resilience 

• Resistance to stress  

• Affective sensitivity  

• Vulnerability to stress 

 

1.4.1 Adolescence and COMT 

  Adolescence has been established as a period of continuing development for the 

prefrontal cortex (Giedd, 2004; Giedd et al., 1996), and primate studies indicate that 

dopamine levels are still very much in flux during this developmental stage, such that 

dopamine levels actually peak during adolescence before decreasing to the levels found 

in the adult brain (Lambe, Krimer, & Goldman-Rakic, 2000; Rosenberg & Lewis, 1995; 
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Tunbridge et al., 2007).  In addition to the changes in both PFC development and 

dopamine levels during adolescence, COMT activity has also been found to change 

dramatically across the lifespan (Tunbridge et al., 2007).  Tunbridge et al. (2007) found a 

significant increase in the activity of the COMT enzyme from teenage/young adulthood 

to adulthood, a maturational effect that appears to be more prolonged than other 

maturational dopamine changes (Lidow & Rakic, 1992; Wahlstrom, White, & Luciana, 

2010). 

Due to these developmental differences in dopamine signaling and COMT 

activity, the effects of the Val158Met polymorphism on behavior and affect in adolescents 

may be dissimilar to those found in adults.  Some researchers have hypothesized a 

reversal of the Val158Met profile seen in adults such that Met-carrying adolescents may 

actually be at a disadvantage when engaged in cognitive processing tasks (Smith & 

Boettiger, 2012; Wahlstrom et al., 2007).  This disadvantage could be due to the Met 

allele contributing to a relative “overdose” of dopamine in the brain during adolescence, 

whereas the higher activity Val allele would actually decrease the amount of dopamine 

in the adolescent PFC to be at more optimal, adult-range levels (Smith & Boettiger, 2012; 

Wahlstrom et al., 2007).  In support of this hypothesis, Dumontheil et al. (2011) found 

that in a sample of participants aged 6 to 20, the benefit of the Met allele on a working-

memory task performance only became apparent after the age of 10, and that Val/Val 

related cognitive inefficiency increased linearly with age.  Wahlstrom et al. (2007) found 
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that in a sample of participants aged 9 to 17, it was actually the Val/Met heterozygotes 

who had superior performance on a number of working memory and attentional tasks 

as opposed to the Met/Met homozygotes. With regard to affective correlates of the 

polymorphism, there is also evidence that the Met allele protects against anxiety in an 

adolescent sample (Olsson et al., 2007).  However, research remains mixed, as other 

studies have concluded that the adolescent profile is similar to the profile seen in adults 

(Barnett, Heron, Goldman, Jones, & Xu, 2009; Mechelli, Viding, Pettersson-Yeo, Tognin, 

& McGuire, 2009).  Clearly more research needs to be done with regard to the role of the 

COMT Val158Met polymorphism in adolescent samples.   
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2. A developmental analysis of the neural response to 
promotion and prevention goal priming  

2.1 Background 

In order to provide additional information about both the neural correlates of the 

promotion and prevention system and how adolescents conceptualize and self-regulate 

toward their goals at the neural level, this study expanded goal-priming paradigms 

previously used in adult samples (Eddington et al., 2007; Eddington et al., 2009; 

Strauman et al., 2013) to a wider age range of participants.  The current study 

investigated the neural correlates of the promotion and prevention systems through the 

use of a priming paradigm involving rapid, brief, masked presentation of individually 

selected promotion and prevention goals to each participant while being scanned.  The 

goals used as priming stimuli varied with regard to whether participants reported that 

they were close to or far away from achieving them (i.e. a “match” versus a 

“mismatch”).  The study also assessed participants’ overall beliefs regarding their 

relative success or failure in attaining promotion and prevention goals.  As noted above, 

few prior studies have examined chronic individual differences in regulatory focus in 

relation to neural activation, few have included a broad age range of participants, and 

none have considered the theoretically critical role of acute perceived proximity vs. 

distance to attaining specific goals.   Moreover, the influence of the COMT Val158Met 

polymorphism was also investigated across a wide range of ages.   
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In summary, this study was designed to further characterize the neural correlates 

of goal priming, and expand previous findings to include findings from the critical self-

regulatory period of adolescence. Additionally, it will investigate the effect of genetic 

influences (specifically the genetic polymorphism COMT Val158Met) on the neural 

response to goal primes. The specific aims are as follows:  Aim 1: To identify the shared 

activation patterns for promotion and prevention goal priming (i.e. to determine the 

common neural response to being primed with either type of idiographic goal).  Aim 2: 

To replicate and further clarify the differential activation specific to promotion and 

prevention goal priming (i.e. to determine what activation patterns are unique to 

promotion and prevention goals).  Aim 3: To investigate the role of perceived proximity 

to goal attainment on neural activation to promotion and prevention goal priming (i.e. to 

determine whether activation patterns change based on whether people believe they are 

close to or far away from achieving their goals). Aim 4: To determine whether any of the 

above activation patterns are moderated by age, with particular focus on the critical 

period of adolescence.  Aim 5: To explore the impact of individual difference variables 

on the neural response to promotion and prevention goals, specifically the “top-down” 

impact of regulatory focus and the “bottom-up” impact of COMT Val158Met 

polymorphism.   



 

31 

2.2 Method 

2.2.1 Participants 

A total of 132 participants completed the study.  A subset of participants (N =30) 

were excluded from analyses due to either excessive head motion during scanning (≥ 

3.0mm) (N=8), instruction noncompliance (N= 18), technical issues while scanning (N=2), 

or missing questionnaire data (N=2), leaving a final sample of 102 participants (60 

females, 42 males).  Participants had a mean age of 23.88 ± 12 years and all were right-

handed as per self-report.  Ages ranged from 12 to 60 years.  

Participants were recruited through several sources.  Younger participants were 

recruited through the NIDA-sponsored Transdisciplinary Prevention Research Center 

(TPRC; P30 DA023026). The TPRC has an ongoing relationship with a local public high 

school and recruits students in grades 9-12 to participate in individual research projects. 

Participants were recruited both from this high school and one additional high school in 

the Durham, NC area which agreed to participate.  Older participants were recruited 

either through the participant pool at the Duke Interdisciplinary Institute for Social 

Psychology Lab or through the Duke Neurogenetics Study, a large-scale investigation in 

which participants had agreed to be recontacted for further research participation.  

Informed consent was obtained prior to participation.  Participants were compensated 

approximately $20 per hour for their participation.   
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2.2.2 Procedures 

Participants completed the Regulatory Focus Questionnaire (RFQ; Higgins et al., 

2001) and the Computerized Goal Assessment task (Shah & Higgins, 2001), and were 

then were scanned while completing an idiographic subliminal priming task (Diaz & 

McCarthy, 2007).  Finally, participants were debriefed and compensated for their time. 

All procedures were approved by the Duke University Institutional Review Board for 

Non-Medical Research.   

2.2.2.1 Regulatory focus questionnaire 

The Regulatory Focus Questionnaire is a self-report measure designed to assess 

the degree to which individuals are oriented toward promotion and/or prevention goals.  

The RFQ is comprised of 22 Likert style items and is divided into four scales: two history 

scales and two success scales (one each for both promotion and prevention).  The history 

scales measure the extent to which an individual’s developmental experiences and 

parental influence emphasized the pursuit of either promotion or prevention goals.  

These scales include items such as: “My parents encouraged me to try new things” 

(promotion history) and “My parents often cautioned me about things that were not safe 

or that could otherwise lead to trouble” (prevention history).  The success scales 

measure the extent to which an individual believes they have been successful in 

attaining promotion or prevention goals.  These scales include items such as: “I feel like I 

have made progress toward being successful in my life” (promotion success) and “Not 
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being careful enough has gotten me in trouble at times” (prevention success, reverse-

scored).  Participants under 18 years of age completed a slightly modified version of the 

RFQ in which questions were adjusted to be age-appropriate (i.e. “Did you get on your 

parents’ nerves often when you were growing up?” was modified to “I get on my 

parents’ nerves”).   While the psychometric properties of the history scales have not yet 

been determined, a study by Higgins et al. (2001) found that the success scales had 

internal consistency reliability (coefficient alpha) of .75 or higher, and a two-month test-

retest reliability (Pearson correlation) of .79 or higher. Given the lack of information 

about the psychometric properties of the history scales, only the success scales were 

used in analyses.    

2.2.2.2 Computerized goal assessment task 

Prior to scanning, all participants completed the Computerized Goal Assessment 

task (Shah & Higgins, 2001), a computerized measure of self-reported attributes that 

describe one’s ideal and ought selves.  Participants were first given definitions of what 

ideal and ought attributes are (i.e. “attributes of the kind of person you wish or desire to 

be” and “attributes of the person you believe it is you duty or responsibility to be” 

respectively). They were then serially prompted to think of six attributes to describe 

their ideal self, and six attributes to describe their ought self, in alternating order.  

Participants were discouraged from listing more than one word for each response, from 

repeating responses, or from listing synonyms.  After each response, participants were 
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then asked to rate the attribute using a scale from one (not at all) to seven (extremely) for 

the following question: “How far are you from possessing this attribute?”.  Four 

attributes were selected from each category (i.e. ideal and ought) for each participant to 

be used as self-relevant priming stimuli in the subsequent scanning session; the two 

most highly “matched” attributes (i.e. the attributes they rated as being closest to 

possessing on the 7-point scale) and the two most highly “mismatched” attributes (i.e. 

the attributes they rated as being farthest from possessing on the 7-point scale).  Four 

yoked-control attributes were also selected from the responses of another participant 

selected at random (two ideal adjectives and two ought adjectives); these control words 

were semantically unrelated to the attributes listed by the participant.     

2.2.2.3 Subliminal priming task 

Participants completed an event-related subliminal priming fMRI task modeled 

off of the task developed by Diaz and McCarthy (2007).  Participants were exposed to a 

continuous series of rapidly presented, masked visual stimuli.  These stimuli included 

the participants’ previously listed ideal and ought attributes, the yoked-control ideal 

and ought attributes of another participant, and nonword letter strings.  All goal words 

were positively valenced trait attributes; nonwords were random consonant strings, 

each 4-10 characters in length. Each letter string was padded with pound signs so that 

letters were centered and each stimulus was 12 characters in length to ensure that the 

same amount of the visual field was occupied at any given time during the experiment. 



 

35 

 A critical stimulus occurred every 500 milliseconds within the constantly 

changing visual display; the duration of stimuli presentation was 33 milliseconds.  Trials 

primarily consisted of masked nonwords, and masked attributes were presented once 

every 12-15 seconds. All word and nonword strings were preceded and followed by 

longer duration pound sign strings, which served as pattern masks. The pound sign 

strings in turn alternated with percent sign strings such that participants experienced a 

continuously changing visual stream. Subjects were instructed to make a button press 

response when they detected a pound sign string presented in red font. These target 

events occurred infrequently (mean interval = 25 seconds) and were not in close 

temporal proximity to the masked attribute trials. Participants were not told that either 

words or nonword strings would be presented.   

The task was divided into four runs of six minutes each.  The run conditions 

were as follows: Ideal Match (ideal attributes rated as closest to possessing), Ideal 

Mismatch (ideal attributes rated as farthest from possessing), Ought Match (ought 

attributes rated as closest to possessing), and Ought Mismatch (ought attributes rated as 

farthest from possessing). Run order was randomized across participants to control for 

any order effects.  Stimuli were presented using CIGAL, an in-house data presentation 

software program (Voyvodic, 1999).  All stimuli were displayed on MRI-compatible 

LCD goggles. 
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2.2.2.4 Imaging data acquisition 

Neuroimaging data were acquired with a 3.0 Tesla GE Signa EXCITE HD system 

(Waukesha, WI) at Duke’s Brain Imaging and Analysis Center (BIAC: 

www.biac.duke.edu).  Four initial RF excitations were acquired and discarded to 

achieve steady state equilibrium.  For each subject, 720 functional images (180 per-run) 

with 34 interleaved 4 millimeter (mm) thick slices were acquired in the oblique axial 

plane using a T2*-weighted sense spiral sequence (TR/TE = 2000/30ms, voxel 

dimensions= 3.8 × 3.8 × 3.8 mm, flip angle = 60◦, field of view = 240 mm, matrix size= 

64×64). Prior to functional image collection, a T1-weighted coplanar structural scan with 

34 4 mm slices (TR/TE = 7600/30ms, flip angle = 12◦; field of view = 240 mm, matrix size= 

256×256) was acquired parallel to the AC-PC line for spatial normalization and 

coregistration of the functional data to a standard atlas.   

2.2.2.5 Imaging data processing and analysis 

Imaging analyses were conducted using the FEAT tool (FMRI Expert Analysis 

Tool) within FSL (FMRIB's Software Library, Oxford University; 

www.fmrib.ox.ac.uk/fsl).  The following preprocessing steps were utilized: motion 

correction using MCFLIRT, slice-timing correction, removal of non-brain voxels using 

BET, spatial smoothing with a Gaussian kernel of FWHM 8mm, and high-pass temporal 

filtering.  Registration to high resolution and standard MNI images were carried out 
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using FLIRT.  All statistical images were thresholded using clusters determined by Z>2.3 

and a whole-brain corrected cluster significance threshold of p=0.05. 

Analyses were conducted to identify regions activated by promotion and 

prevention goal priming for both match and mismatch conditions; analysis methods 

closely followed past procedures (Strauman et al., 2013).  First, denoised functional data 

was analyzed using a general linear model with local autocorrelation correction 

(Woolrich, Ripley, Brady, & Smith, 2001). For each run, separate regressors were created 

for the self-relevant attribute words, yoked-control words, and nonword primes.  A 

nuisance regressor modeled the button-press response component of the task.  All 

regressors consisted of unit impulses convolved with a canonical hemodynamic 

response function.  Five contrasts were created for each participant: 1. ideal match vs. 

yoked-control words, 2. ideal mismatch vs. yoked-control words, 3. ought match vs. 

yoked-control words, 4. ought mismatch vs. yoked-control words, 5. domain 

(ideal/ought) vs. discrepancy (match/mismatch).  Data were combined across subjects 

using a mixed-effects model (Beckmann, Jenkinson, & Smith, 2003; Woolrich, Behrens, 

Beckmann, Jenkinson, & Smith, 2004).  Mixed-effects models were used to obtain 

statistical tests for whether the two individual differences measures of interest (age and 

promotion/prevention success) are reliably associated with activation following 

promotion or prevention goal priming. 
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Data also were combined across runs for individual subjects to create composite 

ideal and ought regressors, as well as a composite goal regressor.  Data were again 

combined across runs for each subject using a fixed-effects model to create the following 

contrasts: 1. all goals combined vs. yoked-control words, 2. ideal vs. yoked-control 

words, 3. ought vs. yoked-control words, 4. ought greater than ideal, and 5. ideal greater 

than ought.  These data were combined across subjects using a mixed-effects model 

(Beckmann et al., 2003; Woolrich et al., 2004) and mixed-effects models were used to 

obtain statistical tests for whether the two individual differences measures of interest 

(age and promotion/prevention success) are reliably associated with activation for the 

combined runs.  It should be noted that, to account for the likelihood that brain regions 

might be responsive to particular kind of priming stimuli only among individuals 

characterized by high or low levels of chronic perceived success in personal goal 

pursuit, the individual difference measures were used for whole-brain analyses and 

were not limited to analyses of regions associated with main effects for priming 

conditions. 

 Given our primary interest in the role of development on the neural response to 

goal priming, the effects of age were investigated in several different ways in order to 

best characterize any possible modulatory effects of age on neural activation.  

Adolescence is a somewhat arbitrarily defined age range which historically has been 

considered to encompass ages 12 to 18 (Spear, 2000, 2003; Steinberg & Morris, 2001).  
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However, it is clear that the brain continues to develop and change a great deal within 

both within and beyond this age; specifically, data indicates that regions recognized as 

crucial for impulse control, such as the dorsal lateral prefrontal cortex (DLPFC) (Miller & 

Cohen, 2001) (Miller & Cohen, 2001), do not in fact finish developing until the early 

twenties (Giedd, 2004; Giedd et al., 1996; Gogtay et al., 2004).  Therefore, dividing 

participants into “adolescents” (i.e. under 18) and “adults” (i.e. over 18) is likely an 

overly artificial dichotomy.  This issue becomes particularly relevant given that a large 

number of participants in many research studies are college-aged (and therefore 

straddling the line between “adolescence” and “adulthood”).  Following this logic, 

several neuroimaging researchers of the adolescent brain have attempted to redefine the 

age categories of “adolescence” and “adulthood” to reflect the differences between 

early/late adolescence and emerging/mature adulthood (Casey et al., 2008; Casey et al., 

1997).  Given the large age range of the current sample, we were able to address this 

issue by analyzing the data in several ways: 1. all participants analyzed together with 

age included as a continuous predictor, 2. participants divided into two groups (over 18 

and under 18), and 3. participants divided into three groups (12-17, 18-24, and 25-60).   

2.3 Results 

2.3.1 Activation in response to personal goal priming  

In order to assess for baseline activation in response to any type of goal prime, a 

contrast was created to compare combined ideal/ought goals to yoked-control words.  



 

40 

Given the prominent role that individual differences play in self-regulation (Hoyle, 

2010), participants’ scores on both the promotion and prevention success scales were 

included as covariates for all analyses. A main effect was observed consisting of one 

significant cluster in which activation in response to personal goal words was greater 

than response to yoked-control words.  The cluster contained the following local 

maxima: left precuneus, right lingual gyrus, and bilateral cuneus (see Table 1).  

Promotion and prevention success scores were not found to correlate with activation in 

response to combined personal goal priming. 

Table 2: Peak voxels for significant clusters associated with general goal priming. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left precuneus 19 -6 -80 48 4.69 10837 

Left precuneus 7 -2 -52 62 4.63  

Right lingual gyrus  4 -84 -12 4.61  

Left cuneus 19 -14 -82 42 4.42  

Right cuneus 18 -6 -88 30 4.4  

 

2.3.2 Activation combined within goal type 

When Ideal Match and Ideal Mismatch runs were combined to create a 

composite Ideal activation condition, activation was found to be significantly greater for 
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self-relevant priming words as compared to yoked-control words in the following 

regions: bilateral cuneus and left lingual gyrus (see Table 3). Neither the promotion or 

prevention success scales were correlated with activation for the combined promotion 

runs.   

Table 3: Peak voxels for significant clusters associated with combined promotion 

priming.  

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left cuneus 18 -4 -88 30 3.65 2456 

Right cuneus  14 -98 12 3.6  

Left cuneus 19 -6 -88 34 3.58  

Left cuneus  -10 -88 34 3.56  

Left cuneus  -14 -84 38 3.47  

Left lingual gyrus 18 -2 -80 0 3.34  

 

For the combined Ought Match and Ought Mismatch runs, three clusters were 

found to be significantly activated in response to self-relevant priming words vs. yoked 

control words.  The first cluster contained the following maxima: left middle frontal 

gyrus, left precuneus, and bilateral cerebellum.  The second cluster contained peaks 

within the thalamus, and the third cluster included the left middle temporal gyrus, left 

parietal lobe, and left parahippocampal gyrus (see Table 4).   
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Table 4: Peak voxels for significant clusters associated with combined prevention 

priming. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left middle frontal gyrus 6 -36 2 58 4.66 16499 

Right cerebellum  4 -84 -14 4.66  

Left cerebellum  -4 -88 -20 4.52  

Left precuneus  -22 -80 44 4.23  

Right cerebellum  12 -88 -18 4.11  

Left middle frontal gyrus  -34 30 42 3.99  

       

Brain stem  -4 -30 -18 4.05 3542 

Thalamus  -6 -32 -4 3.98  

Thalamus  2 -24 2 3.87  

Thalamus  -12 -32 2 3.77  

       

Left temporal lobe  -54 -46 -22 4.03 2230 

Left parietal lobe 40 -58 -52 32 3.86  

White matter  -48 -36 -12 3.86  

Left middle temporal gyrus  -58 -36 -8 3.52  

Left middle temporal gyrus  -58 -30 -8 3.31  
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Left parahippocampal gyrus  -40 -24 -18 3.2  

 

Individual differences on the prevention success scale were also significantly 

associated with combined Ought activation such that prevention success scores were 

negatively correlated with activation in one significant cluster.  Activation in response to 

Ought priming was more robust in the following regions for individuals low in 

prevention success: right posterior cingulate, right middle temporal gyrus, right 

precuneus, and right cerebellum (see Table 5).  Pearson correlations between prevention 

success score and activation at these loci averaged r = -.22, with a range of r =- .27 to r = -

.15, all p < .05 with the exception of the right precuneus. 

Table 5 Peak voxels for signficant clusters associated with combined prevention trials 

with prevention success score as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Right posterior cingulate  26 -64 14 3.72 1811 

Right middle temporal gyrus  66 -38 -8 3.67  

Right cerebellum  22 -54 -8 3.44  

Right precuneus  34 -68 40 3.19  

 

When combined Ideal runs and combined Ought runs were directly contrasted, 

three clusters were found to be significantly more active in response to Ought goals than 

Ideal goals.  The first cluster contained the left middle frontal gyrus, left inferior frontal 
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gyrus, and the midbrain.  The second cluster contained the left postcentral, left 

precentral, and left superior temporal gyrii.  The third cluster contained maxima within 

the cerebellum (see Table 6).  No regions were found to be significantly more active in 

response to Ideal priming as compared to Ought priming. 

Table 6: Peak voxels for signficant clusters associated with activation for combined 

prevention > combined promotion. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left middle frontal gyrus  -44 40 -12 4.25 5373 

Left inferior frontal gyrus  -48 38 2 3.96  

Left middle frontal gyrus 46 -46 42 12 3.44  

Left middle frontal gyrus  -40 46 -10 3.43  

       

Left postcentral gyrus  -58 -18 16 3.61 1727 

Left postcentral gyrus  -64 -16 14 3.58  

Left precentral gyrus  -36 -2 52 3.45  

Left superior temporal gyrus  -60 -16 8 3.31  

Left precentral gyrus  -40 -8 54 3.26  

Left precentral gyrus 4 -46 -12 46 3.15  

       

Left cerebellum  0 -62 -16 3.44 1457 
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Left cerebellum  -18 -58 -24 3.44  

Left cerebellum  -2 -86 -24 3.41  

Left cerebellum  -12 -54 -26 3.38  

Left cerebellum  -6 -58 -24 3.35  

Left cerebellum  -8 -58 -28 3.35  

 

2.3.3 Activation in response to promotion goal priming 

In order to elucidate which brain regions were active in response to being 

primed by matching or  mismatching promotion goals, activity in response to promotion 

priming words was compared to activity in response to yoked-control words.   

2.3.3.1 Ideal match priming 

  For the promotion goals which participants rated as being closest to achieving 

(Ideal Match), results indicated that there was no main effect of priming condition on 

neural activation.  However, individual differences on the promotion success scale were 

significantly associated with activation such that promotion success scores were 

positively correlated with activation in two significant clusters.  The first cluster 

contained the following local maxima: left inferior frontal gyrus, right superior temporal 

gyrus, and left precentral gyrus.  The second cluster contained the following local 

maxima: right inferior occipital gyrus, right superior temporal gyrus, right cerebellum, 

and right supramarginal gyrus (see Table 7).  Pearson correlations between promotion 

success score and activation at the loci of the first cluster averaged r = .27, with a range 
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of r = .25 to r = .34, all p < .05.  Pearson correlations between promotion success score and 

activation at the loci of the second cluster averaged r = .16, with a range of r = .09 to r = 

.26, with correlations between the right superior temporal gyrus and promotion success 

score and right supramarginal gyrus and promotion success score equaling p < .05. 

Table 7: Peak voxels for signficant clusters associated with promotion match trials 

with promotion success score as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left inferior frontal gyrus  -40 32 -14 4.06  6554 

Left superior temporal gyrus  -52 -24 6 4.02   

Left precentral gyrus 9 -38 28 32 4.00   

Left superior temporal gyrus  -50 -44 14 3.78  

Left superior temporal gyrus 22 -64 -44 8 3.73  

Left superior temporal gyrus  -60 -14 6 3.67  

       

Right inferior occipital gyrus  48 -78 -2 3.82 2128 

Right inferior occipital gyrus 19 44 -82 -4 3.78  

Right superior temporal 

gyrus 

 40 -46 18 3.66  

Right cerebellum  16 -60 -14 3.06  

Right superior temporal 

gyrus 

39 50 -58 32 3.06  
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Right supramarginal gyrus  56 -52 32 3.05  

 

Individual differences on the prevention success scale were also significantly 

associated with activation such that prevention success scores were negatively 

correlated with activation in one significant cluster.  In other words, the following 

regions were significantly more active for individuals with low prevention success 

scores than among the individuals with high prevention success scores in response to 

Ideal Match priming: right medial frontal gyrus, left insula, right superior frontal gyrus, 

and right anterior cingulate (see Table 8).  Pearson correlations between prevention 

success score and activation at these loci averaged r = -.25, with a range of r = -.30 to r = -

.22, all p < .05. 

Table 8: Peak voxels for signficant clusters associated with promotion match trials 

with prevention success score as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Right medial frontal gyrus 10 12 58 -6 3.75 3221 

Left insula  -46 -2 2 3.6  

Left insula 13 -42 -2 8 3.41  

Right superior frontal gyrus  18 60 2 3.38  

Left insula  -40 8 0 3.27  

Right anterior cingulate 25 4 20 -8 3.25  
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2.3.3.2 Ideal mismatch priming 

For the promotion goals which participants rated as being farthest from 

achieving (Ideal Mismatch), activation was significantly greater compared to activation 

for yoked-control words in the following regions: left parietal lobe, bilateral lingual 

gyrus, left cuneus, and right cerebellum.  Neither promotion nor prevention success 

score was found to correlate with activation in any region in this condition (see Table 9).   

Table 9: Peak voxels for significant clusters associated with promotion mismatch 

trials. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left parietal lobe  -22 -76 0 3.88 3815 

Right lingual gyrus  2 -84 2 3.86  

Left lingual gyrus  -12 -86 2 3.79  

Left lingual gyrus 

Left cuneus 

 -6 

-18 

-88 

-98 

4 

10 

3.77 

3.56 

 

Right cerebellum   22 -58 -10 3.56  
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2.3.4 Activation in response to prevention goal priming 

Self-relevant priming words were again contrasted to yoked-control words to 

determine which brain regions are responsive to matching and mismatching prevention 

goal primes. 

2.3.4.1 Ought match priming 

For the prevention goals which participants rated as being closest to achieving 

(Ought Match), a main effect was observed consisting of two significant clusters in 

which activation was greater to self-relevant priming words than to yoked-control 

words.  The first cluster contained the following local maxima: left precuneus, left 

postcentral gyrus, right cuneus, left supramarginal gyrus, and left superior parietal 

lobule, while the second cluster contained: bilateral superior frontal gyrus and right 

middle frontal gyrus (See Table 10).  Promotion and prevention success scores were not 

found to correlate with activation in response to Ought Match goals. 

Table 10: Peak voxels for significant clusters associated with prevention match trials. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left precuneus 7 -20 -72 48 4.5 7242 

Left postcentral gyrus  -40 -28 62 4.18  



 

50 

Right cuneus  10 -80 8 3.93  

Left supramarginal gyrus  -44 -48 36 3.65  

Left superior parietal lobule 7 -40 -54 58    3.65  

Left supramarginal gyrus  -48 -48 38 3.53  

       

Left superior frontal gyrus 8 0 28 48 4.48 4262 

Right superior frontal gyrus  26 58 22 4.11  

Right middle frontal gyrus  48 40 16 4.03  

Right superior frontal gyrus  4 34 42 3.85  

Right middle frontal gyrus 10 32 58 12 3.71  

Right middle frontal gyrus  46 26 38 3.63  

 

2.3.4.2 Ought mismatch priming 

For the prevention goals which participants rated as being farthest from 

achieving (Ought Mismatch), a main effect was observed was observed consisting of 

two significant clusters in which activation was greater to self-relevant priming words 

than to yoked-control words.  The first cluster contained the maxima within the right 

thalamus and midbrain, while the second cluster contained maxima within the 

cerebellum (See Table 11).   
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Table 11: Peak voxels for significant clusters associated with prevention mismatch 

trials. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Right thalamus  16 -32 18 4.21 2690 

Brain stem  -4 -30 -20 4.09  

Brain stem  -8 -28 -10 4.01  

Brain stem  -6 -30 -14 4.01  

 

Left cerebellum  -4 -86 -20 4.07 1675 

Right cerebellum  12 -90 -18 3.86  

Right cerebellum  4 -84 -14 3.8  

Left cerebellum  -24 -84 -22 3.32  

Left cerebellum  -20 -88 -24 3.23  

Left cerebellum  -30 -90 -26 3.01  

 

Individual differences on the prevention success scale were also significantly 

associated with activation such that higher prevention success scores were negatively 

correlated with activation in one significant cluster.  In other words, activation in 

response to Ought Mismatch priming was more robust in the following regions for 

individuals low in prevention success: right lingual gyrus, right middle temporal gyrus, 

right fusiform gyrus, and right posterior cingulate (See Table 12).  Pearson correlations 
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between prevention success score and activation at these loci averaged r =- .33, with a 

range of r = -.36 to r = -.29, all p < .05. 

Table 12: Peak voxels for signficant clusters associated with prevention mismatch 

trials with prevention success score as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Right lingual gyrus  24 -52 -2 4.16 3863 

Right temporal lobe  36 -54 2 4.09  

Right middle temporal gyrus  66 -36 -10 3.67  

Right fusiform gyrus  34 -42 -16 3.65  

Right posterior cingulate  12 -64 18 3.64  

Right middle temporal gyrus 21 68 -38 -14 3.48  

 

2.3.5 Domain by discrepancy interactions 

In order to assess for differences in the match and mismatch conditions both 

between and within goal type, a contrast was created to test for an interaction between 

domain (Ideal/ Ought) and discrepancy (Match/Mismatch).  Results indicated a 

significant interaction between domain and discrepancy within two different clusters. 

Activation values from significant conceptually relevant regions were extracted from 

each cluster to use in repeated measures analyses to further probe these interactions; 
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promotion and prevention success scores and age were included as covariates within 

these models.   

A significant interaction between domain and discrepancy was observed in the 

left insula (x = -40, y = -14, z = 12), F(1,100) = 9.5, p = 0.003.  There was also a significant 

three-way interaction between domain, discrepancy, and promotion success score 

observed in the left insula, F(1,100) = 8.8, p = .004.  Post-hoc pairwise comparisons 

revealed that there was a statistically significant difference between activation in the left 

insula between Ought Match and Ought Mismatch conditions as a function of 

promotion success score, F(1,100) = 9.7, p = .002, between Ought Match and Ideal  

Mismatch Conditions as a function of promotion success score, F(1,100) = 4.2, p = .042, 

and between Ought Match and Ideal Match conditions as a function of promotion 

success score, F(1,100) = 12.5, p = .001.  Activation in the insula did not significantly differ 

between Ideal Match and Ideal Mismatch trials.  In other words, for individuals high in 

promotion success, activation in the left insula was significantly greater in response to 

Ought Match trials than in response to Ought Mismatch, Ideal Mismatch, or Ideal Match 

trials (see Figure 1). 
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Figure 1: Domain by discrepancy interaction as a function of promotion success score 

in the left insula. 

A significant interaction between domain and discrepancy was also observed in 

the right medial prefrontal cortex, F(1,100) = 6.0, p = 0.02.  Additionally, a significant 

interaction between domain and inverse prevention success score was observed in the 

right medial prefrontal cortex, F(1,100) = 5.7, p = .019.  Post-hoc pairwise comparisons 

revealed a statistically significant difference between activation in the right medial 

prefrontal cortex as a function of decreasing prevention success scores such that right 

medial prefrontal cortex activation was significantly higher in Ought Match trials than 

in Ideal Match trials as a function of decreasing prevention success scores (see Figure 2 

and 3). 
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Figure 2: Ideal match vs. ought match average activation in the right medial prefrontal 

cortex (at the mean value of prevention success).  

2.3.6 Age-related results 

Given our large sample size with a diverse range of ages, we were able to 

analyze the effect of age on neural activation to goal priming using three different 

methods:  1. all participants analyzed together with age included as a continuous 

predictor, 2. participants divided into two groups (over 18 and under 18), and 3. 

participants divided into three groups (12-17, 18-24, and 25-60).   The majority of 

significant age-related results were found while using age as a continuous predictor.  

Dividing the participants into two groups of over and under 18 yielded no significant 
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results, and dividing the participants into three groups based more closely on 

developmental stage yielded one significant result for combined prevention priming.   

2.3.6.1 Activation in response to general goal priming as a function of age. 

 A significant effect of age on activation in response to general goal priming was 

observed in two clusters.  Activation in the following regions became more robust in 

response to personal goal priming as a function of increasing age.  The first cluster 

included maxima within the left inferior frontal gyrus and right precentral gyrus while 

the second cluster included maxima within the cerebellum (see Table 13).  

Table 13: Peak voxels for significant clusters associated with general goal priming 

with age as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left inferior frontal gyrus  -52 32 -10 4.51 9987 

Left inferior frontal gyrus  -50 36 -6 4.12  

Left inferior frontal gyrus  -46 34 -6 4.09  

Right precentral gyrus  20 -12 66 4.08  

Left inferior frontal gyrus  -50 32 -16 4.03  

Left inferior frontal gyrus  -46 32 -10 3.98  

       

Left cerebellum  -20 -50 -20 4.06 3079 
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Right cerebellum  38 -52 -36 3.92  

Right cerebellum  36 -56 -36 3.9  

Left cerebellum  -24 -38 -30 3.88  

Left cerebellum  32 -56 -30 3.8  

Left cerebellum  -18 -74 -30 3.72  

 

2.3.6.2 Activation in response to promotion and prevention goal priming as a function 

of age. 

  Age was significantly associated with activation in both the Ideal Match and 

combined Ideal conditions. For the promotion goals which participants rated as being 

closest to achieving (Ideal Match), results indicated that age was significantly associated 

with activation in three different clusters.  Increasing age was associated with increased 

activation in response to Ideal Match primes in the following regions: bilateral 

cerebellum, right parietal lobe, right pre- and postcentral gyrus, and right temporal lobe 

(see Table 14).  

Table 14: Peak voxels for significant clusters associated with matching promotion 

priming with age as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Left cerebellum  -22 -50 -20 4.01 2128 

Left cerebellum  -34 -48 -30 3.95  
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Left cerebellum  -10 -52 -16 3.59  

       

Right parietal lobe  32 -22 46 4.26 1670 

Right precentral gyrus  44 -6 58 3.72  

Right postcentral gyrus  30 -34 66 3.72  

Right precentral gyrus 6 36 -8 62 3.61  

Right precentral gyrus 4 44 -14 62 3.59  

Right postcentral gyrus 3 42 -26 60 3.42  

       

Right cerebellum  30 -50 -26 4.06 1621 

Right temporal lobe  64 -54 -6 3.6  

Right cerebellum  38 -44 -34 3.47  

Right cerebellum  16 -66 -28 3.26  

Right cerebellum  24 -62 -26 3.22  

Right cerebellum  24 -60 -22 3.17  

 

For combined promotion goal priming (Ideal Match and Ideal Mismatch 

combined), results again indicated a significant effect of age on activation in two 

clusters.  Increasing age was associated with increased activation in the following 

regions: right parietal lobe, left medial frontal gyrus, left precuneus, and bilateral 

cerebellum (see Table 15).   
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Table 15: Peak voxels for significant clusters associated with combined promotion 

priming with age as a covariate. 

 

Brain Region 

 

BA 

Talairach Coordinates 

x         y        z 

 

Z 

Score 

 

Cluster 

Size 

Right parietal lobe  10 -56 72 4.19 5328 

Left frontal lobe  -36 -6 40 3.53  

Left precuneus  -28 -64 46 3.49  

Left precuneus 19 -32 -64 44 3.44  

Left medial frontal gyrus  -6 -6 68 3.43  

Right parietal lobe  32 -24 42 3.4  

       

Left cerebellum  -22 -50 -20 3.98 3364 

Left cerebellum  -24 -44 -24 3.82  

Left cerebellum  -28 -48 -26 3.77  

Left cerebellum  -20 -42 -28 3.75  

Left cerebellum  -12 -52 -16 3.59  

Right cerebellum  30 -48 -28 3.5  

 

Importantly, when age was used as a continuous predictor, it was not found to 

significantly impact prevention goal priming in any condition.  However, when the 

participants were divided into three groups (age 12-17, N = 33; age 18-24, N = 45; age 25-

60, N = 24), a significant effect of age on combined prevention priming was observed in 
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the following regions: cerebellum, cuneus, and superior parietal lobule.  As indicated in 

Figure 3, post-hoc analyses revealed that activation in these regions was highest in the 

adolescent age group, lowest in the young adult age group, and at median levels in the 

older adult group. 

 

 

Figure 3: Mean activation in the right cuneus across three age groups for combined 

prevention priming 
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3. Genetic influences on goal pursuit: effects of the 
COMT gene on neural activation  

3.1 Background 

In order to address our hypothesis that variability in COMT genotype affects 

dopamine levels in both the prefrontal cortex and default mode network (and therefore 

self-regulatory processes through “bottom-up” effects), we utilized genotyping methods 

and analyses in conjunction with our previously described goal priming neuroimaging 

task.   

3.2 Method 

3.2.1 Participants 

Out of the 102 participants who yielded analyzable neuroimaging data on the 

previously detailed goal priming imaging task, a total of 85 participants also provided 

analyzable genetic samples.  Participants in this smaller sub-sample had a mean age of 

24.13 ± 12 years and all were right-handed as per self-report.  Ages ranged from 12 to 60 

years.  

3.2.2 Procedures 

The procedures used for this analysis were identical to those described above 

with regard to both self-report and imaging data.  All imaging analyses were replicated 

with the addition of demeaned COMT codes (0 = Val/Val, 1 = Val/Met, and 2 = Met/Met) 

as an additional covariate for all contrasts.   The number of participants with each 

genotype was as follows: Val/Val (N = 32, 38% of sample), Val/Met (N = 33, 39%), and 
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Met/Met (N = 20, 23%).  The three groups were in Hardy-Weinberg equilibrium (χ2(2) = 

3.66, p = 0.06).  No significant differences were observed between genotypes for average 

promotion or prevention success scores.  

3.2.3 Genotyping 

Saliva samples were collected via Oragene kits (Oragene, DNA Genotek; Ottawa, 

Ontario, Canada). Samples were purified and DNA was extracted and rehydrated 

according to standard protocols (www.dnagenotek.com). Genotyping of COMT rs4680 

was performed using TaqMan allele-specific polymerase chain reaction (PCR) following 

methods utilized by Caspi et al. (2008). Genotype calls were determined by two 

independent raters using sequence verified standards with 100% agreement. 

3.3 Results 

3.3.1 Main effects of COMT on activation in response to goal priming 

One main effect of COMT genotype on activation in response to goal priming 

was observed: activation in the right middle front gyrus and right precentral gyrus 

increased in response to prevention priming as a function of number of Val alleles, 

F(1,83) = 5.3, p = .024 (see Figure 4).  In other words, activation in these regions in 

response to combined ought priming was most robust for Val/Val carriers, then Val/Met 

carriers, and least robust for Met/Met carriers. There were no main effects of COMT on 

activation in response to promotion goal priming.  
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Figure 4: Main effect of COMT genotype on activation in the right medial prefrontal 

cortex in response to prevention goal priming 

3.3.2 COMT by regulatory focus score interactions 

A significant COMT by promotion success score interaction was observed in one 

cluster within the right medial prefrontal cortex in response to combined prevention 

priming (z = 3.97, p = .04).  The activation values for the peak voxel of this cluster (x = 42, 

y = 6, z = 44) were extracted for use in post-hoc analyses.  As illustrated in Figure 5, the 

pattern of results indicates that activation in the right medial prefrontal cortex in 

response to prevention priming becomes less disparate across genotypes at higher levels 

of promotion success.  At low levels of promotion success, Val/Val individuals have the 

highest level of activation in the right medial PFC, then Val/Met individuals, and finally 
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Met/Met individuals.  

 

Figure 5: COMT by promotion success interaction in the right medial PFC in response 

to combined prevention priming 

3.3.3 COMT by age interactions  

Two significant COMT by age interactions were observed in response to 

prevention priming conditions; no significant COMT by age interactions were observed 

in any promotion priming conditions.  First, a significant COMT by age interaction was 

observed in the left precuneus during prevention mismatch (Ought Mismatch) priming 

trials (z = 4.24, p = .01).  The activation values within the precuneus (x = -12, y = -66, z = 

38) were extracted for use in post-hoc analyses.  As illustrated in Figure 6, for Val/Val 

individuals, activation in the precuneus in response to prevention mismatch priming 

decreases as a function of age.  Conversely, for Met/Met individuals, activation in this 
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region increases as a function of age, and Val/Met individuals display an activation 

pattern between the two homozygote groups.  

 

Figure 6: COMT by age interaction in the left precuneus in response to prevention 

mismatch priming 

Finally, a significant COMT by age interaction was also observed in the left 

posterior cingulate when combined promotion (Ideal) runs and combined prevention 

(Ought) runs were directly contrasted, (z = 4.46, p < .001).  The activation values for the 

peak voxel of this cluster (x = -20, y = -62, z = 16) were extracted for use in post-hoc 

analyses.  As illustrated in Figure 7, for Val/Val individuals, the magnitude of the 

difference in activation in the posterior cingulate between prevention and promotion 

priming (prevention > promotion) decreases as a function of age.  Conversely, for 

Met/Met individuals, the magnitude of the difference in activation in the posterior 
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cingulate between prevention and promotion priming (prevention > promotion) 

increases as a function of age, and Val/Met individuals again display an activation 

pattern between the two homozygote groups.   

 

Figure 7: COMT by age interaction in the left posterior cingulate for 

prevention>promotion priming contrast 
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4. Discussion 

In summary, this was the first study of its kind to investigate the impact of 

several individual difference factors and age on the neural correlates of the promotion 

and prevention systems.  We hypothesized that we would find significant activation for 

idiographic goal priming above and beyond activation to control words, and that these 

activation patterns would differ based on individual differences in goal type, perceived 

proximity to goal achievement, age, and individual difference factors.  These hypotheses 

were largely confirmed.  Priming of both promotion and prevention self-relevant 

attributes was found to be associated with significant activation over and above the 

activation seen in response to yoked-control words, and the patterns of activation for 

goal priming appeared to be modulated by individual differences and to differ across 

the lifespan.   

4.1 Personal goal priming 

Priming of personal goals (Ideal and Ought runs combined) was related to 

significant activity in the following regions: left precuneus, bilateral cuneus, and right 

lingual gyrus.  All three of these regions have been associated (to varying degrees) with 

the default-mode network, and the precuneus is also considered to be one of the cortical 

midline structures related to self-relevant thought.  The default network is thought to be 

active during internally-directed/self-relevant cognition (Buckner et al., 2008), and more 

recently, also has been found to be active during goal-directed cognition (Spreng et al., 
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2010).  More specifically, activation in the precuneus has been consistently associated 

with self-referential processing (Cavanna & Trimble, 2006; D'Argembeau et al., 2007; 

Feyers, Collette, D'Argembeau, Majerus, & Salmon, 2010), the retrieval of 

autobiographical memories (Gardini, Cornoldi, De Beni, & Venneri, 2006; Loughead et 

al., 2010; McDermott, Szpunar, & Christ, 2009; Qin & Northoff, 2011; Sestieri, Corbetta, 

Romani, & Shulman, 2011), and/or self-projection (i.e. the ability to think about oneself 

in the future) (Buckner & Carroll, 2007).  The lingual gyrus has been found to be more 

active during autobiographical planning (i.e. planning for real world personal goals) as 

opposed to visuospatial planning (Spreng et al., 2010).  Considering these findings, it 

appears that goal priming elicits activation in several regions associated with self-

referential processing and may also elicit activation which underlies the ability to 

contemplate and plan for upcoming actions, neural processes which would aid in the 

pursuit of goals.    

4.2 Promotion goal priming 

Priming with combined promotion goals (Ideal Match and Ideal Mismatch 

combined) was associated with highly similar activation patterns to personal goal 

priming in general (e.g. activation was observed in the bilateral cuneus and lingual 

gyrus).  These results suggest that priming with promotion goals (irrespective of 

whether one feels they are close to or far from achieving them) results in neural 
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activation that is roughly equivalent to goal priming in general and is relatively isolated 

to self-reflective regions of the brain.   

When participants were primed with promotion goals they felt they were close to 

achieving (Ideal Match), no main effect of priming condition was observed.  However, 

activation to Ideal Match priming was found to significantly differ as a function of the 

degree of participants’ promotion success strength as measured by the RFQ.  When 

participants were primed with promotion attributes they felt they were close to 

possessing , higher scores on the promotion success subscale of the RFQ were associated 

with greater activation in left inferior frontal and superior temporal regions.  These 

results largely replicated the findings of Eddington et al. (2007), who also found left 

prefrontal activation in response to promotion priming to increase as a function of 

promotion success as measured by the RFQ.  These findings can be conceptualized 

within the framework of the motivational direction model of asymmetrical prefrontal 

cortex activity (Harmon-Jones & Allen, 1998), which posits that approach processes are 

associated with greater activation in the left relative to the right prefrontal cortex.  

Specifically, our findings suggest that as one’s degree of promotion focus increases, the 

magnitude of left prefrontal cortex activity in response to promotion goal priming 

(versus control words) increases as well.  As previously posited (Eddington et al., 2007), 

our findings support the hypothesis that promotion goal priming activates prefrontal 

approach and/or self-referential monitoring processes, and that this effect is particularly 
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robust for individuals who are strongly promotion focused.  Of note, this pattern was 

only observed when participants were primed with the promotion goals they believed 

they were close to achieving; priming with promotion goals participants felt far from 

achieving did not elicit activation in the left prefrontal cortex, regardless of degree of 

promotion focus. Instead, priming with promotion attributes participants rated as being 

far from possessing (mismatch) resulted in posterior and bilateral activation in areas 

associated with the default network, such as the cuneus and lingual gyrus, and was not 

affected by individual differences on the RFQ.    

Activation in response to Ideal Match priming was also moderated by scores on 

the prevention success subscale of the RFQ, such that lower scores on this scale (e.g. 

scores indicating that individuals are not highly oriented towards prevention goals) 

were associated with increased activation in the right medial/superior frontal cortex, left 

insula, and the anterior cingulate.  This interaction suggests that individual differences 

in the dominance of one of the two systems can influence activation in response to 

personalized cues targeting the other system.  The priming paradigm used was not 

designed to elucidate patterns of influence on activation between and across the two 

systems, so this finding will require replication and exploration.   

In summary, promotion priming overall was related to activity in regions 

associated with the default network/cortical midline structures that subserve self-

referential cognition as well as self-projection, processes which would aid in effective 



 

71 

self-regulation toward goal pursuit.  Additionally, higher levels of promotion focus were 

found to be indicative of greater activation in left prefrontal regions when promotion 

match primes were compared to control words, but not when promotion mismatch 

primes were compared to controls words.  This increase in left prefrontal activation as a 

function of promotion orientation appeared to be specific only to priming with matching 

promotion goals.  For promotion oriented individuals, activation in the left inferior 

prefrontal cortex was particularly robust in response to matching promotion goal 

primes, perhaps indicative of heightened levels of approach motivation, positive 

affectivity, and/or self-referential monitoring.     

4.3 Prevention goal priming 

Priming of prevention goals was found to be associated with differential as well 

as overlapping areas of activation with promotion goal priming.  Compared to priming 

with promotion goals, priming with combined (Match and Mismatch) prevention goals 

was associated with activation in a greater number of clusters, indicating that the neural 

correlates of prevention priming are more widely dispersed throughout the brain.  

Prevention priming across both prevention conditions was associated with activation 

across frontal, medial and posterior regions: left middle frontal gyrus, left middle 

temporal gyrus, left parietal lobe, left parahippocampal gyrus, thalamus, and bilateral 

precuneus.  Specific to only prevention priming (e.g. not also observed during 

promotion priming) was activation in the thalamus, left parahippocampal gyrus, and 
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left middle temporal gyrus.  Particularly interesting is the specific activation of the left 

middle temporal gyrus during prevention priming trials.  Ruby and Decety (2004) 

conducted a PET imaging study in which participants were asked to take on either their 

own (first-person) or their mother’s (third-person) perspectives in response to a variety 

of emotional or neutral situations.  They found greater activation in the postcentral 

gyrus when first-person perspectives were used, whereas activation in the left middle 

temporal gyrus was greater for third-person perspectives.  Given the large role that 

other people have in shaping prevention goals for an individual (i.e. parents, friends, 

significant others) (e.g. Moretti & Higgins, 1999), it would be logical to assume that 

contemplation of these types of goals would result in some degree of third-person 

perspective taking. 

Activation in response to combined (Match and Mismatch) prevention priming 

was also moderated by individual differences on the prevention success scale of the 

RFQ.  Scores indicating a low orientation towards prevention goals were associated with 

more robust activation in the right posterior cingulate, right middle temporal gyrus, 

right cerebellum, and right precuneus.  Increased activation in the posterior cingulate 

and precuneus, two areas associated with both the default mode network and cortical 

midlines structures model and identified regions active during self-referential thought 

(Buckner et al., 2008; Spreng et al., 2010), may be indicative of the need for increased 
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self-reflective processing during prevention priming for individuals who are not 

typically oriented towards these types of goals.  

When participants were primed with prevention attributes they felt they were 

close to possessing (Ought Match), activation was greater than for control words in the 

left postcentral gyrus, right cuneus, left superior parietal lobule, left superior frontal 

gyrus, and the right middle frontal gyrus.  The somatosensory cortex, while originally 

believed to be singularly related to sensory processes (Penfield & Boldrey, 1937), has 

more recently been shown to be implicated in self-related cognition, such as self-

representation, self-versus-other perspective-taking (Ruby & Decety, 2001, 2003, 2004),  

and the recognition of self-descriptive adjectives (Kircher et al., 2002).   

With regard to the activation seen in the right middle frontal gyrus during 

matching prevention trials, previous research has indicated that this region is 

particularly responsive to priming with prevention goals (Strauman et al., 2013).  In the 

prefrontal cortex asymmetry literature, this region has been repeatedly associated with 

motivational avoidance (Coan & Allen, 2003; Harmon-Jones & Allen, 1998).  Our 

findings suggest that priming with matching prevention goals (i.e. priming with goals 

one feels they have achieved in order to “keep bad things from happening”) results in 

greater right prefrontal cortex activity, an activation pattern indicative of motivational 

avoidance.   
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Priming with mismatching prevention attributes (Ought Mismatch) was 

associated with increased activation in the right thalamus and cerebellum.  The 

thalamus has been hypothesized to serve as a relay station for communication between 

cortical and subcortical regions and is functionally connected to the default mode 

network (Greicius, Krasnow, Reiss, & Menon, 2003; Sherman, 2001).  Alterations in 

thalamic activity have more recently been linked to mood and anxiety disorders in 

several studies (Bremner, 2004; Holthoff et al., 2004; Lanius, Bluhm, Lanius, & Pain, 

2006; Young, Holcomb, Yazdani, Hicks, & German, 2004).  For instance, a PET study by 

Greicius et al. (2007) indicated that resting-state functional connectivity between the 

thalamus and default mode network was elevated in depressed participants as 

compared to healthy controls.  The contemplation of mismatching prevention goals, 

which are inherently aversive, may give rise to similar activation patterns in the 

thalamus as seen in psychiatric neuroimaging studies; functional connectivity analyses 

will help further establish this hypothesis.   

Activation in response to mismatching prevention goals (Ought Mismatch) was 

also moderated by individual differences on the prevention success scale of the RFQ.  

Scores indicating a low orientation towards prevention goals were associated with more 

robust activation in the right lingual gyrus, right middle temporal gyrus, right fusiform 

gyrus, and right posterior cingulate.  These results are similar to those observed in the 

combined prevention priming condition; increased activation in default mode 
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network/self-referential regions was again observed to be more robust for individuals 

low in prevention orientation.    

In summary, prevention priming overall was associated with widespread 

activation across frontal, medial and posterior regions of the brain.  Exclusive to 

combined prevention priming was activation in the left middle temporal gyrus, a region 

that has been associated with third-person perspective taking (Ruby & Decety, 2004), 

and likely to be particularly relevant to prevention goal processing considering the 

degree to which other peoples’ perspectives are taken into account during the 

construction of prevention goals.  Matching prevention priming (Ought Match) was 

associated with activation in the right medial prefrontal cortex as hypothesized, perhaps 

indicative of heightened levels of avoidance motivation during contemplation of these 

types of goals.  Combined prevention priming and mismatch prevention priming 

(Ought Mismatch) were also found to be moderated by individual differences in 

prevention success scores on the RFQ, such that activation in default mode network/self-

referential regions was most robust during these trials for individuals low in prevention 

orientation.  This might be indicative of the increased need for self-reflective processing 

towards prevention goals for those who do not have a strong history of prevention goal 

success/orientation.      
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4.4 Interactions between goal system (promotion/prevention) 
and discrepancy status (match/mismatch)  

4.4.1 Activation shared between promotion and prevention priming 

Notably, several regions that were active during prevention goal priming were 

also found to be active during promotion goal priming.  Activation in default network 

regions related to self-referential cognition (i.e. cuneus and lingual gyrus) was observed 

across both domains, as was activation in the left middle frontal gyrus, a region 

associated with the cortical midline structures model.  Our results suggest that these 

regions underlie both promotion and prevention goal pursuit.  The self-referential and 

mental imagery processing provided by default network regions/cortical midline 

structures is likely utilized in self-regulatory processes toward either goal type.   

The observation of activation in the left prefrontal cortex during prevention 

priming was initially unexpected given the previously established association of the left 

PFC with approach motivation.  However, the medial region of the left prefrontal cortex 

has specifically been implicated in self-referential mental processes, including the 

monitoring of self-referential information (Northoff & Bermpohl, 2004), and has been 

found to be particularly active when a memory task involves autobiographical 

information (McDermott et al., 2009; Svoboda, McKinnon, & Levine, 2006), processes 

which are likely to be engaged across both promotion and prevention goal processing.  

Furthermore, additional recent research using similar idiographic priming methodology 

has also indicated that the left medial prefrontal cortex activates in response to both 
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promotion and prevention primes (Strauman et al., 2013).  Research has shown that the 

promotion and prevention systems are not orthogonal to the approach/avoidance 

systems conceptualized by Gray or Carver (Carver, 2001; J. A. Gray, 1970) on either a 

behavioral or neural level (Strauman et al., 2013; Strauman & Wilson, 2010).  Given that 

the prevention system explains goal pursuit in a more complex fashion than can be 

explained by simple spatiotemporal avoidance, it remains possible that within the 

prevention system exists the capacity for elements of both avoidance and approach 

motivation, albeit with an emphasis on strategic avoidance.  More research will need to 

be done to help clarify the role of the left prefrontal cortex in both the promotion and 

prevention systems.    

4.4.2 Differential activation across promotion and prevention priming 

Promotion and prevention priming were also found to be associated with non-

overlapping neural correlates.  Specific only to promotion priming was activation in the 

right anterior cingulate and the right superior temporal gyrus; specific only to 

prevention priming was activation in the thalamus, left middle temporal gyrus, and left 

parahippocampal gyrus. When directly contrasted, the following regions were found to 

be more active during combined prevention trials than in combined promotion trials: the 

left middle frontal gyrus, left inferior frontal gyrus, left pre- and postcentral gyri, left 

superior temporal gyrus, and left cerebellum.  No regions were found to be significantly 
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more active in combined promotion priming trials versus combined prevention priming 

trials.  

These results suggest that for this sample, priming with prevention goal words 

was relatively more salient and induced greater neural activation than did priming with 

promotion goal words, specifically in the left prefrontal cortex.  These results do not 

support the hypothesis that greater left prefrontal activation is associated with 

promotion goal priming, but rather provide additional support for the assertion that the 

promotion and prevention systems are not directly orthogonal to the BIS/BAS model of 

approach and avoidance at the neural level (Strauman et al., 2013; Strauman & Wilson, 

2010).  It appears evident that the neural correlates of promotion and prevention 

priming are more complex than can be encapsulated by patterns prefrontal cortex 

asymmetry alone.  Additionally, results indicate that neural responses to goal priming in 

the prefrontal cortex are moderated by both discrepancy (Match versus Mismatch) and 

individual differences in scores on the RFQ, meaning that more subtle differences in 

prefrontal cortex activation may become obscured during conditions when such 

differences are not taken into account (e.g. promotion versus prevention combined).   

4.4.3 Domain by discrepancy interactions 

When domain by discrepancy interactions were explored, discrepancy (Match 

versus Mismatch) was not seen to affect activation in response to promotion goal 

priming.  While the Ideal Match and Ideal Mismatch priming conditions resulted in 
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activation in differential regions (e.g. left frontal activation for Ideal Match priming, 

activation in posterior/self-referential for Ideal Mismatch priming),  it is important to 

note that when directly contrasted, the differences in activation between the conditions 

did not reach statistical significance.  It is possible that these differences are subtle in 

nature and more power would be necessary in order to observe them at a statistically 

significant level.  

However, results did reveal that discrepancy (Match versus Mismatch) had a 

significant effect on neural responses to prevention goal priming.  Specifically, activation 

in the left insula was found to differ as a function of both domain and discrepancy such 

that activation in this region was highest during Ought Match trials than in any other 

priming trial.  Furthermore, this effect became more pronounced as a function of 

increasing promotion success scores.  Activation in the insula did not differ across Ideal 

Match and Ideal Mismatch trials, indicating that this effect of discrepancy is specific to 

activation associated with prevention goal priming.  The insula is a region which has 

been implicated in many diverse affective and cognitive processes, including the 

integrations of multiple emotional states, the experience of disgust, interoception, and 

perhaps most relevantly, feelings of self-agency (Contreras, Ceric, & Torrealba, 2007; 

Critchley, 2005; Farrer & Frith, 2002; Penfield & Faulk, 1955; Wicker et al., 2003).  It has 

also been demonstrated to functionally connect with the default mode network, 

theoretically as part of a larger “environmental salience detection” network (Taylor, 
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Seminowicz, & Davis, 2009).  The relatively greater degree of insular activation in Ought 

Match trials could be related both to the insula’s role in self-agency (e.g. recognizing 

one’s own actions versus another’s) and/or to environmental salience detection, both of 

which would be necessary during the pursuit and contemplation of prevention goals.  

Environmental salience detection might be particularly necessary in the contemplating 

of prevention goals considering the association of the prevention system with both 

vigilance and anxiety (Strauman, 1995). Prevention goals are not truly “achieved” in the 

same sense that promotion goals may be even when one considers themselves to be 

close to achieving them.  In order to “keep something bad from happening”, vigilance 

must be maintained; in this sense, one could consider a prevention goal as not ever 

being truly “achieved” since environmental monitoring must be maintained. This may 

be particularly true for people who are highly promotion oriented; being unused to 

prevention goal success, they may feel compelled to remain vigilant even when they 

believe themselves to be close to achieving their prevention goals.   

4.5 Age-related patterns of activation 

In line with our hypotheses, several regions were found to respond differentially 

to goal priming as a function of age.  We specifically hypothesized that we might 

observe altered activation patterns in response to goal priming in the prefrontal cortex, 

regions associated with self-referential processing, and reward-related regions as a 

function of age. While differential activation in response to goal primes was observed in 
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both the prefrontal cortex and in self-referential regions as a function of age, we did not 

observe age-related differences in response to goal priming in any stereotypically 

reward-related regions. This may be due to inherent limitations of the study design; the 

extremely brief subliminal priming of goal words may not have been salient enough to 

fully induce reward-related activation.  Significant results were nearly exclusively 

observed when using age as a continuous covariate; dividing participants into two 

groups (above and under 18) and analyzing for group differences in activation yielded 

no significant results.  Importantly, all age related effects were observed in either the 

general combined goal priming or promotion priming conditions; the neural response to 

prevention priming was not seen to alter as a function of age.   

Age-related effects were observed in response to general combined (Ideal and 

Ought) personal goal priming such that as age increased, activation in the left inferior 

prefrontal cortex, right precentral cortex, and cerebellum also increased.  The increased 

activation observed in the left inferior prefrontal cortex can be conceptualized within the 

prefrontal cortex asymmetry model of approach and avoidance as demonstrative of an 

increased approach motivation at the neural level towards goals as age increases (Coan 

& Allen, 2003, 2004; Eddington et al., 2007).  Additionally, it could be conceptualized 

within the framework of prefrontal cortex development; given the relative immaturity of 

the prefrontal cortex until young adulthood(Giedd, 2004; Giedd et al., 1996; Gogtay et 

al., 2004), younger individuals could display relative hypoactivation in the prefrontal 
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cortex in response to goal priming.  The left inferior prefrontal cortex has been linked to 

cognitive processes critical to the contemplation and pursuit of goals including response 

inhibition (Swick, Ashley, & Turken, 2008) and episodic memory retrieval (Lundstrom, 

Ingvar, & Petersson, 2005).  Given that being primed with idiographic goals does not 

elicit as much activation in this region in younger participants, it appears that younger 

participants may display a relative cognitive inefficiency with regard to goal 

contemplation processes and/or that goals may become more salient/more effectively 

processed at the neural level with increasing age. This finding helps to clarify the 

potential neural underpinnings of the behaviorally observed disadvantages adolescents 

display in employing effective goal pursuit strategies.   

Age-related effects were again observed in response to combined promotion 

priming (Ideal) goal priming such that with increasing age, increasing activation in the 

left medial prefrontal cortex, left precuneus, right parietal lobe, and cerebellum was 

observed.  Age-related effects were also observed in response to matching promotion 

goal priming (Ideal Match) such that as age increased, activation increased in the 

cerebellum, right pre- and postcentral gyri, and right temporal lobe.  These results 

indicate that regions in default mode network and implicated in self-referential 

processing (the left medial prefrontal cortex and the precuneus) are less active in 

response to promotion goal priming in younger participants.  Previous resting state 

analyses have demonstrated weaker functional connectivity between the regions of the 
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default mode network in school-age children and adolescents, indicating that these 

networks become more strongly functionally connected with age (Fair et al., 2008).  

While connectivity was not assessed in this analysis, our results are also suggestive of 

weaker default mode network reactivity, at least in response to goal priming, in younger 

individuals.  These results are also in line with what has been previously found 

regarding the relative immaturity of regions associated with self-referential processing 

in adolescents (Pfeifer et al., 2007; Pfeifer & Peake, 2012; Sebastian et al., 2008).  It 

appears that as the brain develops, self-referential regions associated with the default 

mode network become more responsive to promotion goal primes, perhaps underlying 

an increased ability to effectively conceptualize, orient towards, and pursue promotion 

goals.   

While no significant results were observed when dividing the sample into two 

groups (above and under 18), one significant result was observed when dividing the 

sample into three groups that are more closely representative of developmental stage 

(adolescent, young adult, and adult age groups).  A non-linear effect of age was 

observed in the cuneus in response to combined prevention (Ought) priming such that 

activation in this region was lowest for the young adult (18-24) age group.  The cuneus is 

partially related to the default mode network and thus this finding is potentially 

reflective of particularly low self-referential processing in response to prevention goals 

during young adulthood.  However, most importantly, this result demonstrates that 
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analyzing age-related effects using three developmentally-defined groups (as opposed 

to two) can uncover additional and potential non-linear findings; more research will 

need to be done with more individuals in each group in order to more fully characterize 

the differences in neural responses to goal priming across three developmental age 

groups.   

One commonality across all of the age-related effects is the observed increase in 

responsivity of the cerebellum to goal priming as a function of age.  While the 

cerebellum has historically been considered a region specific to motor function (Connor, 

1945; Llinas & Pellionisz, 1985; Marr, 1969), more recent research has implicated the 

cerebellum in a number of higher-level affective and cognitive processes (D'Angelo & 

Casali, 2012; Kim, Ugurbil, & Strick, 1994; Schmahmann & Caplan, 2006).  For example, 

cerebellar damage has been associated with both cognitive and emotion regulation 

deficits (Schmahmann, 2004), and cerebellar activation is consistently observed during 

fMRI tasks that involve both learning, working memory, and a host of other executive 

functions (Schmahmann & Sherman, 1998; Stoodley & Schmahmann, 2009).  Perhaps 

most importantly with regard to cerebellar activation in response to goal primes, 

connectivity between the cerebellum and the medial prefrontal cortex has also been 

observed (Middleton & Strick, 1998), indicating that there may be interplay between the 

cerebellum and regions implicated in both executive functioning and self-referential 

processing.  Our results seem to clearly implicate the cerebellum as a region responsive 
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to goal priming, as it was observed as significant active across several priming 

conditions, and also as differentially active across the age span.  Longitudinal imaging 

studies have established that the cerebellum displays a developmental trajectory that 

somewhat mirrors the trajectory of the prefrontal cortex, albeit reaching peak volume 

sometime after the cerebrum (e.g. developing slowly throughout the course of 

adolescence and young adulthood)(Tiemeier et al., 2010).  Given the prolonged 

developmental trajectory of this region, one would hypothesize that the responsivity of 

the cerebellum to goal priming would increase throughout adolescence, not reaching 

peak/optimal levels until adulthood, as was suggested by our data.  Connectivity 

analyses addressing the communication between the cerebellum and medial prefrontal 

cortex throughout development would help further establish the role the cerebellum 

may play in neural responses to goal contemplation.    

Finally, it is crucial to note that no age-related differences in activation were 

observed in response to prevention goal priming, indicating that the neural response to 

this type of goal remains relatively steady across the lifespan.  Why might we observe 

less variability in response to prevention priming across development?  While the 

promotion and prevention systems are both active (to varying degrees) within every 

individual (Higgins, 1997), it is possible that the adolescent period is defined by relative 

focus on one type of goal compared to the other.  Given the increased propensity for 

reward-seeking and greater levels of approach sensitivity seen at this age, it could be 
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hypothesized that adolescents focus relatively more on promotion goals than prevention 

goals, while at the same time being less prepared to successfully approach them at the 

behavioral and neural level.  Preliminary research suggests that when asked to complete 

a self-report measure of regulatory focus orientation, adolescents at age 15 report some 

degree of promotion self-discrepancy (which was associated with depressive affect), but 

relatively little prevention self-discrepancy (Klenk, 2011).  It is possible that at the 

adolescent stage, many individuals are still having their prevention goals (e.g. the things 

they are obligated to be doing) managed by their parental figures or other adults, 

resulting in less room for variability in response to these types of goals.   

4.6 COMT-related patterns of activation 

Again in line with our hypotheses, the neural response to goal priming was 

found to be significantly moderated by COMT genotype. One main effect of COMT 

genotype was observed such that activation in the right medial prefrontal cortex in 

response to combined prevention (Ought) priming increased as a function of number of 

Val alleles.  In other words, right medial prefrontal cortex activation in response to 

combined prevention priming was lowest for Met/Met homozygotes.  As previously 

described, the Val/Val genotype is associated with relatively more flexible cognitive 

strategies while the Met/Met genotype is associated with greater ability to maintain 

vigilant focus (Colzato et al., 2010; Krugel et al., 2009).  As suggested by Goetz et al. 

(2013), it is possible that the Met/Met genotype confers a relative advantage for the 



 

87 

pursuit of prevention goals; whereas promotion goal pursuit relies more on openness to 

reward and relative willingness to approach positive outcomes despite risk, prevention 

goal pursuit relies more on vigilance and risk-avoidance (Forster, Higgins, & Idson, 

1998; Higgins, 1997), traits more associated with the Met allele.  It is possible that when 

primed with prevention goals, Met/Met homozygotes do not need to activate the right 

prefrontal cortex (a region associated with strategic avoidance) to the same degree as do 

Val/Val homozygotes, given that Val/Val homozygotes may be less optimally adapted 

towards using avoidant prevention goal pursuit strategies.   

This interpretation is further substantiated by the fact that the effect of COMT on 

activation in the right medial PFC was moderated by self-reported degree of promotion 

success.  At low levels of promotion success, Met/Met homozygotes displayed a relative 

deactivation in the right PFC in response to prevention goal priming, whereas Val/Val 

homozygotes displayed heightened activation.  However, as degree of self-reported 

promotion success increased, the Met/Met and Val/Val groups became more similar in 

their level of activation in response to prevention priming in the right PFC, such that 

both groups displayed positive activation values.  It could be hypothesized that as 

Met/Met homozygotes become more oriented towards promotion goals and have more 

experience with promotion goal pursuit success, they become more approach oriented 

and/or more similar to Val/Val homozygotes in their neural response to goal pursuit, 

and therefore have less of an advantageous “edge” in the neural response to prevention 
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goal pursuit. Therefore, the degree of activation needed in the right PFC may increase 

towards the levels displayed by Val/Val homozygotes in order to maximize strategic 

avoidance responses to prevention primes.  

 The effect of COMT on neural response to goal primes was also found to be 

moderated by age.  This effect was seen during both the mismatching prevention (Ought 

Mismatch) trial and during the direct contrast between combined prevention and 

promotion trials (Ought > Ideal); the pattern of the effect was similar across both trial 

types and was observed in the precuneus and posterior cingulate, respectively.  In both 

instances, at younger ages, activation in the precuneus/posterior cingulate in response to 

prevention primes was greatest for Val/Val participants and lowest for Met/Met 

participants.  As age increased, this effect reversed such that activation in these regions 

became greatest for Met/Met participants and lowest for Val/Val participants (See 

Figures 6 and 7).  These findings provide additional support for the role of COMT 

beyond the prefrontal cortex and in default mode network functioning.  While relatively 

little is known about the role of COMT on neural activation during more explicitly self-

referential tasks (e.g. goal priming), one could hypothesize that we are observing an age-

related reversal in the function of each allele similar to that observed in the PFC during 

working memory tasks (Dumontheil et al., 2011; Tunbridge et al., 2007).   Our results 

indicate that at younger ages, Val/Val homozygotes display the greatest activation in the 

posterior cingulate and precuneus in response to prevention primes, default mode 
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regions which were shown to be significantly active in response to prevention goal 

priming in our broader sample.  This indicates that at young ages, Val/Val homozygotes 

may engage more self-referential processing in response to prevention goal primes. 

However, this pattern reverses with age, such that at adult ages, it is Met/Met 

homozygotes who display the greatest activation in these regions in response to 

prevention goal primes.  Just as the Met/Met cognitive processing advantage becomes 

more substantial across development (Dumontheil et al., 2011; Tunbridge et al., 2007), it 

appears Met/Met homozygotes also display greater self-referential processing in 

response to prevention goal primes as a function of development.  This perhaps suggests 

that the supposed Met-allele conferred “advantage” in prevention goal pursuit may not 

fully develop until adulthood.   

4.7 Conclusion 

In summary, to our knowledge this was the first study of its kind to investigate 

the impact of perceived proximity to goal achievement, individual differences in 

regulatory focus, age, and the COMT Val158Met polymorphism on the neural correlates 

of the promotion and prevention systems.  We hypothesized that we would find 

significant activation for promotion and prevention priming above and beyond 

activation to control words, and that these activation patterns would differ based on 

perceived proximity to goal achievement, individual differences in regulatory focus, age, 

and COMT.  These hypotheses were largely confirmed.   
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Both promotion and prevention priming were associated with activation in 

regions associated with self-referential cognition and the default mode network/cortical 

midline structures, including the left medial frontal gyrus, cuneus, and lingual gyrus.   

Promotion and prevention priming were also associated with distinct patterns of neural 

activation.  Prevention priming was associated with a greater number of significant 

clusters across a wider range of frontal, medial, and posterior regions. Specifically, 

activation in the left middle temporal gyrus, a region associated with third-person 

perspective taking (Ruby & Decety, 2004), was only observed during prevention 

priming. 

 Perceived proximity to goal attainment was also found to modulate activation in 

response to prevention goal priming, but not promotion goal priming.  Specifically, 

activation in the left insula was found to be greater in matching prevention versus 

mismatching prevention trials for individuals high in promotion success, perhaps 

related to an increased need for environmental salience detection for these individuals 

during matching prevention goal contemplation.  

Importantly, individual differences in promotion and prevention orientation 

were also found to modulate activation in response to goal priming. For highly 

promotion oriented individuals, activation in the left inferior prefrontal cortex was 

particularly robust in response to matching promotion goal primes (Ideal Match), 

possibly indicative of heightened levels of approach motivation, positive affectivity, 
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and/or self-referential monitoring.  For individuals low in prevention orientation, 

activation in default mode network regions was particularly robust during prevention 

goal priming, perhaps indicative of a heightened need for self-referential processing 

while being primed with a discrepant goal state.   

Developmental effects were also observed in response to goal priming.  As 

hypothesized, activation in response to goal primes became more robust in the 

prefrontal cortex and in self-referential regions as a function of increasing age. The 

decreased responsivity to goal priming of the prefrontal cortex and self-referential 

regions at younger ages could hypothetically serve to make goal pursuit more difficult; 

if adolescents are less efficiently able contemplate their intentions or accurately mentally 

represent their own selves/abilities as compared to adults (Blakemore et al., 2007; Pfeifer 

et al., 2007), the planning necessary for optimal goal pursuit would naturally become 

more difficult.  Main effects of age were not observed during prevention goal priming 

conditions, indicating that neural processing of promotion goals may change more 

dramatically across the lifespan. 

Finally, COMT genotype was also seen to alter activation patterns in response to 

goal priming, both alone and through interactions with regulatory focus and age.   Our 

results are suggestive of a neural advantage towards prevention goal pursuit for 

Met/Met homozygotes such that Val/Val individuals need activate the right prefrontal 

cortex more robustly in response to prevention goal primes in order to achieve optimal 
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levels of avoidance motivation.  We also observed COMT effects within posterior 

regions of the default network; these effects were modulated by age such that Met/Met 

homozygotes became more responsive in self-referential regions to prevention goal 

primes as a function of age.  

Several limitations of the present work must be taken into account.  First, we did 

not include a measure of the personal significance of the goals, which therefore does not 

allow us to rule out the potential confound of mismatching goals having been goals 

which were less significant than matching goals. However, it should be noted that the 

idiographic goal assessment method that was used has been shown to be a reliable 

elicitor of personal goals and attributes that are chronically accessible and 

motivationally significant (Higgins & Bargh, 1987). Second, we did not manipulate 

regulatory focus; participants were not selected on the basis of their scores of the RFQ or 

other measures of individual differences in the strength of the promotion vs. prevention 

systems.  Therefore, our analyses of those individual differences in regulatory focus are 

correlational in nature.  Nonetheless, the substantial literature on the behavioral 

consequences of individual differences in promotion and prevention focus gives 

confidence that our findings may represent stable characteristics of the neural correlates 

of each system.  Even in light of these limitations, the present study clarifies further the 

distinct neural correlates of the promotion and prevention systems as well as provides 
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evidence to suggest that perceived goal proximity plays an important role in how these 

neural systems activate in response to goals.   

With regard to our genetic analyses, we had a particularly small sample size and 

given this, included participants of all ethnic backgrounds in our analyses in order to 

maximize power.  Given the differential variability in COMT alleles across ethnicities 

(DeMille et al., 2002), this may have diluted findings, and indeed Hardy-Weinberg 

equilibrium was barely reached due to the relatively small number of heterozygotes in 

this sample (p = .06).   However, despite this limitation, significant effects of COMT were 

still observed; future analyses with larger amounts of genetic data should test for 

differences across ethnic groups in COMT-related goal priming findings.   

Overall, these findings not only provide further clarification of the neural 

underpinnings of the promotion and prevention systems, but also demonstrate that 

developmental stage and individual differences at the personality and genetic level play 

a large role on the activity within these neural systems.  Continued research in the 

domain of the neural correlates of the promotion and prevention systems will be 

important in order to help further clarify the biological and characterological 

underpinnings of goal pursuit processes during both adolescence and adulthood. 
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