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ABSTRACT 

An individual’s actions, typically motivated to maximize rewards and minimize 

losses, govern the outcomes s/he receives. Accordingly, the mesolimbic circuit of the 

brain has evolved specialized structures to assess rewarding and aversive feedback in 

an effort to guide subsequent behavior. Although a substantial body of research 

indicates that a central feature of negative affect (NA) is increased sensitivity to 

negative outcomes, supporting brain mechanisms have not been fully identified. The 

present study therefore explored the relationship between trait NA and neural 

responses to feedback. Individuals high in trait NA or low in both trait NA and trait 

positive affect underwent functional magnetic resonance imaging as they completed a 

modified incentive delay task. Results indicated that participants with high trait NA 

had enhanced activation to both rewards and losses in the caudate, suggesting that 

both outcomes are arousing and that negative outcomes are reinforced much like 

rewarding ones. Trait NA was also associated with enhanced striatal activation to 

losses relative to missing rewards. Collectively, the data provide evidence that trait 

NA is associated with hyperresponsivity to valenced outcomes. Moreover, such 

individuals have particularly deviant processing in the reinforcement of losses, 

suggesting a mechanism by which negative cognitive bias develops and is maintained. 

Clinical implications are discussed.  
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Chapter 1 

INTRODUCTION 

It is evolutionarily adaptive for humans to seek rewards and avoid losses. 

Accordingly, cognitive mechanisms have evolved to determine the values of 

rewarding and aversive stimuli, establish when they occur, and use that information to 

guide behavior (Delgado, 2007). A growing imaging literature has explored normal 

human reward circuitry and has revealed brain structures implicated in such 

processing of rewards and losses (e.g., Knutson, Westdorp, Kaiser, & Hommer, 2000; 

O’Doherty, 2004). Moreover, this body of work has laid a foundation for determining 

how deviations could give rise to psychopathology. Because trait negative affect (NA), 

reflecting a distressed disposition, is associated with a broad range of 

psychopathology, an examination of the relationship between trait NA and neural 

responses to rewards and losses allows researchers to better understand common and 

distinct biological mechanisms in numerous psychopathological disorders. 

Trait NA is a stable disposition (Watson & Walker, 1996) characterized by the 

tendency to experience negative mood states, such as worry, nervousness, anger, fear, 

guilt, and sadness (Watson, Clark, & Tellegen, 1988). In the literature, trait NA has 

been discussed as both a dimension of temperament (negative affectivity, negative 

temperament) and of personality (neuroticism, negative emotionality). Although 

marked by such negative mood states, it is associated with features that persist outside 
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of these states like poor self-esteem and mood-regulation skills, as well as the 

tendency to make health complaints. Individuals with trait NA also tend to react 

catastrophically and cope poorly in stressful situations (Clark & Watson, 1991). 

Moreover, they are generally pessimistic, ruminate on failures, mistakes, and 

disappointments, report less satisfaction with themselves, and describe themselves 

more negatively than those low in NA (Watson & Clark, 1984). 

Accordingly, trait NA has been associated with a range of psychopathology. Its 

stress feature is linked to internalizing disorders like anxiety and depression, to the 

extent that an individual’s level of NA can predict both the onset and outcome of 

affective disorders (Ormel, Rosmalen, & Farmer, 2004). In contrast, the emotion-

regulation and aggression facets of trait NA are associated with externalizing disorders 

like substance abuse and conduct disorder (Krueger, Caspi, Moffit, Silva, & McGee, 

1996; Ormel et al., 2004). Across these disorders, trait NA is theorized to play a 

critical role in both the development and maintenance of the psychopathology (Clark, 

Watson, & Mineka, 1994; Krueger et al., 1996).  

 Not surprisingly, trait NA is associated with dysfunction of several cognitive 

processes, including attentional control, perception, and memory. Regarding deficits in 

attentional control, individuals with trait NA have an attentional bias towards negative 

cues (Derryberry & Reed, 1994). They display difficulty in shifting attention 

(Derryberry & Rothbart, 1988), such that they orient earlier towards negative or 

threatening information and have difficulty disengaging from it once their attention 

has been captured (Cisler, Bacon, & Williams, 2009). They also have heightened 
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difficulty ignoring salient, distracting information (Bishop, 2008). In addition, 

individuals with trait NA have altered perceptions and memory biases. They appraise 

situations as more threatening and stressful (Hemenover & Dienstbier, 1996; Oliver & 

Brough, 2002) and interpret ambiguous information more negatively than their 

counterparts (Haney, 1973). They also more easily recognize and more readily recall 

negative information than do individuals with low NA (Larsen, 1992; Watson & 

Clark, 1984). With such judgments and attributions, it is not surprising that individuals 

with trait NA form dysfunctional beliefs about themselves, others, and the world 

(Luten, Ralph, & Mineka, 1997; Clark & Watson, 1991; Watson & Clark, 1984).   

Because individuals with trait NA maintain such biases, researchers have been 

interested in exploring their neural processing of externally-driven feedback. An 

increasing body of work has examined neural processing of incentives (e.g., Knutson, 

Bhanji, Cooney, Atlas, & Gotlib, 2008; Smoski et al., 2009) and feedback (e.g., 

McCabe, Wollindale, Harmer, & Cowen, 2012; Pizzagalli et al., 2009) in disorders of 

which NA is a characteristic. However, no known studies have explicitly examined the 

relationship between brain activations to feedback and negative affect itself.  

Feedback from the environment functions to help individuals determine the 

success of their actions. Consequently, feedback must be evaluated to determine its 

valence (good or bad) and its magnitude. Evaluations of feedback appear to play a 

crucial role to sustaining motivation, as behavioral adjustments are made to maximize 

future rewards and minimize future losses (Ponchon et al., 2002). These outcomes are 

not just seen in processing decisions at the gross behavioral level, but in simple motor 
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processes like movement and coordination (Wrase et al., 2007). To better understand 

the role of outcomes, a growing literature has explored how rewards and punishments 

affect typical neural processes. Animal research has implicated mesolimbic dopamine 

projections in appetitive motivation (Olds & Milner, 1954), and human research has 

found evidence for the specialization of structures within this circuit (e.g., Knutson, 

Fong, Adams, Varner, & Hommer, 2001; O’Doherty, 2004). Critical structures in this 

reward circuitry include the striatum, ventromedial prefrontal cortex (vmPFC), 

orbitofrontal cortex (OFC), and anterior cingulate cortex (ACC).   

The striatum is activated by a variety of rewards, including drugs of abuse 

(e.g., Breiter et al., 1997), attractive faces (Aharon et al., 2001), humor (Mobbs, 

Greicius, Abdel-Azim, Menon, & Reiss, 2003), and monetary incentives (Dillon et al., 

2008; Knutson, Adams, Fong, & Hommer, 2001). It can be parsed into two 

functionally distinct subunits, the ventral and dorsal striatum. The ventral striatum, 

comprised mainly of the nucleus accumbens (NAc), supports signal integration for the 

prefrontal cortex, amygdala, and hippocampus (Wagar & Thagard, 2004). It appears to 

function primarily in reward anticipation in ways that contribute to learning (Berns, 

McClure, Pagnoni, & Montague, 2001; Robbins & Everitt, 1992), but several studies 

have found it to become activated in receipt of rewards as well (e.g., Breiter et al., 

2001). The dorsal striatum, primarily consisting of the caudate, putamen, and 

pallidum, receives input from the prefrontal cortex and appears to be implicated in the 

receipt of feedback when it the feedback is contingent on a relevant action (Tricomi, 

Delgado, & Fiez, 2004; Wagar & Thagard, 2004). The caudate and putamen appear to 
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play critical roles in learning and updating actions that lead to rewards (O’Doherty, 

2004; Delgado, 2007), and the pallidum signals motor pathways to adjust their 

functioning (Smith, Tindell, Aldridge, & Berridge, 2009). In support, Wrase and 

colleagues (2007) found that activity in the dorsal striatum predicts behavioral 

adaptation after delivered rewards.  

Other brain regions implicated in reward processing circuitry are vmPFC, 

OFC, and ACC. vmPFC in particular appears to update and encode the value of the 

stimulus (Kringelbach, 2005) with receipt of rewards (Knutson, Adams, Fong, & 

Hommer, 2001; Knutson, Fong, Bennett, Adams, & Hommer, 2003) and desirable 

stimuli (McClure et al., 2004) activating this region. OFC appears to code the reward 

value of the stimulus, activating to rewarding stimuli but showing decreased activation 

once the individual is satiated or the stimulus is no longer rewarding (for review, 

O’Doherty, 2004). ACC is implicated in conflict monitoring and activates under 

conditions of increased risk or conflict when behavioral errors are more likely or when 

the desired outcome is not achieved (Gehring & Willoughby, 2002; Ridderinkhof, 

Ullsperger, Crone, & Nieuwenhuis, 2004). Wrase and colleagues (2007) followed up 

these data and found that ACC activation also predicts adjustment after delivered 

punishments.  

Such research examining how rewards and punishments affect neural 

structures in a typical individual has laid a foundation for exploring how 

psychopathology may be associated with deviant feedback processing. Research from 

a variety of methodologies have provided reason to postulate that negative affect may 
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have maladaptive reward circuitry. Behavioral studies have found trait NA to predict 

distress following negative emotional imagery (Larsen & Ketelar, 1991), negative film 

clips (Gross, Sutton, & Ketelaar, 1998), and negative emotional slides (Zelenski & 

Larsen, 1999). Further, an event-related potential component that reflects intrinsic 

feedback after making an error, error-related negativity (ERN), is heightened in 

individuals with NA, suggesting that individuals with high NA have increased 

sensitivity to their own mistakes (Hajcak, McDonald, & Simons, 2004). Considering 

these sensitivities, it is not surprising that when confronted with negative feedback, 

individuals with trait NA show increased sensitivity to the outcome, as well as 

avoidant behaviors (Larsen & Ketelaar, 1989). Further support for the relationship 

between negative affect and abnormal responses to negative feedback comes from 

psychopathological disorders linked to negative affect that also demonstrated 

heightened responsivity to negative stimuli and feedback (for review, see Eshel & 

Roiser, 2010).  

Although research has demonstrated negative affect (NA) is characterized by 

increased sensitivity to negative outcomes, relevant brain mechanisms have not been 

fully identified. The present study therefore explored the relationship between trait NA 

and neural responses to feedback. Individuals with varying levels of trait affect were 

recruited to complete a monetary incentive delay (MID) task. There were three types 

of monetary outcomes for each trial: gain, no change in balance, and loss. Of these, 

participants were cued to two potential monetary outcomes that could be received for 

each trial, and they received the better or worse outcome depending on the speed of 
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their response in a simple task. In addition to allowing for the investigation of rewards 

and losses in general, this paradigm permitted the examination of relationships 

between more specific types of incentive-related feedback. In other words, how did 

receiving a reward differ from missing a loss? How did losing differ from missing a 

reward? Between-group examination of neural responses to these questions allowed 

for a more in-depth examination of potential differences in their reward circuitries.  

The specific goals of the present study were twofold. As the current task was 

newly implemented in this laboratory, the first goal was to demonstrate that the task 

captures individuals’ responses to feedback as intended. It was hypothesized that, 

consistent with previous literature, the vmPFC, OFC, and striatal structures would 

activate to rewards and that the ACC would activate to losses. In addition, it was 

hypothesized that feedback indicating no change would be more rewarding than 

punishment feedback but less rewarding than reward feedback. The second, and 

central, goal was to determine whether individuals high in trait NA exhibit 

abnormalities in processing incentive-related feedback by examining how trait NA 

modulates neural responses to feedback. Due to heightened sensitivity to negative 

stimuli and feedback, it was hypothesized that individuals with trait NA would 

demonstrate hyperresponsivity to loss feedback, such that trait NA may be associated 

with hyperactivation of the striatum in this condition. No differences were expected 

between the NA and control groups in response to rewards. In addition, due to mood 

incongruent conflict, it was hypothesized that the trait NA group would show 

increased activation of the ACC to rewards. Determining the ways in which NA 
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modulates responses to feedback at a neural level provides insight into the structures 

supporting maladaptive cognitions, as well as potential mechanisms for their 

maintenance, and has important clinical implications. 
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Chapter 2 

METHOD 

Participants 

The sample was comprised of 90 undergraduate students over the course of 

several semesters. All were enrolled in an introductory psychology course and were 

selected for the experiment by their responses to the Positive Affect Negative Affect 

Schedule (PANAS; Watson, Clark, & Tellegan, 1988).  The PANAS had been 

administered to all introductory psychology students, and students were invited to 

participate in the study if their scores on its Trait Negative Affect and Trait Positive 

Affect (PA) subscales met one of three criteria relative to all students’ scores collected 

in the first semester of data collection: (1) at least the 80th percentile (≥29) on Trait 

Negative Affect and no more than the 50th percentile (≤34) on Trait Positive Affect; 

(2) at least the 80th percentile (≥41) on Trait Positive Affect and no more than the 50th 

percentile (≤22) on Trait Negative Affect; (3) no more than the 50th percentile for both 

Trait Negative Affect (≤22) or Trait Positive Affect (≤34). Participants were excluded 

for a history of serious brain injury, abnormal hearing or vision, claustrophobia, left-

handedness, or metal in their body, or if pregnant or a nonnative English speaker. 

For their participation in the laboratory sessions, students were paid for the 

number of sessions completed and received a bonus if they completed all sessions. No 
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participants discontinued once informed consent was obtained and the procedures had 

begun. The data from 12 participants were excluded from analyses for movement of 

over 2.13 mm between adjacent volumes, error rates exceeding 13% of trials, or 

incomplete questionnaire data. In total, the data from 78 participants were analyzed 

(49% female; 81% Caucasian; 4% African American; 9% Asian; 3% more than one 

race; 4% chose not to answer the race question). These participants were split among 

groups as follows: 24 high PA (38% female; 79% Caucasian); 25 high NA (60% 

female; 84% Caucasian); 29 low PA/low NA (48% female; 79% Caucasian). The 

present study examined only the high NA and control (low PA/low NA) groups. 

Procedure 

 The laboratory procedure was divided into three parts. Two parts involved 

participating in a monetary incentive delay task (MID) task (modified from Knutson, 

Westdorp, Kaiser, & Hommer, 2000) during separate fMRI and EEG sessions. The 

third part involved the completion of a neuropsychiatric battery. Participants always 

completed the neuropsychiatric battery second, with the order of the EEG and fMRI 

sessions first or third, counterbalanced across participants. For the present paper, only 

MRI data from the MID task will be reported.  

Experimental Paradigm 

 Participants first completed 24 practice trials of the MID task to orient 

themselves with the task. During functional imaging, participants completed 144 

experimental trials of the MID task, which were divided into 3 blocks of 48 trials. 

Figure 1 diagrams the trial structure. Each trial began with a 1.5 s visual cue that 
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signaled which two of three potential outcomes (monetary gain, no change, monetary 

loss) participants could receive for the trial. A fixation dot then appeared for a variable 

offset-to-onset interstimulus interval (ISI; 3.0, 4.5, 6.0, or 7.5 s), followed by a target 

emotion word for 1.5 s. During the 1.5 s word presentation, the participant pressed a 

button to respond to the word presentation, and the emotion word changed color after 

a variable amount of time. A second fixation dot appeared during a variable offset-to-

onset ISI (3.0, 4.5, 6.0, 7.5 s) and was followed by the presentation of visual feedback 

for 1.5 s. The feedback indicated whether the participant won or lost money, whether 

there was no money change, or whether there was an error. Pressing a button before 

the emotion word appeared, pressing a button other than the one designated under the 

dominant-hand index finger during the target period, or failing to press a button in 

response to the target constituted errors.  

 
 

 
 

Figure 1 Trial structure. Each trial includes a cue, word that changes color 
during its presentation, and feedback. Participants are instructed to 
press a button as quickly as possible after the word presentation to 
obtain the more favorable cued feedback.  
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Accordingly, trial length varied from 10.5 to 19.5 s, with trials separated by an 

additional variable offset-to-onset intertrial interval (ITI; 10.5, 12.0, 13.5, 15.0, 16.5, 

18.0, 19.5). These timings were determined by a locally modified version of a genetic 

algorithm (Wager & Nichols, 2003) designed to optimize event-related fMRI designs. 

Matlab (the MathWorks, Natick, MA) with Psychophysics Toolbox extensions 

(Brainard, 1997; Pelli, 1997) was used to control the presentation of stimuli and 

measure the reaction times.  

 Cues, each signaling two of the three potential monetary outcomes, are 

presented in Figure 2. Each cue was depicted as two dollar-sign symbols (“$”) 

indicating the two potential outcomes for a trial: green dollar signs represented 

monetary gain; gray represented no change in balance; red represented monetary loss. 

Combinations of three outcomes yielded four possible dichotomous cue types: either a 

rewarding or aversive outcome (monetary loss or gain); potentially rewarding outcome 

(monetary gain or no change in balance); potentially aversive outcome (monetary loss 

or no change in balance); no incentive (no change in balance). In all but the no 

incentive cue type, one cued outcome was considered rewarding, and the other 

punishing. Depending on cue type, the more rewarding cue could be either the 

monetary gain or no change, and the more aversive cue could be either no change or 

monetary loss. Of significance, the cue indicated only outcome valence and did not 

convey magnitude.  
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Figure 2  Four possible incentive cues. A green dollar sign represent the 

possibility of a monetary reward. A red dollar sign represents the 
possibility of a monetary loss. A gray dollar sign represents the 
possibility of no gain or loss. Accordingly, the following cues are 
depicted: reward/loss (A), reward/no change (B), loss/no change (C), 
and no incentive (D). 

 
 
 Participants were instructed that their outcome would be based on how quickly 

they pressed the button after the emotion word appeared on the screen. In actuality, 

whether or not the participant pressed the button before the emotion word changed 

color determined the participant’s success on that trial. Therefore, of the 

dichotomously cued outcomes, fast, successful performance on a trial yielded the 

rewarding outcome, and slow, unsuccessful performance yielded the aversive 

outcome. To equalize the proportion of successes and failures for each participant, the 

time points marking the 15th and 85th percentiles in the participant’s reaction time 
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distribution from the previous block (or the practice block for the first experimental 

block) were used as the duration of the word presentation before the color change for 

the current block. Because of this adjusted performance criterion, participants were 

successful on approximately 50% of trials.  

 Successful performance on trials in which a monetary gain was possible 

yielded participants a gain of $1.80 to $2.35 (M=$2.08). Unsuccessful performance on 

trials in which a monetary loss was possible yielded participants a loss of equal 

magnitude. The color of the feedback (green, gray, or red) indicated whether the 

participant’s performance was successful or unsuccessful by providing either the 

better or worse cued outcome. While the color of the feedback indicated the valence of 

the outcome, a dollar amount notified participants of the change in their balance, as 

participants were instructed they would be able to keep their cumulative earnings. 

Throughout the experiment, participants did not receive information about their 

cumulative earnings. Therefore, in order to maintain motivation to perform, 

participants were told that their overall performance would qualify them for a bonus 

block at the end of the experiment, in which they could earn and not lose additional 

money. While “overall performance” was not clearly defined and may have been 

interpreted by participants to reflect their accuracy, it was determined by general 

behavior during the task. By this definition, all participants demonstrated good 

performance and were provided the bonus block. 

 Emotion words used in the task were selected from the Affective Norms for 

English Words (ANEW) database (Bradley & Lang, 1999) on the basis of published 
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norms for valence, arousal, word length, and frequency of use in the English language. 

Of the 148 words chosen, 48 were positive (e.g., joy, fun), 48 were neutral (e.g., glass, 

statue), and 48 were negative (e.g., war, cancer). Positive and negative words were 

chosen for high arousal (M=6.57 and 6.53, respectively), and neutral words were 

chosen for low arousal (M=3.82). 

fMRI Data Acquisition 

 Data were acquired using a Siemens Magnetom Trio 3 Tesla scanner. Two 

MPRAGE sequences to image the structure of the participant’s brain (192 axial slices; 

slice thickness: 0.9000 mm; in-plane voxel size: 0.4492 mm x 0.4492 mm) were 

acquired as the participant completed the practice block. These structural sequences 

were used in analysis to register each participant’s functional data to standard space. 

Gradient field maps were also collected prior to trial presentation to correct for 

geometric distortions in the functional data caused by magnetic field inhomogeneity 

(Jezzard and Balaban, 1995). 

 As participants completed the three blocks of the experimental paradigm, 993 

3D functional images were acquired using a Siemens gradient echo-planar imaging 

sequence (repetition time [TR]: 3000 ms; echo time [TE]: 50 ms; flip angle: 90°; field 

of view [FOV]: 23 cm). Each functional image was comprised of 50 oblique axial 

slices (slice thickness: 2.4 mm; in-plane resolution: 2.133 mm x 2.133 mm) that were 

collected parallel to the anterior and posterior commissures. Three volumes at the 

beginning of each block were omitted as the scanner achieved steady state.  
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fMRI Processing, Data Reduction, and Analysis 

 Software tools from FSL’s analysis package (e.g., MCFLIRT, FEAT, FILM, 

FNIRT, FLAME; http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/) were used for image 

processing, reduction, and analysis. Preprocessing included motion correction using 

rigid-body registration, which allowed for only xyz translations and rotations. This was 

implemented with MCFLIRT, FSL’s linear registration tool (Jenkinson, Bannister, 

Brady, & Smith, 2002). Data were also high-pass filtered to attenuate frequencies 

below 1/180 Hz, spatially smoothed with a 3D Gaussian kernel (5 mm full width at 

half-maximum), and slice-time corrected using FSL’s fMRI Expert Analysis Tool 

version 5.98 (FEAT; http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FEAT). Gradient field maps 

were then used to correct geometric distortions. 

 Regression analyses were performed by block on each participant’s processed 

functional data with autocorrelation correction using FMRIB’s Improved Linear 

Model (FILM; Woolrich, Ripley, Brady, & Smith, 2001). Statistical maps were 

generated with multiple computations for each intracerebral voxel. An explanatory 

variable (EV) was created for each of the 4 cue types, 3 emotion-word types, and 8 

feedback outcome conditions (2 feedback possibilities per cue type). Three additional 

predictors were included to account for errors occurring in each period of the trial – 

cue, word, and feedback. To better approximate the temporal course of the blood-

oxygen-level-dependent (BOLD) hemodynamic response, EVs were convolved with a 

gamma function (mean lag=6 s, SD=3 s; phase=0 s). Each yielded a per-voxel effect 
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size parameter estimate (β) map depicting the magnitude of the activation associated 

with that EV.  

 β values were contrasted for the relevant parameters to create comparisons of 

interest. Seven contrasts were created for the feedback period, five of which are 

presented in this report: (1) a reward comparison (Reward – No Change) contrasted 

feedback following a successful response that yielded a monetary gain rather than no 

change; (2) a loss comparison (Loss – No Change) contrasted feedback following an 

unsuccessful response that yielded a monetary loss rather than no change; (3) a 

valence comparison (Reward - Loss) contrasted feedback containing a monetary 

reward with that of a monetary loss; (4) a reward versus avoiding loss comparison 

(Reward No Change – No Change Loss) contrasted feedback indicating a monetary gain, 

rather than no change, when responding successfully; (5) a loss versus missing reward 

comparison (Loss No Change – No Change Reward) contrasted feedback indicating a 

monetary loss, rather than no change, when answering unsuccessfully.  

These five contrasts, computed and analyzed separately for each voxel, 

represented the dependent variables in the model. First-level predictors of brain 

activation were the three blocks, embedded within individuals, which formed second-

level predictors. For each contrast for each individual, a weighted average of the three 

task blocks was calculated in a fixed-effects model using the inverses of within-block 

standard deviations as weights. Because only within-block variance was used in the 

model without estimating a new variance term, inferences from these first-level 

analyses are applicable only to particular blocks for the specific subject. 
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 For each participant, functional activation maps were morphed into a common 

stereotaxic space (the 2009 Montreal Neurological Institute [MNI] template; 152 

symmetrical 1 mm x 1 mm x 1 mm). This common template was resampled to a 2 mm 

x 2 mm x 2 mm template (Fonov, Janke, Collins, Caramanos, & Arnold, 2009) using 

FMRIB’s Non-Linear Image Registration, FNIRT (Andersson, Smith, & Jenkins, 

2008) to more closely resemble the functional data resolution and help in data 

visualization. However, there was not enough resolution to register the functional data 

directly to the template, so an intermediary step involving the individual’s structural 

data was employed.  

Specifically, of the two structural sequences recorded during each participant’s 

practice block, the first was aligned to the second using rigid-body registration, which 

allowed only for xyz translation and rotation. The aligned images were then averaged 

together to create one structural image with an increased signal-to-noise ratio.  To then 

register the functional data to this structural image, the middle volume of functional 

data from each block was aligned to the structural image, again using rigid-body 

registration. Although the middle volume was used for this alignment, the entirety of 

the functional data was registered to the structural image.  

The average structural image was registered to the resampled standard MNI 

template through two steps. The first step required linear registration, allowing only 

for xyz translation, rotation, zoom, and shear of the structural image onto the MNI 

template. Using the results of the linear registration, the second step required non-

linear registration using cubic b-spline functions and a morph resolution of 10 mm. 
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Finally, the numeric combinations of the parameters determined by these three 

registration steps (rigid-body functional to average structural, linear structural to MNI, 

and non-linear structural to MNI) were concatenated. This created a morph procedure 

(“warp”) mapping the functional data to MNI space, and this warp was applied to the 

β maps.  

 Statistical analyses of brain activation were first conducted across all subjects 

using FMRIB’s Local Analysis of Mixed Effects (FLAME). Main effects of feedback 

period were examined separately through t-tests of the means across all participants 

for each of the [Reward – No Change], [Loss – No Change], [Reward – Loss], 

[Reward No Change – No Change Loss], and [Loss No Change – No Change Reward] contrasts. 

Group differences were then examined by entering these contrasts as dependent 

variables in a multiple-regression model with group identification used as third-level 

predictors. In addition, an a priori comparison was conducted based on group in which 

trait negative affect comparison that contrasted the high negative affect group with the 

low negative affect/low positive affect group. Each group-based regression analyses 

created a β map. 

 Based on a priori hypotheses, masks were based on the Harvard-Oxford 

probabilistic atlas provided in FSL to limit the number of voxels under consideration 

and control familywise error rate. Regions of interest (ROI) were all bilateral, in that 

each comprised a noncontiguous pair of sets of contiguous voxels that incorporated 

the ROI in both hemispheres. In other words, a mask for a particular ROI was 

composed of that region in both hemispheres. ROIs included (1) caudate, (2) putamen, 
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(3) nucleus accumbens, (4) pallidum, (5) striatum, (6) orbitofrontal cortex, and (7) 

anterior cingulate and paracingulate gray matter.  

 Two-tailed t-tests were performed on the group βs and converted to z scores, 

which were used to determine the significance of the βs. Monte Carlo simulations 

were then conducted using AFNI’s AlphaSim (Ward, 2000) to correct for multiple 

comparisons by estimating the appropriate cluster size for each mask at a family-wise 

error rate of .05. With an individual voxel threshold of 2.17, these estimates indicate 

required minimum cluster sizes of 36 (caudate), 46 (putamen), 25 (nucleus 

accumbens), 28 (pallidum), 60 (striatum), 97 (orbitofrontal cortex), and 85 (anterior 

cingulate and paracingulate gray matter) to achieve familywise error-rate control.   

Behavioral Data Analysis 

Average reaction times (RTs) were computed for each cue type and word type 

and statistically evaluated in SPSS version 19 using the General Linear Model 

module’s repeated measures analysis of variance (ANOVA) with either cue type or 

word type as the within-subjects factor and with group as the between-subjects factor. 

Huynh-Feldt corrections were applied to address violations of sphericity. Post hoc 

paired-samples t-tests were then performed to compare RTs based on cue-types across 

groups, and independent samples t-tests were used to compare RTs based on cue-types 

within groups.  
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Chapter 3 

RESULTS 

Behavioral Performance 

 There was an effect of cue type on reaction time to words, F(3, 137)=22.05, 

p<.001, η2
p=.30, such that no incentive cues (M = 296 ms, SD=48 ms) yielded longer 

reaction times than reward/loss (M=278 ms, SD=44 ms), reward/no change (M = 276 

ms, SD = 45 ms), and loss/no change (M=279 ms, SD=50 ms) cues. Although there 

was no main effect of group (F(1, 52)=0.12, p=.911, η2
p<.01), the cue type by group 

interaction approached significance (F(3, 137)=2.76, p=.052, η2
p=.052). The largest 

between-group differential on reaction time was to the reward/loss cue; however, post-

hoc t-tests indicated no significant between-group differences for any of cue types.   

In addition, there were no differences in reaction time depending on the type of 

emotion words, F(2, 100)=0.14, p=.87, η2
p<.01. There was also no main effect of 

group (F(1, 52) = 0.01, p=.92, η2
p<.01), nor a word type by group interaction (F(2, 

100)=0.51, p=.60, η2
p=.01).  

Neuroimaging of Main Effects 

Table 1 presents the main effects of the five contrasts, across all participants. 

Statistical comparisons of BOLD activations for each contrast were based on random 

effects with a statistic threshold at p<.05 after corrections for multiple comparisons. It 
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is important to note that, although the hemispheres in which significant activation 

occurs are noted, no inferences were drawn about lateralization. Reported results 

reflect simple-effects tests within hemisphere, without having examined interactions 

with hemisphere.  

 
 
Table 1  Main effects of feedback period for each within-subject contrast 
 

Location Region Cluster 
Size mm3 

Direction of 
Relationship 

Mean 
z-value X Y Z 

Reward vs. no change feedback       
    R Paracingulate gyrus a 11792 Positive 2.72 9 27 27 
    R Caudate b 592 Positive 2.58 13 17 -3 
    R Putamen c 424 Positive 2.68 17 15 -7 
    L Frontal pole/Frontal orbital  
      cortex e 

1096 Negative -2.46 -47 43 -15 

Loss vs. no change feedback       
    Paracingulate gyrus/Anterior  
      cingulate gyrus a 

9216 Positive 2.59 1 33 11 

    L frontal pole/Frontal orbital  
      cortex e 

1376 Negative -2.51 -39 43 -13 

Reward vs. loss feedback       
    Subcallosal cortex a 8008 Positive 2.82 -5 15 -7 
    Anterior cingulate gyrus a 944 Positive 2.72 -3 5 27 
    Paracingulate gyrus a 1232 Positive 2.77 -5 31 37 
    R Caudate b 2496 Positive 3.25 11 19 1 
    L Caudate b 2008 Positive 3.10 -11 17 3 
    R Putamen/R Accumbens c 1736 Positive 4.13 13 11 -11 
    R Putamen/R Accumbens f 728 Positive 5.33 13 11 -11 
    L Putamen c 1320 Positive 3.53 -15 9 -11 
    L Accumbens d 4304 Positive 3.55 -11 9 -11 
    L Accumbens f 696 Positive 4.79 -11 9 -11 
    Frontal orbital cortex e 17616 Positive 2.93 15 7 -17 
    Frontal orbital cortex/Frontal  
      pole e 

1960 
 

Positive 2.49 29 33 -13 

    Frontal orbital cortex/Frontal  
      operculum cortex e 

1000 
 

Negative -2.58 47 25 -5 
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Table 1 Continued 
 
Reward feedback vs. avoiding a loss 
    Anterior cingulate   
      gyrus/Paracingulate gyrus a 

19504 
 

Positive 2.70 9 27 27 

    R Caudate b 784 Positive 2.84 13 17 -5 
    R Accumbens f 344 Positive 2.77 13 17 -7 
    R Pallidum g 224 Positive 2.67 21 1 -1 
    R Putamen c 1128 Positive 2.75 17 15 -7 
    L Putamen c 632 Positive 2.47 -21 13 -1 
    Frontal Pole/Frontal orbital  
      cortex e 

1432 
 

Negative 2.57 -47 41 -17 

   Frontal Pole/Paracingulate gyrus e 1024 Positive 2.51 1 57 3 
Loss feedback vs. missing a reward 
    Subcallosal Cortex/Anterior  
      cingulate gyrus a 

3648 
 

Positive 2.52 1 31 -1 

    Anterior cingulate gyrus a 928 Positive 2.60 -1 31 11 
 
Note. L = Left. R = Right. Positive reflects enhanced activation of the first variable in 
each contrast relative to the second. Negative reflects deactivation of the first variable 
in each contrast relative to the second. Location refers to coordinates for the maximum 
z-stat in MNI152 2009 symmetrical space.  a Correction for only cingulate cortex and 
paracingulate cortex voxels. b Correction for only caudate voxels. c Correction for only 
putamen voxels. d Correction for only striatal voxels e Correction for only 
occipitofrontal gray matter voxels. f Correction for only nucleus accumbens voxels. g 
Correction for only pallidum voxels. 
 
 
Reward vs. No Change 

The [Reward – No Change] contrast yielded significant activations to 

monetary gains in several regions, including right paracingulate cortex (vmPFC) and 

right regions of dorsal striatum, specifically the caudate and putamen. There was also 

deactivation of left OFC during reward processing.  
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Loss vs. No Change 

The [Loss – No Change] contrast identified activation to losses in ACC. 

Losses in this context were also characterized by a deactivation in the left frontal pole 

of OFC.  

Reward vs. Loss 

Depicted in Figure 3, when the [Reward – Loss] contrast was applied to 

compare responses rewards and losses against each other, the caudate, putamen, and 

paracingulate activations remained significant. In fact, the striatal activation extended 

to the bilateral accumbens and reached threshold for significance in both hemispheric 

locations of the caudate and putamen. Activation to rewards also extended into OFC, 

with two larger regions activating, and a third, small region deactivating to rewards.  
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Figure 3  Within-subjects activation for the [Reward-Loss] contrast. 
Consistent with the literature, the monetary incentive delay task 
achieved the intended effects: activations were localized to the OFC 
and vmPFC (A), bilateral caudate (B), and bilateral nucleus accumbens 
and putamen. Activated regions in Figure 3A present activations from 
three clusters: one medial, comprising the three central clusters shown, 
and one in each hemisphere. Activations in Figures 3B and 3C 
represent distinct clusters. Images were selected at the voxel of 
maximal activation and from a direction allowing optimal viewing. R = 
Right. 

 
Receiving a Reward vs. Avoiding a Loss 

Two additional contrasts, nonorthogonal to those above but providing 

additional information, were performed. First, the [Reward No Change – No Change Loss] 

contrast yielded activation to rewards in regions of the striatum, particularly the right 

accumbens, caudate, and pallidum, and the bilateral putamen. The OFC was also 

activated to rewards. In contrast, vmPFC was significantly deactivated during reward 

feedback.  

Receiving a Loss vs. Missing a Reward  

The experience of a loss rather than missing a reward, captured by the [Loss No 

Change – No Change Reward] contrast, yielded activation of ACC. 
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Neuroimaging Group Differences 

Table 2 presents the group differences, where activations for each contrast 

were based on random effects with a statistic threshold at p<.05 after corrections for 

multiple comparisons. The NA group differed from controls on three of the five 

contrasts: Reward vs. No Change, Loss vs. No Change, and Loss vs. Missing a 

Reward. Clusters of activation for each of these contrasts are depicted in Figures 4, 5, 

and 6, respectively. Regarding Reward vs. No Change, the high NA group had greater 

activation in ACC, vmPFC, caudate, and the temporal and frontal poles of OFC. In the 

Loss vs. No Change contrast, the NA group had greater activation in the left caudate 

and left supplementary motor cortex. In response to obtaining a loss rather than 

missing a reward, the NA group showed increased activation of the left caudate, 

bilateral accumbens, and the right putamen relative to control subjects. 
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Table 2 Effects of the feedback period in the high NA group compared to 
low NA/PA group 

 
Location Region Cluster 

Size mm3 
Direction of 
Relationship 

Mean 
z-value X Y Z 

Reward vs. no change feedback       
    Anterior cingulate gyrus a 696 Positive 2.37 5 21 31 
    Paracingulate gyrus a 1232 Positive 2.44 -5 15 49 
    R caudate b 432 Positive 2.43 13 13 5 
    R Temporal pole/Frontal orbital    
      cortex c 

1776 
 

Positive 2.50 47 23 -15 

    Frontal pole/R cerebral cortex c 896 Positive 2.51 27 57 -7 
Loss vs. no change feedback       
    L Supplementary motor cortex  
      Cortex/Paracingulate gyrus a 

712 
 

Positive 2.48 -11 9 49 

    L Caudate b 528 Positive 2.37 -9 5 7 
Loss feedback vs. missing a reward 
    L Caudate b 400 Positive 2.46 -7 5 7 
    L Accumbens e 224 Positive 2.72 -7 11 -9 
    R Accumbens e 216 Positive 2.54 7 11 -11 
    R Putamen f 1048 Positive 2.46 25 -3 11 
 
 
Note. L = Left. R = Right. Positive reflects enhanced activation of the first variable in 
each contrast relative to the second. Negative reflects deactivation of the first variable 
in each contrast relative to the second. Location refers to coordinates are for the 
maximum z-stat in MNI152 2009 symmetrical space.  a Correction for only cingulate 
and paracingulate cortex voxels. b Correction for only caudate voxels. c Correction for 
only occipitofrontal gray matter voxels. d Correction for only striatal voxels. e 
Correction for only nucleus accumbens voxels. f Correction for only putamen voxels. 
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Figure 4  Areas of greater activation in the NA group than in the control 
group for the [Reward – No Change] contrast. Activations were 
localized to the right temporal and frontal poles of the OFC (A), 
anterior cingulate and paracingulate cortices (B), and right caudate (C). 
Activation in Figure 3A represents two clusters, one temporal/OFC and 
one frontal/OFC. Activations shown in Figures 3B and 3C represent 
distinct clusters. Images were selected at the voxel of maximal 
activation and from a direction allowing optimal viewing. R= Right.  

 

Figure 5  Areas of greater activation in the NA group than in the control 
group for the [Loss – No Change] contrast. Activations were 
localized to the left caudate (A) and supplementary motor/paracingulate 
cortex (B). Activations depict distinct clusters. Images were selected at 
the voxel of maximal activation and from a direction allowing optimal 
viewing. R = Right.  
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Figure 6  Areas of greater activation in the NA group than in the control 

group for the [Loss No Change – No Change Reward] contrast. 
Activations were localized to the bilateral nucleus accumbens (A), left 
caudate (B), and right putamen (C). Activations depict distinct clusters. 
Images were selected at the voxel of maximal activation and from a 
direction allowing optimal viewing. R = Right.  
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Chapter 4 

DISCUSSION 

The primary goal of this study was to determine if individuals with trait NA 

exhibited neural abnormalities in processing incentive-related feedback. Despite a 

substantial body of research indicating that NA is associated with increased sensitivity 

to negative outcomes, supporting brain mechanisms had not yet been fully identified. 

Incorporating valence differentials between cued outcomes (monetary gain, no change 

in balance, monetary loss) allowed for the examination of general responses to 

rewards and losses, as well as more targeted questions, to better capture between-

group distinctions in the processing of rewards and losses.  

 Before addressing whether individuals with trait NA exhibited neural 

distinctions from controls in feedback processing, the present study first evaluated 

whether participants completed the intended task. Because this is the first time that 

this laboratory has used a monetary incentive delay task, it was necessary to ensure 

that the task captured the intended effects. In both overt behavioral performance and 

regional brain activation patterns, results confirmed the hypotheses that the MID task 

assessed responses to both rewards and losses in ways that were convergent with 

previous literature. Behavioral data indicated that individuals responded more quickly 

to trials in which there was a monetary incentive. Findings from other studies (e.g., 

Knutson et al., 2008) corroborate these results and suggest that the possibility of 
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achieving a valenced outcome increases motivation to achieve the more desirable 

outcome. 

 Regarding brain activation patterns of the within-subject contrasts, trials 

delivering monetary gains prompted greater activation of vmPFC and dorsal striatum 

(caudate and putamen) than did trials with no change in balance. These data are 

consistent with previous research, indicating that vmPFC encodes desirable outcomes 

(McClure et al., 2004) and the dorsal striatal structures are involved in the learning 

and reinforcement of rewarding outcomes (Tricomi, Delgado, & Fiez, 2004). 

Monetary losses, relative to no changes in balance, were characterized by activation of 

ACC, signaling conflict between the desired and obtained outcome (Gehring & 

Willoughby, 2002), as well as deactivation of OFC, encoding the outcome as negative 

(O’Doherty, 2004). Comparing reward to punishments yielded activations of the 

vmPFC, dorsal (caudate, putamen, pallidum) and ventral (NAc) striatum, and OFC.  

 In addition, the present study assessed responses to obtaining a monetary gain 

and avoiding a loss, when the alternatives of both were losses. The contrast yielded 

activations of the ventral (NAc) and dorsal (caudate, putamen) striatum and ACC, 

indicating that monetary gains were perceived as more rewarding than avoiding losses, 

and reinforced as such. In addition, the difference between obtaining a loss and 

missing a reward was assessed. In this case, increased activation of the ACC signaled 

greater conflict between the desired and obtained outcome, suggesting that obtaining a 

loss is perceived more negatively than missing a reward. Overall, these data are 
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consistent with literature indicating that the MID task captures effects to rewards and 

losses consistent with previous tasks eliciting responses to feedback. 

 Some inconsistencies were found in relationship to previous literature and/or 

the hypotheses of the present study. These include a region of OFC negativity to 

monetary gains, compared to no change in balance, and deactivation of vmPFC to 

monetary gains, compared to avoiding a monetary loss. Regarding OFC deactivation, 

although OFC activation has been primarily been linked to appetitive outcomes 

(O’Doherty, 2004), some work has shown that different areas of the OFC respond 

differentially to rewarding and aversive outcomes (O’Doherty, Dayan, Eriston, 

Critchley, & Dolan, 2003). OFC appears to be involved in behavioral inhibition when 

task demands change (e.g., Prince, Carmichael, & Drevets, 1995), suggesting that it 

may identify when behavior should be altered (Spielberg, Stewart, Levin, Miller, & 

Heller, 2008). Regarding vmPFC deactivation to gains, interpretation would be purely 

speculative. Spielberg and colleagues (2008) noted that many inconsistent findings 

exist across fMRI literature, and further research is necessary to investigate these 

results. Apart from these two inconsistencies, however, the MID task used in the 

present study achieved the intended affects to reward and loss feedback.  

 Having confirmed that the MID task produced behavioral and neural responses 

to gains and losses as intended, the data were then evaluated to determine whether 

individuals high in trait NA exhibited abnormalities in their processing incentive-

related feedback. Addressing this question bridges a gap in literature regarding the 

brain mechanisms responsible for supporting NA’s documented sensitivity to negative 
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outcomes. Analyses produced two main findings. First, individuals with high trait NA 

show enhanced activation in the caudate, relative to controls, across both positive and 

negative feedback. Second, individuals with high trait NA reinforce negative 

outcomes. 

 The first main finding concerns enhanced activation of the striatum to both 

rewards and punishments, relative to no changes, in the trait NA group. We 

hypothesized that individuals with trait NA, relative to controls, would display similar 

striatal responses in the receipt of rewards but heightened activation to losses. Instead, 

the results yielded heightened activation of the caudate to both rewards and losses 

relative to controls. This finding warrants attention in two domains: first, that the 

activation across both types of feedback is enhanced relative to controls; and second, 

that the NA group experiences similar activation across reward and punishment 

feedback conditions.  

The first consideration of this finding regards enhanced activation in these two 

contrasts relative to controls. At the surface, the results appear to conflict with the 

well-established theory that negative affect is associated with attentional bias towards 

negative information (Derryberry & Reed, 1994). However, arousal is another 

construct relevant to personality disposition that must be considered (Derryberry & 

Rothbart, 1988). In fact, individuals with high trait NA tend to have more reactive 

cortical pathways, resulting in higher arousal at lower levels of stimulation than is 

typical (Hebb, 1955). In support, groups thought to be high in NA reportedly 

experience generally higher levels of autonomic reactivity than controls (Rubin, 
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1964). Therefore, the data suggest that more arousing outcomes, represented by 

[Reward – No Change] and [Punishment – No Change] contrasts, are more salient in 

individuals with high trait NA and hence have a greater impact on the brain’s reward 

circuitry. In support, there were no differences between groups in the [Reward – 

Punishment] contrast, indicating that it is the arousal of both emotionally salient 

outcomes, relative to no change, that differentiates the groups.  

 The second question pertains to the trait NA group alone, addressing the 

overlapping activation of the caudate to both rewards and losses. This pattern suggests 

that individuals with trait NA exhibit learning and reinforcement of positive and 

negative outcomes. Regions such as the vmPFC and OFC assess hedonic value and 

activate to pleasant or rewarding outcomes. Because these frontal regions innervate 

the striatum and modulate striatal responses (Haber, Kunishio, Mizobuchi, & Lynd-

Balta, 1995), the exaggerated vmPFC and OFC activations to rewards in the high NA 

group likely contribute to the activation of the striatum in the rewarding feedback 

condition. However, this exaggerated vmPFC and OFC response was not present to 

drive the enhanced activation of the striatum to losses in the NA group. Consequently, 

the vmPFC and OFC activation to rewards only suggests that individuals with trait NA 

are able to differentiate between rewards and losses in the encoding process; however, 

they learn both outcomes. 

 Whereas numerous studies of typical populations indicate that the caudate is 

not typically activated to losses (e.g., Delgado, Miller, Inati, & Phelps, 2003; 

O’Doherty, 2004), present data indicating increased caudate activity in the trait NA 
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group are consistent with the hypothesis that the trait NA group would have 

hyperactivity in the striatum to losses. Analyses suggest that negative outcomes, 

similarly to positive outcomes, are learned and used to motivate future behavior. In 

addition, losses were associated with increased activity of the supplementary motor 

cortex, suggesting that planning of behavioral adjustments may accompany such 

learning. Because losses are reinforced similarly to rewards, the data may explain how 

individuals with NA develop and maintain automatic negative biases. In fact, 

reinforcement of negative processing may contribute to risk for psychopathology like 

depression. Several studies of related forms of psychopathology complement these 

results: remitted depressed patients had enhanced caudate responses to aversive 

stimuli (McCabe, Cowen, & Harmer, 2009); behaviorally inhibited individuals had 

similar vmPFC activations to gains and losses, but enhanced caudate activity to losses 

(Helfenstein et al., 2011).  

In addition to vmPFC, OFC, and caudate, there was greater activation of ACC 

to rewards in individuals with trait NA. Consistent with the hypothesis that considers 

mood incongruence with receiving a monetary gain, the NA group exhibited greater 

ACC activation to gains than controls. As there were no group differences in reaction 

times or across conditions, it is unlikely that the present findings are the result of 

motor conflict. Instead, the results suggest that trait NA individuals experience more 

affective conflict in the context of monetary gains. While there is preliminary ERP 

evidence that ACC activates differently in individuals of negative affect compared to 

controls (Hajcak, McDonald, & Simons, 2004), there is a more substantial body of 
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evidence coming from psychological disorders associated with negative affect. For 

instance, cingulotomies of ACC are used to treat therapeutically unresponsive 

depression (Spangler et al., 1996), and positron emission tomography has found 

increased resting ACC activity in depressed patients and that inhibiting ACC activity 

can reduce depressive symptoms (Drevets, 1999; Mayberg et al., 2005). Further, the 

present data are consistent with the finding of individuals with depression who 

experience more ACC activation while anticipating attainable gains (Knutson et al., 

2008).  

 The second general finding concerns the difference between responding 

unsuccessfully and losing money rather than missing a reward. Individuals with high 

trait NA did not differ from controls in their responses to receiving reward feedback 

rather than missing a punishment after a successful response. However, trait NA 

participants showed exaggerated activation of the striatum to losing rather than 

missing rewards. Although striatal activation is typically elicited by rewards, overtly 

negative events have also been found to elicit striatal activation, such as loss of money 

(Delgado, Locke, Stenger, & Fiez, 2003) or administration of a shock (Seymour, Daw, 

Dayan, Singer, & Dolan, 2004). In support, in an interaction of self vs. other and 

threatening vs. neutral contrasts, there was enhanced activity in the caudate when 

individuals attended to information deemed threatening to themselves (Blackwood et 

al., 2000). Considered collectively with past research, the present data support the 

[Loss – No Change] contrast findings in suggesting that negative outcomes are learned 
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and reinforced more heavily in individuals with trait NA than controls, likely 

encouraging the negative biases of individuals with trait NA.  

  In sum, the results of the present study demonstrate that individuals with high 

trait NA process negative information differently from typical individuals. Although 

previous experiments have indicated that increased sensitivity to negative outcomes is 

a central feature of NA, brain mechanisms of such biases have not been fully 

identified. Towards this goal, the present study determined supporting neural 

correlates of rewarding and aversive feedback. The enhanced striatal response to both 

negative and positive feedback suggests that individuals with trait NA reinforce 

negative outcomes similarly to positive outcomes. Further, the sensitivity of those 

with high trait NA to losing rather than missing rewards corroborates this heightened 

sensitivity to losses relative to typical individuals. Collectively, the data propose an 

explanation for the automaticity and continuation of negative biases. The activation of 

the ACC to rewards also appears to capture the effect of negative mood states of such 

individuals. 

In pursuing an understanding of maladaptive reward circuitry in individuals 

with negative affect, this study has important implications for the assessment and 

treatment of psychopathology. Currently, many diagnoses related to negative affect 

are accomplished primarily through self-report. Although fMRI itself is not a feasible 

assessment tool, the biological differences in reward circuitries are notable and 

warrant research to develop behavioral measures that could target the neural 
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mechanisms related to hypersensitivity to valenced outcomes and reinforcement of 

losses. 

In terms of therapy, these data first highlight the role that emotional arousal, 

both to pleasant and aversive feedback, may play a role in activating structures 

associated with negative mood states. If such structures contain information associated 

with high levels of arousal, exposure to these emotionally arousing states may help 

clients attenuate their responses to emotional feedback. For example, individuals with 

anxiety may have learned to fear interoceptive cues associated with positively 

arousing and negatively arousing stimuli and outcomes. Exposure to such situations 

may elicit the entirety of one’s fear or distress response and help to more quickly 

extinguish the associations between arousal cues and negative mood states (Sass et al., 

2009). Referencing the reinforcement of losses, the data also lend support to 

techniques like cognitive restructuring that aim to correct maladaptive cognitions in 

order to decrease negative biases.  

The present study has several strengths, including a sample size several times 

that of typical fMRI experiments, which potentially gives the present dataset more 

statistical power than similar studies. It also extends the literature on feedback 

processing and psychopathology by explicitly examining regional brain activations 

associated with reward and loss feedback in negative affect. However, the study also 

has limitations. For one, the design is correlational, which does not permit researchers 

to determine whether trait NA leads to maladaptive reward circuitry or vice versa. In 

addition, fMRI methods do not have good temporal sensitivity and cannot provide 
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insight into sequence of activation among implicated structures. Further research using 

alternative methods like EEG or which target dopamine transmission could address 

this question in a group with trait NA to better understand the relationship among the 

implicated structures that were identified in this study. Research may also choose to 

explore the effect of outcome magnitude on responses to feedback in negative affect. 

Preliminary evidence from this study suggests that the greater the loss, the greater the 

learning. This effect can be further evaluated by providing different magnitudes of 

feedback (e.g., big gain, small gain, no change, small loss, big loss). 

 Overall, the present study provides preliminary insight into the distinctions of 

the reward circuitries between individuals with trait NA and typical individuals. 

Regional brain activations indicated that individuals with trait NA are hypersensitive 

to valenced outcomes, and they reinforce negative outcomes much like positive ones. 

This suggests a mechanism by which they develop and maintain negative biases, 

which, in turn, may contribute to psychopathology. In addition to having important 

clinical implications, this study can also assist in teasing apart cognitive effects 

attributable to characteristics of different disorders as researchers extend cognitive 

studies of feedback processing to specific disorders of which NA is a component. 
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