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Abstract 

The present series of studies offers a perspective on how a particular functional 

genetic polymorphism, COMT Val158Met, interacts with individual differences in self-

regulation to affect the mechanisms underlying successful versus unsuccessful goal 

pursuit.  Individual differences in the mechanisms that underlie self-regulation can be 

understood as more or less beneficial for goal pursuit depending on the context.  For 

example, relatively high levels of cognitive flexibility can facilitate self-regulation in 

certain situations (e.g., where a new strategy needs to be employed) but can be 

detrimental in others (e.g., where excessive flexibility results in distraction from 

continuing efforts needed to attain the goal).  The functional role of the COMT Val158Met 

polymorphism can also be conceptualized as a trade-off where the adaptiveness of the 

Val- or Met-like dopaminergic signaling profiles is determined by features of the 

environment as well as by the individual’s goals.  By integrating across biological and 

behavioral levels of analysis, we can expand our understanding of individual differences 

in tendencies for successful versus unsuccessful self-regulation.  In particular, COMT by 

self-regulation interactions constitute a particularly fruitful line of investigation to better 

understand goal pursuit, mood, and vulnerability. 

Self-regulation is a theoretical construct that can be used to integrate behavioral 

findings with research on neurobiological processes and genetic variation, particularly 

COMT, in order to more fully examine behavior across multiple levels of analysis.  
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Individual differences in self-regulation have been shown to have reliably identifiable 

neural correlates (e.g., Eddington, Dolcos, Cabeza, Krishnan, & Strauman, 2007), and 

many of the factors contributing to successful or dysfunctional goal pursuit have their 

basis in psychological processes directly affected by COMT.  Some of these processes 

under investigation here include responding to rewards, utilizing feedback, and flexibly 

changing a pattern of responses under motivationally challenging conditions.  There are 

also trait-like differences in neural network connectivity based on the interaction 

between COMT and self-regulatory variables.  

The three studies that comprise this dissertation examined how COMT genotype 

can moderate the effect of previous regulatory experiences (i.e., success or failure at 

achieving one’s personal goals) on behavior and brain function, using regulatory focus 

theory (Higgins, 1997) as a model of self-regulation.  The first study (Goetz, Hariri, 

Pizzagalli, & Strauman, 2013) examined how one’s experience of successful goal pursuit 

moderated the impact of COMT genotype on reward responsive behavior.  This 

experiment utilized a probabilistic reward task to measure the participants’ ability to 

alter their behavior in response to reinforcement, which serves as an index of their 

sensitivity to environmental feedback of success.  This responsiveness was seen 

particularly for those individuals who have had previous experiences of success 

pursuing rewarded goals if they also had the COMT Val/Val genotype, which is 

associated with more flexible behavior. 
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The second study (Davis, Tharp, Hariri, & Strauman, in preparation) used 

priming to create a motivationally salient context of either promotion (related to ideal 

goals) or prevention (related to ought goals) in order to assess genotype group 

differences on a cognitive control task.  The results showed that relatively flexible 

Val/Val individuals exhibited behavioral slowing when challenged by a motivational 

context that requires vigilance, i.e., after priming by a prevention failure.  By contrast, 

relatively rigid Met/Met individuals exhibited behavioral slowing in response to a 

context that demands eagerness and openness to opportunities for positive feedback, 

i.e., after priming by a past promotion failure experience. 

The third study explored how the interaction of COMT and regulatory focus 

variables may reveal insights into resting state neural network connectivity, ultimately 

leading to a deeper understanding of individual differences in goal pursuit behavior.  

Several nodes within the executive control and default mode networks show different 

patterns of connectivity based on previous goal pursuit success, COMT genotype, and 

their interaction.  Because the neural networks that underlie successful goal pursuit are 

also moderated by COMT genotype, we can conclude that behaviors relevant to goal 

pursuit, such as the reward responsive and cognitive control behaviors explored in the 

previous studies, are likely supported by trait-like systems instantiated at the level of the 

brain.  This provides further justification for exploring the interplay between COMT 
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genotype and the promotion and prevention self-regulation systems, and points to 

several future directions of behavioral and fMRI investigation. 
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1. Introduction  

1.1 Self-regulation processes and the brain 

Self-regulation, the process by which an individual monitors her/his behavior in 

reference to a personally significant goal (Carver & Scheier, 1990), is a broad construct 

that has been studied from numerous theoretical perspectives across behavioral science 

and neuroscience.  Typically it has been characterized with an emphasis on cognition 

and motivation, whereby individuals bring executive control processes to bear in the 

course of goal pursuit in order to attain a desired outcome (Rothbart, Sheese, & Posner, 

2007).  For example, behavior such as preparing for an exam involves activation of a 

personal goal representation (to obtain a good grade), motivation to attain the goal, and 

cognitive control processes that guide efforts and minimize distractions.  Successful self-

regulation is associated with achievement of personal goals, establishment and 

maintenance of healthful behaviors, and feelings of fulfillment and satisfaction.  On the 

other hand, failures of self-regulation contribute to a host of problematic outcomes, 

which include inability to attain personal goals, engaging in risky or unhealthy 

behaviors, and experiencing chronic distress due to an ongoing mismatch between one’s 

current state and a desired state (Baumeister & Heatherton, 1996; Higgins, 1987). In 

particular, vulnerability to depression and anxiety has been linked to self-regulation 

failure (e.g., Baumeister & Heatherton, 1996; Strauman, 2002).   



 

2 

Individual differences in the ability to self-regulate and in preferred style of self-

regulation, in turn, are influenced by processes ranging from neurotransmitters to 

neural circuits to social interaction.  For these reasons, the self-regulation construct has 

been proposed as a major proximal locus for the control of adaptive behavior that 

involves both bottom-up biological mechanisms and top-down social-cognitive 

mechanisms, and which ultimately impacts a range of psychological and health 

outcomes (Strauman & Goetz, 2012).  However, as yet there have been few attempts to 

apply a systematic self-regulation perspective to emerging knowledge regarding 

brain/behavior systems and other types of neurobiological mechanisms for behavior 

(Strauman & Goetz, 2012).  

In this dissertation, I propose that individual differences in tendencies for 

successful versus unsuccessful self-regulation may be best understood by integrating 

perspectives across biological and behavioral levels of analysis.  Among the biological 

systems that contribute to self-regulation, especially in the ongoing pursuit of important 

personal goals, the dopaminergic signaling pathway is particularly relevant as 

dopamine modulates multiple neural structures contributing to goal pursuit including 

the ventral striatum, amygdala, and prefrontal cortex.  Successful goal pursuit requires 

planning and behaving strategically in order to maintain focus on a higher-order goal in 

the face of proximal distractors and challenges.  It is also crucial to respond adaptively to 

ever-changing emotional and motivational states which arise in response to goal-
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relevant feedback.  Individual differences in the dopaminergic system, particularly how 

dopamine modulates the function of the prefrontal cortex, are likely to exert a significant 

influence on personal goal pursuit.  Understanding the specific neurobiological context 

of goal pursuit will help more fully understand the emergence of self-regulation success 

and failure.   

Individual variability in dopaminergic neurocircuitry has been indexed using 

functional genetic polymorphisms that affect dopamine (DA) signaling and/or 

availability.  In particular, a single nucleotide polymorphism in the gene encoding the 

catechol-o-methyltransferase enzyme has been shown to influence several self-

regulation-related processes via its effect on dopamine catabolism in the prefrontal 

cortex (PFC).  Genetic variability at this locus has been viewed as contributing to 

individual differences in cortical efficiency, working memory and attention regulation 

processes, and responses to emotional stimuli and reward, and more speculatively to 

other dimensions of personality as well as psychopathology.  A systematic examination 

of the impact of this polymorphism on processes contributing to self-regulation is likely 

to generate new hypotheses about individual differences in the adaptive versus 

maladaptive responses to goal pursuit. 

1.2 The catechol-o-methyltransferase Val158Met polymorphism 

The catechol-o-methyltransferase (COMT) enzyme functions to catabolize 

dopamine and serves a crucial role in regulating DA signaling in the prefrontal cortex  



 

4 

(Axelrod & Tomchick, 1958; Chen et al., 2004; Ciliax et al., 1999; Lewis et al., 2001; 

Lundstrom et al., 1995; Mannisto & Kaakkola, 1999; Matsumoto et al., 2003).  There is a 

common functional single nucleotide polymorphism in the gene encoding for this 

enzyme, known as COMT, that results in a change in encoding from a valine (Val) to 

methionine (Met) amino acid at codon 158 (rs4680; known as COMT Val158Met) 

(Lachman et al., 1996).  This change results in a 3-4 fold reduction in the catabolic 

activity of the COMT enzyme for Met homozygotes as compared to Val homozygotes, 

with intermediate levels present in heterozygotes; this results in a relative increase in 

DA availability with increasing numbers of Met alleles  (Chen et al., 2004; 

Weinshilboum, Otterness, & Szumlanski, 1999).   

The behavioral and neural effects of the COMT Val158Met polymorphism can be 

characterized as a set of overarching trade-off models capturing the broad functional 

associations with the Val versus Met alleles.  The efficiency model (Egan et al., 2001), and 

its elaboration using an examination of D1 versus D2 receptors  (Cohen, Braver, & 

Brown, 2002; Durstewitz & Seamans, 2002, 2008; Seamans, Gorelova, Durstewitz, & 

Yang, 2001; Winterer & Weinberger, 2004), reveals an association between the Val allele 

and noisy information processing during working memory (WM) tasks, resulting in 

prefrontal “inefficiency,” or a higher amount of neural activation required to support the 

same behavioral performance.  Conversely, the Met allele is associated with more stable 

cognitive representations, neural tuning to task-related behavior, and a higher signal to 
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noise ratio resulting in prefrontal efficiency during cognitive tasks including working 

memory.  The implications of this model include hypothesized benefits for WM resetting 

and updating associated with the Val allele, and benefits for WM maintenance and 

attention regulation for the Met allele. 

The updating versus maintenance trade-off described above has also been 

described as a trade-off between cognitive stability versus flexibility (e.g., Colzato, Waszak, 

Nieuwenhuis, Posthuma, & Hommel, 2010; Nolan, Bilder, Lachman, & Volavka, 2004).  

This trade-off maps directly onto the cognitive control “dilemma” as described by 

Goschke (2003) where persistence (e.g., stability) and flexibility constitute antagonistic 

constraints on the prefrontally-mediated cognitive control system.  Depending on the 

task and context, goal pursuit might be facilitated by persistence and consistency in 

behavior, resistance to the effect of distractors or the lack of immediate feedback, and 

ongoing maintenance of an effective strategy.  However, under different circumstances, 

there might be an advantage in being able to disengage from ineffective strategies, 

flexibly adapt to new strategies, and utilize feedback to rapidly initiate new behavioral 

sequences.  The tendency for more stability with increasing number of Met alleles and 

tendency towards flexibility with increasing number of Val alleles provide the 

background biological context that interacts with the environment to produce individual 

differences in goal-directed behavior.  
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The relatively higher and lower DA availability seen in Met- versus Val-allele 

carriers have a corresponding impact on tonic and phasic dopaminergic signaling, both 

in the PFC and with reciprocal effects in the striatum (Bilder, Volavka, Lachman, & 

Grace, 2004).  The tonic/phasic model of COMT activity postulates that Val-allele carriers 

have lower tonic and higher phasic DA signaling in the PFC and striatum.  Phasic 

striatal bursts allow for the updating of working memory processes in the PFC via D2 

activation (Cohen et al., 2002), and phasic subcortical signaling also supports learning 

from unexpected or changing reward contingencies (e.g., Schultz, 1998).  However, in 

Met-allele carriers, relatively higher tonic DA both prefrontally and subcortically serves 

to suppress phasic bursts, allowing signaling to be perpetuated in already-activated 

networks.  In addition to the effects in the PFC associated with stability versus flexibility, 

there is evidence that tonic versus phasic striatal signaling affects responsiveness to 

rewards, which has relevance for motivated goal-directed behavior.  The research on 

COMT and reward processing converges on two main themes: Val-allele carriers have 

greater differentiation between win and loss experiences, which can facilitate learning; 

and Met/Met individuals have high striatal activation overall, which underlies 

potentiated responsiveness particularly to negative stimuli. 

The different patterns of responsiveness to positive and negative stimuli between 

Met- and Val-allele carriers have been elaborated in a cognitive/affective trade-off model 

(Mier, Kirsch, & Meyer-Lindenberg, 2010), where the Met-associated cognitive 
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advantage is offset by a disadvantage when it comes to processing affective information.  

The prefrontal stability associated with the Met allele is beneficial for efficient WM 

processing, but detrimental for effective disengagement from negative emotional 

content.  The Met-related tonic activation seen in the ventrolateral system (including the 

amygdala and the ventral PFC, Bilder et al., 2004) in response to negative stimuli could 

indicate: 1. heightened salience and potentiated processing of negative stimuli; 2. 

selective attention to negative stimuli and difficulty disengaging; 3. increased need for 

emotion regulation resources to come online; and 4. possible decreased efficiency or 

effectiveness of the top-down regulatory processes of the ventral PFC to attenuate limbic 

reactivity.   

These models of COMT Val/Met function incorporate information based on the 

hypothesized differences in dopaminergic signaling, primarily affecting the PFC but 

with reciprocal effects in subcortical regions.  Taken together, these models propose that 

Met versus Val genotype status produces overarching tendencies towards 

efficiency/stability/tonic signaling/affective sensitivity versus 

inefficiency/flexibility/phasic signaling/affective resilience (Table 1).  We have seen the 

importance of “micro” contexts in eliciting group differences based on these tendencies.  

These “micro” contexts include task parameters, pharmacologic challenge, and other 

conditions created in the laboratory.  We have also seen large scale association studies 

that attempt to find genotype group differences at broader phenotypic levels (e.g., 
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psychiatric profile, personality) when contextual differences and other moderating 

factors are largely unknown and likely innumerable.  These studies overlook questions 

of mechanism and jump from the genotype level to multifactorial, complex phenotypic 

outcomes.  The “macro” context for an individual includes their previous experiences, 

current goals, the regulatory demands of a situation including type of feedback and 

reward contingencies, affective experience, and the environments that they seek out or 

create for themselves.  It is at this level of context where self-regulation occurs, and yet 

where the effects of COMT variability have been particularly underexplored to date.   

Table 1: Summary of the Val- and Met-allele associations derived from the COMT 

trade-off models. 

Model Val associations Met associations 

Efficiency  Prefrontal inefficiency: 

increased activation for a 

given level of behavioral 

performance 

 Lower task-related SNR: 

more noisy information 

processing 

 Relatively higher D2 

receptor activation 

 Benefits for WM resetting 

and updating 

 Prefrontal efficiency: 

decreased activation for a 

given level of behavioral 

performance 

 Higher task-related SNR: 

more tuned information 

processing 

 Relatively higher D1 

receptor activation 

 Benefits for WM 

maintenance 

Stability/flexibility  Benefits on tasks that 

require flexibility, such as 

updating and response 

inhibition 

 Tendency for distractibility 

and responsiveness to 

novelty 

 Benefits on tasks that 

require stability, such as 

maintaining a response set 

or sustaining a behavior 

 Tendency for rigidity and 

difficulty disengaging from 

a response set 
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Tonic/Phasic  Relatively lower tonic DA 

in PFC and striatum 

 Relatively higher phasic DA 

signaling 

 Greater midbrain DA 

synthesis 

 Greater differentiation 

between win and loss 

experiences 

 

 Relatively higher tonic DA 

in PFC and striatum 

 Relatively lower phasic DA 

signaling 

 Lower midbrain DA 

synthesis 

 Greater prefrontal and 

striatal activation in 

response to rewards 

 Negativity bias: potentiated 

striatal response to losses 

Cognitive/Affective  Disadvantages for cognitive 

processing due to dorsal 

system inefficiency 

 Advantages for affective 

processing due to ventral 

system efficiency 

 Effective disengagement 

from processing negative 

stimuli 

 Decreased burden on 

regulatory resources 

 Affective resilience, 

resistance to stress 

 Advantages for cognitive 

processing due to dorsal 

system efficiency 

 Disadvantages for affective 

processing due to ventral 

system potentiation 

 Disinhibition of the 

amygdala 

 Perseveration on negative 

stimuli 

 Affective sensitivity, 

vulnerable to stress 

(SNR: signal-to-noise ratio; WM: working memory; DA: dopamine) 

1.3 Trade-off characteristics of self-regulation   

The notion of a trade-off in the adaptive versus maladaptive characteristics of 

individual differences has also been incorporated within psychological theories of self-

regulation, and particularly within regulatory focus theory (RFT; Higgins, 1997).  

Individual differences in self-regulation include the type of goal that is considered 

important, the individual’s preferred strategies for goal pursuit, and reactivity to both 

positive and negative feedback.  Regulatory focus theory posits two systems by which 
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people represent, characterize, and pursue their goals and two sets of strategies that they 

most commonly employ in their ongoing efforts to attain them.  These systems, referred 

to as the promotion and prevention systems, differ in whether goals are conceptualized 

as opportunities for attaining a desired end-state by “making good things happen” 

(promotion) versus attaining a desired end-state by “keeping bad things from 

happening” (prevention).  Trait-like differences in promotion and prevention orientation 

interact with features of the environment – such as the types of goals that are salient or 

available and whether the feedback includes potential reward versus punishment – to 

influence momentary and cumulative success (or failure) as individuals strive to attain 

their goals. 

The three studies that comprise this dissertation employed principles of RFT to 

investigate COMT genotype group differences elicited by particular motivational 

contexts, and used the interaction of these individual difference variables to reveal 

systematic group differences in behavior and in neural networks.  The studies all 

incorporate the postulate that the effect of COMT variability on behavioral or psychiatric 

phenotypes is a subtle one and no genotype is clearly advantageous or disadvantageous 

across circumstances.  The environment, task contingencies, and regulatory demands 

will determine which profile of DA signaling promotes optimal functioning or creates a 

context of vulnerability.  These studies used RFT as a vantage point from which to both 

reveal and interpret COMT differences for brain function and goal-relevant behavior.   
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The first study of this dissertation (Goetz et al., 2013) used a probabilistic reward 

task where the participants were oriented to a promotion frame; that is, the goal of the 

task was to maximize opportunities for reward and the possible outcomes were gain 

versus non-gain.  In this way, successful experiences pursuing promotion goals would 

be expected to positively impact task performance for individuals who are able to 

flexibly respond to the task context.  The second study of this dissertation (Davis et al., 

in preparation) used priming to create a motivationally salient context of either 

promotion or prevention in order to elicit genotype group differences on a cognitive 

control task.  Cognitive control, operationalized as flexibly switching a pattern of 

responses based on a rule change, is interpreted as beneficial to many goal-pursuit 

circumstances.  However, excessive flexibility can also be disadvantageous.  By 

understanding group differences, we can predict and intervene on the particular goal-

pursuit challenges that these different groups face.  Finally, the third study explored 

how these important variables – one genetic/biological and one social/cognitive – are 

associated with differences in functional connectivity in the brain.  The analysis was 

focused on the impact of their interaction on networks known to be relevant for planful 

goal-directed behavior as well as self-referential information processing that can impact 

personal goal choice.  The regions that showed differential connectivity based on self-

reported regulatory success were probed for COMT group differences to reveal neural 

pathways that may underlie or impact the reward-related and cognitive control 
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behaviors investigated in the previous studies.  These systemic differences help add to 

our interpretation and understanding how these groups of individuals would respond 

to a self-regulatory challenge and how they process goal-relevant information.  
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2. COMT/Self-Regulation Interactions and Reward 
Responsiveness 

2.1 Background 

The concept of self-regulation describes a broad set of cognitive and behavioral 

processes by which individuals pursue their goals and respond dynamically to their 

perceived progress toward them (Carver & Scheier, 1990).  There is increasing evidence 

that self-regulatory dysfunction constitutes a vulnerability factor for mood disorders 

and related forms of psychopathology (Karoly, 1993; Strauman, 2002).  Variability in 

goal pursuit strategies and the effectiveness of those strategies reflects differences in 

both top-down and bottom-up mechanisms as well as the characteristics of the 

interpersonal context in which goals are being pursued (Strauman & Wilson, 2010).  

Although self-regulation has been studied at multiple levels of analysis, little research 

has examined how those mechanisms interact to influence people’s responsiveness to 

opportunities for goal attainment.  Behavioral scientists are beginning to turn their 

attention to interactions between psychological mechanisms of self-regulation and 

neurobiological factors that underlie goal pursuit (Carver, Johnson, & Joormann, 2009). 

In this proof-of-concept study, we sought to examine the independent and interactive 

contributions of a psychological construct relevant to self-regulation of personal goal 

pursuit and a genetically-based neurobiological individual difference that affects 

reward-related cognitive processing.  Specifically, we investigated whether individual 

differences in regulatory focus – a preference for pursuing desired end-states via 
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strategic approach versus avoidance, and/or variation in prefrontal dopamine signaling 

associated with COMT Val158Met genotype, predicted performance in a well-validated 

measure of reward responsiveness. 

2.1.1 Regulatory focus and goal pursuit 

Regulatory focus theory (Higgins, 1997; Higgins, 1998) proposes two 

cognitive/motivational systems for personal goal pursuit, the promotion and prevention 

systems.  Both systems serve the purpose of pursuing positive end-states, but they differ 

in sensitivity to environmental cues as well as in goal pursuit means and strategies.  The 

promotion system operates by approaching a match with the desired positive outcome, 

using eagerness as a means of pursuit.  The prevention system operates by avoiding a 

mismatch with the positive outcome, using vigilance as a means of pursuit.  RFT 

proposes that a history of success with one class of goal-pursuit strategies would be 

expected to induce a bias toward using those strategies, leading an individual to seek 

out contexts where preferred goals and strategies would be available (Higgins et al., 

2001).  RFT thus postulates stable individual differences in goal responsiveness based on 

the individual’s history of promotion and/or prevention socialization and goal pursuit 

experiences (Manian, Papadakis, Strauman, & Essex, 2006; Strauman, 1996). 

Individual differences in promotion and prevention orientation have dissociable 

neural correlates.  For example, Eddington et al. (2007) found that priming of 

individuals’ promotion (but not prevention) goals was associated with activation of the 
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left orbitofrontal cortex (OFC), and magnitude of activation correlated with strength of 

orientation to promotion goal pursuit.  Thus, relative preference for promotion goals is 

manifested in intensity of neural responses to personalized cues for such goals, 

suggesting that neurobiological differences could moderate the association between 

regulatory focus and sensitivity to cues for positive outcomes.  Furthermore, chronic 

perceived failure to attain promotion goals is associated with dysphoric symptoms (e.g., 

Miller & Markman, 2007), and Eddington et al. (2009) observed that individuals meeting 

DSM-IV criteria for major depressive disorder manifested attenuated left OFC activation 

in response to promotion goals.  Thus, delineating the neurobiological mechanisms 

associated with self-regulatory dysfunction may provide new insights into the onset and 

maintenance of mood disorders (Hasler, Drevets, Manji, & Charney, 2004). 

2.1.2 COMT genotype, dopaminergic signaling, and goal pursuit 

Several lines of research have established the role of dopamine (DA) signaling in 

a mesocorticostriatal circuit to update reinforcement information, encode new reward 

contingencies, and facilitate incentive motivation (Depue & Collins, 1999; Schultz, 2002).  

DA signaling in the prefrontal cortex (PFC) is also important for working memory and 

attentional processes (Goldman-Rakic, Muly, & Williams, 2000), underlying its role in 

goal pursuit.  The COMT Val158Met polymorphism affects PFC synaptic DA availability 

(Chen et al., 2004; Matsumoto et al., 2003; Tunbridge, Harrison, & Weinberger, 2006), as 

well as relative DA signaling in the mesocorticostriatal circuit (Bilder et al., 2004), and 
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thus is expected to impact one’s ability to adapt behavior in response to reward 

feedback. 

The trade-off in functionality seen between the Val and Met alleles (Barnett, 

Scoriels, & Munafo, 2008; Mier et al., 2010) has a moderating effect on mechanisms 

supporting self-regulation, including executive control, learning and adaptability, and 

affective processing.  Both the Val and Met alleles are associated with improved 

performance and processing efficiency in different contexts.  Research on task switching 

and reversal learning has found that the Met/Met genotype is associated with increased 

cognitive stability while the Val/Val genotype is associated with increased cognitive 

flexibility (Colzato et al., 2010; Krugel, Biele, Mohr, Li, & Heekeren, 2009).  Thus, the Met 

allele is associated with improved executive cognition, more efficient PFC function 

(Egan et al., 2001), increased attentional control (e.g., Blasi et al., 2005), as well as 

reward-related activation in the PFC (Dreher, Kohn, Kolachana, Weinberger, & Berman, 

2009; Yacubian et al., 2007).  In contrast, the Val allele is associated with better 

adaptability to new contingencies and efficient shifting between informational states, 

allowing for better reversal learning and serving a protective function against stress and 

negative affect in the face of failure (e.g., Drabant et al., 2006; Smolka et al., 2005).  

Overall, the association between Val158Met genotype and reward responding is not 

straightforward: Val allele carriers have been found to better differentiate from win and 

loss experiences, which can facilitate learning (e.g., Camara et al., 2010), while Met allele 
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carriers have been shown to have potentiated responsiveness to rewards due to higher 

DA availability (e.g., Schmack et al., 2008; Yacubian et al., 2007).  Task parameters and 

affective context are crucial determinants of which allele is advantageous for regulating 

goal pursuit in a given situation. 

Given the importance of task parameters and affective context in determining 

which allele is advantageous for regulating goal pursuit, a main effect of COMT 

Val158Met genotype is unlikely.  There is no particular genotype that is uniformly 

advantageous across circumstances and no categorical “risk” genotype; instead, the 

particular mechanisms, tendencies, and vulnerabilities associated with each genotype 

are best considered as potential trade-offs where the outcome depends on the 

contingencies in the environment.   Both proximal and long-term environmental 

conditions interact with genetic variability to produce particular context-specific 

advantages and disadvantages in task performance, behavior, and affect.   

 A similar cost/benefit framework can be found in psychological theories of self-

regulation, such as RFT.  For example, individuals differ in their capacity to self-regulate 

and have different styles and strategies of pursuing their goals.  They also differ in their 

responsiveness to feedback about their strategies and their resilience in the face of set-

backs.  These individual differences may prove to be adaptive or maladaptive 

depending on the circumstances in which goal pursuit occurs.  Promotion versus 

prevention system strength can create a priori cognitive biases when an individual 
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approaches a novel goal-pursuit opportunity (Higgins, 1998), and therefore a person 

may have a match or a mismatch with the demands and contingencies of the situation.  

This can impact motivation and as well as task performance; performance can be 

optimized when the task incentives match the individual’s own regulatory preferences 

(Shah, Higgins, & Friedman, 1998), but performance can also change in ways that may 

be more or less beneficial depending on the task at hand (e.g., regulatory match 

increasing flexible responding; Grimm, Markman, Maddox, & Baldwin, 2008; Maddox, 

Baldwin, & Markman, 2006).  Regulatory focus also creates a bias when it comes to 

sensitivity to feedback, such that promotion strength is associated with responsiveness 

to opportunities for reward and prevention strength is associated with sensitivity to 

possible punishments (Crowe & Higgins, 1997).  Finally, with all goal pursuit, the 

flexible use of both promotion (eagerness) and prevention (vigilance) strategies, as well 

as tendencies to persist or disengage from a given strategy, would be the most adaptive 

overall (e.g., Wrosch, Scheier, Miller, Schulz, & Carver, 2003). 

Given the commonality that psychological mechanisms of self-regulation and 

underlying behavioral genetics both frequently involve trade-offs, it is essential to 

integrate behavioral theories of individual differences in goal pursuit with knowledge 

about underlying genetic variability.  In particular, these factors are likely to interact to 

produce responses to reward not predictable from either mechanism alone, and 

potentially constitute pathways to disordered behavior and psychopathology.  The 
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present study examined whether the interaction between COMT Val158Met genotype and 

individual differences in regulatory focus predicted responses to cues for reward.  

2.1.3 Modeling the interactive effects of regulatory focus and COMT 
genotype 

To measure reward responsiveness, we selected a well-validated laboratory 

probabilistic reward task designed to provide an experimentally-derived 

operationalization of reward responsiveness and learning.  This task has been used to 

assess reward responsiveness in healthy populations (Pizzagalli, Jahn, & O'Shea, 2005), 

individuals under stress (Bogdan & Pizzagalli, 2006; Pizzagalli, Bogdan, Ratner, & Jahn, 

2007), and individuals with depression (Pizzagalli, Iosifescu, Hallett, Ratner, & Fava, 

2008).  In this task, reward responsiveness is operationalized as the tendency to 

preferentially select a more frequently rewarded stimulus and thus, to develop a 

response bias.  

The task offers several advantages as an index of responsiveness to cues for goal 

attainment.  First, it has been characterized as a signal detection task (e.g., Pizzagalli et 

al., 2005), and the signal detection framework has been previously applied to describe 

the promotion and prevention systems (Crowe & Higgins, 1997; Cunningham, Raye, & 

Johnson, 2005).  Individuals in a promotion focus seek to achieve “hits” and ensure 

against errors of omission, resulting in a bias of saying “yes” to a cue that might signify 

an opportunity for reward.  Conversely, individuals in a prevention focus are concerned 

with making correct rejections and ensuring against errors of commission, resulting in a 
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bias of saying “no” to a potential reward and avoiding incorrect responses.  This task in 

particular is promotion-consistent because the goal is to earn money (rather than to 

“avoid losing” money) and the payoff structure is framed as gain versus non-gain.  Since 

promotion focus entails a preference for opportunities to make good things happen and 

a relative attention to cues for reward as well as increased use of approach strategies, the 

task is a “fit” (Higgins, 1998) for a situationally-induced or chronic orientation toward 

promotion goals.  Second, the task has been shown to measure reward-related cognitive 

processes directly relevant to self-regulation of goal pursuit, such as responding to 

positive feedback and capitalizing on opportunities for gain (Pizzagalli et al., 2005).  

Finally, the task provides an efficient way to quantify goal-directed behavior, namely, an 

accumulation of trial-by-trial responding in pursuit of monetary rewards. 

We hypothesized that individual differences in promotion system strength 

would predict reward-related behavior in our experimental task.  However, we also 

hypothesized that DA signaling in the PFC as modeled by COMT Val158Met genotype 

would moderate the association between promotion orientation and reward learning.  

Specifically, we predicted that the COMT Val allele would be associated with greater 

behavioral modulation and flexibility in reward-responsive behavior for individuals 

with different experiences of promotion goal pursuit.  On the other hand, we predicted 

that the COMT Met allele would be associated with a more stable profile of reward 
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responsiveness, regardless of previous goal pursuit experiences or promotion system 

strength. 

2.2 Method 

2.2.1 Participants  

To minimize possible population stratification due to different COMT Val158Met 

allele frequencies across ethnic groups, our study sample was restricted to non-Hispanic 

Caucasian participants.  Study participants (N = 67) were recruited via on-campus flyers.  

All participants were healthy volunteers between 18 and 30 years of age and were self-

reported non-smokers, due to previous reports that nicotine has significant effects on 

reward responsiveness as assessed by the current probabilistic reward task (Barr, 

Pizzagalli, Culhane, Goff, & Evins, 2008).  Participants provided written informed 

consent, were compensated $10 per hour, and earned a pre-determined amount between 

$5.80 and $6.20 in the computer task. 

Four participants were excluded for non-compliance (N = 3) or computer 

malfunction (N = 1).  One subject was excluded due to high levels of depressive 

symptoms, and three subjects were excluded from analyses due to outlier scores (see 

Data Analysis section for detail).  Thus, complete and valid data were available for N = 

59 subjects (35 female).  The participants had a mean age = 21.3 ±2.7 and 92% were right-

handed as per self-report.  The participants were generally free of psychological distress 



 

22 

(mean Beck Depression Inventory-II (BDI-II) score = 5.93, SD = 4.86, range = 1 to 18), 

although information about medication use and psychiatric history was not collected. 

2.2.2 Procedures 

Participants completed the 20-minute probabilistic reward task and a set of self-

report questionnaires, including the Regulatory Focus Questionnaire (RFQ) (Higgins et 

al., 2001), the BDI-II (Beck, Steer, & Brown, 1996), and the trait version of the Positive 

and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988).  In addition, 

participants gave a saliva sample for genetic analysis.  All procedures were approved by 

the Duke University Institutional Review Board for Non-Medical Research.   

2.2.2.1 Probabilistic reward task 

This computerized task is a probabilistic reward-based learning paradigm where 

participants are asked to identify which of two stimulus images is being presented on 

each trial.  This task has been described in detail elsewhere (e.g., Pizzagalli et al., 2005) 

and has been adopted from Tripp and Alsop (1999).  Briefly, participants are instructed 

press a button on the keyboard to indicate whether a long (13 mm) or short (11.5 mm) 

mouth is presented (100 ms) within a schematic face.  They are told that for some of their 

correct responses, they will receive a monetary reward of 5 cents.  One of the images is 

rewarded more frequently, with a 3:1 reward ratio between the “rich” stimulus and the 

“lean” stimulus. The task consists of three blocks of 100 trials each, with up to 40 trials 

per block receiving a reward.  The two mouth types are presented with equal frequency, 
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but, unknown to the participants, the reward feedback is asymmetrical in favor of the 

“rich” stimulus (30 rich versus 10 lean rewards).  This paradigm has been found to 

reliably produce a response bias such that as the task proceeds, the “rich” or more 

frequently rewarded stimulus is preferentially selected (Pizzagalli et al., 2007; Pizzagalli 

et al., 2005). 

Response bias and discriminability scores were calculated according to the 

following formulae (Pizzagalli et al., 2005): 

 

 

Both formulae were adjusted by adding 0.5 to each value of correct or incorrect 

responses to eliminate zero values in the denominator (see Pizzagalli et al., 2008).  

Discriminability scores were used to ensure that any findings observed for response bias 

were not artifacts of task difficulty or individual variability in skill.  Response bias 

towards the more frequently rewarded stimulus can be interpreted as the degree to 

which an individual engages in the task based on her/his reinforcement history, and as 

an index of the capacity to respond to reward information and maintain the bias even 

when reinforcement is intermittent (Pizzagalli et al., 2005; Tripp & Alsop, 1999).  A high 

response bias results if a participant has a high hit rate for the rich stimulus and a high 
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miss rate for the lean stimulus, reflecting a strategy where participants try to ensure 

“hits” where they are rewarded for their response (gains), and to ensure against errors 

of omission (non-gains). 

To capture participants’ propensity to modulate behavior as a function of prior 

reward, total response bias across the three blocks of the task was used as the outcome 

variable.  Bias and discriminability were calculated across all valid trials, defined as one 

where the response reaction time (RT) was between 150 and 2500 msec, and the natural 

log transformation of RT was within 3 standard deviations of the mean for each 

participant, as in previous studies using this task (e.g., Pizzagalli et al., 2005).  A total of 

1.43% of the trials were excluded. 

2.2.2.2 Individual differences in regulatory focus 

The Regulatory Focus Questionnaire (RFQ) (Higgins et al., 2001) is a 22-item, 

self-report Likert-style measure designed to assess individual differences in orientation 

toward promotion and prevention.  The questionnaire has four subscales, two that 

measure individuals’ recollection of their early experiences in being oriented toward a 

promotion or prevention focus by their parents (“history” subscales), and two that 

measure individuals’ subjective assessment of their experiences achieving goals of either 

a promotion or prevention nature (“success” subscales).  Sample items include “My 

parents encouraged me to try new things” (promotion history), “My parents kept order 

in our house by having a lot of rules and regulations for me” (prevention history), “I feel 
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like I have made progress towards being successful in life” (promotion success), and 

“Not being careful enough has gotten me into trouble at times” (prevention success, 

reverse-scored).  Responses are made on a 5-point scale ranging from “never or seldom” 

or “certainly false” to “very often” or “certainly true,” and the item responses are totaled 

to produce four scores: promotion history, prevention history, promotion success, and 

prevention success.  Higgins et al. (2001) reported good internal reliability for the 

promotion success scale (α = 0.73) and prevention success scale (α = 0.80), and the scales 

showed a two month test-retest reliability of 0.79 correlation or higher.  There are no 

published psychometric data for the history scales, although in the current sample, the 

reliability scores for the history subscales were α = 0.70 for promotion history, and α = 

0.80 for prevention history. 

2.2.2.3 Genotyping 

Saliva samples were collected via Oragene kits (Oragene, DNA Genotek; Ottawa, 

Ontario, Canada).  The samples were purified and DNA was extracted and rehydrated 

according to standard protocols (www.dnagenotek.com).  Genotyping of COMT 

Val158Met (rs4680) was performed using TaqMan allele-specific polymerase chain 

reaction (PCR) as per Caspi et al. (2008).  All genotype calls were ascertained by two 

independent raters using sequence verified standards with 100% agreement. 
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2.2.2.4 Data analysis 

Extreme response bias scores (> 3 standard deviations from the mean) of two 

participants were removed to improve the normality of the data.  One participant had 

two RFQ subscale scores that were >3 standard deviations from the mean and these 

exerted moderate to high influence on the association of those subscale scores and 

response bias scores.  To prevent statistical distortion due to these outlier scores, this 

participant was also removed from the final analyses.  Genotypes were coded as the 

number of Met alleles for COMT Val158Met. 

2.3 Results 

2.3.1 Distribution of genotypes in the sample 

The sample was split into three groups on the basis of genotype: Val/Val (N = 17, 

29% of sample), Val/Met (N = 28, 47%), and Met/Met (N = 14, 24%).  The three groups 

were in Hardy-Weinberg equilibrium (χ2(2) = 0.14, p = 0.93).  The Pearson correlations 

among the RFQ scores, PANAS trait score, and response bias are displayed in Table 2.  

Table 2: Correlation matrix for reward responsiveness study variables. 

 Promotion 

History 

Prevention 

Success 

Promotion 

Success 

PANAS  

PA 

PANAS 

NA 

Total RB 

Prevention 

History 
0.05 

p > 0.10 

-0.27* 

p = 0.036 

-0.34** 

p = 0.008 

-0.11 

p > 0.10 

-0.33* 

p = 0.012 

-0.13 

p > 0.10 

Promotion 

History 
1 0.38** 

p = 0.003 

0.15 

p > 0.10 

0.27* 

p = 0.038 

-0.26* 

p = 0.048 

-0.07 

p > 0.10 

Prevention 

Success 
 1 0.74** 

p < 0.001 

0.11 

p > 0.10 

-0.04 

p > 0.10 

0.13 

p > 0.10 
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Promotion 

Success 
  1 0.15 

p > 0.10 

-0.06 

p > 0.10 

0.14 

p > 0.10 

PANAS  

PA 
   1 0.04 

p > 0.10 

-0.14 

p > 0.10 

PANAS 

NA 
    1 0.19 

p > 0.10 

* p < 0.05 PANAS = Positive and Negative Affect Schedule, PA = Positive Affect, 

** p < 0.01 NA = Negative Affect, RB = Response Bias 

 

2.3.2 Discriminability and accuracy 

A set of regression analyses examined whether any of the RFQ variables or 

genotypes predicted total discriminability or accuracy scores as main effects or 

interactions, and all models and interaction effects were non-significant (all p > 0.10). 

2.3.3 Regulatory focus and COMT genotype predicting response bias 

We conducted a series of analyses to determine whether individual differences in 

regulatory focus and/or COMT genotype predicted total response bias on the reward 

task.  First, a one-way ANOVA was performed to examine whether response bias 

differed by genotype group; this test was not significant (F(2, 56) = 0.52, p > 0.5).  In 

addition, ANOVAs were performed to examine whether any of the regulatory focus 

variables differed by genotype group, using a Bonferroni correction to control for Type 1 

error (4 tests, α threshold = 0.0125).  Only prevention history was found to differ by 

COMT group, F(2,56) = 4.73, p < 0.05.  A post-hoc Tukey pairwise comparison test 

revealed that the Val/Val group had significantly higher prevention history scores than 

the Val/Met group (group means = 4.17 versus 3.56 respectively, p < 0.05) but not the 
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Met/Met group (group mean = 4.11, p > 0.9).   See Table 3 for descriptive statistics of key 

study variables by COMT genotype group. 

Table 3: Descriptive statistics (means and standard deviations) for reward 

responsiveness study variables by COMT genotype group 

COMT 

group 

Preven-

tion 

History 

Promo-

tion 

History 

Preven-

tion 

Success 

Promo-

tion 

Success 

BDI-II PANAS 

PA 

PANAS 

NA 

Total 

RB 

Val/Val 4.17 

(0.58) 

3.81 

(0.93) 

2.92 

(0.99) 

3.29 

(0.86) 

5.00 

(3.94) 

32.06 

(6.16) 

13.41 

(4.17) 

0.11 

(0.15) 

Val/Met 3.56 

(0.78) 

3.99 

(0.68) 

2.93(1.

04) 

3.39 

(0.81) 

6.93 

(5.13) 

34.46 

(5.47) 

14.29 

(3.79) 

0.11 

(0.14) 

Met/Met 4.11 

(0.78) 

4.13 

(0.59) 

2.87(1.

15) 

3.25 

(1.14) 

5.07 

(5.24) 

32.50 

(6.43) 

13.57 

(3.80) 

0.16 

(0.18) 

 

Next, hierarchical regression analysis was used to test the prediction that 

regulatory focus and COMT genotype interacted to predict response bias. In the first 

step, the four RFQ variables were entered.  This step was non-significant, F(4, 54) = 0.56, 

p = 0.69, and all βs were non-significant (all p > 0.4).  In the second step, COMT genotype 

was added to the model but did not significantly improve fit, F(1, 53) = 1.04, p = 0.31.  

For the third step, the RFQ variables were mean-centered and regulatory focus X COMT 

interaction terms were created.  Each interaction term was entered into the model to 

evaluate its unique contribution above the main effects of all RFQ variables and the 

main effect of COMT genotype.  The interaction terms for prevention history, promotion 

history, and prevention success did not provide significant incremental improvement in 
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model fit: all F p > 0.60. However, the promotion success X COMT interaction was a 

significant predictor of response bias: F(1, 52) = 4.13, p < 0.05, ΔR2 = 0.07.  In a reduced 

model where only promotion success, COMT Val158Met genotype, and the interaction 

were entered, the overall model fit was marginally significant: F(3, 55) = 2.39, p < 0.08, R2 

= 0.12.  

Next, the promotion success X COMT interaction was decomposed by dividing 

the sample into genotype groups and examining the linear association between 

promotion success scores and response bias within each group.  These regression 

analyses revealed that a significant association between promotion success and response 

bias was present only in the Val/Val genotype group: F(1, 15) = 9.85, p < 0.01, adjusted R2 

= 0.36.  The Val/Met and Met/Met groups did not manifest any association between 

promotion success and response bias (both F < 0.15; see Figure 1).  
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Figure 1: Total response bias as a function of promotion success score, across 

COMT genotype groups.  Promotion success predicted response bias only for the 

Val/Val participants, p < 0.01, adjusted R2 = 0.36. 

A tertiary split was performed on promotion success scores in order to compare 

mean response bias across the range of promotion success.  The COMT genotype groups 

Val/Met and Met/Met were combined.  Total response bias scores were significantly 

lower for the Val/Val group compared to Met allele carriers in the lowest third of 

promotion scores, t(18) = -2.30, p = 0.034 (Figure 2).  There were no significant differences 

in response bias across genotype groups between those participants in the middle (p > 

0.82) or highest third (p > 0.50) of promotion scores. 
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Figure 2: COMT Val/Val verses Met-carrier response bias scores by promotion 

success groups.  The * indicates that mean response bias values were significantly 

different, p < 0.05. 

Finally, the regression analysis and ANOVA on the promotion success tertiary 

split were repeated using the response bias from block 1 as the dependent variable.  

These analyses were intended to examine whether the pattern of response emerged early 

in differentiating the COMT genotype groups and therefore reflected a pre-existing bias 

due to previous self-regulatory success (or failure) experiences.  The regression with 

promotion success, COMT genotype, and their interaction predicting response bias in 

block 1 revealed a similar pattern of results: the interaction step was marginally 

significant (ΔF(1, 55) = 3.57, p = 0.064, ΔR2 = 0.06).  For Val/Val individuals, the 

correlation between promotion success and response bias in block 1 was marginally 

significant (r = 0.41, p = 0.1, adjusted R2 = 0.11) and there were no significant associations 
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in either the Val/Met or Met/Met groups.  However, an examination of the scatterplot 

suggested that the Val/Met group resembled the Val/Val group.  When the Val-carrier 

groups were combined, promotion success was significantly correlated with response 

bias in block 1 (r = 0.31, p = 0.04).  The tertiary split analysis was also repeated, 

comparing across all three genotype groups.  Within the lowest third of promotion 

success scores, the ANOVA was significant (F(2, 17) = 4.21, p = 0.03.  Post-hoc Tukey tests 

showed that response bias in block 1 was lower for Val/Val than Met/Met, p = 0.047, and 

marginally lower for Val/Met than Met/Met, p = 0.078.   

 

Figure 3: Response bias in block 1 as a function of promotion success score, across 

COMT genotype groups.  Promotion success was a marginally significant predictor of 

early response bias for the Val/Val participants, p = 0.1, adjusted R2 = 0.11. 
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2.4 Discussion 

The goal of this proof-of-concept study was to examine how regulatory focus and 

a common functional polymorphism affecting DA signaling predicted behavior in a 

probabilistic reward task.  The results confirmed our hypothesis that COMT Val158Met 

genotype, which affects COMT enzyme functionality and impacts DA signaling in the 

PFC, moderates the degree to which a particular pattern of self-regulatory success 

experiences affects reward responsiveness.  Specifically, our results showed that the 

combination of success in promotion goal pursuit and Val/Val genotype appears to 

facilitate responding to reward opportunities in the environment.  This tendency 

emerged early (in the first block) and became stronger over the course of the task.  

Val/Met individuals had a pattern where they resembled Val/Val individuals early in the 

task, particularly for those low in promotion success, whereas there was no difference 

between Val/Met and Met/Met individuals by the end of the task.  Overall, Met allele 

carriers did not show an association between regulatory success in pursuing promotion 

goals and developing a reward-related response bias in our task.   

Research examining the nature and consequences of self-regulation may provide 

a context for interpreting the present findings, both from the perspective of basic science 

and in regard to potential pathways of vulnerability for mood disorders.  For example, 

we suggest that it is important to recognize that the observed associations among 

regulatory focus, COMT genotype, and reward responsiveness are not readily apparent 
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at the phenotypic level.  There was no broad association found between genotype and 

self-regulatory style.  This finding is consistent with previous research indicating that 

regulatory orientation is primarily shaped by accumulated experience with success or 

failure in goal pursuit and is independent from biological factors such as temperament 

(Manian et al., 2006), and also with the fact that variability in both mechanisms involves 

trade-offs that manifest in context-specific ways.   

In this study, we hypothesized that an interaction of COMT genotype and self-

regulatory style would result in predictable effects on responses to probabilistic reward 

feedback.  The reward task yielded a reliably quantifiable measure of reward 

responsiveness, that is, participants’ propensity to modulate behavior as a function of 

prior reward.  Individuals who are more responsive to reward feedback will 

preferentially select the more frequently rewarded stimulus and thus manifest a 

stronger response bias across the task.  As noted previously, the task is promotion-

consistent because outcomes are presented to participants as gain/non-gain – to earn 

money (instead of to “avoid losing” money).  Therefore, individuals who believe that 

they are successful at achieving promotion goals should manifest a response bias that 

favors the more rewarded or “rich” stimulus.  Interestingly, we did not observe a main 

effect of COMT genotype or promotion orientation on reward responsiveness.  Rather, 

the effect of a history of promotion success on reward responsiveness was found to be 

moderated by COMT genotype (specific to the Val/Val genotype group). 
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The pattern of findings revealed a terminative interaction, where among 

individuals reporting relatively low levels of success pursuing promotion goals, the 

Val/Val genotype was associated with significantly lower response bias than in Met 

allele carriers.  However, among individuals reporting frequent success experiences in 

the promotion domain, the Val/Val genotype was associated with mean response bias 

that did not significantly differ than that observed for Val/Met or Met/Met genotypes.  

Self-reported promotion success did not predict overall response bias among Val/Met or 

Met/Met genotypes, which also did not differ from each either. Thus, no Met allele dose 

effect was observed either as a main effect or as an interaction.  Interestingly, the 

genotype group with intermediate DA signaling, Val/Met, actually manifested the most 

flexibility over the course of the task.  They began the task resembling Val/Val 

individuals, where low promotion success was associated with marginally lower 

response bias.  However, by the end of the task, their cumulative reward responsive 

behavior resembled the relatively inflexible Met/Met individuals, who had a more stable 

level of response bias regardless of previous promotion goal pursuit success 

experiences. 

This pattern of results corresponds with the trade-off framework for interpreting 

COMT-related variability in reward sensitivity that was described above. The Val/Val 

individuals who reported low levels of promotion success demonstrated significantly 

lower total response bias scores than Met allele carriers.  There is the possibility that 
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Val/Val individuals are more susceptible to fluctuations in DA when rewards are 

omitted and therefore have greater difficulty integrating reward-related information 

over time.  This would be an example of flexibility and behavioral adaptability being 

disadvantageous within a particular context, and such a neurobiological profile would 

be especially maladaptive given a personal history of low promotion success.  Thus, 

Val/Val individuals with low promotion success might constitute a group of individuals 

who would be particularly vulnerable to anhedonia or reward insensitivity in the face of 

chronic promotion failure experiences. There is evidence that Val/Val individuals show 

decreased responsiveness to reinforcers (Dreher et al., 2009; Yacubian et al., 2007), and 

reduced motivational drive to pursue reinforcers would interfere with successful 

promotion goal pursuit.   

The fact that Met allele carriers, particularly Met/Met individuals, did not show 

modulation of their response bias based on their degree of success in pursuing their 

promotion goals fits with a “resilience” model.  Even in the context of low promotion 

success, individuals with higher tonic PFC dopamine (Met allele carriers) did not 

manifest low levels of reward-responsive behavior, and the Met/Met individuals in 

particular were able to develop a response bias early in the task even if they reported 

relatively low promotion success.  Despite a possible cognitive bias that they might not 

be oriented to promotion opportunities in the environment (Higgins et al., 2001), the DA 
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signaling associated with Met/Met genotype status may have facilitated preferential 

responsiveness to the more rewarded stimulus. 

However, there is a competing interpretation: that Met allele carriers are not able 

to increase reward-related responding based on their previous goal-pursuit experiences, 

which might adversely affect the pursuit of promotion goals.   Such an alternative 

hypothesis is consistent with previous findings of cognitive (Colzato et al., 2010; Krugel 

et al., 2009) and affective (Drabant et al., 2006) inflexibility associated with the Met allele.  

There may be some relative deficits in reward-related responding for Met allele carriers 

who have had successful self-regulatory experiences, because those individuals with 

high promotion success scores exhibited only average response bias scores.  The Met 

allele carriers might have an inability to update or adapt behavior via reward feedback 

or to benefit from an opportunity where they have a regulatory match in the promotion 

domain, and this could create some vulnerability in the face of future self-regulatory 

challenges or failure experiences.  In the next study, a challenge specifically within the 

promotion domain is seen to be difficult for Met/Met individuals.   

The results from this study illustrate that an integrative approach to COMT 

variability and self-regulation has the potential to reveal novel pathways of 

psychological vulnerability.  Self-regulation involves a complex set of processes 

including goal selection and pursuit, cognitive and emotional control, and ongoing 

decision-making (Carver & Scheier, 2003).  Factors such as reward responsiveness, 
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impulsivity/distractibility, and affective resilience can impact how goals are pursued 

and how feedback about progress is managed, and individual variability in COMT has 

been shown to affect all of these processes.  A research approach that applies individual 

differences information from genetic sources to studies of ongoing, situationally-

embedded self-regulation might yield context-sensitive examples of when these 

processes break down and produce regulatory dysfunction and, possibly, clinical 

disorders.  This study focused on participants’ ability to maximize responsiveness to a 

promotion context where they could receive rewards and achieve success at a task.  As a 

next step, the impact of promotion and prevention failure experiences on the COMT 

genotype groups could reveal how their unique patterns of responding may facilitate or 

impede behavioral responses to the regulatory demands presented by a promotion 

versus prevention context. 

Regions in the PFC, particularly the OFC, are involved in responsiveness to 

motivationally salient feedback and shifts in goal pursuit originating from bottom-up 

processes (e.g., Dreher et al., 2009) as well as top-down processes (e.g., Eddington et al., 

2007). Thus, the OFC is likely a site that mediates the interaction between individual 

differences in regulatory focus and COMT genotype to produce reward-related 

behavior, and at least one study (Eddington et al., 2009) has observed that clinically 

depressed individuals manifest attenuated left OFC activation in response to their own 

promotion goals.  The promotion system is associated with strategic approach behaviors 
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and the prevention system is associated with strategic avoidance (Strauman & Wilson, 

2010), and there have been asymmetries in activation patterns in PFC regions that align 

the promotion system with left laterality and the prevention system with right laterality 

(e.g., Amodio, Shah, Sigelman, Brazy, & Harmon-Jones, 2004; Eddington et al., 2009).  

Such laterality differences will be investigated in the fMRI functional connectivity 

analyses conducted as the last chapter of this dissertation.  

The significant interaction between promotion success and COMT genotype was 

detected even in the hierarchical multiple regression models that included other 

regulatory focus variables as covariates.  These analyses were particularly important to 

differentiate promotion success from prevention success, which were substantially 

correlated (r = 0.74, p < 0.001). Despite the intercorrelation, it was success in attaining 

promotion goals, and not successful prevention goal attainment, that predicted reward 

responsiveness for the Val/Val genotype group.  RFT postulates fundamental differences 

between the promotion and prevention systems with regard to the targets of goal 

pursuit (e.g., “ideals” versus “oughts”), the strategies used to pursue them (“making 

good things happen” versus “keeping bad things from happening”), and the 

motivational impetus that underlies goal pursuit (eagerness versus vigilance).  These 

behavioral and cognitive distinctions appear to be accompanied by differences in 

cortical activation when promotion versus prevention goals are primed (Eddington et 

al., 2007; Eddington et al., 2009), although additional research is needed to characterize 
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the shared and unique neural circuitry associated with these two hypothetical cognitive-

motivational systems.  The trait-like neural network differences uniquely associated 

with promotion and prevention, and the moderation of those networks by COMT, will 

be investigated in a later study presented here, and those results point to potential 

pathways of self-regulatory dysfunction for different groups of individuals.   

There are several limitations of this study that should be acknowledged.  First, 

the relatively small sample size leaves us vulnerable to statistical noise including false 

positives.  However, this is more problematic in the absence of significant effects (i.e., 

false negatives), which could simply reflect inadequate power, and thus we should use 

caution when interpreting non-significant results such as the lack of main effects.  The 

fact that we found significant effects robust to the influence of covariates, suggests the 

observed interaction between self-regulatory style and COMT genotype is rather strong.  

Nevertheless, replication of the effects described herein is necessary to further the 

possible utility of our interaction model for understanding clinically relevant outcomes 

(e.g., risk for mood disorders).  Second, because the genetic analyses were restricted to a 

non-Hispanic Caucasian-only sample, the generalizability may be limited.  It will be of 

interest to examine this effect and other regulatory focus by COMT interactions in non-

Caucasian samples.  Third, although the task provided a well-validated 

operationalization of the experience of responding to reward feedback, its external 

validity as a proxy of goal pursuit behavior is understandably limited.  Previous studies 



 

41 

of the neurobiological substrates underlying regulatory focus relied on idiographic 

stimuli that captured individuals’ personal goals (Eddington et al., 2007; Eddington et 

al., 2009), and the degree to which earning money was a goal of the participants in this 

study was implied by their participation but not explicitly verified.  An imaging genetics 

study could extend these findings by obtaining genetic information on participants who 

undergo neuroimaging when exposed to their goals, or using another kind of goal-

pursuit task such as anagram solving that is related to perseverance and conscious 

decision-making about effort and motivation.  The next study presented in this 

dissertation used an idiographic priming method to elicit recollections of goal failure 

experiences from the participants specifically in either the promotion or prevention 

domains, and the impact of this priming on behavioral flexibility was measured.  In this 

way, personalized goal failure was used as a context to elicit COMT group differences in 

a new domain relevant to adaptive self-regulation: cognitive control.  

2.5 Conclusion 

This study used a research strategy that integrated neurobiological variability (as 

indexed by a common functional genetic polymorphism) and trait-like differences in 

cognitive/motivational systems to predict reward-related behavior in a novel way.  Our 

findings showed that – consistent with a trade-off model – COMT genotype interacts 

with self-regulatory success experiences to predict reward responsive behavior only in 

individuals with a Val/Val genotype, and this pattern could be adaptive at high levels of 
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success or maladaptive at low levels of success.  By contrast, the response profiles of Met 

allele carriers indicated that previous goal pursuit success does not impact their overall 

development of a reward-related response bias.  Our approach extends our 

understanding of how top-down self-regulatory mechanisms affect behavior by 

examining the moderating influence of bottom-up biological mechanisms.  This 

interaction of mechanisms and methodologies is likely to be a fruitful avenue of future 

inquiry to elaborate the individual differences affecting complex behaviors and 

psychiatric phenotypes, such as reward dysfunction in depression or addiction (Hariri, 

2009).  An individual’s regulatory focus or the regulatory demands of the situation can 

create a bias where goal pursuit behavior or task performance can be optimized or 

facilitated by a particular COMT genotype, and impeded or prohibited by another.  In 

this way, the investigation of self-regulation by COMT interactions is necessary to reveal 

trade-offs in behavior and particular vulnerable contexts where self-regulation attempts 

are more likely to fail. 
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3. COMT/Self-Regulation Interactions and Cognitive 
Control 

3.1 Background 

Humans possess the capacities to regulate psychological states, pursue desired 

goals, and modify behavior according to personal standards as well as challenges arising 

in the social world.  According to regulatory focus theory (RFT), chronic perceived 

failure to make progress in pursuing personal goals can lead to ineffective goal pursuit 

and chronic distress (Higgins, 1997).  However, not everyone who experiences goal 

pursuit failure develops dysfunctional self-regulation, indicating that other factors are 

critical in this pathway and a multi-level experimental analysis would be best suited to 

reveal those factors which discriminate between effective versus maladaptive self-

regulation.   

The trade-off between rigidly pursuing a goal and flexibly changing to other 

goals or strategies has been described previously in the context of self-regulation 

(Hofmann, Schmeichel, & Baddeley, 2012) and has been termed a “dilemma” (Goschke, 

2003).  Both stable/consistent and flexible/adaptable goal pursuit can be beneficial when 

they are matched to the situation at hand; for example, if a strategy is effective at 

bringing one closer to achieving a goal, then consistent use of that strategy is warranted.  

However, persistent or perseverative application of a particular strategy, especially in 

the context of negative feedback, reflects what could be termed an instance of 

“miscarried” or failed self-regulation (Karoly, 1993).  Another example of failed self-
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regulation is the premature disengagement of a goal pursuit strategy, which could be a 

result of excessive flexibility or distractibility from the goal.   

Individual differences in COMT Val158Met genotype have been shown to affect 

broad tendencies towards stable (Met) or flexible (Val) information processing and 

behavioral responding (e.g., Colzato et al., 2010; Nolan et al., 2004).  Given this 

background, one would expect that there would be Met-related advantages during 

consistent responding to a task rule and Val-related advantages during a switching rule 

or new task demands, following the stability/flexibility trade-off.  Further, Met/Met 

individuals might be more vulnerable to perseverative responding and Val/Val 

individuals would be more vulnerable to distractible responding or disengagement from 

an unproductive strategy (Amstadter et al., 2012).  These hypothesized main effects of 

COMT genotype were explored by Dreisbach et al. (2005) using a computerized 

cognitive control paradigm that employed two “switch” conditions – one where 

perseverative responding would make task performance more difficult, and the other 

where distractibility by a novel stimulus would impair task performance.  Contrary to 

their hypotheses, Dreisbach et al. did not find any COMT effect on performance in the 

two different switch conditions of their task.  They suggested that several genetic 

polymorphisms likely interact to create an overall impact on prefrontal dopaminergic 

tone, and noted that they did not have a large enough sample size to probe for 

interactions between other genes and COMT.  By contrast, we propose that the 
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perseverative/distractible response tendencies of COMT Met/Met versus Val/Val, 

respectively, are most likely to be detected under challenging self-regulatory conditions.   

The behavioral demands associated with achieving success in either the 

promotion or prevention systems are effective challenges that produce COMT group 

differences in task performance.  In the previous study, a promotion context and self-

reported promotion success were the two conditions that elicited the expected Val/Val 

flexible responding and the Met/Met stable responding.  The distinct patterns of 

responding between the genotype groups are expected to be subtle under minimally 

challenging conditions (Colzato et al., 2010; Farrell, Tunbridge, Braeutigam, & Harrison, 

2012; Mattay et al., 2003), and many behavioral tasks may not be sensitive enough to 

reveal group differences in underlying behavioral compensation.  In the absence of self-

regulatory challenge or without considering the interaction of COMT and the promotion 

and prevention systems, the original application of the Dreisbach et al. (2005) task was 

not maximally sensitive to detect COMT group differences.  

In the present study, we manipulated the participants’ self-regulatory context in 

order to elicit the hypothesized COMT-related tendencies for perseverative and 

distractible information processing in the Dreisbach et al. (2005) cognitive control 

paradigm.  We expected that differentiable genotype effects on behavior would be 

detectable under conditions representing specific types of self-regulation failure.  For 

some participants in the study, we primed a self-discrepancy in either the promotion 
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(ideal) or prevention (ought) domain.  We prompted participants to write essays about a 

particular attribute that they believe they have failed to attain, and to elaborate on the 

emotional and social effects of that failure.  By priming a failure experience in a 

personally important domain, we expected to engage the participants’ promotion or 

prevention systems and thus affect the motivational state from which they would 

approach the cognitive control computer task.  We also aimed to create a laboratory 

situation that would allow us to measure the participants’ behavior when a past 

regulatory failure is salient, reflecting a challenging motivational context where self-

regulatory dysfunction is likely to emerge (Karoly, 1999).   

Previous studies through our laboratory have demonstrated that asking 

participants to write about goals they believe they are failing to attain is an effective 

prime that has an impact on mood as well as immune reactivity (Higgins, 1987; 

Strauman, Lemieux, & Coe, 1993; Strauman, Woods, Schneider, Kwapil, & Coe, 2004), 

particularly for those participants who reported high levels of chronic self-discrepancy.  

For people who have had frequent experiences of success, a relatively infrequent failure 

experience might be met with increased motivation, additional allocation of resources, 

and improved flexibility and problem-solving.  However, for people who are vulnerable 

to the effects of failure – either those people who feel like they are failing across domains 

or those people who are biologically predisposed to an amplified and/or perpetuated 

response to negative experiences – we expected a less flexible response style following 
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priming.   In general, we expected that the priming manipulation would engage the 

promotion or prevention systems and thus reveal how the COMT genotype groups 

differ when oriented to a particular motivational context. 

From a signal detection perspective, we expected that promotion system 

activation via contextual priming would result in increased eagerness, a risky response 

bias, and possibly faster reaction times.  By contrast, prevention system activation would 

be expected to produce increased vigilance, a conservative response bias, and therefore 

behavioral slowing and guarding against committing errors (Crowe & Higgins, 1997).  

Because of these hypothesized effects on initial task performance, we investigated 

several reaction time (RT) variables in addition to the previously used “switch cost” RT 

difference score as an index of successful cognitive control (e.g., Colzato et al., 2010; 

Robinson, Wilkowski, Kirkeby, & Meier, 2006; Savine, Beck, Edwards, Chiew, & Braver, 

2010).  In other words, if the genotype groups are differentially affected by promotion 

failure versus prevention failure priming, we might see pre-switch RT differences as 

well as post-switch effects. 

Overall, we expected that we would see genotype group differences emerge in 

the failure prime conditions.  We hypothesized that Met/Met homozygotes would be 

particularly impacted by the failure priming manipulation due to their increased 

reactivity to negative stimuli, difficulty disengaging from negative affective information, 

and inflexible responding in affective tasks (e.g., Drabant et al., 2006; Mier et al., 2010; 
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Williams et al., 2010, also described above).  Therefore, we expected that in the failure 

conditions, Met/Met individuals would exhibit increased switch-related slowing of their 

responses in the computerized task.  We expected that this slowing would be 

pronounced particularly in the perseveration switch condition, where Met/Met genotype 

would be associated with difficulty disengaging from an already established response 

pattern.   

In addition, we expected that Val/Val individuals would have difficulty in the 

“learned irrelevance” switch condition, where a previous distractor stimulus becomes 

the target and a novel distractor is present.  Because relatively increased flexibility is also 

associated with distractibility, particularly when exposed to novel stimuli (Durstewitz & 

Seamans, 2008), the Val/Val individuals might not be as readily able to redirect their 

attention away from the novel stimulus and towards the target.  This tendency might 

emerge particularly in the promotion condition, where promotion system engagement 

could result in broadening of attention (Forster, Friedman, Ozelsel, & Denzler, 2006). 

Priming a failure experience, or more specifically a self-discrepancy with one’s 

desired state, would be expected to have divergent effects based on the participants’ 

chronic level of self-discrepancy in the primed domain.  For example, high discrepancy 

subjects have been found to have increased feelings of dejection and agitation after ideal 

and ought priming, respectively, while low discrepancy subjects have reduced levels of 

those negative emotions (Higgins, 1987).  We therefore investigated individual 
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differences in regulatory focus success scores as both predictors of inflexible responding 

and as covariates in other analyses.  We also included the mood effects of the priming as 

covariates.  We expected that low success in the primed domain would result in 

increased inflexibility particularly in Met/Met individuals, whereas high success in the 

promotion domain might be associated with increased flexibility in Val/Val individuals.  

We also investigated whether overall genotype group differences remained significant 

when controlling for previous success experiences as well as changes in positive and 

negative affect that result from the failure primes and completion of the task. 

Cognitive inflexibility can impede disengagement from ineffective strategies or 

cognitions and can thus interfere with goal pursuit.  This kind of perseveration can also 

interfere with consistently adapting a new strategy (Davis & Nolen-Hoeksema, 2000; 

Pyszczynski & Greenberg, 1987).  However, excessive flexibility can also interfere with 

sustained and focused goal pursuit.  This study sought to answer the following 

questions: In what motivational contexts are COMT-related tendencies for perseveration 

and distractibility particularly prominent or likely to emerge?  How do the genotype 

groups differentially respond to motivational challenges?  What type of goal pursuit 

would likely be a challenge for these individuals and more frequently result in self-

regulation failure?  Finally, do individual differences in self-regulation or mood factors 

explain these effects? 



 

50 

3.2 Method 

3.2.1 Participants 

Study participants (N = 113) were recruited via on-campus flyers and via the 

University study pool.  All participants were healthy volunteers between 18 and 30 

years of age.  Participants provided written informed consent and were compensated 

either $10 per hour or granted course credit for participation.  Some participants had 

been genotyped in a previous study and were offered additional compensation for their 

repeat participation. 

Five participants were excluded for either non-compliance (N = 2) or computer 

malfunction (N = 3). Two additional subjects were excluded from analyses due to outlier 

RT scores (> 3 standard deviations above the intraquartile range).  Thus, complete and 

valid behavioral data were available for N = 106 subjects (71 female, 66%). The 

participants had a mean age = 19.8 ±1.95 and 93% were right-handed as per self-report. 

Information about medication use and psychiatric history was not collected. The 

genotype for one subject was unable to be determined; main analyses were performed 

for N = 105 subjects with valid genotype calls.   

Of the 105 participants in the sample, 63 self-identified as Caucasian (60%), 24 as 

Asian (23%), 11 as Black (10%), 2 as biracial (2%), and 5 as other (5%).  Of the Caucasian 

participants, 4 identified as Hispanic.   To minimize possible population stratification 

due to different COMT Val158Met allele frequencies across ethnic groups, our main 
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interaction analyses were repeated for a subset of the sample who self-identified as non-

Hispanic Caucasian (N = 59, 56%).  Although the most conservative analytic approach is 

to investigate genetic associations within ethnically homogenous population isolates, 

well-characterized functional candidate genes such as COMT are less susceptible to 

issues related to ethnic stratification (Malhotra & Goldman, 1999).  In the first and last 

study of this dissertation, the study design and sample size allowed for investigation of 

effects within non-Hispanic Caucasians, so the more conservative strategy was 

employed.  However, because of the between-subjects design of this study, there were 

not enough participants in each cell of the design (priming condition and COMT 

genotype) to conduct all of the follow-up analyses within the Caucasian group, so an 

ethnically heterogeneous sample was used in order to maximize available statistical 

power.   

3.2.2 Procedures   

Participants were randomly assigned to one of three priming conditions: 

promotion failure, prevention failure, and neutral.  First, participants completed the 

state version of the PANAS (Watson et al., 1988), with the exception of two participants 

who did not complete the pre-task questionnaire.  Next, depending on the condition, 

participants were asked to write a series of three 5-minutes essays in response to 

prompts that either asked about an important attribute that they have failed to attain, or 

neutral questions about daily activities.  Participants completed the 15-minute cognitive 
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control task in three separate parts in between essay-writing.  Finally they completed a 

set of self-report questionnaires, including another state PANAS, the RFQ (Higgins et 

al., 2001), and a demographics questionnaire.  If they had not been genotyped 

previously, participants gave a saliva sample for genetic analysis.  All procedures were 

approved by the Duke University Institutional Review Board for Non-Medical Research.   

3.2.2.1 Priming manipulation 

The essay writing task served as a prime of a regulatory failure experience, i.e., 

failing to achieve a personal attribute that one either ideally wants to have or believes 

they ought to have.  The prime occurred at three times – before the computer task began, 

and two times partway through the task.  In the neutral condition, the three prompts 

asked participants to describe 1. their morning routine, 2. what they did the previous 

evening, and 3. what they plan to do for the rest of the day.  For the two failure 

conditions, the initial essay prompt varied based on whether the participant was 

assigned to the promotion (ideal goal failure) or prevention (ought goal failure) 

condition.  The text of the failure prompt was as follows: “[Please describe the kind of 

person you would ideally like to be. What kinds of traits or attributes do you hope you 

will have?]/ [Please describe the kind of person you believe you ought to be. What kinds 

of traits or attributes do you believe it is your responsibility or obligation to have?]  Of 

the attributes you listed, is there one in particular you have failed to attain?  Can you 

describe a time when you were trying to be that kind of person but it didn’t happen?”  
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These prompts were created for this study based on previous priming manipulations 

that exposed participants to discrepant goal words and asked them to respond to self-

referential questions (e.g., Higgins, 1987; Strauman et al., 1993; Strauman et al., 2004).  

Participants wrote an essay in response to the first prompt for 5 minutes before 

beginning the computer task.  After two blocks of the computer task, they all completed 

a second essay for five minutes.  For the failure conditions, the prompt was “Please 

reread your essay.  Please describe in more detail what that failure experience was like 

for you.  What happened that didn’t work out, and how did it make you feel?”  They 

next completed two more blocks of the computer task, and then a final five minute essay 

with the prompt: “Is there someone in your life who thinks this attribute is particularly 

important for you to attain?  How have they responded to your failure to attain it so 

far?” followed by two last computer task blocks.  This structure allowed for the failure 

experience from the first essay to be revisited and expanded upon throughout the period 

of time during which they were doing the computer task. 

3.2.2.2 Cognitive control task 

This computerized task is an attentional set-shifting paradigm where 

participants respond to one target color for several trials in a row before being instructed 

to change the target color.  This paradigm has been described in detail elsewhere 

(Dreisbach & Goschke, 2004; Tharp & Pickering, 2011).  Briefly, participants are asked to 

make response indicating whether a letter stimulus (A, E, O, U, K, M, R, or S) is a vowel 
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or a consonant or whether a number (2, 3, 4, 5, 6, 7, 8, or 9) is odd or even.  There are two 

types of blocks in the task, letter blocks and number blocks.  For each trial within the 

block, either two different letters or two different numbers appear on the computer 

screen in different colors (yellow, red, blue, pink, green, or gray).  At the beginning of 

each block, the participant is told which color letter or number is the target color, and 

that is the stimulus on which they should base their response.  The other color stimulus 

is the distractor, which may either be response-compatible with the target (i.e., both the 

target letter and distractor letter are vowels) or response-incompatible with the target 

(i.e., the target is a vowel and the distractor is a consonant).  Participants are told to 

respond as quickly as possible while minimizing errors.  They do not receive feedback 

for correct responses; incorrect responses are followed by a brief “Error” message.  

Errors occurred on an average of 6.5% of incompatible trials overall and the incidence of 

errors in this study did not differ by priming condition (F(2, 102) = 0.19, p = 0.83) or 

genotype group (F (2, 102) = 0.063, p = 0.94). 

After 40 trials, new instructions appear alerting the participant that the target 

color has changed.  This “switch” could be one of two types: perseveration or learned 

irrelevance (LI).  For the perseveration switch type, the color stimulus that had been the 

target becomes the distractor, so a successful switch requires ignoring the previous 

target and responding to a novel target color.  For the learned irrelevance switch type, 

the color stimulus that had previously been the distractor becomes the target, so a 
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successful switch requires responding to that target and ignoring a novel distractor color 

(Figure 4).  The task then proceeds for 11 post-switch trials. 

 

Figure 4: Schematic representation of the two switch conditions in the cognitive 

control computer task. In the perseveration condition, the target color gray becomes 

the distractor post-switch, while in the learned irrelevance condition, the distractor 

color white becomes the target post-switch.  Incompatible trials are those in which the 

response type (i.e., vowel versus consonant or odd versus even) is different for the 

target and distractor, while compatible trials are those in which the response type is 

the same for the target and distractor.  Gray, black, and white are used to represent the 

different colors used in the task (see Method for more detail).  Figure adapted from 

Tharp and Pickering (2011). 

Participants completed 6 blocks of the task in total.  The order of the switch types 

and the correspondence between switch type and letter versus number stimuli (i.e., 
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whether a perseveration block included letters or numbers) were counterbalanced across 

participants and across priming conditions.  All participants were exposed to three 

blocks total of each switch type and three blocks of each stimulus type, letters versus 

numbers.  Participants played two blocks of the task at a time for approximately 5 

minutes, and wrote priming essays before beginning the computer task and in between 

every other block (Figure 5). 

 

 

Figure 5: Cognitive control study task procedures. After giving consent, 

participants began by completing a state mood questionnaire.  Then they completed 

an essay-writing task for 5 minutes, depending on their randomly assigned priming 

condition.  Next, they completed two blocks of the cognitive control task, one of each 

switch type (order counterbalanced).  Following, they repeated the pattern of essay-

writing and computer task two more times.  The session concluded with additional 

questionnaires and debriefing.  
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3.2.2.3 Genotyping 

Saliva samples were collected via Oragene kits (Oragene, DNA Genotek; Ottawa, 

Ontario, Canada). The samples were purified and DNA was extracted and rehydrated 

according to standard protocols (www.dnagenotek.com). Genotyping of COMT 

Val158Met (rs4680) was performed using TaqMan allele-specific polymerase chain 

reaction (PCR) as per Caspi et al. (2008). All genotype calls were ascertained by two 

independent raters using sequence verified standards with 100% agreement.   

3.2.2.4 Data analysis 

Incorrect responses and extremely slow responses (RT > 2000 ms) were excluded 

from the analysis.  Mean RTs for the 5 trials preceding the switch and the 5 trials 

following the switch were calculated separately for the perseveration and LI blocks, and 

also for compatible and incompatible trials.  Repeated measures ANOVAs were used to 

investigate RT differences across Time (pre-switch and post-switch), Switch Type 

(perseveration and LI), and Trial Type (compatible and incompatible).  Mixed effects 

ANOVAs included Condition (promotion failure prime, prevention failure prime, 

neutral prime) and COMT genotype (Val/Val, Val/Met, Met/Met) as between-subjects 

variables.  Power analyses revealed that power was 0.81 to detect a 4-way interaction in 

the whole sample.  Additional analyses used a “switch cost” variable for the 

perseveration and LI conditions, collapsed across blocks.  This variable is a difference 

score between the mean RT for the 5 post-switch trials and the mean RT for the 5 pre-
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switch trials.  In the mixed effects ANOVAs, RFQ scores and PANAS scores were added 

as covariates to investigate whether trait levels of promotion and prevention success or 

the prime effects on state mood impacted the group RT results.  Finally, RFQ scores 

were also examined as predictors of RT and switch cost variables to ascertain whether 

high or low promotion or prevention success had a significant impact on task 

performance after failure priming.  

3.3 Results 

3.3.1 Distribution of genotypes in the sample 

The distribution of genotype groups in the whole sample (N = 105) was as 

follows: Val/Val (N = 27, 26% of sample), Val/Met (N = 51, 48%), and Met/Met (N = 14, 

26%) (Table 4).   In the non-Hispanic Caucasian subsample, the distribution was: Val/Val 

(N = 12, 20% of the sample), Val/Met (N = 26, 44%) and Met/Met (N = 21, 36%).  The three 

groups were in Hardy-Weinberg equilibrium in the whole sample (χ2(2) = 0.18, p = 0.92) 

and in the non-Hispanic Caucasian subsample (χ2(2) = 3.31, p = 0.19). 

Table 4: Distribution of participants across COMT genotypes and priming conditions 

All participants Val/Val  Val/Met Met/Met Total 

Promotion Failure 10 12 14 36 

Prevention Failure 6 20 9 35 

Neutral 11 19 4 34 

Total 27 51 27 105 

Caucasian only     

Promotion Failure 4 6 10 20 

Prevention Failure 4 9 8 21 

Neutral 4 11 3 18 

Total 12 26 21 59 
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3.3.2 Control analyses 

3.3.2.1 Positive and negative affect 

Because two participants did not complete the pre-task PANAS questionnaire, 

the sample size for the mood analyses was 103.  An ANOVA test revealed that there 

were no pre-task differences in mood across priming conditions for either positive affect 

(F(2, 100) = 0.57, p = 0.57) or negative affect (F(2, 100) = 0.44, p = 0.65).  Post-task positive 

affect was marginally different across conditions, F(2, 102) = 2.34, p = 0.10; post-hoc tests 

revealed that post-task positive affect was marginally significantly lower in the 

promotion failure condition as compared to the neutral condition (mean PANAS PA 

scores 20.1 versus 24.4, p = 0.08).  Controlling for pre-task PA, post-task PA varied by 

priming condition F(2, 99) = 4.15, p = 0.019, and the pattern of means revealed that post-

task PA was greatest in the neutral condition, which was greater than in the prevention 

condition.  Post-task PA was lowest in the promotion condition.  Controlling for pre-task 

NA, post-task NA marginally varied by priming condition F(2, 99) = 2.32, p = 0.10, and 

the pattern of means revealed that NA was greatest in the prevention condition, 

followed by the promotion condition and then the neutral condition.  This pattern is 

consistent with the mood effects of promotion versus prevention failure as predicted by 

RFT: promotion failure induces reductions in positive affect and a tendency towards 

dysphoria, while prevention failure induces increased negative affect and a tendency 

towards anxious agitation (Higgins, Shah, & Friedman, 1997; Shah & Higgins, 2001; 

Strauman, 2002). 
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3.3.2.2 Regulatory focus scores 

 As a control check, one-way ANOVAs verified that RFQ self-report scores across 

the four subscales (promotion and prevention history, promotion and prevention 

success) did not vary by priming condition; all p values > 0.1.  This check was 

particularly important because the RFQ was administered after the primes and the task, 

and so this test illustrates that writing about regulatory failure experiences does not 

significantly impact the self-reporting of past socialization history or past success 

experiences.   

 The ANOVA of RFQ scores varying by COMT genotype revealed that promotion 

history was marginally significant different across the groups, F(2, 102) = 2.35, p = 0.10, 

such that Met/Met individuals reported marginally higher promotion history scores than 

Val/Val individuals (p = 0.082).  None of ANOVAs on the other RFQ subscales 

approached significance, ps > 0.18.  Genotype and priming condition did not interact to 

predict RFQ subscale scores (ps > 0.4).   

3.3.2.3 Essay content 

 To check that participants followed essay prompts in the promotion failure, 

prevention failure, and neutral conditions, the author rated a subset of the essays (36 out 

of 315, 11%) blind to prime condition.  A 5-point Likert scale was used to assess the 

degree to which each essay focused 1. ideal/promotion goals, 2. ought/prevention goals, 

and 3. failure to achieve goals.  One-way ANOVAs revealed that all three ratings 
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differed significantly across groups, all Fs > 11, ps < 0.001.  Planned contrasts between 

the two failure groups showed that ratings of promotion content were significantly 

higher in the promotion versus the prevention failure conditions (t(25) = 2.36, p = 0.026), 

while ratings of prevention content were marginally significantly higher in the 

prevention versus the promotion failure conditions (t(25) = -1.72, p = 0.098).   As 

expected, the ratings of failure content did not differ between promotion and prevention 

essays (t(25) = -0.04, p = 0.97), but did differ between the neutral essays and the failure 

prime essays (t(34) = -6.60, p < 0.001).  A discriminant function analysis was used to 

predict the essay condition based on these three ratings, and 72% of the essays were 

correctly classified by the two significant functions.   

3.3.3 Replication of previous findings 

Initial control analyses sought to replicate findings from previous studies using 

this paradigm by first examining reaction times collapsing across all three priming 

conditions, and also separately for the neutral condition, which most closely resembled 

previous applications of the task.  A three-way repeated measures ANOVA was 

performed (Time [pre switch, post switch]; Switch Type [perseveration, learned 

irrelevance]; Trial Type [compatible, incompatible]), collapsing across Condition.  The 

results replicated the pattern seen in the original investigation using this task (Dreisbach 

& Goschke, 2004).  There were main effects of Time, F(1, 104) = 13.6, p < 0.001, reflecting 

significant post-switch RT slowing; and Trial Type, F(1, 104) = 29.5, p < 0.001, reflecting 
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slower RTs in the incompatible trials.  In addition, there was a significant Time by Trial 

Type interaction, F(1,104) = 9.5, p = 0.003.  Post-hoc pairwise comparisons revealed that 

RT was significantly slower post-switch only on the incompatible trials for both switch 

types: perseveration t(104) = -2.60, p = 0.011 and learned irrelevance t(104) = -5.3, p < 

0.001 (Figure 6). 

 

Figure 6: Reaction time slowing occurred in both switch conditions, primarily for 

incompatible trials, across priming conditions 

These control analyses were repeated within the neutral condition only.  Results 

were largely consistent: there was a main effect of Time, F(1, 33) = 4.78, p = 0.04, 

reflecting significant post-switch RT slowing; and a main effect of Trial Type, F(1, 33) = 

26.3, p < 0.001, reflecting slower RTs in the incompatible trials.  In addition, there was a 

significant Time by Trial Type interaction, F(1,33) = 4.6, p = 0.04, reflecting significant 

slowing only on incompatible trials within the LI switch type (t(33) = -3.34, p = 0.002).  
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3.3.4 Variation by priming condition and COMT genotype 

3.3.4.1 Condition effects 

Next, a mixed effects ANOVA that included Condition (promotion failure, 

prevention failure, and neutral) as a between-subjects variable was run to investigate 

reaction time differences pre- and post-switch across priming conditions.  The same 

repeated measures were also in the model (Time, Switch Type, and Trial Type).  There 

was a marginally significant between-subjects effect of Condition overall F(2, 102) = 2.89, 

p = 0.06, reflecting significant RT slowing in the two failure priming conditions as 

compared to the neutral condition.  Post-hoc tests revealed that reaction time scores 

were marginally significantly slower in promotion and prevention failure conditions as 

compared to neutral (p = 0.084 and p = 0.11, respectively).  However, there were no 

interactions with within-subjects variables, indicating that Condition did not moderate 

any of the repeated variables: Time * Condition, Switch Type* Condition, Trial Type * 

Condition, and the three way and four way interactions were all p > 0.1. 

 The mixed effects ANOVA was repeated by combining the two failure 

conditions and using failure versus neutral as the between subjects variable.  This 

analysis revealed a significant effect of Time indicating post-switch slowing overall (F(1, 

103) = 21.28, p < 0.001), and a significant effect of failure condition indicating that RTs at 

both time points were slower following failure priming versus neutral (F(1, 103) = 5.36, p 

= 0.023).  There were no significant interactions indicating that the rate of slowing was 

comparable across both groups. 
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3.3.4.2 COMT genotype effects 

A mixed effects ANOVA was run with COMT genotype as a between-subjects 

variable and Time, Switch Type, and Trial Type as repeated measures.  There was no 

significant between-subjects effect of COMT (F(2, 102) = 0.82, p = 0.44).  However, there 

was a marginally significant interaction between COMT and Time (F(2, 102) = 2.62, p = 

0.078) that suggested that genotype impacts pre- and post-switch reaction times.  The 

plot of this interaction revealed a pattern where Val/Val individuals had the fastest 

reaction times overall (both pre- and post-switch), while Met/Met individuals had the 

slowest reaction times overall and did not differ between pre- and post-switch (Figure 

7).  Val/Met individuals had intermediate reaction times.  Paired t tests revealed that 

averaged across Switch Type and Trial Type, RT slowing in the Val/Val group was 

marginally significant (p = 0.095), the Val/Met group was significant (p < 0.001), and the 

Met/Met group showed no difference pre- and post-switch (p = 0.28).  For Val/Val, this 

marginal effect was driven by slowing (increased RT) in the LI switch (p = 0.077) not the 

perseveration switch (p = 0.31).  Val/Met showed slowing in both switch types 

(perseveration p = 0.003, LI p < 0.001), whereas Met/Met showed slowing in neither (ps > 

0.3).  Since the switch cost variable is derived from a subtraction of pre-switch from 

post-switch, this finding points to group differences in switch costs that may affect the 

overall interpretation of that variable. 
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Figure 7: Both the COMT Val/Val and Val/Met groups show average RT slowing from 

pre-switch to post-switch, while Met/Met individuals do not 

3.3.4.3 COMT x Condition interaction 

Next, the same repeated measures (Time, Switch Type, and Trial Type) were 

included in a mixed effects ANOVA with both COMT genotype and Condition as 

between-subjects variables.  The between-subjects effects and their interaction were not 

significant (ps > 0.14), but COMT and Condition did marginally significantly moderate 

the Time * Switch Type interaction (F(4, 96) = 2.40, p = 0.055).  The mixed ANOVA was 

repeated collapsing across Trial Type (both compatible and incompatible trials 

combined).  In this model, the four-way interaction (COMT * Condition * Time * Switch 

Type) was significant (F(4, 96) = 3.24, p = 0.015), partial η2 = 0.12, which is approaching a 

large effect size.  The plots and post-hoc pairwise comparisons showed that the effect of 

COMT on RT was moderated by the priming condition, and the pattern was largely 
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consistent across both switch types (Figure 8).  Of note, there were no genotype group 

differences within the neutral priming condition.  There were several instances of pre-

switch RT differences across genotype groups, and in some cases there was RT slowing 

due to the switch.   

Mixed effects ANOVAs were conducted on each priming condition separately.  

Within the neutral condition, the effect of time was significant (F(1, 31) = 5.58, p = 0.025), 

but there were no other significant within-subjects or between-subjects effects.  Across 

all genotype groups, RT slowed significantly from pre-switch to post-switch, and this 

slowing occurred similarly across switch types.  Follow-up paired t-tests within 

genotype groups showed that there was significant slowing post-switch for the Val/Met 

individuals in both switch types (perseveration t(18) = -2.2, p = 0.04; LI t(18) = -2.2, p = 

0.04), and for Met/Met individuals in the LI switch type (t(3) = -5.00, p = 0.015).   

Within the promotion failure condition, there was an effect of Time (F(1, 33) = 

10.56, p = 0.003, and marginal effects of Time * COMT (F(2, 33) = 3.20, p = 0.054) and Time 

* Switch Type * COMT (F(2, 33) = 2.59, p = 0.091).  Follow-up paired t-tests within 

genotype groups showed that there was significant post-switch slowing for the 

perseveration switch in the Val/Val group (t(9) = -3.84, p = 0.004) and Val/Met group 

(t(11) = -2.55, p = 0.027).  In addition, pre-switch RTs were marginally significantly 

different across genotype groups in both switch types: ANOVA Fs(2, 33) > 2.6, ps < 0.1, 
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Met/Met > Val/Val.  Once again, this pre-switch RT difference points to a potential 

difficulty in interpreting the switch cost variable. 

Within the prevention failure condition, there was an effect of Switch Type (F(1, 

32) = 4.64, p = 0.039) and marginal effects of Time (F(1, 32) = 3.18, p = 0.084) and a Time * 

Switch Type * COMT interaction (F(2, 32) = 2.88, p = 0.071.  Follow-up paired t-tests 

within genotype groups showed that there was significant slowing post-LI switch in the 

Val/Met group (t(19) = -3.42, p = 0.002), and marginally significant slowing post-

perseveration switch in the Met/Met group (t(9) = -2.08, p = 0.068).  In addition, pre-

switch RTs were marginally significantly different across genotype groups in the 

perseveration switch type: ANOVA F(2, 33) = 3.16, p = 0.056, Val/Val and Val/Met > 

Met/Met. 

Within the Val/Val group, individuals were marginally significantly slower after 

the prevention failure prime as compared to promotion failure and neutral primes 

(ANOVA for LI pre-switch RTs: F(2, 24) = 3.16, p = 0.061; post-hoc Tukey comparison 

prevention > promotion p = 0.080, prevention > neutral p = 0.078).  The Val/Met 

individuals showed a similar pattern (ANOVA for perseveration pre-switch RTs: F(2, 48) 

= 2.52, p = 0.091; post-hoc Tukey comparison prevention > neutral p = 0.083).  By contrast, 

the Met/Met individuals had significantly slower RTs following the promotion failure 

prime as compared to the prevention failure and neutral primes (ANOVA for 

perseveration pre-switch RTs: F(2, 24) = 3.29, p = 0.055, post-hoc Tukey comparison 
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promotion > prevention p = 0.059).  Importantly, although the within-genotype 

differences across priming conditions were only statistical significant in certain blocks 

(perseveration versus LI), there is no conceptual difference between the blocks before the 

switch occurs.  



 

69 

 

Figure 8: RTs vary by the interaction of priming condition and COMT genotype 
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3.3.4.4 Switch cost effect 

The presence of between-group RT differences at pre-switch complicate the 

interpretation of switch costs, because this variable reflects a subtraction of pre-switch 

RTs from post-switch RTs.  Therefore, if a participant has slow pre-switch RTs and then 

does not exhibit a switch cost, it is possible that they are responding at a pace such that 

they have time to adjust to the changing rule without slowing down further (e.g., see 

Colzato et al., 2010 for an example of longer RT windows allowing behavioral 

compensation in a switching task). 

Two 2-way univariate ANOVAs were conducted to test whether the switch cost 

variable in the perseveration and LI blocks differed by COMT genotype group, priming 

condition, or their interaction.  The ANOVA of perseveration switch cost revealed that 

there was a significant interaction of COMT and Condition, F(4, 96) = 2.62, p = 0.040.  

Follow-up ANOVAs and post-hoc tests were conducted; the Val/Val group had 

marginally significantly greater switch costs after promotion failure than either 

prevention failure or neutral primes (p = 0.091 and 0.065, respectively) (Figure 9).  In 

addition, the Val/Val group had significantly higher perseveration switch costs than the 

Met/Met group following promotion failure priming (p = 0.011).  The ANOVA of LI 

switch cost showed no significant main effects or interactions, all ps > 0.19.   
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Figure 9: Perseveration switch cost differs within the Val/Val group (# p < 0.1) and 

between Val/Val and Met/Met in the promotion failure condition (* p < 0.05) 

3.3.5 Role of affect and regulatory focus scores 

To test whether the interaction effects were robust to the effects of the task on 

mood, the mixed effects ANOVA with Time and Switch Type as within-subjects variable 

and COMT and Condition as between-subjects variables was rerun with pre-task and 

post-task positive and negative affect (PANAS PA and NA) added as covariates.  The 

model with these four affect covariates yielded the same significant four way 

interaction, F(4, 90) = 3.29, p = 0.017, as did a model with only pre-task PA and NA 

added as covariates, F(4, 92) = 3.31, p = 0.014.   

Next, the model was run with regulatory focus scores (promotion and 

prevention history, promotion and prevention success) added as covariates.  The 

interaction effect remained: F(4, 92) = 3.31, p = 0.014.  To further evaluate the effects of 
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previous regulatory success experiences on participants’ response to the priming 

conditions and computer task, RFQ success scores were correlated with RT scores and 

were also used as predictors of RT in a series of regression models.  Across priming 

conditions, there were no significant correlations between prevention success and pre-

switch or post-switch RTs in either the perseveration or LI switch types (ps > 0.1).  

Promotion success was correlated with faster RT scores at both time points and in both 

switch types (perseveration pre-switch: r = -0.27, p = 0.006; post-switch: r = -0.27, p = 

0.005; LI pre-switch: r = -0.17, p = 0.088; post-switch: r = -0.24, p = 0.015).  There were no 

correlations between the success scores and switch costs (ps > 0.1). 

The regression models investigated whether RFQ success scores predicted post-

switch RTs after controlling for pre-switch RT and priming condition (dummy-coded, 

with neutral as a reference group), and also whether there were interactions between 

RFQ score and priming condition.  The models were set up as follows: outcome variable 

= post-switch RT (either perseveration or LI); step 1 = pre-switch RT, step 2 = Condition 

dummy codes; step 3 = RFQ success score (either promotion or prevention success), 

mean-centered; step 4 = two interaction terms of RFQ * Condition dummy codes.  The 

regression model predicting perseveration post-switch RT revealed a marginally 

significant effect of the prevention success * prevention failure condition interaction, p = 

0.086, although step 4 (including both interaction terms) was not significant, ΔR2 = 0.014, 

p = 0.21.  After a prevention failure prime, increased self-reported prevention success 
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was associated with decreased post-switch RTs (after controlling for pre-switch RT), 

whereas in the neutral condition, increased prevention success was associated with 

increased post-perseveration switch RTs. 

The regression model predicting LI post-switch RT revealed a marginally 

significant effect of adding promotion success at step 3, ΔR2 = 0.011, p = 0.09, which was 

moderated by significant interactions with both priming conditions, step 4 ΔR2 = 0.024, p 

= 0.036.  Promotion success interacted with the promotion condition dummy code, p = 

0.028, and the prevention condition dummy code, p = 0.023.  After both promotion and 

prevention failure primes, increased promotion success was associated with decreased 

post-switch RTs as compared to increased post-LI switch RTs seen in the neutral 

condition.   

3.3.6 Replication in non-Hispanic Caucasian subsample 

Lastly, the mixed effects ANOVA was repeated in the subsample of non-

Hispanic Caucasian participants (N = 59).  The four-way interaction of Time, Switch 

Type, COMT, and priming Condition remained significant, F(4, 50) = 3.08, p = 0.024.  Not 

all of the follow-up tests reached statistical significance in this reduced sample size, but 

the pattern of means was similar as in the whole sample: Val/Val individuals had the 

slowest RTs both pre- and post-switch after prevention failure, while Val/Met and 

Met/Met individuals had the slowest RTs after promotion failure.  The Time * Condition 

interaction was only significant within the Val/Met group (F(2, 23) = 5.35, p = 0.012, and 
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the Time * Switch Type * Condition interaction was only significant within the Met/Met 

group (F(2, 18) = 4.04, p = 0.036, where perseveration pre-switch RTs were slower in the 

promotion versus prevention condition (p = 0.042).   

Collapsing across switch types, the average pre-switch RT for Val/Val 

individuals was marginally significantly slower in the prevention compared to 

promotion condition (p = 0.073).  For the switch cost variables, perseveration switch cost 

was found to marginally significantly vary between COMT groups only within the 

promotion (F(2, 17) = 2.70, p = 0.096) and prevention (F(2, 18) = 3.24, p = 0.063) conditions.  

These ANOVA effects were driven by a marginally greater perseveration switch cost for 

Val/Met versus Met/Met after promotion failure (p = 0.11), while Met/Met had greater 

switch costs than Val/Met after prevention failure (p = 0.054).  The Val/Val group was the 

smallest within the non-Hispanic Caucasian sample (N = 12), so the null results in this 

group should be interpreted with caution. 

3.4 Discussion 

The interaction between COMT genotype and the promotion and prevention 

systems was explored directly in this study by using an idiographic priming paradigm 

focused on a self-regulatory failure experience.  The impact of this priming on COMT 

groups’ performance on a cognitive control task was found to yield significant 

differences as compared to a neutral prime condition, where the genotype groups did 

not differ.  In particular, the Met/Met participants manifested behavioral slowing early 
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in the task specifically following a promotion failure prime, while Val/Val and Val/Met 

participants showed early RT slowing specifically following a prevention failure prime.  

In contrast to initial hypotheses about a specific Met/Met vulnerability following a 

failure prime, it appears that both COMT homozygote groups display unique response 

patterns to the self-regulatory failure context that may constitute a “mismatch” with 

their information processing biases.   

This study served as an extension of the reward responsiveness proof-of-concept 

study in several ways: it evaluated the interactive effects of regulatory focus and COMT 

genotype by considering both the promotion and prevention systems, it created a 

context of regulatory challenge to elicit hypothesized COMT group differences in 

response tendencies, and it probed a new domain that contributes to successful self-

regulation – cognitive control.  The design of this study also provided an important 

follow-up to the original Dreisbach et al. (2005) study that failed to find COMT 

differences on performance in this task, possibly due to a main effects design that did 

not target the specific contexts under which COMT differences are more likely to 

emerge.  Indeed, in the neutral priming condition, there was no evidence of genotype 

group differences, which replicated Dreisbach et al. (2005).  This finding supports the 

notion that the impacts of COMT genotype on behavior are subtle and do not explain a 

great deal of the variance in behavior under minimally challenging conditions.  It takes a 
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challenge or a situational demand of some sort to elicit the differences, and we propose 

that self-regulatory demands are particularly suited to eliciting those differences. 

3.4.1 Pre-switch RT differences 

An unexpected result from this study is that the genotype groups differed across 

the priming conditions on their pre-switch reaction times.  Relatively slower RT was 

seen for the Val/Val and Val/Met groups following the prevention prime, while the 

Met/Met group had slower RT following the promotion prime.  This slowing occurred 

for both switch types similarly, although sometimes the group difference only met 

statistical significance within one switch type or the other.  The perseveration and LI 

switch types do not differ from the participants’ perspective until the switch itself 

occurs, so pre-switch differences can be conceptually collapsed across the two switch 

types.   

The behavioral slowing specific to the Met/Met group following promotion 

failure points to a potential mismatch between Met/Met information processing 

tendencies and the motivational demands of a promotion context.  The optimal response 

to a promotion context involves openness to opportunities for reward and achievement, 

and individuals in a promotion focus tend to develop a risky response bias, approach a 

task with eagerness, and increase in persistence as they near a goal (Crowe & Higgins, 

1997; Forster, Higgins, & Idson, 1998; Higgins, 1997; Shah et al., 1998).  A promotion 
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match also leads to more flexible responding (Grimm et al., 2008; Maddox et al., 2006) 

and approach behaviors as associated with broadened attention (Forster et al., 2006). 

The pattern of responses seen in the Met/Met individuals suggests that they have 

particular difficulty performing the task under conditions of promotion failure.  The RT 

slowing is in contrast with their performance following a prevention failure prime, so 

we cannot conclude that Met/Met individuals have difficulty following any regulatory 

failure experience.  Recalling the trade-off models in COMT functionality described in a 

previous chapter, we suggest that the Met/Met tendencies for attentional regulation to a 

given task, stable response style, and negativity bias may make them especially ill-suited 

for a demanding promotion context.   

This conclusion is in parallel with the findings from the reward responsiveness 

study, where the Met/Met group did not show modulation of reward responding based 

on previous success experiences in the promotion domain.  However, Met-carriers did 

develop a reward-related response bias even in the context of low promotion success, 

which was possibly facilitated by the overall potentiated responsiveness to rewards 

(Dreher et al., 2009; Yacubian et al., 2007) that is associated with the COMT Met allele.  

Importantly, the reward responsiveness study used a promotion frame in the feedback 

structure (i.e., gain/non-gain), and only rewards and no punishments were present.  In 

the present study, negative feedback was given for errors and there was no incentive for 

better or faster performance.  In addition, the promotion prime was focused on a 
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negative or failure experience, and in that way may have constituted more of a challenge 

for the individual to then shift focus and respond adaptively to the computerized task.  

For these reasons, it appears that Met/Met individuals may be particularly challenged by 

failure experiences in the promotion domain and could have trouble using promotion 

goal pursuit strategies in that situation. 

The RT slowing seen for Met/Met individuals after promotion failure could 

reflect some difficulty with the completion of the task.  However, the slowing itself did 

not actually adversely affect performance, and may even have been an adaptive strategy 

to compensate for the challenging motivational context and to prepare for the 

anticipated rule switch.  Met/Met individuals did not show additional slowing after the 

rule switch, even though flexible adaptation to a changing response rule is usually more 

difficult for the Met/Met group (Colzato et al., 2010; Krugel et al., 2009; Nolan et al., 

2004).  This suggests that they were responding at a pace that allowed them to 

effectively adapt their behavior.  By contrast, the Met/Met individuals did show 

evidence of slowing in the perseveration switch type following prevention priming, and 

slowing in the learned irrelevance switch type following neutral priming.  This is 

evidence that the switching rule presented some challenge to the Met/Met group when 

they were initially responding more rapidly. 

In contrast to the pattern of results seen in the Met/Met group, the Val allele 

carriers in this study and particularly the Val/Val group showed RT slowing after a 
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prevention failure prime as compared to the other two prime conditions.  It may be 

especially challenging for Val/Val individuals to successfully self-regulate in the 

prevention domain.  The prevention system is associated with concerns about safety, 

responsibility, guarding against possible errors, and responding slowly and carefully to 

cues in the environment (Crowe & Higgins, 1997; Higgins, 1997).  It is possible that the 

Val-associated tendencies for flexibility and responsiveness to distractors constitute a 

poor match with a prevention context, which calls for vigilance, precision, and certainty.  

Perhaps when the prevention context was primed, especially when the participants 

recalled a failure experience where they had not been careful or cautious enough, the 

Val/Val individuals responded by slowing down their responses to the task.  Similarly 

as for the Met/Met group, this relative slowing can be interpreted as adaptive in that 

Val/Val individuals did not show switch costs in the prevention prime condition.   

The Val/Val genotype has been associated with responsiveness to reward 

contingencies and differentiation of win and loss experiences.  This may have been 

detrimental in the reward responsiveness study where the development of a response 

bias required integrating overall reward feedback over time without changing a 

response pattern following reward omissions.  However, this reduced response bias was 

only seen for Val/Val individuals who have had fewer promotion success experiences; 

for those who were successful in the promotion domain, they were able to optimally 

respond to the reward feedback in task.  The sensitivity to wins versus losses may help 
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Val/Val individuals learn reward structures and more readily update their behavior 

based on feedback.  They may be especially well suited to goal pursuit within the 

promotion system where feedback occurs in the form of the presence versus absence of 

positive outcomes, particularly when the contingencies or environment are changing.  A 

match within the promotion domain may also occur following previous promotion 

successes, when a cognitive bias emerges that is focused on opportunities for gains 

versus non-gains. 

The Val/Met group did show marginally slower RTs in the prevention condition 

as compared to the neutral condition, but their pattern of responding overall was 

intermediate between the two homozygote groups (except in the neutral condition, 

where the groups did not differ).  This intermediate performance is consistent with the 

intermediate levels of COMT enzyme activity and DA availability in the heterozygote 

group (Weinshilboum et al., 1999).  We would expect their behavioral phenotypes to be 

intermediate, and although the RT slowing after failure priming only approached 

significance in the prevention condition, there were no differences between prevention 

and promotion.  The heterozygote group may be optimally positioned to adapt 

behaviorally to either a promotion or prevention context, which would be consistent 

with the trade-off between the Val and Met alleles resulting in their relatively equal 

frequencies being maintained in the Caucasian population (Goldman, Oroszi, & Ducci, 

2005; Heinz & Smolka, 2006).  There may be important advantages for straddling the 
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trade-off line, including the possibility that across environmental contexts, 

heterozygotes might remain overall closer to the optimal levels of DA for prefrontal 

function.   

Finally, it is interesting to note that these pre-switch RT differences actually were 

found during the last 5 trials of the 40 pre-switch trials of the task.  Therefore, it is not 

the initial approach to the task (first 5-10 trials) where these differences are seen.  The 

last 5 pre-switch trials are used in analyses of this task because RTs are presumed to 

have stabilized and because they serve as the best contrast with the immediate post-

switch trials to determine if any switch cost has occurred.  This prompts the question of 

whether slowing during those trials is a sign of being cautious in responding, or 

whether it could simply reflect disengagement from the task?  There were some 

instances where there was actually quickening of RTs following the switch, seen most 

notably in the pattern of means for the Val/Val group in the prevention priming 

condition.  This could suggest that the pre-switch slowing was actually a sign of 

decreased engagement in the task, and the appearance of a new rule actually helped the 

participants re-engage.  This pattern was also seen for Val/Val individuals in the neutral 

group, which may imply that it is a more general issue with Val-related distractibility 

rather than a particular disengagement following the prevention failure prime.  As these 

differences were not significant, it is difficult to interpret this pattern.   
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The broader question is whether slower RTs are adaptive or a sign of some 

relative difficulty in adapting to the task.  Regardless of the answer to this question, the 

significant differences across genotype groups in response to the priming conditions 

provides conclusive evidence that challenges in the promotion versus prevention 

domains affects the COMT Val/Val and Met/Met groups differently.  The impacts of the 

priming on the different groups are consistent with what we know about the genotype 

response tendencies and the promotion and prevention systems. 

3.4.2 Switch costs and cognitive control 

The cognitive control task used in this study was originally designed to elicit 

group differences in RT due to the switching of the response rule.  The difference score 

used to evaluate the effect of the rule switch on RT is similar to that used in other studies 

of reversal learning and cognitive flexibility (e.g., Colzato et al., 2010; Cools, 2006).  

Because of the priming paradigm we used, there was pre-switch variation across 

genotype groups and less of an incidence of post-switch RT slowing than we expected.  

The Met/Met group did not show a switch cost on average, and the overall switch cost 

for the Val/Val group was marginally significant.  The priming conditions where the 

groups had faster RTs were also those where there was evidence of behavioral slowing 

associated with the rule switch, particularly in the perseveration switch type (Met/Met 

in the prevention condition, Val/Val in the promotion condition). 
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The only significant switch cost effect was for the Val/Val group in the promotion 

condition, which was greater than the Met/Met group and also greater than the Val/Val 

switch costs in the other priming conditions.  One possible interpretation of this finding 

is that Val/Val individuals are susceptible to perseveration following promotion failure 

experiences.  However, across all three priming conditions, the Val/Val group showed 

marginally significant post-switch slowing in the learned irrelevance switch condition.  

There is some evidence that due to their overall fastest RTs, the Val/Val group has 

difficulties with cognitive control during both rule switches.  This finding is consistent 

with the less efficient cognitive function associated with the Val/Val group (Mier et al., 

2010), and the possible costs associated with fast responding. 

3.4.3 Regulatory focus effects 

 One limitation of this study which should be acknowledged is that the RFQ was 

administered after the priming essays and the computerized task were completed.  It is 

possible that the experience of recalling a self-regulatory failure and completing an 

attentionally demanding task that included error feedback could have affected how 

participants responded to the questionnaire.  However, the fact that there were no 

differences in RFQ scores across priming conditions allows us to presume that the 

placement of RFQ administration did not grossly influence the overall findings, and thus 

to present some interpretations of the RFQ effects on task performance. 
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 We evaluated the effect of previous success experiences in the promotion or 

prevention domains as predictors of task performance following the priming essays.  We 

focused on the success subscales because they are psychometrically validated (Higgins 

et al., 2001) and because an individuals’ success experiences are hypothesized to 

influence the regulatory biases with which they approach new situations and also to 

possibly buffer against the impact of recalling a failure experience.  We did not directly 

measure individuals’ self-discrepancies in the promotion or prevention domains, which 

would have served as a more direct index of the degree of salience of the failures to 

attain personally important attributes (Higgins, 1987); a measure of self-discrepancy 

would be important to include in a future application of an idiographic goal failure 

priming paradigm.    

 Across the genotype groups, an individual’s self-reported regulatory successes 

were associated with decreased post-switch slowing after failure primes.  After the 

prevention failure prime, individuals with more success experiences in the prevention 

domain showed decreased post-switch RTs after controlling for pre-switch RTs.  This is 

in contrast with the neutral prime condition, where increased prevention success was 

actually associated with RT slowing in the perseveration switch condition.  Prevention 

success likely derives from persistence, vigilance, and cautious responding, so it might 

lead to perseveration under normal circumstances.  However, with a challenge to the 

prevention system, more prevention success actually facilitated responding to a rule 
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switch, which might be a sign of some flexible responding.  Importantly, these effects 

include pre-switch RT as a covariate, and there was so association of prevention success 

with overall slower RT. 

Promotion success experiences were associated with faster RTs across all parts of 

the task, which is consistent with the promotion system associations with eagerness and 

a risky response style.  After both the promotion and prevention failure primes, there 

was less post-switch slowing for those individuals with higher promotion success 

histories.  However, under baseline conditions (neutral prime), there was evidence of an 

association between promotion success and increased post-switch slowing in the LI 

switch type.  Slowing at the LI switch has been considered to reflect distractibility by the 

novel stimulus color and too much flexibility in responding, which may be the case for 

highly successful individuals in the promotion domain who might have broadening of 

attention (Forster et al., 2006).  After being primed about a failure experience, those 

successful individuals may respond to the challenge by increasing focus and striving for 

achievement, thus improving in task performance. 

3.5 Conclusion 

In this study, idiographic priming of previous failure experiences in the 

promotion and prevention domains revealed COMT genotype-related differences in 

behavior on a cognitive control task.  The behavioral effects were not limited to RT 

differences when there was a switch in the response rule, but instead were manifest in 
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the participants’ initial approach to the task.  Contrary to expectations, the differences 

were not potentiated for the Met/Met individuals after failure priming and instead were 

unique to the Met/Met group in the promotion failure condition and the Val/Val group 

in the prevention failure condition.   

These failure-induced COMT differences in the cognitive control task reveal 

potential pathways for self-regulatory dysfunction and vulnerability to distress 

following goal failure.  Promotion priming resulted in RT slowing in Met/Met 

individuals, contrary to typical promotion activation which would produce eagerness 

and faster RT.  However, this behavioral slowing was adaptive in that there were no 

switch costs associated with the rule change in the task.  Val/Val individuals showed 

evidence of perseverative responding following promotion failure.  Prevention system 

priming resulted in faster initial responses in the Met/Met group but some evidence of 

perseveration, whereas the Val/Val group was slowest after prevention failure.  The 

Val/Met group showed intermediate responding in both failure priming conditions, 

perhaps reflecting an optimally flexible response style. 

Overall, relatively flexible Val/Val individuals may be more challenged by a 

motivational context that requires vigilance, whereas relatively rigid Met/Met 

individuals may be challenged by a context that demands eagerness and openness to 

opportunities for positive feedback.  Given a particular regulatory demand in a 

promotion or prevention context, there are different responses between the COMT 
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genotype groups that could reflect underlying biases, vulnerabilities, or the effects of a 

match versus mismatch with the information processing and cognitive control 

tendencies of the genotype. 

The next study of this dissertation will further explore these interactions between 

COMT genotype and the promotion and prevention systems by using resting state fMRI 

data.  Imaging genetics has been proposed as a productive methodological approach to 

elucidate the underlying functional differences across genotypes that may or may not be 

manifest at the behavioral level, particularly in healthy populations (Hariri, 2009).  

Studies that have attempted to link genotype with complex behaviors or psychiatric 

symptoms are subject to many sources of variability and often yield mixed results.  

These difficulties can be ameliorated by looking at specific, objective measures of 

behavior, as in the previous two studies presented here, or by investigating the 

intermediate level of brain activity which will be presented next.  These analyses focus 

on how regulatory focus strength in the promotion or prevention domains is associated 

with trait-like neural network differences, and how COMT genotype may moderate 

those networks in ways that can expand our understanding of the processes underlying 

self-regulatory success and failure. 
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4. COMT/Self-Regulation Interactions and Patterns of 
Functional Connectivity 

4.1 Background 

The previous two chapters have focused on how the strength of the promotion or 

prevention systems, either as an individual difference or a contextual variable, has 

impacted behavior in the reward processing and cognitive control domains, and 

importantly, how COMT genotype moderates those impacts in predictable ways.  The 

next study aims to extend these findings by investigating whether and how promotion 

and prevention regulatory strength is reflected in trait-like neural network differences, 

in order to further our understanding of tendencies for effective versus dysfunctional 

goal pursuit.  In addition, the moderating role of COMT in affecting those neural 

network connectivity patterns will be explored to help elaborate the task-related 

differences and the COMT and self-regulatory associations that have already been 

found.  

4.1.1 Background on resting-state fMRI 

In the past decade and a half, there has been an increasing number of 

neuroimaging studies focused not on neural activation evoked by a particular task, but 

on patterns of correlated activation that occur spontaneously during the resting state.  

Neuronal activity at rest accounts for the majority of the brain’s energy metabolism, 

while task-related increases in energy use are relatively minimal (Fox & Raichle, 2007), 
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pointing to the importance of investigating neuronal activity apart from specific task 

demands.  This new focus of imaging research has been characterized as a “paradigm 

shift” and reflects the relatively recent perspective that the brain’s function may be 

primary intrinstic rather than reactive or reflexive (Raichle, 2009).  This intrinsic function 

may be to integrate and maintain information so as to facilitate responding to or even 

anticipating environmental demands (Raichle, 2009).  In this way, resting state patterns 

of activity could reflect neural networks that constitute the functional architecture of the 

brain, shaped over a lifetime of frequent coordinated activity (Dosenbach et al., 2007; 

Fox & Raichle, 2007). 

Underlying resting state networks can be explored using functional 

neuroimaging where there is no specific instruction or stimulus present during the scan.  

The correlations among spontaneous, low-frequency fluctuations in activity across the 

brain then can be measured to reveal the functional connectivity between brain regions 

(Raichle et al., 2001).  These connectivity patterns can correspond to anatomical 

connections, but are not constrained by them: there can also be correlated activity across 

nodes connected by muti-synaptic pathways (Lu et al., 2011; Meyer-Lindenberg et al., 

2005).  Thus, functional connectivity is complementary to structural connectivity and, 

importantly, expands upon it to reveal coordinated activity even across distal functional 

nodes (Chen, Xie, & Li, 2011).   
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A commonly used method to probe resting state networks is to extract the BOLD 

time series from an a priori region of interest, called a “seed” region, and to correlate 

that signal with the time series from other voxels in the brain (Fox & Raichle, 2007).  The 

results are thus dependent on the specific seed region selected, but can be more easily 

interpreted because of the functional coupling with that region of interest.  Importantly, 

seed-based and other methods, including model-free or independent component 

analysis, have been found to extract similar signals from the main resting state networks 

in the brain (Van Dijk et al., 2010).  These well-established neural networks include the 

frontoparietal cognitive control network and the default mode network (Cole et al., 2013; 

Smith et al., 2009; Vincent, Kahn, Snyder, Raichle, & Buckner, 2008).  

The frontoparietal control network, alternately referred to as the executive 

control network, dorsal attention network, or task-positive network (TPN), is 

characterized by major functional nodes in the dorsolateral prefrontal cortex (DLPFC), 

dorsal striatum, and parietal cortex (Seeley et al., 2007; Vincent et al., 2008).  This 

network is thought to underlie decision-making, flexible behavioral control, and 

coordinating behavior in response to feedback (Dosenbach et al., 2007; Vincent et al., 

2008).  It is routinely activated during cognitive tasks that require focused attention and 

the regions within the network are also positively correlated during the resting state 

(Fox et al., 2005).  There are some differences across studies in the characterization of the 

nodes of this network (e.g., Fox et al., 2005; Seeley et al., 2007; Smith et al., 2009), but the 
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DLPFC is implicated across these characterizations.  This region can serve as a 

productive seed region to probe the frontoparietal control network and other networks 

of functional connectivity, particularly for the present investigation of connectivity 

patterns that underlie successful self-regulation.  Updating goal-relevant information, 

adapting behavior, maintaining goal pursuit, and coordinating decision-making are 

mediated by top-down control processes orchestrated by the DLPFC (Ballard et al., 2011; 

Dosenbach et al., 2006; MacDonald, Cohen, Stenger, & Carter, 2000).   

The default mode network (DMN), also called the task-negative network, is a set 

of brain regions that routinely exhibits deactivation during the performance of cognitive 

tasks and is also deactivated relative to a baseline of passive fixation (Fox et al., 2005; 

Raichle et al., 2001).  This network includes nodes such as the medial prefrontal cortex, 

precuneus, posterior cingulate cortex, and hippocampus, and it is thought to underlie 

self-directed cognition and internal mental focus (Buckner, Andrews-Hanna, & Schacter, 

2008; Raichle et al., 2001).  The DMN and the frontoparietal control network are 

anticorrelated both during task performance as well as during the resting state, 

reflecting their dissociable roles in externally focused (frontoparietal control) and 

internally focused (DMN) attention and cognition (Fox et al., 2005; Seeley et al., 2007).   

Goal-directed behaviors that are initiated from an internal motivation or plan may 

involve the function of both the DMN and control networks.  The control system has 

been proposed to integrate internally derived information in order to organize behavior, 
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including motivational information from the OFC (Sheline, Price, Yan, & Mintun, 2010; 

Spielberg et al., 2012; Vincent et al., 2008).  Efficient coupling between the DMN and 

frontoparietal network may be key to self-regulating towards long term abstract 

personal goals.  This efficiency may look like greater negative coupling between the 

networks (Cole et al., 2013), or it may look like less extreme anticorrelations due to more 

frequent instances of coactivation over time. 

4.1.2 Functional connectivity and self-regulation 

Neural networks that underlie task-focused as well as self-focused cognition are 

both crucial for successful self-regulation (Heatherton, 2011).  Investigating these 

network differences at rest is a particularly appropriate approach to exploring trait-like 

differences in self-regulatory success.  Personal goals that are long-term, abstract, and 

linked with one’s ideal or ought guides are important components of one’s identity and 

sense of self (Carver & Scheier, 1998), and such self-referential information processing is 

linked to distributed structures centered on the cortical midline including the default 

mode network (Johnson et al., 2006; Northoff & Bermpohl, 2004; Qin & Northoff, 2011; 

Strauman et al., 2013).  It is reasonable to postulate that the overarching personal goals 

that guide self-regulation processes are instantiated in broad distributed neural 

networks and are activated in response to goal-specific primes as well as during 

undirected thought.  In addition, moment-to-moment self-regulation requires 

integrating those broad goals with information about the current situation and task-
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focused regulation demands, which points to the function of the frontoparietal control 

network in initiating and supporting flexible goal-responsive behavior. 

To date, there have been no studies on the resting state functional connectivity 

associated with the promotion and prevention systems.  However, both self-reported 

regulatory strength and goal priming have been used experimentally in fMRI studies to 

probe these systems.  One study by Amodio et al. (2004) found evidence that self-

reported trait strength in the promotion and prevention systems was associated with left 

and right resting prefrontal asymmetry, respectively.  Consistent evidence of laterality 

was found in Eddington et al. (2007), where priming of promotion goals was associated 

with relatively greater left than right OFC activation.  In addition, left OFC activation 

was positively correlated with self-reported promotion success.  Evidence for a link 

between prevention priming and relative right prefrontal activation came from a follow-

up study on depressed participants from the same research group (Eddington et al., 

2009): depressed individuals showed greater right OFC activation in response to 

prevention priming as compared to control participants.   

The most comprehensive investigation of the functional neural correlates of the 

promotion and prevention systems to date was conducted by Strauman et al. (2013).  

Participants were incidentally exposed to their own promotion and prevention goals in 

an fMRI paradigm, and dissociable patterns of neural activation were identified for the 

two systems.  Promotion system activation was found in medial prefrontal regions as 



 

94 

well as dorsal striatum, and promotion system success was further associated with ACC 

and precuneus activation.  By contrast, priming of the prevention system resulted in 

activation in the precuneus and PCC.  Interestingly, these regions are also implicated in 

both the frontoparietal and default mode networks described previously.  The resting 

state analyses reported here are intended to conceptually replicate and extend these 

findings by looking for trait-like differences in network connectivity that reflects 

differences in promotion/prevention system strength, as indexed by regulatory focus 

success scores.   

The present study also investigated laterality differences in the patterns of 

connectivity correlated with promotion versus prevention system strength by using seed 

regions in both the left and right DLPFC.  Left frontal asymmetry has been associated 

with approach contexts as well as promotion system strength (Amodio et al., 2004; 

Harmon-Jones & Allen, 1997).  Right DLPFC activity, particularly with its link to the 

ACC, is thought to underlie monitoring processes (Cieslik et al., 2012), which would be 

important for goal pursuit, particularly pursuit of goals supported by the prevention 

system.   

The functional connectivity analyses in this study were intended to probe the 

broad-based dynamic network differences predicted by strength of self-regulatory 

success in the promotion and prevention domains.  In addition to identifying these 

domain-based networks, the moderating effect of COMT genotype within those 



 

95 

networks also was explored.  The interaction between trait tendencies to employ 

regulation strategies (and whether or not those regulation strategies are successful) and 

the background biological context as determined by COMT has already been shown to 

affect reward responsive and cognitive control behaviors.  The present study looks for 

evidence that these individual differences in behavior are associated reliably with 

regulatory-focus-based differences in neural networks, and whether differences in 

network connectivity patterns might provide clues about unique pathways of 

vulnerability.    

4.1.3 COMT-related functional connectivity 

We have already seen that the known effects of the COMT Val158Met 

polymorphism on the dopaminergic system can facilitate or interfere with successful 

self-regulation in specific goal-related tasks and regulatory contexts.  Imaging genetics 

studies focused on COMT functional connectivity patterns have found differences 

during cognitive and emotional information processing and have implicated nodes in 

both the frontoparietal and default mode networks (Liu et al., 2010; Mier et al., 2010; Tan 

et al., 2007).  As broad indices of brain system integrity, neural network connectivity has 

been considered an endophenotype that may underlie the behavioral effects of genetic 

variation (Glahn et al., 2010; Meyer-Lindenberg, 2009; Van Dijk et al., 2010) and thus is a 

crucial target for empirical exploration in the pathway from genes to brain to behavior. 
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To date, there have been three main studies that have focused on how resting 

state functional connectivity patterns vary by COMT, as opposed to investigating task-

related functional connectivity.  There is some evidence that COMT impacts the 

functional integration of DMN prefrontal regions.  Liu et al. (2010) found that Val/Val 

individuals showed decreased connectivity between various regions of the DMN at rest 

as compared to Val/Met individuals, including between the VMPFC and posterior 

cingulate cortex (PCC) and also within the prefrontal DMN regions including medial 

and dorsal PFC. However, this study did not include Met homozygotes, and their results 

are somewhat in contrast with a pharmacological manipulation study where increased 

DA availability (more similar to a Met-carrier profile) was associated with decreased 

coupling within the DMN (Cole et al., 2013).   

Two other studies on COMT-related resting state differences found evidence of 

increased Val-related connectivity within frontal and executive control regions.  Lee et 

al. (2011) used EEG to demonstrate that frontal regions, particularly in the left 

hemisphere, showed increased connectivity as a function of the number of Val alleles.  

Somewhat consistently, Tunbridge, Farrell, Harrison, and Mackay (2013) showed that 

there were Val-associated increases in connectivity within the executive control network 

(ECN) that included the ACC, insula, PPC, and regions in the ventrolateral and 

dorsolateral PFC.  In particular, the connectivity between the VLPFC and the rest of the 



 

97 

ECN was increased in Val homozygotes as compared to Met homozygotes; the authors 

interpreted this pattern as an indicator of inefficiency. 

When these three studies are considered together, they raise important issues 

regarding the interpretation of group differences in resting state connectivity.  The first 

is whether resting state connectivity can indicate efficiency versus inefficiency within a 

network.  Increased neural activation for a given level of task performance has been 

interpreted as inefficiency (Egan et al., 2001), and has been linked to the noisy prefrontal 

signaling associated with the Val/Val genotype and lower tonic DA.  The studies above 

found that there is increased Val-related correlated activity in nodes of the frontoparietal 

network (Lee et al., 2011; Tunbridge et al., 2013), which does not seem to follow from 

noisy within-network signaling.  It is possible that less efficient neural signaling actually 

worked to strengthen those networks if they were repeatedly activated over time, and 

perhaps there are additional regions activated in the Val/Val group to serve a 

compensatory function (e.g., Tan et al., 2007).  On the other hand, if connectivity within 

a network is considered a sign of well-established pathways and frequent coactivation 

patterns that have occurred over one’s lifetime (Dosenbach et al., 2007), then it might 

follow that increased connectivity at rest reflects coordinated regions that may function 

efficiently during task-related behavior.  It remains an open question whether increased 

resting state connectivity reflects efficiency or inefficiency, and the comparison of resting 
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state and task-elicited functional connectivity patterns is helpful but not conclusive in 

this regard. 

In addition, the role of DA in affecting the degree of functional connectivity is a 

complex one.   Cole et al. (2013) conducted a study where the level of DA availability in 

the brain was manipulated pharmacologically, and they found divergent effects of DA 

in the DMN and frontoparietal control networks.  Increased DA served to decrease the 

connectivity within the DMN, but increase the connectivity within the frontoparietal 

network.  The cognitive control efficiency associated with the COMT Met allele and 

increased prefrontal DA is consistent with these results, but as noted above, the findings 

of lower DMN connectivity in Val/Val individuals does not follow this pattern (Liu et 

al., 2010) .  There are likely important differences between the effects of an acute DA 

manipulation versus the genetic differences in DA availability that include long-

standing effects on neurotransmitter synthesis, receptors, and other features of the 

dopaminergic system.   

Finally, the degree of anticorrelation between the task-positive (TPN) and task-

negative (TNN) networks has been interpreted as beneficial to cognition, indicating 

reduced interference between networks and supporting executive function (Cole et al., 

2013; Fox et al., 2005; Gordon, Stollstorff, Devaney, Bean, & Vaidya, 2012).   However, 

there are examples of task-related reductions in the anticorrelation between TPN and 

TNN regions in the context of normal cognitive functioning (e.g., Meyer-Lindenberg et 
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al., 2005), suggesting that communication between the networks can have beneficial 

effects depending on the task.  The degree of compartmentalization versus cross-

communication between TPN and TNN regions may reflect how segregated or 

coordinated the external task-focused and internal self-focused processes may be.  The 

ultimate impact on behavior may depend on the nature of the task, whether it is 

attentionally demanding and externally focused versus internally motivated and self-

focused. 

This exploratory analysis on the interactive impact of COMT and individual 

differences in self-regulation targeted both the frontoparietal control network and the 

default mode network.  The bilateral DLPFC served as seed regions to access the control 

network given its role in both the broad frontoparietal network and the executive 

control sub-network (Smith et al., 2009).  In addition, a medial PFC seed including 

Brodmann area 10 was selected as an access point for the default mode network 

(Buckner et al., 2008; Liu et al., 2010; Van Dijk et al., 2010).  These analyses used specific 

coordinates for these seed regions as previously generated as part of the Duke 

Neurogenetics Study; that is, they are a priori access points to these networks that were 

not selected based on coordinates of regional differences found in previous COMT or 

RFT studies.  In keeping with the focus of these studies on how self-regulation processes 

are affected by COMT genotype, the analyses first identified regions where connectivity 
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varies as a function of success in the promotion or prevention domains, followed by 

investigation into the moderating impact of COMT genotype.   

4.2 Method 

4.2.1 Participants 

From the overall pool of available participants in the DNS study (N = 923), 

subjects were selected for inclusion in analyses based on the following criteria: complete 

and valid data from an 8-minute resting-state scan (eyes open), successful genotype for 

COMT rs4680 (Val158Met), self-reported Caucasian race, and non-Hispanic ethnicity 

(yielding a total sample size for the present analyses of 226).  The analyses were 

restricted to non-Hispanic Caucasian participants to reduce the potential confounds 

often observed in imaging genetics studies as a function of ethnic heterogeneity, 

particularly because the population stratification within the DNS has pointed to 

significant ancestry differences across ethnic groups.  

4.2.2 Procedure 

Participants were enrolled in the Duke Neurogenetics Study, an ongoing 

research program that includes assessment of neuropsychological, behavioral, genetic, 

and neural activation data on a large sample of healthy young adult volunteers (age 18-

22).  Participants completed a computerized battery of self-report measures assessing 

mood, anxiety, and personality which included the Regulatory Focus Questionnaire 

(RFQ; Higgins et al., 2001).  They also underwent a neuroimaging session where high 
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resolution structural images and resting state functional magnetic resonance imaging 

data were collected.  Saliva samples were collected for genetic analysis using Oragene 

kits (Oragene, DNA Genotek; Ottawa, Ontario, Canada) and genotyping of COMT 

rs4680 was conducted by 23andMe (23andMe, Inc., Mountain View, CA, USA). 

Participants were scanned at the Duke Brain Imaging and Analysis Center using 

a GE MR750 3 Tesla scanner with an 8-channel head coil.  Resting BOLD fMRI data was 

acquired during an 8 minute 32 second scan during which a blank gray screen was 

displayed and participants were instructed to remain still and awake with their eyes 

open and to “think of nothing in particular” (i.e., a standard instructional set for 

acquisition of resting-state fMRI data).  Acquisition parameters for the sample were 

described by Davis et al. (2013): a series of 34 interleaved axial functional slices aligned 

with the anterior commissure–posterior commissure plane were acquired for whole-

brain coverage using an inverse-spiral pulse sequence to reduce susceptibility artifact 

(TR/TE/flip angle = 2000 ms/30 ms/60°; FOV = 240 mm; voxel size = 3.75 × 3.75 × 4 mm; 

interslice skip = 0).  High-resolution structural images were acquired in 34 axial slices 

coplanar with the functional scans [repetition time (TR)/echo time (TE)/flip angle = 7.7 

s/3.0 ms/12°; voxel size = 0.9 × 0.9 × 4 mm; field of view (FOV) = 240 mm; interslice skip = 

0]. 

Data from the resting state scans were preprocessed at the Laboratory for 

Neurogenetics using standard procedures within SPM8 (www.fil.ion.ucl.ac.uk/spm; see 
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Davis et al., 2013 for detail).  In addition, artifact detection tools were applied 

(http://www.nitrc.org/projects/artifact_detect/) to generate covariates that account for 

outliers due to excessive head motion (>2 mm) or global signal intensity (> 4 standard 

deviations).  Data was resampled to a resolution of 2 mm isotropic voxels.  Masks for 

seeds in anatomical regions of interest were created using a standardized, widely 

available functional connectivity statistical toolbox to generate seed-to-voxel correlations 

across the whole brain (http://www.nitrc.org/projects/conn/). The seeds were 5 mm 

radius spheres centered on the following standard stereotaxic coordinates (Montreal 

Neurological Institute template): right and left DLPFC: +/- 42, 16, 36 (Krienen & Buckner, 

2009) which is in the middle frontal gyrus and overlaps with lateral BA 9, and medial 

PFC: 0, 52, -6 (Van Dijk et al., 2010) which includes medial Brodmann area (BA) 10 and 

extending into BA 11.  Finally, seed-based connectivity was calculated using a bandpass 

filter that excludes frequencies outside of the 0.008-0.09 Hz range. 

Table 5: Seed Regions for Resting State Analysis 

Brain Region MNI 

coordinates 

Brodmann 

Area 

Other names References 

DLPFC seed ± 42, 16, 36 Lateral BA 9 Middle frontal 

gyrus, frontal 

inferior 

operculum 

(Krienen & 

Buckner, 2009) 

Also: 

(Dosenbach et 

al., 2006) 

mPFC seed 0, 52, -6 Medial BA 10 Medial 

orbitofrontal 

gyrus  

(Van Dijk et al., 

2010) Also: 

(Glahn et al., 

2010) 
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Second-level analyses on the seed-based correlated time series focused on main 

effects of promotion and prevention success scores derived from the RFQ (both positive 

and inverse contrasts).  Participants’ age and sex were entered as covariates in all 

analyses, as were the other RFQ subscales.  For example, the contrast for promotion 

success included age, sex, promotion history, prevention history, and prevention success 

as covariates.  Target regions that show significant connectivity with the seed that varies 

as a function of promotion or prevention success were identified using cluster 

thresholding derived from Monte Carlo simulation.  This simulation provides correction 

for multiple comparisons in the whole-brain analysis by creating multiple simulated null 

datasets from which a distribution of cluster sizes corresponding to a desired corrected 

p-value can be determined (using 3dClustStim in AFNI).  An initial (uncorrected) 

statistical threshold of p < 0.001 was chosen. Based on this threshold, the number of 

comparisons in the imaging volume, and the smoothness of the imaging data (as 

measured by 3dFWHMx), a minimum cluster size of 79 voxels was required to have a 

corrected p value ≤ 0.05.  In addition, a gray matter mask was created using the MNI-152 

template's a prori gray matter segment thresholded at 20% gray matter.  This mask was 

applied as a follow-up to the whole brain analysis to confirm that the correlated time 

series of the target regions reflected gray matter BOLD signal, or neuronal modulations, 

and not noise (Damoiseaux et al., 2006; Jo, Saad, Simmons, Milbury, & Cox, 2010).  When 

the cluster simulation was rerun using the mask imaging volume, the minimum cluster 
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size for a statistically significant finding was 71 voxels.  Any changes in whole-brain 

results when the gray matter mask was applied (peak voxels or cluster sizes) are noted.  

Significant targets (p < 0.05 corrected) that varied in their connectivity with the 

seed regions as a function of RFQ scores were then probed by extracting the parameter 

estimates (the first eigenvariate, which provides a weighted mean of the time series 

robust to heterogeneity within the cluster) from correlated functional clusters using the 

VOI tool in SPM8.  These parameter estimates, in turn, were analyzed in SPSS to test for 

main effects of COMT genotype and interaction of COMT and RFQ scores within the 

targets.  ANCOVAs were used so that any non-linearity in the allele-dose effect could be 

captured.  Post-hoc pairwise comparisons then were used to probe main effects and 

investigation of simple slopes was used to probe interactions. 

4.3 Results 

4.3.1 Descriptive statistics 

A final sample of N = 226 was used for all resting state analyses.  These 

participants were all Caucasian and not of Hispanic descent, per self-report.  They 

ranged in age from 18-22 years old, mean age 19.7 ± 1.2 years.  They were 53% female (N 

= 119).  The COMT Val158Met genotype distribution (56 Val/Val, 106 Val/Met, 64 

Met/Met) was in Hardy-Weinberg (H-W) equilibrium: χ2(2) = 0.83, p = 0.66. 
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Table 6: Genotype distribution and RFQ scores within the sample 

 Val/Val Val/Met Met/Met Tests for group 

differences 

N (% female) 56 (41%) 106 (63%) 64 (45%) H-W χ2 p > 0.66 

Promotion 

Success  

(mean, s.d.) 

3.92 (0.50) 3.86 (0.46) 3.86 (0.40) F(2, 223) = 0.29, 

p = 0.75 

Prevention 

Success  

(mean, s.d.) 

3.71 (0.50) 3.49 (0.58) 3.56 (0.67) F(2, 223) = 2.42, 

p = 0.09 

Promotion 

History  

(mean, s.d.) 

4.09 (0.77) 4.11 (0.70) 4.13 (0.71) F(2, 223) = 0.05, 

p = 0.95 

Prevention 

History  

(mean, s.d.) 

3.94 (0.71) 3.74 (0.65) 3.78 (0.74) F(2, 223) = 1.61, 

p = 0.20 

 

4.3.2 Promotion success contrasts 

4.3.2.1 Overall results 

Resting state analyses were conducted using the a priori seed regions (R DLPFC, 

L DLPFC, and mPFC) and connectivity correlations were investigated using a whole-

brain analysis with age, sex, and all mean-centered RFQ variables entered as covariates.  

Subsequent contrasts were conducted for promotion success scores, and two regions 

emerged as meeting the cluster simulation threshold of p < 0.05 corrected (K=79 and p < 

0.001 uncorrected) (Table 7). 
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Table 7: Clusters demonstrating connectivity that varies as a function of promotion 

success 

Cluster location Peak 

Coordinates 

Brodmann 

Area(s) 

Peak T Value Cluster size  

(# voxels) 

Seed: Left DLPFC     

Left precentral  

gyrus/ middle 

frontal gyrus 

-40 -6 64 6 3.77 84 

Right middle 

occipital gyrus 

32 -70 14 N/A 3.71 82  

*(70 with gray 

matter mask) 

 

4.3.2.2 Left DLPFC seed results  

A region in the left prefrontal gyrus emerged as having significant positive 

connectivity with the L DLPFC seed and also positively correlated with promotion 

success scores (β = 0.270, p < 0.001).  Parameter estimates were extracted from this cluster 

and entered into an ANCOVA with both COMT and COMT * promotion success 

interactions as predictors.  The main effect of COMT was not significant (F(2, 215) = 1.04, 

p = 0.36) but the interaction between COMT and promotion success was significant (F(2, 

215) = 3.20, p = 0.043).  Promotion success scores only predicted connectivity above and 

beyond the covariates in the model for the Val/Met (ΔR2 = 0.052, p = 0.017) and Met/Met 

(ΔR2 = 0.188, p = 0.001) groups, not Val/Val (ΔR2 = 0.005, p = 0.59).  An inspection of the 

scatter plot revealed that the connectivity between these two regions was both negative 

and positive; in fact, the mean connectivity strength across all genotype groups was not 

significantly different from 0 (mean = -0.011, t(225) = -0.68, p = 0.50).  A median split of 
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promotion success scores was used to divide the sample.  Among those with high 

promotion success, there was significant positive connectivity (mean = 0.047, t(109) = 

2.05, p = 0.043), and among those with low promotion success, there was significant 

negative connectivity (mean = -0.066, t(115) = -3.11, p = 0.002).  It appears that there is 

both positive and negative connectivity between the L DLPFC and this prefrontal gyrus 

cluster, and promotion success affects the degree of connectivity only within the Val/Met 

and Met/Met groups. 

 

Figure 10: Interaction between promotion success and COMT genotype predicting left 

DLPFC - left precentral gyrus resting state connectivity.  ΔR2 values reflect the 

predictive power of promotion success above and beyond the covariates 
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 The other cluster that emerged as significant included both gray and white 

matter.  When the contrast was run with a gray matter mask applied, the voxel extent of 

this cluster no longer reached the pre-selected statistical threshold (corrected p < 0.05). 

Table 8: Summary of statistical tests – promotion success contrasts 

Cluster location Association 

with 

promotion 

success 

(Regression) 

Main effect of 

COMT 

(ANCOVA) 

COMT * 

promotion 

success 

interaction 

(ANCOVA) 

Post-hoc tests 

(within 

genotype 

groups) 

Seed: Left DLPFC     

Left precentral   

gyrus/middle  

frontal gyrus 

β = 0.270,  

p < 0.001 

p = 0.36 

(whole cluster) 

p = 0.043 Val/Val: 

promotion  

ΔR2 = 0.005,  

p = 0.59 

Val/Met:  

ΔR2 = 0.052, 

p = 0.017 

Met/Met:  

ΔR2 = 0.188,  

p = 0.001 

Right middle  

occipital gyrus 

(NB: no longer    

significant with    

gray matter mask) 

β = 0.269,  

p < 0.001 

p = 0.29 

(whole cluster) 

p = 0.19 N/A 

 

4.3.3 Prevention success contrasts 

4.3.3.1 Overall results 

Contrasts for the prevention success scores, controlling for age, sex, and other 

RFQ variables, revealed 6 clusters across the three a priori seed regions that met the 

statistical threshold of p < 0.05 corrected (Table 9). 
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Table 9: Clusters demonstrating connectivity that varies as a function of prevention 

success 

Cluster location Peak 

Coordinates 

Brodmann 

Area(s) 

Peak T Value Cluster size  

(# voxels) 

Seed: Right DLPFC     

Right middle 

frontal gyrus 

38 38 32 

46 42 32 

46 4.06 98 

Left lingual gyrus,      

parahippocampal  

gyrus, posterior   

cingulate 

-10 -58 2 

-12 -44 0 

-10 -66 -8 

18, 29, 30, 35 5.04 667 

*(650 with 

gray matter 

mask) 

Seed: Left DLPFC     

Right putamen/ 

pallidum 

28 -6 -6 

32 -18 6 

N/A 4.46 275 

*(255 with 

gray matter 

mask) 

Right superior  

and middle 

occipital gyrus, 

middle temporal 

gyrus 

40 -82 26 

54 -74 20 

48 -76 26 

19, 39 3.81 112 

Seed: mPFC     

Right postcentral 

gyrus/inferior  

parietal lobule 

42 -30 32 

*(44 -30 32 

with gray 

matter mask) 

2, close to 40 4.60 100 

*(77 with gray 

matter mask) 

Left precuneus  -16 -82 38 7 3.94 85 

 

4.3.3.2 Right DLPFC seed results  

A region in the right middle frontal gyrus (including BA 46) emerged as having 

significant positive connectivity with the R DLPFC seed and was also positively 

associated with prevention success scores (β = 0.244, p = 0.001).  An ANCOVA on the 

parameter estimates averaged across the cluster revealed no main effect of COMT nor 
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interaction with prevention success (Fs < 1.3, ps > 0.29).  However, the ANCOVA using 

the parameter estimates from the peak voxel within BA 46 revealed a marginally 

significant main effect of COMT (F(2, 215) = 2.46, p = 0.088).  Pairwise comparisons 

indicated that Val/Val had greater connectivity than Met/Met (p = 0.028). 

 

 

Figure 11: Main effect of COMT genotype on resting state connectivity between right 

DLPFC and right BA 46 (peak voxel) 

A large cluster (K = 667) in the left medial occipital and temporal lobes showed 

significant negative functional connectivity with the right DLPFC seed region as well as 

negative correlation with prevention success (β = -0.340, p < 0.001).  An ANCOVA on the 

parameter estimates averaged across the cluster revealed no main effect of COMT (F(2, 

215 = 2.17, p = 0.116) nor interaction with prevention success (F(2, 215) = 0.55, p = 0.58).  

Particularly because this cluster spanned several Brodmann areas and brain structures, 
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separate analyses were run on the peak voxels.  The ANCOVA using the parameter 

estimates from the peak voxel within the parahippocampal gyrus revealed a significant 

main effect of COMT (F(2, 215) = 5.61, p = 0.004).  Post-hoc pairwise comparisons 

indicated that Val/Val had greater negative connectivity than Val/Met (p = 0.001), and 

Met/Met (p = 0.008).  Val/Met and Met/Met did not differ (p = 0.41).     

 

Figure 12: (A) Main effect of COMT genotype on resting state connectivity between R 

DLPFC and left parahippoampal gyrus; (B) Location of left parahippocampal gyrus 

peak voxel (-12, -44, 0) 

4.3.3.3 Left DLPFC seed results 

 Using the left DLPFC seed region and prevention success scores as the contrast 

variable, two clusters emerged as meeting our statistical threshold.  A region in the right 

putamen was found to have significant negative connectivity with the L DLPFC seed 

and negative association with prevention success, controlling for the other covariates (β 

= -0.341, p < 0.001).  An ANCOVA on the parameter estimates averaged across the cluster 
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revealed no main effect of COMT (F(2, 215) = 1.02, p = 0.36) nor interaction with 

prevention success (F(2, 215) = 0.034, p = 0.97).  There were also no effects of COMT for 

either of the two peak voxels (ps > 0.2).   

 

Figure 13: (A) Inverse association between resting state connectivity between L 

DLPFC and right putamen with prevention success, (B) Location of right putamen 

cluster with peak voxel identified (28, -6, -6) 

 In addition, an occipital cluster showed significant negative functional 

connectivity with the left DLPFC seed region as well as a negative association with 

prevention success (β = -0.30, p < 0.001).  An ANCOVA on the parameter estimates 

averaged across the cluster revealed a main effect of COMT (F(2, 215) = 5.14, p = 0.007) 

but no statistically significant interaction between COMT and prevention success (F(2, 

215) = 1.67, p = 0.19).  ANCOVAs on the three peak voxels revealed that the main effect 

of COMT was only significant for the middle occipital gyrus/BA 39 peak (F(2, 215) = 4.62, 

p = 0.011).  Post-hoc pairwise comparisons indicated that Val/Val had greater negative 
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connectivity than Val/Met (p = 0.004), and Met/Met (p = 0.017).  Val/Met and Met/Met did 

not differ (p = 0.71). 

 

Figure 14: Main effect of COMT genotype on resting state connectivity between left 

DLPFC and middle occipital gyrus (peak voxel) 

4.3.3.4 mPFC seed results  

Using the mPFC seed region and prevention success scores as the contrast 

variable, two clusters emerged as meeting our statistical threshold.  A region in the right 

postcentral gyrus was found to have significant negative connectivity with the mPFC 

seed and negative association with prevention success, controlling for the other 

covariates (β = -0.272, p < 0.001).  The ANCOVAs on both the average cluster parameter 

estimates and the peak voxel estimates were non-significant for main effects of COMT 

and interactions with prevention success (ps > 0.09).  However, the interaction of COMT 

and prevention success predicting the peak voxel estimate was marginally significant (p 
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= 0.097).  Regressions within each genotype group showed that the negative association 

between prevention success and resting state connectivity (mPFC - right postcentral 

gyrus), above and beyond the covariates, was only significant within the Val/Met group 

(β = -0.261, ΔR2 = 0.051, p = 0.020) and the Met/Met group (β = -0.417, ΔR2 = 0.138, p = 

0.002), not the Val/Val group (β = -0.048, ΔR2 = 0.002, p = 0.73).   

 

Figure 15: Marginally significant interaction between prevention success and COMT 

genotype predicting resting state connectivity between the mPFC seed and right 

postcentral gyrus peak voxel (p < 0.1).  ΔR2 values reflect the predictive power of 

prevention success above and beyond the covariates 

Finally, the connectivity between the mPFC seed and left precuneus was 

identified by its negative association with prevention success (β = -0.277, p < 0.001).  

ANCOVA models did not reveal evidence of main effects of COMT or interaction with 

prevention success for either the cluster average (ps > 0.4) or the peak voxel (ps > 0.5). 
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Figure 16: Inverse association between prevention success and resting state 

connectivity between mPFC and left precuneus cluster 

Table 10: Summary of statistical tests – prevention success contrasts 

Cluster location Association 

with 

Prevention 

Success 

(Regression) 

Main effect 

of COMT 

(ANCOVA) 

COMT * 

Prevention 

success 

interaction 

(ANCOVA) 

Post-hoc tests 

(pairwise 

comparisons) 

Seed: Right DLPFC     

Right middle frontal 

gyrus 

β = 0.244,  

p = 0.001 

p = 0.48 p = 0.29 N/A 

     -BA 46 peak β = 0.209,  

p = 0.003 

p = 0.088 p = 0.34 Val/Val > 

Met/Met,  

p = 0.028 

Left lingual gyrus, 

parahippocampal  

gyrus, posterior 

cingulate 

β = -0.340,  

p < 0.001 

p = 0.12 p = 0.58 N/A 

     -Parahippocampal  

      gyrus peak 

β = -0.337,  

p < 0.001 

p = 0.004 p = 0.47 Val/Val < 

Val/Met,  
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p = 0.001;  

Val/Val< 

Met/Met,  

p = 0.008 

Seed: Left DLPFC     

Right putamen/ 

pallidum 

β = -0.341,  

p < 0.001 

p = 0.36 p = 0.97 N/A 

Right superior and 

middle occipital 

gyrus, middle 

temporal gyrus 

β = -0.300,  

p < 0.001 

p = 0.007 p = 0.19 Val/Val< 

Val/Met,  

p = 0.003; 

Val/Val< 

Met/Met,  

p = 0.006 

     -Middle occipital  

      gyrus peak (BA  

      39) 

β = -0.257,  

p < 0.001 

p = 0.011 p = 0.28 Val/Val< 

Val/Met,  

p = 0.004; 

Val/Val< 

Met/Met,  

p = 0.017 

Seed: mPFC     

Right postcentral 

gyrus/inferior  

parietal lobule 

β = -0.272,  

p < 0.001 

p > 0.99 p = 0.16 N/A 

     -Postcentral gyrus 

      peak 

β = -0.268,  

p < 0.001 

p = 0.86 p = 0.097 (Regression 

within 

genotype 

group) 

Val/Val: 

prevention 

ΔR2 = 0.002,  

p = 0.73 

Val/Met:  

ΔR2 = 0.051,  

p = 0.020 

Met/Met:  

ΔR2 = 0.138,  

p = 0.002  

Left precuneus  β = -0.277,  

p < 0.001 

p = 0.81 p = 0.43 N/A 

 



 

117 

4.4 Discussion 

 Both regulatory focus and COMT genotype have been hypothesized to influence 

neural network functional connectivity in predictable, trait-like ways.  Regulatory focus 

strength in the promotion and prevention domains has been shown to moderate BOLD 

activation patterns in response to goal priming (Eddington et al., 2007; Eddington et al., 

2009; Strauman et al., 2013), and activation domains associated with acute responses to 

personalized promotion and prevention goals include cortical midline structures as well 

as lateralized activity in the PFC.  However, the neural correlates of regulatory focus 

during the resting state have not yet been explored.  Resting state analyses of COMT 

differences are beginning to be conducted (e.g., Lee et al., 2011; Liu et al., 2010; 

Tunbridge et al., 2013), but the impacts of genotype on connectivity, and the subsequent 

interpretation of group differences, are not straightforward.  The following questions 

were posed: would greater DA availability (Met/Met) result in increased connectivity at 

rest, thus supporting more efficient cognitive processing during tasks such as working 

memory?  Or would increased connectivity reflect some underlying inefficiency or the 

presence of compensatory pathways (Val/Val)?  Would the segregation of task-positive 

and task-negative networks (more anticorrelated networks) support task focus and 

result in reduced interference from irrelevant introspective or emotional thoughts?  

Further, would connectivity that is more strongly correlated (in either a positive or 
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negative direction) suggest highly segregated networks that may interfere with effective 

integration between task-relevant and self-referential information? 

 The findings from the resting state analyses presented above suggest two main 

conclusions.  First, there is evidence for laterality in resting state connectivity patterns 

association with the promotion versus prevention domains.  These patterns occur within 

the frontoparietal control network and manifest as positive connectivity, suggesting 

more coordination within the network.  There is increased connectivity within the left 

prefrontal cortex associated with promotion success, and increased connectivity within 

the right prefrontal cortex associated with prevention success, following the association 

between the promotion system and approach behaviors and the prevention system and 

avoidance behaviors.  Second, there are several examples of negative connectivity 

between task-positive (frontoparietal control) and task-negative (default mode) 

networks that are modulated both by regulatory focus as well as by COMT genotype.  

Increased negative connectivity between these broad networks suggests that there is 

more segregation of their functions – externally-focused, task-related behavior versus 

internally-focused, self-referential thought and behavior.  From our trade-off 

perspective, the segregation of TPN and TNN functions could be beneficial or 

detrimental depending on the context of whether self-referential thought is relevant to 

the goal pursuit task or whether it would create interference with task performance.  
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4.4.1 Positive connectivity findings  

4.4.1.1 Main effects of regulatory focus  

Overall, the results from these analyses identified two main effects of regulatory 

focus scores that manifested as increased positive connectivity between a seed region 

and a target.  Promotion success was positively correlated with increased connectivity 

between the left DLPFC and the left middle frontal gyrus/precentral gyrus, BA 6, and 

the connectivity was positive only for individuals with above-average promotion 

success; for those with low promotion success, the connectivity was negative.  The left 

middle frontal gyrus includes the premotor cortex, which supports preparation for 

movement and prediction of the outcomes of action (Fransson, 2005).  Connectivity 

between this region and the DLPFC within the control network may support the 

execution of planned actions that are strategic and goal-directed.  These correlational 

analyses cannot distinguish whether such increased connectivity underlies successful 

promotion goal pursuit because it has supported strategic actions in the past or whether 

previous successes in the promotion domain have strengthened this pathway and led to 

increased promotion focus.   

By contrast, prevention success was positively correlated with positive 

connectivity between the right DLPFC and the right middle frontal gyrus, BA 46.  This 

region is also part of the DLPFC but is a region that is more ventral from our seed, and is 

therefore functionally connected to ventral and medial regions of the PFC in the top-

down control of behavior (e.g., self-control in the reduction of craving – Hare, Camerer, 
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& Rangel, 2009; emotional control – Ochsner & Gross, 2005).  BA 46 is also implicated in 

willed, planful action, in behavioral control, and in response selection (Fransson, 2005; 

Kouneiher, Charron, & Koechlin, 2009), as well as in working memory along with BA 9 

(Mier et al., 2010).  Further, the right DLPFC specifically has been implicated in 

monitoring processes (Cieslik et al., 2012), underlying its potential importance in 

facilitating the function of the prevention system, which according to regulatory focus 

theory operates via a vigilant mode of interaction with the social environment.  Like 

discussed above, there can be no causal inferences made from this finding about 

whether this connectivity contributed to or resulted from prevention success.  

It is not surprising that the observed connectivity between the bilateral DLPFC 

seeds and these other prefrontal regions was positive overall, as these regions are part of 

the frontoparietal control network, or task-positive network, and so the regions would 

tend to have correlated activity in support of task-focused behavior (Fox et al., 2005).  

Higher connectivity within the task-positive network is associated with superior 

executive functioning (Gordon et al., 2012) – so perhaps it follows that this pattern of 

connectivity would be correlated with self-regulatory success.  The laterality differences 

are broadly consistent with the findings in Eddington et al. (2007; 2009) where left 

prefrontal regions were activated in response to idiographic promotion priming and 

self-referential judgments, and right prefrontal regions were more likely to be activated 

in response to prevention priming.  This asymmetry in the promotion and prevention 
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systems supports the broad mapping of these systems onto strategic approach versus 

avoidance processes, respectively (Amodio et al., 2004; Harmon-Jones & Allen, 1997). It 

should be noted that different studies have found laterality effects associated with 

individual differences in regulatory focus at different sites within the PFC, which may 

reflect in part differences in experimental task and design parameters.  Nonetheless, the 

laterality findings themselves from the present study are consistent at a broad scale with 

those previously reported in association with promotion versus prevention. 

4.4.1.2 COMT effects 

 In our analysis, the strategy was to first identify regions where connectivity 

varied as a function of regulatory focus.  These pathways that are associated with 

strength of regulatory orientation may reflect a cognitive bias or “world view” 

associated with either promotion or prevention (Strauman et al., 2013), or may reveal 

pathways that support successful goal pursuit.  Our follow-up question was whether 

COMT genotype moderates these pathways in ways that would ultimately affect 

behavior via a self-regulation by COMT interaction. 

Both of the positive connectivity results described above were found to vary 

according to COMT genotype.  The promotion-related connectivity between the left 

DLPFC and left middle frontal gyrus was moderated by an interaction with COMT.  The 

association between promotion success and increased connectivity was only found to be 

significant for COMT Met-allele carriers (both Val/Met and Met/Met groups).  For 
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Val/Val individuals, there was no association between promotion success and resting 

state connectivity between those regions.  The frontoparietal control network 

connectivity increased for Met-allele carriers suggesting that these two regions are more 

coupled with above-average promotion success, potentially facilitating efficiency in goal 

pursuit.  However, the coupling became less positive with lower promotion success, 

potentially reflecting interrupted coordination of goal pursuit behaviors.  High 

promotion success facilitated positive connectivity while low promotion success 

facilitated negative connectivity within Met-allele carriers, and connectivity approached 

zero at intermediate or average levels of promotion success.  If less coupling between 

these regions could indicate difficulty in promotion goal pursuit, then it appears that 

Met-allele carriers may be vulnerable under conditions of low promotion success, or 

when following a promotion failure challenge – as seen in the previous study.  However, 

the combination of low promotion success and Met-allele status does not seem to 

interrupt reward responsive behavior (from the first study), possibly because of the Met-

associated potentiated response to rewards.  With sufficient reward feedback and/or 

previous successes in the promotion domain, Met-allele carriers may be able to 

overcome a tendency towards difficulty in pursuing promotion goals. 

The right DLPFC – BA 46 connectivity also varied by COMT genotype group.  

The Val/Val individuals were found to have greater positive connectivity between those 

regions as compared to the Met/Met individuals, with Val/Met individuals having 
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intermediate average connectivity.  There is debate about whether increased COMT-

related connectivity in frontoparietal control networks at rest is evidence of inefficiency 

and would be expected to be Val-related (Tunbridge et al., 2013) or may be a result of 

relatively increased DA availability and would be expected to be Met-related (consistent 

with the findings of Cole et al., 2013).  Given previous evidence of efficiency during 

cognitive tasks, particularly working memory, in BA 9 and 46 in Met/Met individuals 

(Mier et al., 2010), these results are in line with the notion presented in Tunbridge et al. 

(2013) that increased Val-related connectivity may reflect inefficiency.  Two previous 

resting-state analyses of COMT effects have shown increased connectivity in frontal 

executive control regions for Val/Val individuals (Lee et al., 2011; Tunbridge et al., 2013).  

However, since increased connectivity is also associated with prevention success, it does 

not follow that “inefficiency” in this network is maladaptive or counter to successful 

goal pursuit behavior. 

4.4.2 Negative connectivity findings 

4.4.2.1 Anticorrelated task-positive and task-negative regions 

Several regions showed more negative connectivity as a function of increasing 

success in the prevention domain.  The negative association between the right DLPFC 

and the left lingual gyrus/ parahippocampal gyrus/ posterior cingulate cluster could be 

considered to be negative coupling between the TPN and TNN as defined by Fox et al. 

(2005).  The posterior cingulate in particular is a primary node in the default mode 
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network (Fransson, 2005; Glahn et al., 2010; Whitfield-Gabrieli et al., 2011) and activation 

in this region is associated with self-reflection specifically in the prevention domain 

(Johnson et al., 2006).  In addition, prevention success was associated with increased 

negative coupling between the mPFC seed, a default mode access point, and the right 

postcentral gyrus/inferior parietal lobule, which is a task-positive region identified by 

Fox et al. (2005).    

Stronger anticorrelations between the TPN and TNN are thought to underlie 

greater segregation between networks supporting externally directed, attention-

demanding behavior focused on the task at hand versus internally directed self-

referential behavior that is irrelevant for a particular task.  Attenuated anticorrelations 

may reflect frequent intrusions of self-directed thoughts or ruminations (Gusnard, 

Akbudak, Shulman, & Raichle, 2001), and these intrusive thoughts may interfere with 

task performance and are associated with internalizing psychopathology (Fox et al., 

2005).  In our study, such attenuated anticorrelations were present for individuals with 

low prevention success, Met/Met individuals (in the case of the right DLPFC-

parahippocampal gyrus connectivity), and individuals who had both low prevention 

success and were Met-allele carriers (in the case of the mPFC – postcentral gyrus/IPL 

connectivity).  Higher prevention success was associated with more negative coupling 

between these nodes of the TPN and TNN, which is consistent with the prevention 
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strategy of vigilance that would require focused attention on the task at hand to ensure 

against errors. 

The occipital gyrus site identified as negatively connected to the left DLPFC 

includes both task-positive (BA 19, occipital gyrus/middle temporal gyrus) and task-

negative (BA 39, lateral parietal/occipital cortex) regions.  The DLPFC-BA 39 

connectivity that also varies as a function of COMT fits the pattern described above, 

where stronger negative coupling is associated with prevention success, whereas 

attenuated negative coupling is associated with Met-allele carrier status.  However, 

broad negative coupling between the left DLPFC and the cluster as a whole is difficult to 

interpret.  Negative connectivity could indicate opposing functional roles, differential 

balance of excitatory or inhibitory inputs, or more distal nodes within the network 

(Chen et al., 2011; Williams et al., 2006).  Further investigation of the impact of these 

regions’ negative coupling on behavior would be necessary to aid in interpretation. 

4.4.2.2 Within-network negative connectivity 

The results showed that negative coupling between mPFC and precuneus was 

associated with increased prevention success.  This may appear to be contradictory with 

the notion of integrity/coupling within the DMN facilitating self-regulation, particularly 

in the prevention domain, as suggested by Strauman et al. (2013).  However, there is 

evidence that the mPFC and precuneus have different roles in the function of the DMN. 

The mPFC is activated both during tasks that require self-referential thought as well as 
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during undirected thought at rest, whereas the precuneus is selectively activated during 

rest (Whitfield-Gabrieli et al., 2011).  Speculatively, this association could support 

prevention success due to the use of self-referential information to guide behavior in a 

given task, such as goal pursuit, that is separable from internally directed, relatively 

unfocused, self-reflective thought.  This conclusion is somewhat consistent with the 

double-dissociation found by Johnson et al. (2006) where they linked medial PFC 

activity with instrumental self-reflection and behavioral control while 

precuneus/posterior medial cortex was associated with experiential self-reflection and 

internal awareness. 

In addition, there was negative connectivity between the left DLPFC and the 

right putamen that became more negative at higher levels of prevention success.  

Corticostriatal connectivity, particularly between the DLPFC and putamen, is important 

for inhibitory control over behavior such as overriding habitual responses and for 

coordinating shifts in behavior after negative feedback (de Wit et al., 2012; Nagano-Saito 

et al., 2008).  Activity in the DLPFC and putamen were inversely related in a study 

where participants were asked to regulate their emotional and behavioral responses to 

an incentive (Staudinger, Erk, & Walter, 2011), and white matter tract strength from the 

premotor cortex to the putamen predicted habitual, stimulus-response behavior at the 

expense of flexible, goal-directed behavior (de Wit et al., 2012).  It is possible that 

negative connectivity between the DLPFC and putamen reflects top-down regulation of 
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motor responses to support more controlled, coordinated behavior, which would 

support prevention goal pursuit.   

4.4.3 General discussion 

The resting state analyses presented here were intended to examine: 1. how self-

regulatory success/promotion versus prevention domain strength predicted neural 

network connectivity, 2. how COMT moderated those connectivity effects, and 3. 

whether these findings would provide insight into how these systems interact to affect 

behavior, particularly in goal pursuit.  The broad resting state dynamics affected by 

COMT genotype were not explored here, as we took an approach to see how COMT 

affects specifically those network dynamics that underlie self-regulatory success.   

The questions of whether increased connectivity within a network reflects 

“inefficiency” or whether increased resting state connectivity could then support more 

efficient task-based activity remain open.  Further, it is unclear whether more 

anticorrelated activity between task-positive and task-negative networks functions to 

support efficient task-based activity, versus whether less strongly anticorrelated 

networks may allow for efficient switching between network states and support the 

integration of self-referential information into goal pursuit.  It is curious that across the 

results, the majority of findings showed that more strongly positive or negative 

connectivity was associated with self-regulatory success, but that weaker connectivity 

strength (closer to 0) was generally associated with the Met allele.  Could this mean that 
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more coordinated/efficient within-network connectivity is associated with success, but 

that for Met/Met individuals, less connectivity strength is needed to support self-

regulation due to more efficient DA signaling?  If resting state connectivity can be 

viewed to reflect repeated functional coactivation between networks (Dosenbach et al., 

2007), then less anticorrelated networks may reflect instances of coactivation over the 

lifetime.  It is possible that Met/Met individuals have generally less segregated or 

defined/separable networks overall.  Given previous research pointing to an association 

between less segregated neural networks and suboptimal cognition as well as 

psychopathology (Gordon et al., 2012), this may point to a tendency towards 

vulnerability in Met/Met individuals – even though that group has efficient cognition 

and successful goal pursuit under normal circumstances.  It would require specific 

contexts and challenges for this group, for example, repeated or catastrophic promotion 

failure, to reveal this vulnerability. 

 Consistent with Strauman et al. (2013), there were several default mode 

structures demonstrating inverse connectivity with the control network that varied as a 

function of prevention success, not promotion success.  Why would there be more 

regions in general where connectivity is correlated with prevention success versus 

promotion success?  As speculated in Strauman et al. (2013), it is likely that prevention 

goal pursuit involves more constant self-evaluation and comparison to an internal set of 

standards, particularly because the nature of prevention goals is that they are achieved 
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via successful avoidance of mismatches to a desired state.  In order to monitor for 

successful avoidance, the target must be represented abstractly, and confirming the 

absence of a mismatch may increase its salience (similar to thought suppression; 

Wegner, 1994).  Self-reflection may be more essential to prevention as opposed to 

promotion goal pursuit and this may impact the strength of resting state connectivity 

patterns (e.g., Johnson et al., 2006). 

 As a whole, the findings from this resting state study extend the behavioral 

results presented above in several ways.  In contrast with investigating how regulatory 

focus or regulatory priming affected performance in novel behavioral challenges, this 

study explored how a lifetime of goal pursuit experiences and activation of a 

particularly regulatory domain are associated with strength of connectivity within and 

across neural networks.  Many of the connectivity patterns that underlie self-regulatory 

success are also affected by COMT genotype, suggesting that there is interplay between 

these processes at the level of the brain as well as at the level of behavior.  In particular, 

there is accumulating evidence for a potential Met/Met vulnerability associated with 

challenges in the promotion system that could be further explored in clinical 

populations such as those individuals with depression due to high self-discrepancies.  

That vulnerability may look like a susceptibility to ruminative and/or intrusive thoughts 

and behavioral or affective inflexibility, especially given a context of promotion failure.   
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There are several possible future directions of research that could follow from 

this study.  The present analyses did not attempt to evaluate the broad resting state 

network dynamics associated with the COMT Val158Met polymorphism, which would be 

a useful next step to clarify previous findings and aid in interpretation of these results.  

In addition, fMRI tasks specifically related to promotion or prevention goal pursuit 

could clarify how these functional connectivity patterns underlie self-regulation 

behavior in the moment.  For example, would the left and right hemisphere regions 

show increased connectivity during a task that is in either a promotion or prevention 

frame, respectively?  Would a task that requires self-referential thought elicit increased 

coactivation across the DMN and control network for Met/Met individuals, and could 

this be advantageous for task performance?  Does the resting state connectivity seen 

here predict objective success on a separate promotion or prevention task?  A 

longitudinal study would help answer the questions of whether connectivity is a result 

of past success or whether it supports more effective self-regulatory behavior, and 

whether these patterns are trait-like and stable over time.   

4.5 Conclusion 

This series of studies used regulatory focus theory and an integrated perspective 

on the trade-off in functionality associated with the COMT Val158Met polymorphism in 

order to better characterize individual differences in reward responsive behavior, 

cognitive control behavior, and resting state functional connectivity in well-established 
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neural networks.  This is a novel application of RFT and information about the 

promotion and prevention systems to understanding self-regulation and brain/behavior 

relationships that are impacted by a genetic polymorphism.  Using this theory, several 

hypotheses were generated regarding how the regulatory domains and challenges 

would differentially affect the COMT genotype groups, and how resulting processes 

relevant for goal pursuit might be affected.  It appears that alignment or fit of certain 

genotypes with certain regulatory demands can facilitate goal pursuit, while mismatches 

or failure challenges can create difficulty in responding.  Importantly, there were no 

clear examples of behavioral failures or self-regulatory dysfunction in these studies, and 

the participants were all recruited from a non-clinical community population.  A crucial 

next step would be to apply these hypotheses in studies of clinical populations or using 

tasks where a greater variance in success versus failure behaviors can be measured.  

However, even in these healthy samples, the patterns of behavior and of network 

connectivity point to trends that could manifest as vulnerability to self-regulation failure 

and/or psychopathology.   

In these studies, we saw that Val-associated flexibility can help optimize 

behavioral responding to rewards but can also impair the integration of reward 

information over time if an individual has a history of low success in the promotion 

domain.  We saw that Met-associated stability in responding and reward-related 

sensitivity can help an individual learn early to respond to rewards, but there may be a 
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failure to use previous success experiences to guide behavior.  We saw evidence of a 

match between the Met/Met group and the prevention domain, and the Val/Val group 

and the promotion domain, suggesting that individuals would readily respond to self-

regulation opportunities within those domains and proceed with more deliberate 

behavior and/or caution in a mismatched domain.  There were also several examples of 

intermediate behavioral phenotypes and possible signs of maximal adaptability in the 

Val/Met group, suggesting a possible heterozygote advantage.  We saw evidence that 

the promotion and prevention systems are associated with laterality in prefrontal nodes 

of the control network, consistent with RFT.  Finally, we saw that negative connectivity 

across the task positive and task negative networks was associated with prevention goal 

success, perhaps supporting task focus and vigilance, but this anticorrelation was 

attenuated for Met/Met individuals who may have more coactivation across networks.  

The implications of these and other findings on real-life goal pursuit behavior are not yet 

known, but all can be interpreted from the trade-off perspective where the particular 

characteristics of the goal pursuit context will determine whether an individual is likely 

to meet with self-regulatory success versus failure. 
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