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Abstract 
Emotions are pervasive in daily life, and a rich literature has documented how 

emotional stimuli and events disrupt ongoing processing and place heightened 

demands on control.  Yet the executive control mechanisms that subsequently resolve 

that interference have not been well characterized.  Although many failures of executive 

control have emotion at their core, numerous questions remain in the field regarding 

interactions between emotion and executive control.  How do executive processes act on 

affective representations?  Are emotional representations less amenable to control?  Do 

distinct processes or neural networks govern their control?  The present dissertation 

addresses these questions by investigating the neural systems and cognitive processes 

that support executive control in the face of interference from affective sources.  

Whereas previous research has emphasized the bottom-up impact of emotion on 

cognition, this dissertation will investigate how top-down executive control signals 

modulate affect’s influence on cognition.  Combining behavioral techniques with 

neuroimaging methodologies, this dissertation characterizes the interactive relationship 

between affective processes and top-down executive control and the ramifications of 

that interaction for promoting adaptive behavior. 

Cognitive and behavioral phenomena related to affective interference resolution 

are explored in a series of research projects spanning attention and memory.  Task-

irrelevant affective representations may disrupt performance, but this interference 

appears to be dependent on top-down factors and can be resolved by executive 

mechanisms.  Interference resolution mechanisms act on representations both of stimuli 

in the environment and information stored in memory.  The findings reported here 

support emotion’s capacity to disrupt executive processing but also highlight the role 
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executive control plays in overcoming that interference in order to promote adaptive 

behavior.  
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1 Emotion and executive control: Theories and findings 
Throughout the course of our daily activities, we are bombarded by stimuli in an 

ever-changing environment.  In order to engage in appropriate behavior in this shifting 

context, we must exert control over our actions, constantly adapting to the scenario.  

Occasionally, irrelevant information may distract us from the task at hand, competing 

for our attention.  In some cases, as with buzzing background noise in a crowded room 

while we carry on a conversation, this intrusion can be relatively mild and, while it will 

require some cognitive exertion to filter out the distraction, will be easy to overcome.  

Under other circumstances, alterations in the environment may demand immediate 

prioritization in order to avert problematic behaviors, such as when a pedestrian darting 

into the road causes us to slam on the brakes.  In both of these examples, optimal 

behavior demands inhibition of representations and potentiated behaviors.  

Executive control directs mental processing along goal-relevant paths, promoting 

goal-directed behavior while stymieing irrelevant or inappropriate actions, thus 

enabling individuals to flexibly and adaptively engage with a dynamic environment.  

And yet in spite of our general ability to govern our thoughts and actions in accordance 

with challenges and changes in our environment, emotion seems to modulate this 

capacity for control.  Even if we were successfully ignoring a nearby conversation in a 

crowded room, if the topic of that conversation shifts to a taboo subject our attention 

may be momentarily attracted to it once more.  And in the case of an avoided accident 

while driving, the combination of resulting stress and concern may make us more likely 

to tap the brakes when confronted with other changes in traffic the rest of the way home.  

Emotions are pervasive in daily life, and a rich literature has documented how 

emotional stimuli and events disrupt ongoing processing and place heightened 

demands on control.  Each of the above examples documents a case where emotion 
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affects cognition in a bottom-up fashion. Yet the executive control mechanisms that 

subsequently resolve that interference have not been well characterized.  Although 

many failures of executive control have emotion at their core, numerous questions 

remain in the field regarding interactions between emotion and executive control.  How 

do executive processes act on affective representations?  Are emotional representations 

less amenable to control?  Do distinct processes or neural networks govern their control?     

The present dissertation addresses these questions by investigating the neural 

systems and cognitive processes that support executive control in the face of interference 

from affective sources.  Whereas previous research has emphasized the bottom-up 

impact of emotion on cognition, this dissertation will investigate how top-down 

executive control signals modulate affect’s influence on cognition.  Combining 

behavioral techniques with neuroimaging methodologies, this dissertation characterizes 

the interactive relationship between affective processes and top-down executive control 

and the ramifications of that interaction for promoting adaptive behavior.  

This dissertation draws on multiple theoretical perspectives and research 

approaches in the realms of emotion and cognition research.  To establish the motivation 

for and relevance of this research, I will begin by outlining some of the key findings 

regarding affective influences of cognition, discussing results spanning perception, 

attention, and memory.  Subsequently, I will introduce key theories in executive control, 

which will introduce a discussion of top-down modulation of affective processing.  I will 

then introduce recent research investigating interactions between emotion and executive 

control, as well as the implications of that work for neurocognitive theories of 

psychological disorders.  



 

 3 

1.1 Affective biases of cognitive processes  
Emotional events or stimuli bias cognition at multiple levels, influencing 

processes ranging from basic perception to high-level reasoning.  The amygdala is the 

neural region most heavily implicated in modulating the processing of other neural 

systems in response to emotional stimuli.  Early research in animal models 

demonstrated that medial temporal lobe resections (which included amygdala resection) 

resulted in a range of aberrant emotional behaviors, including approaching threatening 

stimuli in the environment and engaging in abnormal social behaviors (Kluver & Bucy, 

1937).  The amygdala is also hypothesized to be involved in the rapid processing of 

sensory inputs, via a pulvinar connection to the superior colliculus that bypasses cortical 

sensory regions enabling speeded processing of incoming representations and 

facilitating rapid behavioral adjustments (LeDoux, 2000).  The amygdala is also highly 

interconnected with other neural regions (LeDoux, 2000; Young, Scannell, Burns, & 

Blakemore, 1994), making it well-suited to serve as a hub for the integration of affective 

information (Pessoa, 2008) and a node that would bias processing in other neural 

networks. 

1.1.1 Sensation and perception 

Affect alters neural representations of stimuli at early sensory processing stages.  

Emotional stimuli evoke greater activation than neutral stimuli in relevant sensory 

regions: emotional images evoke greater activation in visual cortical regions (Lane, 

Chua, & Dolan, 1999; Morris, et al., 1998; Sabatinelli, Bradley, Fitzsimmons, & Lang, 

2005; Vuilleumier, Armony, Driver, & Dolan, 2001), emotional sounds elicit greater 

activation in auditory processing areas (Grandjean, et al., 2005; Mitchell, Elliott, Barry, 

Cruttenden, & Woodruff, 2003; Sander & Scheich, 2001), and both pleasant and 

unpleasant tastes increase activation in gustatory processing regions (O'Doherty, Rolls, 
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Francis, Bowtell, & McGlone, 2001).  These biases occur very early in sensory processing, 

emerging within 100 milliseconds after stimulus onset (Halgren, Raij, Marinkovic, 

Jousmaki, & Hari, 2000; Pizzagalli, Regard, & Lehmann, 1999).  Some theorists argue 

that the amygdala is automatically engaged in response to affective stimuli in the 

environment.  Enhanced amygdala responses to affective stimuli have been observed 

even in the absence of conscious awareness of emotional stimuli (Morris, et al., 1998; 

Ohman, 2002; Whalen, et al., 2004; Whalen, et al., 1998) and when emotional stimuli are 

unattended (A. K. Anderson, Christoff, Panitz, De Rosa, & Gabrieli, 2003; Vuilleumier, et 

al., 2001; but see Pessoa, McKenna, Gutierrez, & Ungerleider, 2002).  The amygdala has 

reciprocal, topographically organized connections with regions throughout the cortical 

regions related to sensory processing (Amaral, Behniea, & Kelly, 2003) through which it 

exerts influence to amplify neural processing of affectively salient stimuli across 

multiple stages of sensory processing.  Increases in amygdala and cortical activations to 

affectively salient stimuli are correlated (Morris, et al., 1998; Pessoa, et al., 2002; 

Sabatinelli, et al., 2005), and lesions to the amygdala abolish enhanced cortical 

activations to affectively salient stimuli (Vuilleumier, Richardson, Armony, Driver, & 

Dolan, 2004).  Affective stimuli enjoy enhanced sensory representations, and this 

enhancement appears to be mediated in part by signals generated by the amygdala.  

1.1.2 Attention 

In addition to heightened sensory processing, affective stimuli are also more 

likely to attract and hold attention than affectively neutral stimuli.  During visual search, 

affectively salient targets are more rapidly detected (Fox, 2002; Hansen & Hansen, 1994; 

Ohman, Flykt, & Esteves, 2001; Ohman, Lundqvist, & Esteves, 2001).  This advantage 

appears to be supported by speeded serial search (Eastwood, Smilek, & Merikle, 2001), 

and individuals are more likely both to orient initially to affective stimuli in the 
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environment and to return their attention to those stimuli while sampling the 

environment (Knight, et al., 2007; LaBar, Mesulam, Gitelman, & Weintraub, 2000).  

Moreover, affective stimuli can also attract attention and improve processing of neutral 

stimuli presented at the same spatial locations (Phelps, Ling, & Carrasco, 2006).  

Orienting to affectively salient stimuli can occur even in the absence of conscious 

awareness of those stimuli, particularly for highly anxious individuals (Mogg & Bradley, 

1998).  Emotional stimuli are also more likely to break through sources of distraction or 

interference to achieve awareness.  Perhaps one of the most famous examples of this 

phenomenon is the cocktail party effect (Cherry, 1953), wherein people are perfectly 

capable of ignoring other conversations at a cocktail party while socializing but will end 

up orienting to one of those background conversations if something emotionally 

relevant is uttered, such as their name.  Similar affective intrusion effects have been 

observed using visual stimuli.  For instance, in binocular rivalry a separate image is 

displayed to each eye independently.  Instead of creating the psychological perception of 

one merged image, this presentation method causes the percept to alternate between the 

two images (Blake & Logothetis, 2002).  Emotional images used in this paradigm are 

more likely to dominate awareness than neutral images (Alpers & Gerdes, 2007; Alpers 

& Pauli, 2006; Alpers, Ruhleder, Walz, Muhlberger, & Pauli, 2005).  Emotional stimuli 

are also more likely to break through interference generated during continuous flash 

paradigms, in which images presented to one eye suppress the perception of an image 

displayed to the other eye (Yang, Zald, & Blake, 2007), gaining access to awareness 

despite visual interference.  With respect to the attentional blink (wherein targets 

presented immediately following the detection of a previous target are less likely to be 

reported), affectively salient stimuli are resistant to interference from previous targets 

and are more likely to be reported (A. K. Anderson, 2005; Lim, Padmala, & Pessoa, 
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2009).  Representations of emotional stimuli in the environment, therefore, appear to 

benefit from enhanced attentional access compared to neutral stimuli. 

As with enhanced perceptual representations of emotional stimuli, the amygdala 

plays a key role in supporting affective attentional advantages.  Activation in the 

amygdala is associated with enhanced attentional orienting to emotionally salient 

stimuli (Armony & Dolan, 2002) or cases where emotional stimuli resist the attentional 

blink (Lim, Padmala, & Pessoa, 2009).  Furthermore, damage to the amygdala removes 

attentional advantages for emotional stimuli (Phelps & LeDoux, 2005), including 

abolishing the ability of emotional stimuli to resist the attentional blink (A. K. Anderson 

& Phelps, 2001).  Strikingly, attentional advantages for emotional stimuli are observed 

even when neural regions related to perceptual processing are damaged if the amygdala 

remains intact.  For instance, spatial neglect patients have difficulty orienting their 

attention to one spatial hemifield due to parietal lobe lesions.  However, these patients 

can still detect emotionally expressive faces in the neglected hemifield (Fox, 2002; 

Vuilleumier & Schwartz, 2001), and these faces still evoke heightened activations in 

sensory processing regions compared to neutral faces even when they are neglected 

(Vuilleumier, et al., 2002).  As another example, blindsight patients have lesions to 

primary visual cortex, removing one visual hemifield from awareness.  However, 

blindsight patients are nevertheless still able to discriminate emotional stimuli presented 

in the blinded hemifield (Morris, DeGelder, Weiskrantz, & Dolan, 2001; Pegna, Khateb, 

Lazeyras, & Seghier, 2005).  This affective discrimination is associated with enhanced 

activation in the amygdala (Pegna, Khateb, Lazeyras, & Seghier, 2005), consistent with 

the notion of a ‘low-road’ processing pathway for affective stimuli that bypasses cortical 

sensory regions (LeDoux, 2000).  Generally speaking, perceptual and attentional 

processing advantages for emotional stimuli appear to be most pronounced for 
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negatively valenced (Vuilleumier, 2005) or biologically prepared (Ohman & Mineka, 

2001) stimuli, although similar effects are also observed with positive stimuli or stimuli 

that acquire affective salience through learning.  

1.1.3 Memory 

Emotional events and stimuli also have an advantage in mnemonic processing.  

Emotional stimuli are more strongly encoded and may be more readily remembered 

than neutral stimuli even over long retention intervals (M. M. Bradley, Greenwald, 

Petry, & Lang, 1992; Dolcos, LaBar, & Cabeza, 2005).  In particular, the central details or 

features of emotional stimuli appear to be more deeply processed and strongly encoded 

compared to the peripheral details (Christianson, 1992; Levine & Edelstein, 2009).  This 

bias towards central details is perhaps most apparent in the weapon focus effect, 

wherein crime victims are most likely to fixate on and subsequently recall weapons due 

to their threat relevance and high salience (Loftus, Loftus, & Messo, 1987).  This 

enhanced encoding of central details can generate a mnemonic trade-off for affective 

stimuli, such that the peripheral or background details associated with an emotional 

event are less likely to be remembered than those associated with a neutral event 

(Kensinger, Garoff-Eaton, & Schacter, 2007).  Recent theories of emotional modulation of 

memory processes have emphasized emotion’s capacity to bias cognitive processing in 

favor of highly salient stimuli, features, or events (Mather & Sutherland, 2011).  

As with attentional and perceptual biases due to affective processing, the 

amygdala is hypothesized to mediate emotional enhancement of mnemonic processing 

(LaBar & Cabeza, 2006).  The amygdala has direct projections to the hippocampus, a key 

structure in memory formation (Stefanacci, Suzuki, & Amaral, 1996).  A meta-analysis of 

subsequent memory effects found that activation in both the amygdala and the anterior 

hippocampus is associated with encoding emotional stimuli (Murty, Ritchey, Adcock, & 
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LaBar, 2010), and activation in the amygdala and hippocampus is positively correlated 

during the successful encoding of emotional images (Dolcos, LaBar, & Cabeza, 2004).  

Amygdala lesions result in the loss of a mnemonic advantage for affectively salient 

stimuli (LaBar & Phelps, 1998), highlighting this region’s necessity to mediating these 

effects.  

Although many studies have reported mnemonic advantages for emotional 

stimuli, others have found instead that emotion enhances only the subjective sense of 

remembering and does not confer advantages in accuracy.  For example, memory 

retrieval may be supported by two processes: recollection supports the retrieval of 

specific details or features while familiarity supports a more general assessment 

(Yonelinas, 2002).  Retrieving emotional stimuli or events is associated with a greater 

subjective sense of recalling details and enhanced vividness, even when emotional 

materials are not recalled at a higher rate than neutral materials (Ochsner, 2000; Sharot, 

Delgado, & Phelps, 2004), and this effect is associated with enhanced amygdala 

activation during retrieval of emotional memories (Sharot, Delgado, & Phelps, 2004).  

This enhanced subjective sense of remembering emotional events is related to the 

concept of flashbulb memories (Brown & Kulik, 1977), which hypothesizes that 

emotional arousal enhances the encoding and retention not only of emotional features 

and details of an event but also of neutral details related to that event.  However, 

multiple experiments have challenged this hypothesis, reporting that although 

individuals report higher confidence in their memories for emotional events, those 

memories are no more accurate than recall of mundane neutral events (Neisser & 

Harsch, 1992; Talarico & Rubin, 2003).  It therefore appears that while emotion may not 

provide enhancement of veridical mnemonic representations of events, it does render 

those memories more vivid and imbue them with a greater subjective sense of veracity.  
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1.1.4 Mood effects and cognitive processing 

In addition to the effects of individual stimuli or transient affective responses on 

cognition, alterations in mood promote broad shifts in cognitive processing.  Stress 

narrows the scope of attention and results in focused cognitive processing (Callaway & 

Dembo, 1958), while positive moods result in broader cognitive orientations 

(Fredrickson & Branigan, 2005; Rowe, Hirsh, & Anderson, 2007).  These shifts in broad 

cognitive style have ramifications for a range of cognitive phenomena, including 

attention, memory, and decision making (Clore & Huntsinger, 2007).  For example, 

mood can bias mnemonic processes such that mood congruent items are more deeply 

encoded and readily recalled (Bower, 1981).  Therefore, both transient affective 

responses and more diffuse emotional states can alter cognitive processing.  Although 

the present dissertation will not focus on mood effects, it is important to note their 

potential cognitive consequences.   

1.1.5 Summary 

Across the affective enhancements observed in perceptual, attentional, and 

mnemonic processing, the role of stimulus-driven, bottom-up signals has historically 

been heavily emphasized. LeDoux’s theory emphasizes bottom-up effects of emotional 

processing, particularly the role of direct amygdala access to coarse sensory 

representations in altering processing of emotional stimuli (LeDoux, 2000).  Coarse 

sensory representations are relayed directly to the amygdala via the superior colliculus 

and the pulvinar, and amygdala signals can rapidly bias cortical processing in other 

regions.  Top-down modulations are not incorporated as part of the theoretical position.  

Researchers in attention and perception, particularly those that support the automaticity 

of amygdala processing of affective stimuli, also emphasize the role of bottom-up inputs 

(Ohman, 2002; Vuilleumier, 2005).  With respect to memory, arousal biased competition 
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theory accounts for a wide range of effects observed with affective stimuli or events by 

positing that emotion biases processing in favor of those features or details that are 

saliently represented (Mather & Sutherland, 2011).  While this theory acknowledges that 

feature salience will be determined by goal-driven, top-down signals, it treats the effects 

of emotion as predominantly bottom-up.  Although bottom-up, stimulus-driven signals 

play a critical role in many of the effects of emotion on cognition, exploring the role of 

top-down modulation of those effects provides a broader perspective on these 

phenomena.  

1.2 Theories of executive control 
Executive control enables flexible, goal-relevant behavior.  Individuals must 

frequently generate task sets, buffer them from interference, update them in accordance 

with shifting conditions, and inhibit irrelevant or conflicting information.  Executive 

control enables individuals to engage in a flexible and adaptive manner with an ever-

changing environment.  It oversees the generation of action plans, as well as their 

maintenance when confronted with interference and their adjustment in response to 

shifting priorities and context.  Executive control promotes goal-directed behavior and 

processing, while stymieing irrelevant or inappropriate actions and processing.  

Executive control is a multi-faceted construct, engaging with multiple processes and 

neural networks. 

 Much research has been conducted over the years to characterize these executive 

processes, with numerous neural models implicating the prefrontal cortex in executive 

control (e.g., Badre & D'Esposito, 2009; Botvinick, Braver, Barch, Carter, & Cohen, 2001; 

Egner, 2008; Miller & Cohen, 2001; Miyake, et al., 2000).  Many theories of executive 

function have relied on a biased competition model (Desimone & Duncan, 1995; Miller & 

Cohen, 2001), in which representations critical to achieving an organism’s goals are 
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amplified to enhance their selection, out-competing goal-irrelevant representations and 

diminishing their interference.  Biased competition models, particularly Miller and 

Cohen’s account (Miller & Cohen, 2001), emphasize the role of the prefrontal cortex in 

biasing processing in other posterior processing neural regions in order to enact 

selection and inhibition.  Some theories have emphasized how inhibiting potentiated 

responses enables flexible behavior (Aron, 2007; Miyake & Friedman, 2012; Miyake, et 

al., 2000), and nearly all theories concede that diminishing interference from goal-

irrelevant sources is critical to enacting control.   

Theories have emphasized the non-unitary nature of executive control, 

segmenting it into unique constructs (Miyake, et al., 2000), emphasizing its domain-

specificity (Egner, 2008), and characterizing the multiple levels at which it acts (Badre & 

D'Esposito, 2009; Banich, 2009).  While many theories posit that executive function 

comprises multiple distinct processes, the characterization of those component processes 

varies substantially across theories.  Analyses of performance across a range of executive 

function tasks indicate that three broad but distinct functions underlie executive control: 

shifting, updating, and inhibition (Miyake, et al., 2000).  Although abilities in each of 

these three functions are related to one another, they are nevertheless distinct processes, 

and more recent approaches that emphasize unity in executive control functions still 

also highlight the diversity across functions that support control (Miyake & Friedman, 

2012).  With respect to domain-specificity, conflict-driven control mechanisms that guide 

behavior appear to act relatively independently of one another across different domains 

(Egner, 2008).  For instance, conflict related to stimulus or semantic processing versus 

response selection appears to be resolved by distinct mechanisms (Egner, Delano, & 

Hirsch, 2007), and separable, modular neural systems appear to resolve conflict from 

emotional and non-emotional sources (Egner, Etkin, Gale, & Hirsch, 2008; Etkin, Egner, 
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Peraza, Kandel, & Hirsch, 2006).  Other models highlight the hierarchical nature of 

cognitive control, with processes more proximal to sensory inputs and motor outputs 

represented at lower levels and more abstract processes related to rules and overarching 

goals represented at higher levels (Badre & D'Esposito, 2009; Fuster, 2001; Koechlin & 

Summerfield, 2007).  Other hypotheses, such as the Dual Mechanisms of Control 

account, have emphasized the temporal profiles of control implementation (Braver, 

2012), highlighting differences between proactive signals engaged in preparation for 

interference and reactive signals mobilized in response to interference.  Executive 

control spans multiple levels of processing and governs a broad spectrum of cognitive 

and behavioral phenomena, and this diversity is reflected in the range of theoretical 

perspectives employed by those who research it.  

With respect to mitigating the influence of interference on behavior, one 

theoretical perspective that has gained traction is the dissociation between the detection 

of conflict generated by competing stimuli, responses, or rules, and the resolution of that 

conflict (Botvinick, et al., 2001).  Several papers have supported this distinction between 

conflict detection and resolution (Kerns, et al., 2004; MacDonald, Cohen, Stenger, & 

Carter, 2000), implicating anterior cingulate cortex in conflict detection and dorsolateral 

prefrontal cortex in conflict resolution.  Recent research examining interference 

resolution processes often distinguishes between conflict detection and resolution, 

particularly when investigating conflict-driven processes (Egner, 2008).   

The present dissertation will explore executive control broadly, with a particular 

emphasis on interference resolution processes.  Although the present dissertation will 

draw on multiple theories related to executive control, it does not seek to adjudicate 

between different theoretical accounts as few of the previous theories have specified the 

role of emotion in executive control.  However, experimental approaches in the present 
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dissertation often draw on concepts developed in association with these theoretical 

perspectives, and the present results are often interpreted with respect to key theories of 

executive control.  

1.3 Executive control and affective processing 
Although emotion can alter cognitive processing via multiple routes in a bottom-

up, stimulus-driven fashion, top-down, goal-driven control signals also contribute to 

cognition.  Thus, the balance of both these processing signals will shape behavior.   

1.3.1 Top-down modulation of affective processing 

Emotion does not merely influence cognitive processing in a bottom-up manner, 

but rather is also shaped by goal-driven, top-down cognitive signals.  Factors such as 

attentional focus, environmental context, and interpretation can alter the effects of 

emotional stimuli.  For example, in cases where cognitive resources are maximally 

engaged in another task, task-irrelevant emotional faces may not generate behavioral 

interference during performance and may also fail to evoke neural activation in affective 

processing regions such as the amygdala (Pessoa, McKenna, Gutierrez, & Ungerleider, 

2002).  Some of the attentional effects of emotional stimuli have also been attributed 

chiefly to deficits in top-down control processes rather than merely bottom-up orienting 

effects.  When an emotionally-charged stimulus appears in the environment, attention 

may rapidly orient to that stimulus (Mogg & Bradley, 1998; Ohman, Flykt, et al., 2001).  

However, it may only generate significant cognitive and behavioral ramifications if 

individuals have difficulty disengaging their attention from the emotional stimulus and 

reorienting it elsewhere.  This deficit in disengaging attention from affective stimuli is 

thought to drive many attentional effects of emotional stimuli, particularly in highly 

anxious individuals (Fox, Russo, Bowles, & Dutton, 2001; Koster, Crombez, Verschuere, 
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& De Houwer, 2004; Salemink, van den Hout, & Kindt, 2007; Yiend & Mathews, 2001).  

Therefore, selective attention may modulate the effects of emotional stimuli on behavior. 

Interpretations and appraisals also contribute to both neural and cognitive 

processing of emotional stimuli.  If a surprised face is presented in conjunction with a 

positive context (e.g., “This person just won the lottery”), it is less likely to evoke neural 

activation in the amygdala than if it was associated with a negative context (e.g., “This 

person just lost $200;” Kim, et al., 2004).  The interpreted meaning of expression, either 

elation or distress, shaped the neural response to the elicitor, even though it was 

perceptually identical in both cases.   

This phenomenon is related to the emerging field of emotion regulation research.  

Emotion regulation refers to the process of either up-regulating emotional experiences to 

increase their experience or down-regulating them to decrease their impact. One of the 

most popular models of emotion regulation has been promoted by James Gross and 

colleagues, emphasizing the distinction between antecedent-focused regulation, which 

alters the interpretation and processing of affective elicitors, and response-focused 

regulation which changes actions or responses triggered by those elicitors (Gross, 1998).  

Much research has focused on cognitive reappraisal, an antecedent-focused regulation 

strategy (Ochsner & Gross, 2005).  Cognitive reappraisal involves reinterpreting the 

meaning of a negative event (e.g., a scolding from one’s boss) to diminish its emotional 

impact (e.g., reminding yourself that your boss is trying to develop your talents 

productively).  Altering the interpretation of the emotional elicitor has been shown to 

diminish the subjective experience of negative emotions, as well as the neural activation 

associated with those elicitors (Delgado, Nearing, LeDoux, & Phelps, 2008; Ochsner, 

Bunge, Gross, & Gabrieli, 2002).  Top-down factors therefore appear to exert influence 

on emotional signals in order to shape subjective experience and responses.  
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1.3.2 Interactions between emotion and executive control 

Given that both bottom-up and top-down signals shape responses to affectively 

salient stimuli, several recent theories have posited a framework for how these two 

types of information are integrated.  Early research on this topic encountered 

definitional difficulties, as several early theories sought to delineate a sharp boundary 

between pure emotion and pure cognition yet found the two concepts fundamentally 

intertwined (Lazarus, 1984; Zajonc, 1984).  More recent theories have shifted away from 

strict independence between emotional and non-emotional processing, instead 

advocating for mutually interactive systems (Pessoa, 2008).  One such approach is the 

dual-competition model proposed by Luiz Pessoa (Pessoa, 2009).  This theory builds on 

biased competition models of attention and control (Desimone & Duncan, 1995; Miller & 

Cohen, 2001), proposing that emotion may alter cognition at multiple stages of 

processing, including gaining prioritized access to perceptual processing as well as 

modulating executive control functions (Pessoa, 2009).  This executive processing 

modulation is based on theories that posit that certain mechanisms and resources are 

shared across multiple control functions (Duncan, Emslie, Williams, Johnson, & Freer, 

1996; Miyake & Friedman, 2012) and proposes that emotional stimuli are more likely to 

gain access to this pool of shared executive resources.  This prioritized access to 

resources can both enhance processing related to the emotional stimuli as well as disrupt 

other ongoing processing.  However, this emotional executive competition will only 

occur when resources are available and not fully absorbed by other processing demands, 

allowing other goal-relevant processing to mitigate the influence of emotion.  At the 

neural level, this theory does not assume independence of emotional and non-emotional 

processing streams, instead emphasizing the role of neural processing hubs (e.g., 

anterior cingulate cortex, amygdala, dorsolateral prefrontal cortex) in integrating 
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information from multiple sources and regulating processing in other neural regions 

(Pessoa, 2008).  Overall, the dual-competition model incorporates both top-down and 

bottom-up signals into emotion-cognition interactions and emphasizes the 

interdependence of emotional and non-emotional processing.  

In contrast to the dual-competition model, others have highlighted the 

modularity of certain aspects of emotional and non-emotional processing.  A recent 

theory proposes that separate conflict-driven control mechanisms are maintained for 

emotional and non-emotional processing (Egner, 2008).  Drawing on executive control 

frameworks that distinguish between the detection and resolution of competing 

stimulus representations, action tendencies, or response rules (Botvinick, et al., 2001), 

this theory suggests that conflict resolution processes are modular and distinct for 

emotional and non-emotional sources of conflict.  Evidence that conflict involving 

affective stimuli and non-affective stimuli correlates with activation in distinct neural 

regions (ventral anterior cingulate cortex and lateral prefrontal cortex, respectively) 

supports this position (Ochsner, Hughes, Robertson, Cooper, & Gabrieli, 2009).  

Neuroimaging studies involving conflict adaptation paradigms have also demonstrated 

that conflict resolution tracks activation in lateral prefrontal cortex when the source of 

conflict is non-affective in nature but in ventral anterior cingulate cortex when conflict is 

affective (Egner, Etkin, et al., 2008; Etkin, et al., 2006).  Consistent with these 

neuroimaging findings, individuals with lesions to ventral anterior cingulate cortex 

exhibit deficits in affective conflict resolution (Maier & di Pellegrino, 2012).  However, 

consistent with the proposition that some executive resources are shared across 

processes, dorsal anterior cingulate cortex exhibits enhanced activation during conflict 

detection for both affective and non-affective sources of conflict (Egner, Etkin, et al., 

2008; Ochsner, et al., 2009), indicating that a domain-general conflict monitoring 
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mechanism may exist in parallel with modular conflict resolution mechanisms.  This 

theoretical perspective therefore hypothesizes modularity of emotional and non-

emotional processing while also incorporating the potential for mutual interaction under 

certain conditions. 

In a departure from earlier theories that emphasized the bottom-up influence of 

emotion on processing, both of these theories attempt to characterize the relationship 

between top-down and bottom-up signals in modulating the influence of emotion on 

cognitive processing.  Both theories also include processing elements that are shared 

across both emotional and non-emotional processing.  One of the main distinctions 

between these two theoretical positions is how they view the executive mechanisms that 

govern emotional and non-emotional processing.  Whereas the conflict resolution 

modularity theory posits that some executive processes are independent, the dual-

competition model instead emphasizes integration across emotional and non-emotional 

domains at multiple stages in processing.  Both theories, however, propose that affect 

can modulate executive control.   

1.3.3. Executive function and mood disorders 

Recent neurocognitive theories of depression and anxiety have begun to 

incorporate predictions about the role not only of emotional processing but also of 

executive processing in contributing to the etiology and maintenance of mood disorders.  

The Attentional Control Theory advanced by Eysenck and colleagues proposes that 

deficits in selective attention and cognitive resource allocation underlie cognitive biases 

observed in highly anxious individuals (Eysenck, Derakshan, Santos, & Calvo, 2007).  

Specifically, the theory suggests that anxiety is characterized by less efficient attentional 

processing, so that when heightened demands are placed on the system (e.g., high 

cognitive load, emotional distress, etc.) cognitive deficits emerge.  This emphasis on 
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deficits in executive processing is a departure from classic theories that highlight 

variations in affective processing as central to producing the cognitive deficits associated 

with anxiety.   

Whereas Attentional Control Theory focuses on executive processing deficits, 

Sonia Bishop has promoted a hypothesis that anxiety develops out of an imbalance in 

emotional and executive processing (Bishop, 2007).  This imbalance can develop out of 

deficits in either affective or control mechanisms (or both), and emerges at the neural 

level as imbalance in amygdala and prefrontal cortical pathways (Bishop, 2007).  In 

support of this position, highly anxious individuals exhibit enhanced amygdala 

responses to threatening stimuli when they are task-irrelevant compared to low anxious 

individuals but not when attention is directed to these stimuli (Bishop, Duncan, & 

Lawrence, 2004b), suggesting that difficulties in attentional filtering of affective 

information characterize anxiety.  Additionally, when confronted with distraction from 

affective sources, highly anxious individuals are less likely to activate ventral anterior 

cingulate cortex than low anxious individuals (Bishop, Duncan, & Lawrence, 2004a), 

consistent with the proposal that executive processing differences underlie cognitive and 

behavioral response differences between low and high anxious individuals.  

Related theories have also been developed with respect to depression.  Similar to 

hypotheses positing that differences in executive function contribute to anxiety, recent 

theories have highlighted the role of differences in inhibitory processing in contributing 

to the etiology of depression.  The response styles theory hypothesizes that ruminative 

thinking about one’s feelings and negative experiences contributes to the development 

of depressive symptoms, and that depressed individuals may have difficulty altering 

their cognitive habits in order to minimize negative ruminations (Nolen-Hoeksema, 

1991; Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008).  In particular, the negative mood 
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associated with depression may make it more likely that negative content will enter into 

working memory (Bower, 1981), and depressed individuals may have difficulty 

removing negative cognitions in working memory (Joormann, 2010).  This difficulty in 

inhibiting negative content in working memory may in turn impede attempts at effective 

emotion regulation, such as cognitive reappraisal, and may further encourage 

depressive rumination (Joormann, 2010).  Dysregulation in emotional processing circuits 

is strongly implicated in depression, and neural theories have emphasized the role that 

imbalances in activation in prefrontal regions (especially rostral anterior cingulate 

cortex) play in the maintenance and etiology of depression (Ressler & Mayberg, 2007). 

Differences in executive processing therefore play a key role in depression as well as 

anxiety.   

Elucidating the mechanisms underlying the integration of affective processing 

and executive control is critical to informing neurocognitive theories of depression and 

anxiety.  As imbalances in the interactions between these processes are hypothesized to 

be at the core of depression and anxiety, characterizing the nature of these interactions 

in the broad population may help identify which aspects of this dynamic relationship 

are disrupted in mood disorders.  Therefore, while the present dissertation does not 

focus on clinical populations, the findings it presents have implications for clinical 

understanding.   

1.4 The current dissertation 
The present dissertation seeks to characterize how the balance of bottom-up and 

top-down processing contributes to the influence of emotion on cognition and behavior.  

Moving beyond theories that exclusively focus on the bottom-up effects of affect, the 

present dissertation explores the interaction between affective and executive processing 

at both the behavioral and the neural levels.  The core hypothesis of this dissertation is 
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that top-down control processes mitigate affective influences on cognition.  This 

approach aligns with recent clinical theories that emphasize deficits in executive 

processing or imbalances in affective and executive processing in the development of 

mood disorders and builds on recent theories of emotion-cognition interactions.   

The first empirical chapter of this dissertation examines the extent to which 

performance goals modulate the impact of external affective stimuli on behavior.  Two 

underlying assumptions in multiple theories of emotion-cognition interactions are that 

the capacity of affective stimuli to capture attention transcends task boundaries and that 

emotional distracters are more likely to disrupt a non-affective task set than non-

affective distracters are to disrupt an affective task set.  This chapter employs a 

behavioral investigation designed to test these two assumptions by examining whether 

manipulating the task-relevance of an affectively salient distracter altered its potency in 

disrupting processing.  That is, this chapter explores the role of top-down task sets in 

modulating the influence of affective distracters on attention.   

The second empirical chapter examines how goal-driven and stimulus-driven 

attention systems modulate the influence of emotional stimuli on behavior.  Affectively 

salient distracters in the environment can capture and direct attention more potently 

than affectively neutral stimuli, particularly in individuals with anxiety.  However, it 

remains unclear the extent to which strong, top-down attentional signals engendered by 

current goals can buffer ongoing processing from emotional distraction.  Research has 

demonstrated that these endogenous, top-down signals can mitigate the attentional 

influence of physically salient exogenous distracters, yet it remains unclear whether 

similar top-down biasing would overcome the potent distraction generated by 

affectively salient distracters.  To explore this question, low and high anxious 
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participants completed a novel attentional cueing task while undergoing functional 

magnetic resonance imaging.   

The third empirical chapter transitions from examining responses to external 

stimuli to internal mnemonic representations.  The adaptable nature of memory retrieval 

enables the directed control of memory in the service of current goals.  During retrieval, 

the executive control of memory is vital to ensuring that appropriate, goal-relevant 

memories are selected and that inappropriate memories are inhibited.  This series of 

behavioral investigations interrogates how executive control in memory is modulated by 

mnemonic affective salience.   

The fourth empirical chapter builds on the behavioral findings presented in the 

third empirical chapter by characterizing the neural regions that support affective 

mnemonic interference resolution.  Evidence from previous fMRI studies indicates that 

prefrontal regions, in particular anterior cingulate cortex and lateral prefrontal cortex, 

support the implementation of control via interactions with the hippocampus.  

However, the question remains whether different domain-specific networks might 

mobilize to mitigate mnemonic competition from affective stimuli.  Participants 

underwent functional magnetic resonance imaging while engaging in a modified 

retrieval-induced forgetting paradigm that included both affectively negative and 

neutral stimuli in order to identify the neural correlates of affective mnemonic 

interference resolution.   

Affect impacts responding in numerous ways, but the interaction between 

stimulus-driven and goal-driven signals determines the extent of that influence.  The 

projects presented in this dissertation bridge between theories that outline the bottom-

up influence of emotion on cognition and those that document the role of executive 

control in biasing processing in accordance with goals.  Both bottom-up and top-down 
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influences on cognition shape behavior, and executive processing acts not only on 

representations of stimuli in the environment but also on internal memories.  Differences 

in executive control may underlie the development of clinical disorders, including mood 

disorders.  The following chapters seek to inform theories of emotion-cognition 

interactions via empirical investigations combining behavioral and neuroimaging 

methodologies.   
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2 Affective privilege: Asymmetric interference by 
emotional distracters 

Numerous theories posit that affectively salient stimuli are privileged in their 

capacity to capture attention and disrupt ongoing cognition.  Two underlying 

assumptions in this theoretical position are that the potency of affective stimuli 

transcends task boundaries (i.e., emotional distracters do not have to belong to a current 

task-set to disrupt processing) and that there is an asymmetry between emotional and 

cognitive processing (i.e., emotional distracters disrupt cognitive processing, but not vice 

versa).  These assumptions have remained largely untested, as common experimental 

probes of emotion-cognition interaction rarely manipulate task-relevance and only 

examine one side of the presumed asymmetry of interference.  To test these propositions 

directly, a face-word Stroop protocol was adapted to independently manipulate (a) the 

congruency between target and distracter stimulus features, (b) the affective salience of 

distracter features, and (c) the task-relevance of emotional compared to non-emotional 

target features.  A three-way interaction revealed interdependent effects of distracter 

relevance, congruence, and affective salience.  Compared to task-irrelevant distracters, 

task-relevant congruent distracters facilitated performance and task-relevant 

incongruent distracters impaired performance, but the latter effect depended on the 

nature of the target feature and task.  Specifically, task-irrelevant emotional distracters 

resulted in equivalent performance costs as task-relevant non-emotional distracters, 

whereas task-irrelevant non-emotional distracters did not produce performance costs 

comparable to those generated by task-relevant emotional distracters.  These results 

document asymmetric cross-task interference effects for affectively salient stimuli, 

supporting the notion of affective prioritization in human information processing.  

Please note that this chapter has already been published (Reeck & Egner, 2011).   
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2.1 Introduction 
 Executive control enables organisms to act in accordance with internal goals, 

promoting the processing of information relevant to current objectives while mitigating 

distraction from irrelevant information.  Several critical functions underlie this ability, 

including top-down attentional biasing that enhances the processing of goal- or task-

relevant information relative to task-irrelevant information (Desimone & Duncan, 1995; 

Miller & Cohen, 2001).  However, both physically salient (Yantis & Jonides, 1990) and 

affectively salient stimuli are adept at capturing attention in a bottom-up fashion, and 

may therefore disrupt ongoing goal-oriented processing (LeDoux, 2000; Ohman & 

Mineka, 2001; Vuilleumier & Huang, 2009).  While the privileged access to processing 

resources exhibited by affectively salient stimuli is essential to rapid responding to 

stimuli that may convey a potential threat or possible reward, if affective stimuli are too 

adept at disrupting ongoing mental functions, harmful consequences may result.  

Indeed, many models of psychiatric disorders have disruptions in the interaction 

between executive function and affective processing at their core (Banich, et al., 2009; 

Bishop, 2007), highlighting the necessity of characterizing the interactive influence 

between these two processes. 

 Theories positing that affectively salient items have privileged access during 

information processing (LeDoux, 2000; Ohman & Mineka, 2001; Vuilleumier & Huang, 

2009) typically entail two key implicit assumptions regarding the properties of 

emotional stimuli.  The first is that affective stimuli have the capacity to transcend task 

boundaries, disrupting ongoing processing regardless of whether they are relevant to 

the current task-set of the organism or not.  The second is an assumption of asymmetry, 

whereby affective information interferes with non-affective task-sets more potently than 

non-affective information interferes with affective task-sets.  Importantly, while these 
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two presuppositions provide the foundation for the hypothesized privileged access of 

affective stimuli to attention, they are rarely ever tested, as common experimental 

probes of emotion-cognition interaction generally do not manipulate the task-relevance 

of affective stimuli or the potential for non-affective distracters to interfere with affective 

processing.  The goal of the current experiment was to explicitly test these two 

assumptions. 

The question of affective influences on cognitive processing has prompted the 

development of experimental paradigms seeking to examine affective modulation of 

executive function, particularly its influence on attention as gauged in classic conflict 

processing tasks, such as the Stroop paradigm (C. M. Macleod, 1991; Stroop, 1935).  In 

the color-word Stroop task, color words (e.g., “red”) are printed in an ink color (e.g., the 

color red), and the participant identifies the color of the ink while ignoring the semantic 

meaning of the word.  Thus, the ink color is the target, whereas the semantic meaning of 

the word is the distracter.  Typically, performance is both slower and more error prone 

when the distracter is semantically incongruent with the target (e.g., the word “green” 

printed in red ink), likely due to the fact that these two features are both semantically 

conflicting and prime mutually exclusive responses (Kornblum, Hasbroucq, & Osman, 

1990; C. M. Macleod, 1991).  A well-known adaptation of the traditional Stroop 

paradigm to the affective domain includes non-affective (e.g., “car”) and affectively 

salient (e.g., “death”) words as irrelevant stimulus features, and the potency of 

emotional distracters is gauged by comparing response times (RTs) between neutral and 

affective distracter conditions (Compton, 2003; Isenberg, et al., 1999; Mathews & 

Macleod, 1985; McKenna, 1986; Whalen, Bush, et al., 1998).  However, this adaptation 

suffers from several conceptual and practical limitations.  First, it does not really 

constitute an affective equivalent of the classic Stroop task, as the inclusion of affectively 



 

 26 

salient stimuli in the distracting feature dimension may capture attention but it does not 

produce semantic or response conflict with the target feature (Algom, Chajut, & Lev, 

2004).  For instance, the semantic meaning of a negative affective word is not directly 

incongruent with the ink color in the same way that the semantic meaning of a color-

word would be, nor do affective words prime competing responses in this case.  Second, 

although this adaption could in principle gauge the capacity of task-irrelevant affective 

stimuli to interfere with an ongoing non-affective task-set (color-naming), it does not 

probe whether this type of interference is asymmetrical.  Finally, if this protocol tests the 

capacity of affective stimuli to interfere with a non-affective task-set, results obtained 

with this task should actually raise doubts as to whether affective information is in fact 

capable of transcending task boundaries, as behavioral findings of an “emotional Stroop 

effect” have been highly inconsistent, especially in healthy subject populations 

(Compton, 2003; Isenberg, et al., 1999; McKenna, 1986; Whalen, Bush, et al., 1998; J. M. G. 

Williams, Mathews, & MacLeod, 1996).   

An alternative approach has been to design tasks where an affective distracter 

could conflict directly with the target of the ongoing task-set, by combining affective 

distracters with affective targets and task-sets.  One approach is a modified face-word 

Stroop task, in which participants must make a judgment about a visually presented face 

image while ignoring an overlaid word label.  In affective versions of this task, the faces 

are modeling affective expressions and the participant must categorize the expression 

(e.g., happy or fearful) while ignoring an affective word label (e.g., “happy,” “fear”, 

Egner, Etkin, et al., 2008; Etkin, et al., 2006).  Therefore, the distracter and the target are 

semantically related, and incongruent distracters would likely generate both stimulus 

and response conflict.  Investigations using this type of paradigm reliably report 

significant behavioral slowing on incongruent trials (Egner, Etkin, et al., 2008; Etkin, et 
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al., 2006; Haas, Omura, Constable, & Canli, 2006; Ochsner, et al., 2009), indicative of a 

robust effect of emotional conflict.  However, this type of protocol does not examine the 

interaction between affective salience and task-set relevance, leaving the assumption 

that affective stimuli asymmetrically interfere with non-affective task-sets unexamined.  

Thus, although tasks employing affective targets, distracters, and task-sets have 

expanded our knowledge about emotional conflict processing, they preclude the 

investigation of interactions between task-sets, target features, and affective salience. 

In sum, previous paradigms for investigating the impact of affective distracters 

on non-affective task-sets have produced inconsistent results regarding the capacity of 

affective distracters to transcend task-set boundaries, whereas tasks employing affective 

task-sets have only shown a reliable capacity of affective distracters to disrupt 

performance during an affective task-set.  Neither type of protocol has tested whether 

interference effects across task-sets are asymmetrical in nature, with affective stimuli 

having a more potent effect than non-affective information.  The extent to which 

affective stimuli are prioritized in human information processing therefore remains 

unclear.  

The current study sought to examine the effects of distracter task-set relevance 

and affective salience on behavioral performance.  A variant of the face-word Stroop 

task was adapted to independently manipulate distracter congruence with the target 

stimulus as well as membership in the current task-set, which could involve either an 

affective or a non-affective judgment of the target.  This manipulation enabled the 

examination of the relative capacity of both affective and non-affective stimuli to 

transcend task boundaries in altering performance. 
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2.2 Materials and Methods 

2.2.1 Participants 

Thirty-eight healthy college students (Mean Age 19.0 years, s.d. 1.0; 27 women) 

participated in this study for course credit.  All participants were fluent in English and 

had normal or corrected-to-normal vision.  Participants were screened via self-report to 

exclude those with previous or current psychiatric or neurologic conditions.  All 

participants gave informed consent and this study was approved for use in human 

subjects in accordance with the Duke University Medical Center Institutional Review 

Board. 

2.2.2 Materials 

Stimuli consisted of black and white face images from the NimStim Set of Facial 

Expressions1 (Tottenham, et al., 2009) overlaid with word labels.  The stimulus set 

consisted of four female and four male individuals posing both fearful and happy 

expressions, resulting in a total of sixteen distinct face stimuli.  Images were cropped to 

an oval that consisted of the main facial features to standardize image size and shape 

across the different identities and expressions.  Additionally, image cropping removed 

non-face information, such as hair, which could facilitate performance during gender 

discrimination.  There were eight different versions of each of the sixteen distinct face 

stimuli, as each face was paired with gender (“male,” “female”) and expression (“fear,” 

“happy”) word labels that were superimposed on the center of the face images (in 

Helvetica font and red ink), and which could be displayed in lower or upper case 

lettering.  Thus, the complete stimulus set consisted of 128 unique face-word compound 

                                                      
1 Development of the MacBrain Face Stimulus Set was overseen by Nim Tottenham and supported by the 
John D. and Catherine T. MacArthur Foundation Research Network on Early Experience and Brain 
Development. Please contact Nim Tottenham at tott0006@tc.umn.edu for more information concerning the 
stimulus set. 
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stimuli.  Four example stimuli are displayed in Figure 1.  The face images subtended 

approximately 12.4° of visual angle vertically and 7.2° horizontally.  The labels 

subtended approximately 1.4° of visual angle vertically and 3.8-8.1° horizontally.  

Stimulus presentation and data collection were performed using Psychophysics Toolbox 

Version 3 (Brainard, 1997; Pelli, 1997) on Dell Optiplex 960 computers with Dell 19” LCD 

monitors.  A chin rest was used to ensure that participants maintained a distance of 

approximately 60 centimeters from the monitor throughout the experiment. 

 

Figure 1: Examples of experimental stimuli for (A) the emotion expression task 
and (B) the gender task.  The experiment varied distracter congruency and relevance 

by manipulating the labels superimposed on the face stimuli.  The labels were 
printed in red ink in the experiment, but have been presented in white ink here for 

display purposes. 

2.2.3 Procedure 

After providing informed consent, participants were randomly assigned to either 

a gender task or an emotion expression task in a face-word Stroop paradigm adapted 
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from previous work (Egner, Etkin, et al., 2008; Etkin, et al., 2006).  On each trial, 

participants were presented with a compound face-word stimulus and instructed to 

make a judgment of the face image as quickly and accurately as possible while ignoring 

the word label.  Participants assigned to the gender task made a gender judgment (male 

or female) while those assigned to the emotion expression task made an expression 

judgment (fearful or happy).  Responses were made via keyboard presses using the 

index and middle fingers of the right hand.  Stimuli were presented for one second and 

followed by a variable inter-trial fixation interval of 2, 3, or 4 seconds drawn from a 

uniform distribution.  Following a brief practice, participants completed three runs of 

145 trials each, with the first trial in each run serving as a filler to mitigate any 

preparatory effects. 

Similar to previous versions of this task (Egner, Etkin, et al., 2008; Etkin, et al., 

2006), the labels presented superimposed on the images could be either semantically 

congruent or incongruent with the target face image.  For instance, a fearful male face 

could be accompanied by a congruent “male” (or “fear”) label or by an incongruent 

“female” (or “happy”) label.  In a departure from earlier versions, however, the labels 

were drawn not only from the semantic category that was relevant to the current task-set 

(e.g., gender labels presented during the gender task) but also from the category that 

was irrelevant to the current task-set (e.g., emotion labels presented during the gender 

task; Figure 1).  We refer to the former as “task-relevant distracters” and to the latter as 

“task-irrelevant distracters.”  Importantly, task-relevant distracters could be associated 

with both (semantic) stimulus conflict and response conflict, because their semantic 

meaning could clash with the face gender/emotion (potentially inducing stimulus 

conflict), and in addition their meaning corresponded to a valid response option in the 

task-set (potentially eliciting response conflict.  Task-irrelevant distracters, however, 
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could be associated with (task-irrelevant) semantic or stimulus conflict, and one of the 

main goals of this study was to determine whether task-irrelevant stimulus congruency 

could in fact affect responses to task-relevant stimulus features, and whether this type of 

effect would be dependent on the affective nature of the distracters.  It should be 

emphasized that the potential semantic or stimulus conflict elicited in the current 

experiment would be due to completely task-irrelevant distracters and is thus different 

from task-relevant stimulus conflict that can be evoked, for example, by including 

response-ineligible colors in a regular color-naming Stroop task (Milham, et al., 2001), or 

by employing many-to-few stimulus-response mappings in flanker or Stroop paradigms 

(De Houwer, 2003). 

Each experimental run was balanced to include equal numbers of trials in each of 

the four congruence and relevance conditions (i.e., congruent-relevant, congruent-

irrelevant, incongruent-relevant, incongruent-irrelevant).  Face stimuli in each condition 

were equally likely to be male or female, fearful or happy.  Additionally, the trial order 

was pseudo-randomized to ensure that there were an equal number of trial transitions 

between each of the four main conditions.  Factors that could impact experimental 

effects of distracter congruence and relevance, such as repetition priming (Mayr, Awh, & 

Laurey, 2003) or cross-trial feature binding effects (Hommel, 1998), were controlled by 

preventing any repetitions of the same face identity on consecutive trials and alternating 

each trial between uppercase and lowercase distracter word labels.  Thus, no exact 

perceptual features of either the target or the distracter ever repeated across successive 

trials. 

2.2.4 Analysis 

Analyses of categorization accuracy and RT were conducted using SPSS (SPSS 

Inc., Chicago, IL, USA).  RT data exclude error trials and post-error trials.  Outlier RT 
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values that were below or above two standard deviations from the participant’s grand 

mean were also removed, resulting in the exclusion of 4.8% of trials on average (s.d. 

0.9%).  Two participants whose RTs were more than two standard deviations higher 

than the sample average in all four RT conditions were excluded from subsequent 

analyses.  The final sample sizes were therefore nineteen participants (thirteen female) 

completing the emotion expression task and seventeen participants (twelve female) 

completing the gender task.  Response accuracy and RT data were submitted to separate 

2 x 2 x 2 repeated-measures ANOVAs with distracter congruence (congruent versus 

incongruent) and task-relevance (relevant or irrelevant) as within-subjects factors and 

task (gender or emotion expression) as a between-subjects factor.  Significant results in 

the main ANOVAs were examined using t-tests and ANOVAs.  Means and standard 

deviations for participant RT and accuracy are reported for each condition in Tables 1 

and 2 respectively. 

Table 1: Means and standard deviations of participant response times (ms). 

 Emotion Expression Task Gender Task 

 Mean (sd) Mean (sd) 
Relevant Labels   

Congruent 671 (75) 683 (82) 
Incongruent 705 (76) 702 (78) 

   
Irrelevant Labels   

Congruent 689 (70) 692 (76) 
Incongruent 684 (84) 696 (84) 
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2.3 Results 

2.3.1 Response Time Data 

Analyses of RT data revealed a main effect of distracter congruence [F(1,34) = 

24.4, p < .001], with slower responses to incongruent than congruent stimuli.  There were 

no significant main effects of either distracter relevance or task (p’s > .8).  However,  

Table 2: Means and standard deviations of participant accuracy 

 Emotion Expression Task Gender Task 

 Mean (sd) Mean (sd) 
Relevant 

Labels 
  

Congruent 94.44% (6.42) 92.48% (5.52) 
Incongruent 88.55% (10.63) 92.16% (5.56) 

   
Irrelevant 

Labels 
  

Congruent 91.67% (7.04) 90.47% (7.18) 
Incongruent 93.03% (6.52) 91.50% (6.34) 

 

distracter relevance interacted with distracter congruence [F(1,34) = 26.1, p < .001], as the 

congruency effect was significant only for relevant labels [t(35) = 6.9, p < .001] but not 

irrelevant labels (p > .8).  Importantly, there was a three-way interaction between 

distracter congruence, distracter relevance, and task [F(1,34) = 5.6, p = .024, Figure 2]. To 

explore the 3-way interaction, 2 x 2 repeated-measures ANOVAs were conducted with 

distracter relevance as a within-subjects factor and task as a between-subjects factor 

separately for congruent and incongruent trials.  On congruent trials, the main effect of 

relevance was significant [F(1,34) = 19.0, p<.001], with relevant labels resulting in faster 

responses than irrelevant labels.  Thus, for both tasks, congruent distracters facilitated 

performance to a greater extent when the distracter was relevant to the current task-set.  

Neither the main effect of task nor the interaction between distracter relevance and task 
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was significant (p’s > .1).  On incongruent trials, the main effect of relevance was also 

significant [F(1,34) = 13.0, p = .001], as relevant labels resulted in slower responses than 

irrelevant labels.  Critically, the interaction between distracter relevance and task was 

significant [F(1,34) = 4.4, p = .043].  Participants completing the emotion expression task 

exhibited slower RTs on incongruent trials with task-set relevant labels (i.e., affective 

labels) than those with task-set irrelevant labels (i.e., gender labels) [t(18) = 3.5, p = .002].  

However, participants completing the gender task exhibited equally slow RTs on 

incongruent trials with task-set relevant and irrelevant labels (p > .15), indicating that 

the incongruent affective labels interfered with their performance despite their 

irrelevance to the task-set.  Furthermore, RTs did not differ across the congruent and 

incongruent irrelevant trials (p > .4), indicating that affective labels in general interfered 

with task performance, regardless of congruency.  Thus, whereas gender labels did not 

affect performance during the emotion expression task, affective labels produced 

marked impairments of performance during the gender task, consistent with the 

capacity of affective stimuli to capture attention irrespective of their relevance to an 

ongoing task-set. 
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Figure 2: Mean response times by distracter relevance and congruence 
presented separately for (A) the emotion expression task and (B) the gender task. 

Error bars represent standard error of the mean. 

2.3.2 Accuracy 

Analyses of response accuracy revealed no significant main effects of distracter 

relevance, distracter congruence, or task (p’s > .05).  There were significant interactions 

between distracter relevance and task [F(1,34) = 4.2, p = .049], distracter congruence and 

task [F(1,34) = 7.0, p = .012], and distracter relevance and congruence [F(1,34) = 13.2, p = 

.001].  However, these interactions were qualified by a significant three-way interaction 

of distracter relevance, distracter congruence, and task [F(1,34) = 6.2, p = .018, Figure 3].  

To investigate this three-way interaction, 2 x 2 repeated-measures ANOVAs were 

conducted with distracter relevance as a within-subjects factor and task as a between-

subjects factor separately for congruent and incongruent trials.  On congruent trials, the 

main effect of relevance was significant [F(1,34) = 14.0, p = .001], with higher accuracy on 

relevant compared to irrelevant congruent trials.  Relevant congruent distracters 

facilitated performance relative to irrelevant congruent distracters on both tasks.  There 

was no main effect of task nor was there a significant interaction between distracter 

relevance and task (p’s > .5). On incongruent trials, there was a main effect of relevance 
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[F(1,34) = 4.2, p = .047], with lower accuracy in response to relevant distracters than 

irrelevant incongruent distracters.  Importantly, there was an interaction between 

distracter relevance and task [F(1,34) = 7.6, p = .009].  Paired t-tests comparing accuracy 

on irrelevant and relevant incongruent trials showed a significant difference for 

participants performing the emotion expression task [t(18) = 2.9, p = .009], such that 

accuracy was lower on relevant compared to irrelevant incongruent trials.  No such 

difference was found for participants performing the gender task (p > .5).  Accuracy on 

irrelevant congruent and incongruent stimuli did not differ (p > .2), indicating that 

affective labels interfered with performance, irrespective of their congruency, and 

despite being irrelevant to the current task-set.  Consistent with the results from 

analyses of response time, these findings indicate that the irrelevant emotion labels in 

the gender task asymmetrically disrupt task performance compared to the irrelevant 

gender labels in the emotion expression task. 

 

Figure 3: Mean judgment accuracy by distracter relevance and congruence 
presented separately for (A) the emotion expression task and (B) the gender task. 

Error bars represent standard error of the mean. 
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2.3.3 Effects of Target Valence 

The observed interaction between task-set, distracter relevance, and affective 

salience could additionally be modulated by the affective content of the target stimulus.  

Although all the target face stimuli modeled an affective expression (either happiness or 

fear) and were counterbalanced across the cells of the factorial design, the specific 

affective valence of the target stimuli could nevertheless interact with observed effects of 

distracter relevance and affective salience.  To interrogate this possibility, additional 

analyses were conducted in which trials were classified based on target valence (happy 

or fear expression) as well as distracter relevance and congruence.  These analyses 

revealed no interactions between target valence and the distracter relevance by 

congruence by task-set interaction described above for either RT or accuracy (p’s >.25).  

The present findings, therefore, appear to be driven by the affective nature of the 

distracters and their relevance to the current task-set as opposed to differences in 

affective valence of the targets in this task.  The absence of an effect of target valence is 

consistent with the findings from previous studies of emotion-cognition interactions 

(Compton, 2003; Egner, Etkin, et al., 2008; Etkin, et al., 2006; Haas, et al., 2006; Ochsner, 

et al., 2009). 

2.4 Discussion 
The present study adapted a face-word Stroop paradigm to investigate two 

underlying assumptions of theories postulating prioritized processing of affective 

stimuli: that affective stimuli can disrupt processing across task boundaries and that this 

capacity is not shared by non-affective stimuli.  Analyses of the interaction between 

distracter congruence, distracter affective salience, and task-set relevance revealed that 

each of these factors modulates task performance.  While the basic pattern of responses 

in the two task-sets was quite similar, the analyses revealed some significant 
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distinctions: for both affective and non-affective task-sets, incongruent distracters 

relevant to the current task-set resulted in slower RTs and lower judgment accuracy 

compared to congruent distracters, due to the generation of semantic and response 

conflict.  However, the influence of distracters outside the task-set on performance was 

driven by an interaction between affective salience and task-set.  In the presence of a 

non-affective task-set, gender categorization, affective labels markedly slowed RTs and 

reduced judgment accuracy despite their irrelevance to the present task-set, 

demonstrating the capacity of affectively salient stimuli to disrupt ongoing processing 

and transcend task boundaries.  This effect was specific to the task-irrelevant affective 

distracters, as non-affective, task-irrelevant distracters did not similarly impair 

performance in the presence of an affective task-set, the emotion expression 

categorization.  Furthermore, this effect was not dependent on the congruency of the 

affective word distracter with respect to the equally task-irrelevant affective facial 

expression, indicating that task-irrelevant affective salience interfered with task 

performance regardless of congruency.  In sum, affectively salient distracter stimuli, but 

not non-emotional distracter stimuli, interfered with ongoing performance despite their 

irrelevance to current task-set, indicating that affective stimuli have the capacity to 

transcend task boundaries and disrupt ongoing executive processes.   

The present findings extend those from previous investigations of the interaction 

between affective processing and executive function.  Previous adaptations of the Stroop 

paradigm utilizing task-irrelevant affective distracters and non-affective task-sets (such 

as adaptations of the color-word Stroop) examined whether affective stimuli could 

disrupt ongoing non-affective top-down processing but have met with mixed results 

(Compton, 2003; Isenberg, et al., 1999; Mathews & Macleod, 1985; McKenna, 1986; 

Whalen, Bush, et al., 1998).  Other adaptations utilizing task-relevant affective distracters 
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in the presence of affective task-sets exhibited robust interference effects but did not 

speak to the capacity of affective stimuli to disrupt non-affective processing (Egner, 

Etkin, et al., 2008; Etkin, et al., 2006; Ochsner, et al., 2009).  Finally, neither of the sets of 

studies above addressed the question as to whether affective distracters have a greater 

potency for cross-task interference than non-affective distracters.  By contrast, the 

present study manipulated the affective nature and task-relevance of target and 

distracter features independently, and demonstrated the asymmetry of these 

interference effects.  Affective stimuli appear to disrupt ongoing processing regardless of 

the task-set, while non-affective stimuli seem to impair performance only in the presence 

of relevant task-sets and response contingencies.   

The capacity of affectively salient stimuli to override top-down biasing may be 

adaptive under certain circumstances.  Affective stimuli may help direct attention to, 

and thus improve the detection of, stimuli that convey biologically relevant information, 

such as threat (Notebaert, Crombez, Van Damme, De Houwer, & Theeuwes, 2011; 

Ohman & Mineka, 2001; Vuilleumier & Huang, 2009) or reward (Field, Munafo, & 

Franken, 2009; Krajbich, Armel, & Rangel, 2010; Maunsell, 2004).  The prioritized 

processing of affective stimuli may also improve the speed and sensitivity of processing 

of related information (A. K. Anderson & Phelps, 2001; S.-L. Lim, et al., 2009; Phelps, et 

al., 2006; Pourtois, Schwartz, Seghier, Lazeyras, & Vuilleumier, 2006; Vuilleumier, et al., 

2001), therein enabling rapid, appropriate responding to salient information.  Moreover, 

affectively salient stimuli can help mitigate the influence of factors that might otherwise 

impair executive function, such as by eliminating Stroop dilution effects (Chajut, 

Schupak, & Algom, 2010) and overcoming the attentional blink (A. K. Anderson & 

Phelps, 2001; S.-L. Lim, et al., 2009).  Thus, the ability of affective stimuli to alter top-

down processing can help promote adaptive responding. 
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The interaction between affective processing and executive function may, 

however, be disrupted in certain clinical disorders (Banich, et al., 2009; Bishop, 2007). 

Heightened levels of anxiety, for instance, may result in hyper-vigilance for threat, and 

afflicted individuals may have difficulty disengaging from affective stimuli which 

disrupt ongoing top-down processing (Fox, et al., 2001; Koster, et al., 2004; Salemink, et 

al., 2007), diminishing their ability to respond adaptively to subsequent stimuli and 

function normally.  In the present study, all participants were screened for psychological 

and neurological disorders and subclinical variability in anxiety and depression were 

not assessed; however, the present findings anticipate that high-anxious individuals are 

likely to display greater cross-task interference from affective distracters than low-

anxious individuals.  Future studies should investigate the interactions between 

affective processing and executive function in relation to individual differences and 

clinical populations, ideally in conjunction with neuroimaging techniques, to elucidate 

the mechanisms underlying clinical disorders.  

The present study documented the capacity of affectively salient distracters to 

interfere with ongoing processing despite irrelevance to the current task-set.  This 

interference could be produced by rapid attentional orienting to the affective distracters, 

difficulty disengaging attention from the affective distracters, or some combination of 

both orienting and disengagement processes.  Clarifying the differential roles of 

orienting and disengagement processes in selective attention has proved critical to 

elucidating the processes underlying selective attention to threat, particularly amongst 

anxious individuals (Fox, et al., 2001; Koster, et al., 2004; Salemink, et al., 2007).  

However, in the present paradigm, the influences of these two processes can not be 

distinguished.  Future research should endeavor to characterize the unique 

contributions of orienting and disengagement to the type of affective interference 
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documented in the current experiment.  The present findings also indicate that the 

capacity of distracters to transcend task boundaries in generating interference is 

restricted to affectively salient distracters and not shared by non-affective distracters.  

Note though that non-affective distracters may be capable of crossing task-set 

boundaries in generating interference when the relevant task is non-affective in nature.  

The affective nature of a task-set may help buffer it from task-irrelevant interference 

generally, producing the lack of observed interference by non-affective task-irrelevant 

distracters.  Either increased cross-task interference produced by affective distracters or 

enhanced task-set shielding for affective task-sets would support the asymmetrical 

effects of interference reported here.   

 In conclusion, through the adaptation of a face-word Stroop paradigm, the 

present study tested two key assumptions of theories of prioritized processing of 

affective stimuli, namely, that such stimuli can transcend task-set boundaries and that 

this capacity is not shared by non-affective stimuli.  The current findings support both of 

these assumptions, demonstrating that affective stimuli disrupt top-down processing 

regardless of task-set, but that non-affective stimuli only produce interference if relevant 

for the task-set at hand.  This asymmetric modulation of executive function confirms the 

prioritized processing of affective stimuli and highlights the importance of 

understanding the interactive influence of affect and cognition. 
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3 Neural mechanisms mediating contingent capture of 
attention by affective stimuli 

The behavioral findings in Chapter 2 demonstrated the capacity of affective 

stimuli to interfere with performance.  The present experiment sought to extend these 

findings by demonstrating the capacity of affective stimuli to absorb attentional 

resources, particularly in individuals high in anxiety, and characterize the neural regions 

that tracked that interference effect.  Moreover, one of the key aims of the present 

experiment was to demonstrate the role top-down attentional orienting could play in 

mitigating these affective interference effects.  Towards that end, the present experiment 

employed a novel attentional cueing paradigm in conjunction with functional magnetic 

resonance imaging.  Please note that this chapter has been previously published (Reeck, 

LaBar, & Egner, 2012). 

3.1 Introduction  
 Attention prioritizes the processing of stimuli that are relevant to our goals and 

well-being, thus promoting adaptive behavior.  Because of their biological significance, 

affectively salient stimuli, such as fearful faces, may be particularly adept at attracting 

attention exogenously (LeDoux, 2000; Ohman, Flykt, et al., 2001), facilitating speeded 

detection among distracters during visual search (Hansen & Hansen, 1994; Notebaert, et 

al., 2011; Ohman, Flykt, et al., 2001), resisting the attentional blink (A. K. Anderson & 

Phelps, 2001; S.-L. Lim, et al., 2009), and capturing attention to neutral stimuli presented 

at similar spatial locations (Armony & Dolan, 2002; C. Macleod, Mathews, & Tata, 1986; 

Phelps, et al., 2006).  Moreover, attentional prioritization of affective stimuli has been 

linked to individual differences in anxiety (Bar-Haim, Lamy, Pergamin, Bakermans-

Kranenburg, & van Ijzendoorn, 2007; Mathews & Mackintosh, 1998), as anxious 

individuals more rapidly detect fear-relevant stimuli and exhibit greater exogenous 
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attentional guidance by affective cues than non-anxious participants (Amir, Elias, 

Klumpp, & Przeworski, 2003; Fox, et al., 2001; Salemink, et al., 2007).  This 

hypervigilance to threatening stimuli can prove maladaptive and has been linked to the 

etiology of anxiety disorders (Mathews & Mackintosh, 1998; Mathews & MacLeod, 

2002).   

However, it remains unclear whether potential affective attentional prioritization 

occurs automatically, regardless of context, or is contingent on endogenous attentional 

settings.  It is well-established that top-down attention, engendered by internal goals, 

can moderate or even extinguish the influence of physically salient exogenous stimuli in 

guiding attention (Folk, Remington, & Johnston, 1992; Theeuwes, 2010; Van der Stigchel, 

et al., 2009; Yantis & Jonides, 1990), a phenomenon known as “contingent capture” (Folk, 

Remington, & Johnston, 1992).  Both endogenous attentional settings related to the 

spatial location of targets (Yantis & Jonides, 1990) and the features of targets (Folk, et al., 

1992) can mitigate the exogenous attentional influence of salient exogenous distracters, 

which appears to be mediated by the  “ventral attention network”, including TPJ and 

ventrolateral frontal cortex (Corbetta, Patel, & Shulman, 2008).  By contrast, it is not 

known whether endogenous attentional settings moderate the ability of affectively 

salient stimuli to capture attention, particularly in anxious individuals, nor by which 

neural mechanisms this would be achieved.  To wit, could anxious individuals engage 

top-down attention to mitigate the bottom-up influence of affective stimuli in directing 

attention?  

This study sought to address this issue using a novel adaptation of Posner’s 

spatial cueing paradigm (Posner, Snyder, & Davidson, 1980) that independently varied 

top-down and bottom-up drivers of spatial attention.  Top-down attention was 

manipulated via symbolic cues that were either predictive or neutral with respect to a 
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target stimulus location, whereas bottom-up attention was manipulated with non-

predictive, sudden-onset exogenous cues (pictures of faces) that could coincide with 

either target or non-target locations.  The use of face stimuli facilitated the tracking of 

perceptual cue processing, as indexed by activation of the fusiform face area (FFA) 

(Kanwisher, McDermott, & Chun, 1997).  Critically, exogenous cues could also either be 

affectively neutral (a neutral face) or salient (a fearful face), thus allowing us to 

distinguish the effects of affective salience from those of the mere physical salience 

inherent in any sudden-onset stimulus (Yantis & Jonides, 1990).  By assessing the 

behavioral effects of these manipulations as a function of individual differences in trait 

anxiety, we sought to delineate the neural mechanisms underlying contingent capture of 

attention by affective stimuli.  Examining both the basic neural effects of the 

experimental attentional manipulations employed as well as their variation as a function 

of individual differences in affective contingent capture enabled a characterization of the 

neural regions contributing to exogenous spatial guidance of attention by affective 

stimuli.  Mediation analyses were also conducted in order to gain insight into the 

mechanisms by which particular frontal regions contributed to contingent capture of 

attention by affective stimuli. 

3.2 Methods 

3.2.1 Participants 

Twenty-five right-handed participants (13 women; mean age = 24.6 years, range 

= 19-34) provided written informed consent in accordance with the Duke University 

Medical Center Institutional Review Board.  All participants had normal or corrected-to-

normal vision and were screened by self-report for neurological or psychiatric 

conditions or current psychoactive medication use.   
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3.2.2 Experimental Protocol 

Participants completed 360 trials of the spatial cueing task across six scan runs.  

Each trial began with an explicit spatial cue, consisting of two centrally presented 

triangles, shown on a gray background (Figure 4A, “Top-down Cue”).  On two-thirds of 

trials, one side of this cue darkened to point to the upcoming location of the target with a 

black arrow (informative top-down cue), and these cues were 100% predictive, always 

accurately indicating the location of an upcoming target stimulus.  On one-third of the 

trials, neither side of the explicit spatial cue darkened, providing no information about 

the upcoming target location (uninformative top-down cue).  Following a variable 

interval of 3-7 sec during which the top-down cue remained onscreen, a 150-msec 

interval preceded the onset of a target search array, which was presented for 850 msec.  

Search arrays consisted of a white central fixation cross (1° visual angle) and two 

peripheral circular sinusoidal luminance gratings enveloped by a Gaussian filter 

(“Gabor patches”), with a spatial frequency of 1.5 cycles/degree (Figure 4A, “Search 

Array”).  The two gratings were presented in the lower visual field, approximately 7.4° 

vertical and 10.0° horizontal eccentricity from fixation and subtending approximately 4° 

of visual angle.  On each trial, one of the two gratings, the target, was tilted either 

clockwise or counterclockwise.  It was the participant’s task to locate the target and 

indicate the direction of the tilt via a button-press, using the right index and middle 

fingers to respond.  Note that although the informative top-down cues presented at the 

onset of the trial accurately signaled the target location, they did not cue a specific 

response, as it was still necessary for the participant to discriminate the direction of the 

target tilt.  Thus, these cues manipulated endogenous spatial attention without priming 

responses.  
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Exogenous attention was manipulated during the 150 msec interval between the 

offset of the top-down cue and target array onset.  On two-thirds of trials, a single face 

stimulus was presented in one of the two potential target locations during the first 50 ms 

of this interval (Figure 4A, “Exogenous Cue”).  Face stimuli were selected from the 

NimStim Set of Facial Expression1 (Tottenham, et al., 2009) and consisted of five men 

modeling both a neutral and a fearful expression for a total of ten unique stimuli, which 

were counterbalanced across all conditions.  We employed male faces, because previous 

research suggests male emotional faces evoke stronger emotional reactions than female 

ones (e.g., B. P. Bradley, et al., 1997).  These stimuli were matched for luminance and 

contrast to control for basic perceptual salience and subtended approximately 3.7 - 4.0° 

of visual angle vertically and 3.4 - 4.0° horizontally.  These face stimuli served as 

sudden-onset exogenous cues that were not predictive of target location.  Previous 

research has demonstrated the efficacy of sudden-onset stimuli in exogenously guiding 

attention (Yantis & Jonides, 1990), and the present design enabled the independent 

manipulation of cue validity and affective salience while controlling for perceptual 

salience.  Face stimuli were presented either in the location of the upcoming target 

(“valid” bottom-up cue) or at the alternate location (“invalid” bottom-up cue), thus 

potentially facilitating or distracting attention from the target location in an exogenous 

manner.  On half of the trials, these exogenous cues were affectively neutral (a neutral 

face), and on the other half they were affectively salient (a fearful face).  The cue stimuli 

were equally likely to appear in either location, and cue affect, target stimulus location, 

and tilt direction were fully counterbalanced across all conditions.  Participants were 

instructed to use the top-down cues to guide their attention while ignoring these non-
                                                      
1 Development of the MacBrain Face Stimulus Set was overseen by Nim Tottenham and supported by the 
John D. and Catherine T. MacArthur Foundation Research Network on Early Experience and Brain 
Development. Please contact Nim Tottenham at tott0006@tc.umn.edu for more information concerning the 
stimulus set. 
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predictive exogenous cues.  Importantly, this factorial design enabled the independent 

manipulation of top-down cues (informative or uninformative), exogenous cue validity 

(target location or alternate location), and affective salience (fearful or neutral exogenous 

cue).  One-third of trials contained no exogenous sources of attentional guidance.  These 

trials were included to minimize participant expectation of the exogenous cues and limit 

adaptation to their presence over the course of the experiment.  Stimulus presentation 

and response recording were implemented in Presentation (Neurobehavioral Systems, 

Albany, CA). 

 

Figure 4: Spatial cueing task and behavior.  (A) Example trials from spatial 
cueing task.  Top: A trial with an informative top-down spatial cue, indicating the 
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target will appear on the right.  No exogenous cue was presented during the cue-to-
target interval.  The tilted Gabor patch on the right is tilted 5°  counterclockwise. 

Bottom: An uninformative top-down spatial cue.  A fearful face is presented in the 
left potential target location during the first 50 msec of the cue-to-target interval.  In 

this search array, the target is on the left, tilted 5°  to counterclockwise.  The 
exogenous cue in this case was valid, as it was presented spatially coincident with the 
subsequent target.  Not depicted here is the 3-7 sec variable intertrial interval fixation 

period.  (B)  RT data for trials, plotted as a function of exogenous cue validity and 
affective salience, trait anxiety, and whether top-down cueing was uninformative 

(left) or informative (right).  Error bars represent ±1 SEM. 

To dissociate BOLD neural responses associated with top-down cue processing 

from those associated with processing of exogenous cues and targets, the duration of the 

top-down cue period and intertrial interval were independently jittered, varying from 3 

to 7 sec in 1-sec steps along a pseudoexponential distribution (Ollinger, Corbetta, & 

Shulman, 2001; Wager & Nichols, 2003), with 50% of trial periods lasting 3 sec, 25% 

lasting 4 sec, 13% lasting 5 sec, 6% lasting 6 sec, and 6% lasting 7 sec (Egner, Monti, et al., 

2008). The top-down cue period was modeled separately from the exogenous cue and 

target search array period (see Image Analysis below).   

Participants completed a separate localizer task to functionally delineate the FFA 

(Kanwisher, et al., 1997).  Participants performed a 1-back task during block-wise 

presentation of face and house stimuli, responding whenever two identical stimuli 

appeared consecutively.  All face stimuli modeled neutral expressions, and none of the 

house images included arousing or disturbing features.  Stimuli subtended 

approximately 10.0° of visual angle vertically and horizontally.  Each block consisted of 

fifteen stimuli (including one to two repetitions), with each stimulus presented for 750 

msec followed by 250 msec of fixation.  The localizer task consisted of twelve blocks 

presented in ABAB order, each separated by 10 sec of fixation. 
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3.2.3 Behavioral Data Analysis 

 All participants completed the Spielberger State-Trait Anxiety Inventory (STAI) 

prior to scanning.  Participants’ state anxiety scores ranged from 20 to 37 (median = 27), 

and their trait anxiety scores ranged from 20 to 43 (median = 31).  Participants were 

divided into two groups based on a median split of self-reported trait anxiety; 

participants with trait anxiety scores below the median had significantly lower trait 

anxiety scores (M = 26.2) than those with scores above the median (M = 36.2, t(23) = 6.99, 

p < .001).  This range is consistent with published norms for nonclinical individuals in 

this age group (Spielberger, 1983).  In addition to differing in overall trait scores, the two 

groups also varied in their scores on a subscale of the State-Trait Anxiety Inventory most 

closely associated with anxiety as opposed to general negative affect (Bieling, Antony, & 

Swinson, 1998), with lower scores observed in participants below the median (M = 8.3) 

than those with scores above the median (M = 11.7, t(23) = 5.72, p < .001). 

RT data from correct trials were computed separately for informative and 

uninformative top-down cue trials for each of the exogenous cue conditions.  Instead of 

filtering participant RTs employing a prespecified range, median RTs were calculated to 

diminish the influence of extreme values.  Median RTs for each condition were then 

submitted to a repeated-measures ANOVA with the within-subjects factors of top-down 

cue (uninformative or informative), exogenous cue validity (target location or alternate 

location), and affective salience (fearful or neutral), and the between-subjects factor of 

anxiety (low or high trait anxiety).  Significant effects in the main ANOVA were 

interrogated using follow-up ANOVAs and t tests. 

3.2.4 Eye Movement Data 

Eye-movement data were acquired during task performance to confirm that 

covert spatial attentional biasing during the top-down cue period was not contaminated 
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by overt attentional shifting.  All participants were explicitly instructed to maintain 

fixation during the top-down cue period, and eye movements were monitored during 

task performance by the experimenter.  Eye movement data were acquired employing 

an MR-compatible infrared camera (MagConcepts, Palo Alto, CA) in concert with 

Viewpoint eye-tracking software (Arrington Research, Scottsdale, AZ).  Eye-tracking 

data were lost from one participant due to excessive movement and from another 

participant due to inadequate initial calibration.  To verify participants were not overtly 

shifting their attention from the central fixation to one of the two horizontal target 

positions during the top-down cue period, an area of interest was defined subtending 

2.5° of visual angle horizontally from the central fixation point.  Participants were 

successful at maintaining fixation, with no differences observed in the number of 

fixations within the area of interest between trials with uninformative and informative 

top-down spatial cues or between trials with or without exogenous cues (p’s > .8), 

indicating that behavioral and neural differences across these conditions were not 

driven by differences in overt eye-movements or gaze direction. 

3.2.5 Image Acquisition 

Images were acquired on a General Electric MR750 3.0 Tesla MRI scanner with a 

multi-channel (eight-coil) parallel imaging system.  Whole-brain T2*-weighted images 

were acquired parallel to the anterior-posterior commissure axial plane using an 

inverse-spiral pulse sequence (Guo & Song, 2003).  Each run of the attention task 

consisted of 362 functional volumes (repetition time = 1.5 sec; echo time = 24 msec; flip 

angle = 85°; field of view = 192 x 192 mm; saturation buffer = 8 volumes), recording 40 

contiguous slices with 3.0-mm isotropic voxels.  The FFA functional localizer employed 

an identical pulse sequence but consisted of 216 functional volumes.  Whole-brain high-

resolution T1-weighted images were acquired using a three-dimensional fast inverse-
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recovery-prepared spoiled-gradient recall sequence, producing 120 axial slices with 1.0 -

mm isotropic voxels. 

3.2.6 Imaging Analysis 

All imaging analyses were conducted using SPM8 

(www.fil.ion.ucl.ac.uk/spm/software/spm8/).  Each participant’s bias-corrected 

structural image was normalized to the Montreal Neurological Institute template brain 

utilizing a unified segmentation approach (Ashburner & Friston, 2005).  Functional 

images were slice time corrected, realigned to the participant’s mean functional image, 

and coregistered to the structural image before applying the normalization 

transformation parameters.  Functional images were then spatially smoothed utilizing a 

Gaussian kernel of FWHM 9 mm3 and subjected to a high-pass temporal filter of 128 sec 

to remove low-frequency artifacts.  Functional images retained their initial voxel 

dimensions of 3.0 mm x 3.0 mm x 3.0 mm.  Functional data from one participant was 

excluded from analyses due to excessive movement.   

Neuroimaging data were analyzed according to the assumptions of the general 

linear model.  Timepoints corresponding to the first second of the uninformative and 

informative spatial cues were entered, along with timepoints modeling the one-second 

period from the offset of the top-down cue until the offset of the search array separately 

for each of the ten possible exogenous cue conditions (uninformative or informative cue 

by no exogenous cue, fearful valid exogenous cue, fearful invalid exogenous cue, neutral 

valid exogenous cue, neutral invalid exogenous cue) and a separate regressor modeling 

error trials.  Timepoints were convolved with the canonical hemodynamic response 

function, and scan session was treated as a covariate.  Linear contrasts between 

conditions of interest were estimated for each participant individually and then entered 

into second-level random effects analyses.  For all of the analyses of the main attention 
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task, we applied a combined voxel-height and cluster-extent correction for multiple 

comparisons to guard against false-positive findings, using AlphaSim software 

(afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf).  Specifically, thresholding 

was determined by a set of simulations that take into account the size of the search space 

and the estimated smoothness of the data to generate probability estimates (based on 

Monte Carlo simulations) of a random field of noise producing a cluster of voxels of a 

given size for a set of voxels passing a given voxel-wise p value threshold.  These 

simulations determined that in our data set a voxel-wise threshold of p < .0025 in 

conjunction with a spatial extent threshold of forty voxels corresponded to a false-

positive probability of p < .05 across the whole brain.   

Data from the independent FFA localizer task were analyzed using regressors 

separately modeling the onset and duration of the face and house stimulus presentation 

blocks.  Activation on face stimulus blocks was contrasted with activation on house 

stimulus blocks to functionally delineate the FFA, and participant-specific estimates of 

these effects were entered into a second-level analysis to identify a group-level ROI 

employing voxel-wise threshold p < .001 and an extent threshold of ten voxels due to the 

smaller size of the FFA. 

3.2.7 Mediation Analysis 

 A mediation analysis was conducted to assess whether all neural regions 

activated during affective contingent capture explained similar variance in the 

behavioral effects of interest, or whether certain regions might subsume the effects of 

others.  Parameter estimates were extracted from frontal ROIs as well as from the group-

level FFA ROI defined in the independent localizer task.  These parameter estimates 

were then used to compute, for each of these regions, the interaction between affective 

salience and type of exogenous cue.  These interaction effects for each region were 
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subsequently entered into mediation analyses (Baron & Kenny, 1986).  In the primary set 

of analyses, each of the frontal regions was tested separately as a mediator between 

neural activation in the right FFA and behavioral variability.  Subsequently, the right 

FFA was separately examined as a potential mediator between neural signal in each of 

the frontal regions and behavioral variability. 

3.3 Results 

3.3.1 Behavioral Data 

The present study investigated how affectively salient stimuli exogenously guide 

attention and whether top-down attentional settings modulate this guidance.  Response 

accuracy on the task was high (M = 93.5%) and did not differ between the low and high 

anxiety groups (p > .4).  RTs on correct trials were analyzed using repeated measures 

ANOVA with affective salience (fearful or neutral), exogenous cue validity (spatially 

coincident with upcoming target or not), and top-down cue (informative or 

uninformative) as within-subjects factors, and anxiety level (high or low) as a between-

subjects factor (Figure 4B).  Main effects of top-down cue (F(1,23) = 58.32, p < .001), with 

faster RTs following informative (664 msec) compared to uninformative cues (794 msec), 

and of exogenous cue validity (F(1,23) = 12.03, p = .002), with faster RTs to targets 

appearing spatially coincident with bottom-up cues (“valid” cues, 714 msec) compared 

to those appearing in the alternate location (“invalid” cues, 745 msec), indicated that 

both top-down and exogenous cues guided participants’ attention.  Additionally, there 

was a significant interaction between affective salience, exogenous cue validity, top-

down cue, and anxiety (F(1,23) = 7.87, p = .010).  For trials with uninformative top-down 

cues (Figure 4B, left), there was a three-way interaction between affective salience, 

exogenous cue validity, and trait anxiety group (F(1,23) = 5.633, p = .026).  A two-way 

ANOVA examining the effects of affective salience and exogenous cue validity revealed 
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that low anxious participants responded faster following valid than invalid bottom-up 

cues (F(1,11) = 7.90, p = .017), but exhibited no behavioral effects of affective salience (p’s 

> .2), and their RTs to neither valid (p > .2) nor invalid (p > .7) exogenous cues varied as 

a function of affective salience.  Thus, only the location of the stimulus presented during 

the cue-to-target interval, and not its affective salience, significantly contributed to 

exogenous attentional cueing in low-anxious participants.  By contrast, high-anxious 

participants exhibited a significant interaction between affective salience and exogenous 

cue (F(1,12) = 6.78, p = .023).  RTs on trials with a valid bottom-up cue were significantly 

faster when the stimulus was neutral compared to fearful (t(12) = 2.25, p = .044); no such 

difference was found between neutral and fearful stimuli when the bottom-up cue was 

invalid (p > .4).  These slowed responses following fearful stimuli demonstrate a 

complete attenuation of the general main effect of facilitation observed for valid 

exogenous cues; indeed, RTs in high anxious participants to fearful stimuli did not differ 

based on cue validity (p > .9).   However, this type of affective modulation of bottom-up 

attention in high anxious individuals was only found in the uninformative top-down 

cue condition.  RTs on trials with informative spatial cues, when attention is guided 

endogenously, did not yield any significant effects of affective salience or trait anxiety 

(p’s > .2; Figure 4B, right), although it did produce a main effect of exogenous cue 

(F(1,23) = 6.55, p = .018) with faster RTs to valid cues.  Finally, we also ran all of the 

above analyses with an additional between-subject factor of participant gender; this 

factor did not interact with any of the effects reported here.  

Overall, in the absence of explicit top-down cues for target location, low-anxious 

participants show equivalent facilitation when exogenous stimuli spatially cue the 

location of an upcoming target, regardless of whether the stimuli are affectively salient 

or neutral.  High-anxious individuals, by contrast, show an absence of facilitation in the 
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presence of affectively salient stimuli, as their responses are relatively delayed in this 

condition.  However, in the presence of explicit top-down cues for target location, 

affectively salient and neutral stimuli similarly facilitate target detection when presented 

at a spatially overlapping location, even in high-anxious participants, indicating that 

top-down attentional biasing can mitigate the intrusive effects of affectively salient 

stimuli for anxious participants.  Thus, our behavioral data replicate the phenomenon of 

contingent capture (Folk, et al., 1992; Yantis & Jonides, 1990) in the domain of affectively 

salient stimuli, and show that top-down attention settings can counteract the heightened 

susceptibility of high-anxious individuals to attentional capture by affective stimuli. 

3.3.2 Neuroimaging Data 

3.3.2.1 General effects of top-down and bottom-up cues 

We first characterized neural regions as a function of their general 

responsiveness to top-down and bottom-up cues to assess the efficacy of our 

manipulation of these features in evoking activation in regions canonically associated 

with endogenous and exogenous attentional orienting.  To assess the neural regions 

recruited during top-down attentional biasing, whole-brain random-effects analyses 

were conducted to identify the regions that exhibited greater activation in response to 

informative compared with uninformative top-down cues.  Greater activation in 

response to informative spatial cues was observed in bilateral parietal regions (Figure 

5A, Table 3), including the intraparietal sulcus and a frontal region centered on the 

junction of the superior frontal and precentral sulci, corresponding to the left FEF.  These 

regions have been implicated in the top-down biasing of attention and are key nodes in 

the dorsal attention network thought to mediate endogenous orienting (Corbetta & 

Shulman, 2002; Mesulam, 1999).  This cue-related activation is unlikely to be driven by 
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differences in overt attentional shifting, as confirmed by results from the eye movement 

data analysis (see Methods).     

 

Figure 5: Endogenous and exogenous influences on attention. (A) Effects of 
top-down cueing during the cue period (Informative > Uninformative; p < .05, 

corrected). (B) Effects of exogenous cue presentation in the FFA, displayed on an axial 
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slice (z = -15) of the mean anatomical image for all subjects. Red: Group-level FFA 
ROI derived from independent localizer task. Green: Region in the right fusiform 
gyrus exhibiting greater activation when exogenous cues were present than when 

absent (p < .05, corrected). Yellow: Overlap. (C) Effects of exogenous cue and target 
processing in the presence of uninformative as opposed to informative top-down cues 

(Uninformative > Informative; p < .05, corrected). 

When assessing the neural effects of the exogenous cues, results stemming from 

a contrast between trials where exogenous cues were present versus trials without such 

cues are difficult to interpret, because they could reflect the mere sensory response to 

additional visual stimulation or they could relate to attentional capture by these stimuli. 

In the context of the current experiment, this contrast nevertheless bears some interest, 

as it can be used to verify that the face stimuli employed as exogenous cues were in fact 

processed by the FFA.  When exogenous cues were presented during the cue-to-target 

interval, greater activation was observed in visual processing regions, including right 

fusiform gyrus and right parahippocampal gyrus (Table 3).  Activation in the right 

fusiform gyrus overlapped with the group-level FFA ROI defined in the independent 

localizer task (Figure 5B), thus confirming that the FFA was involved in processing the 

face stimuli employed as exogenous cues.   

In order to gauge the effects of top-down attentional settings on neural 

processing of the exogenous cues, whole-brain random effects analyses were performed 

to identify regions exhibiting greater activation on trials with exogenous cues following 

uninformative cues compared to informative cues during the period from the onset of 

the exogenous cue to the offset of the search array (Figure 5C, Table 3).  The identified 

regions included bilateral inferior parietal cortex, bilateral ventrolateral pFC, bilateral 

dorsolateral pFC, and ACC.  The observed enhanced neural processing of exogenous 

cues following uninformative compared to informative top-down cues is consistent with 

contingent capture, as exogenous cues were more efficacious in capturing attention in 

the absence of strong top-down attentional biasing.  Indeed, many of the identified 
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regions overlap closely with the putative ventral attention network thought to mediate 

exogenous shifting of attention (Corbetta, et al., 2008).  However, these activations also 

included components of the dorsal attention network, suggesting that endogenous 

attentional mechanisms were also mobilized during attentional reorienting (Corbetta, et 

al., 2008). 

Table 3: Peak activation foci for the main effects of neuroimaging analyses. R 
= right; L = left; M = midline; BA = Brodmann area. 

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Extent 

(voxels) 

 
 

Z 
Main effect of top-down cues (Informative > Uninformative Cue) 
Superior Parietal Lobule R 7 18, -66, 60 147 3.89 
Superior Frontal Gyrus L 8 -24, -9, 51 43 3.84 
Inferior Parietal Lobule 

(subpeak in Superior 
Parietal Lobule) 

L 40 -33, -39, 45 173 3.62 

      
Main effect of exogenous cues (Present > Absent) 
Fusiform Gyrus 

(subpeak in 
Parahippocampal 
Gyrus) 

R 37 36, -57, -6 170 4.24 

Middle Temporal Gyrus R 39 54, -66, 15 68 4.04 
      

Effect of top-down cues on exogenous cue (Uninformative > Informative, 
exogenous cue present) 
Inferior Parietal Lobule 

(subpeaks in 
Precuneus and Middle 
Occipital Gyrus) 

L 40 -33, -48, 51 1547 5.68 

Inferior Frontal Gyrus R 45 45, 9, 33 686 5.11 
Superior Frontal Gyrus 

(subpeaks in Middle 
Frontal Gyrus, Inferior 
Frontal Junction, 
Inferior Frontal Gyrus, 
and Orbitofrontal 
Cortex) 

L 8 -30, 6, 60 453 4.52 

Middle Temporal Gyrus R 37 54, -45, -6 131 4.49 
Thalamus L  -12, -12, 3 100 4.48 
Middle Frontal Gyrus L 10/47 -39, 48, 6 96 3.69 
Inferior Frontal Gyrus R 10/47 42, 60, 0 78 3.63 
Inferior Temporal Gyrus L 37 -51, -57, -6 61 3.56 
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Dorsal Anterior 
Cingulate Cortex 

R 32/24 9, 18, 45 53 3.46 

      
Main effect of exogenous cue affective salience (Fearful > Neutral) 
Inferior Frontal Gyrus L 45 -51, 24, 9 61 4.03 
Dorsomedial Prefrontal 

Cortex M 32 0, 51, 21 109 3.52 

Dorsomedial Prefrontal 
Cortex M 9/32 0, 42, 42 73 3.41 

Superior Temporal 
Gyrus L 22 -57, 0, -12 45 3.35 

 

Finally, on trials where exogenous cues were present, the basic effects of affective 

salience and cue validity were also assessed.  Affectively salient exogenous cues 

recruited greater activation than neutral exogenous cues in the dorsomedial pFC and left 

ventrolateral pFC (Table 3), perhaps reflecting differences in attentional orienting to the 

stimuli.  Interestingly, no differential responding was observed in the amygdala or other 

limbic structures.  The absence of an effect of affective salience in the amygdala may be 

due to the short presentation time of the exogenous cues and the high attentional load of 

our task (Pessoa, et al., 2002).  Additionally, no differences were observed in neural 

activation as a function of bottom-up cue validity, indicating similar neural recruitment 

for orienting towards exogenous cues irrespective of whether or not they were 

subsequently followed by a target stimulus.  

In sum, we documented that the processing of top-down attention cues recruited 

FEF and intraparietal sulcus foci typically associated with top-down attentional biasing 

(Corbetta, et al., 2008; Mesulam, 1999), that the processing of bottom-up face cues 

elicited activity in the FFA, and that presentation of exogenous cues and target stimuli in 

the absence (compared with presence) of top-down cueing elicited activation in lateral 

frontal and parietal areas typically associated with ventral and dorsal attentional 

networks (Corbetta, et al., 2008). 
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3.3.2.2 Neural regions underlying individual differences in affective contingent 
capture 

The critical aim of the present experiment was to identify the neural regions 

tracking individual differences in the behavioral effects of affective exogenous 

attentional guidance shown in Figure 4B.  Towards that end, an index of the influence of 

the affective exogenous cues on contingent capture was computed for each participant 

based on their differential RTs to each condition, and this index was subsequently used 

as a covariate in neuroimaging analyses aimed at delineating the neural substrates of 

affective contingent capture.  This Affective Contingent Capture Index (ACCI) 

represents the three-way interaction among top-down cueing, exogenous cue validity, 

and affective salience ([Uninformative Cue, Fear Valid – Uninformative Cue, Neutral 

Valid] – [Uninformative Cue, Fear Invalid – Uninformative Cue, Neutral Invalid]) - 

([Informative Cue, Fear Valid – Informative Cue, Neutral Valid] – [Informative Cue, 

Fear Invalid – Informative Cue, Neutral Invalid]).  ACCI positively correlated with trait 

anxiety (Spearman’s ρ = .433, p = .030), and it was significantly larger for high-anxious 

participants compared to low-anxious participants (t(23) = 2.81, p = .010), reflecting the 

behavioral differences between these two groups.  In other words, ACCI is an RT index 

that reflects the interaction between trait anxiety and the key experimental 

manipulation, and it should therefore provide a more sensitive tool for detecting neural 

correlates of individual differences in orienting to affectively salient stimuli than trait 

anxiety per se.  However, in order to verify this assumption, we entered both ACCI and 

trait anxiety scores as separate covariates into the neuroimaging analyses, which 

allowed us to test whether ACCI would explain neural activity above and beyond that 

explained by trait anxiety. 

Behaviorally, the interaction between affective salience and exogenous cue 

validity varied across individuals on trials with uninformative cues, when endogenous 
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attention was less directed and exogenous cues were more likely to influence attentional 

guidance.  To isolate regions whose activation tracked this interindividual variability, 

the interaction between affective salience and exogenous cue validity for trials following 

uninformative top-down spatial cues was examined with ACCI as a between-subjects 

covariate.  This whole-brain analysis revealed several regions whose activation 

positively correlated with ACCI (Figure 6A, Table 4), including bilateral dorsal frontal 

cortex, bilateral posterior ventrolateral frontal cortex, SMA, and extrastriate visual 

regions.  These areas exhibited greater activation in response to the affectively salient 

stimuli presented spatially overlapping with upcoming targets in the absence of 

informative top-down spatial cues, consistent with the observed slower RTs observed in 

high-anxious participants in this condition.  These neural regions, particularly posterior 

ventrolateral frontal cortex and SMA, have been previously implicated in attentional 

orienting and inhibitory control (Hampshire, Chamberlain, Monti, Duncan, & Owen, 

2010; B. J. Levy & Wagner, 2011; Sharp, et al., 2010), implying that reactive control 

processes engaged following affectively salient stimuli may be critical to mediating 

individual differences in affective contingent capture.  Significant activation was also 

observed in the right fusiform gyrus (x, y, z: 45, -45, -21), overlapping with the group-

level FFA ROI, indicating that visual processing of the exogenous cues also contributed 

to interindividual variability in affective contingent capture.  Note that neural activity in 

these regions was explained by ACCI above and beyond any activation attributed to 

trait anxiety per se, which had also been included as a covariate in the model.  By 

contrast, we did not observe any significant activation being explained by trait anxiety 

above and beyond that captured by ACCI.  No regions correlated negatively with ACCI.  

Although these findings indicate that several regions, including ventrolateral 

frontal cortex, SMA, and FFA, play a vital role in mediating affective contingent capture, 
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ACCI encompasses differences in RT on all experimental conditions, not merely the 

critical interaction of affective salience and endogenous attention.  It is possible, 

therefore, that variability in responding in the other conditions might be bolstering our 

neural effects of affective contingent capture or obscuring other effects of interest.  To 

address this possibility, we computed a more specific index of behavior focused 

exclusively on the critical effect: the interaction between affective salience and 

endogenous attentional settings, restricted to trials in which the exogenous cue was 

presented in the same location as the upcoming target ([Uninformative Cue, Fearful 

Valid – Uninformative Cue, Neutral Valid] – [Informative Cue, Fearful Valid – 

Informative Cue, Neutral Valid]).  This focused RT index was then entered as a between-

subjects covariate with the interaction between affective salience and exogenous cue 

validity for trials following uninformative top-down spatial cues.  This whole-brain 

analysis identified a network of regions exhibiting positive correlations with the RT 

index which overlapped with those detected employing ACCI as a covariate, namely, 

bilateral dorsal frontal cortex, bilateral posterior ventrolateral frontal cortex, SMA, and 

extrastriate visual regions (Figure 6B, Table 4).  Moreover, this more focused analysis 

also revealed significant activation in the subgenual ACC, a region that has been 

implicated in various forms of emotion regulation (Etkin, Egner, & Kalisch, 2011).  

Overall, these results confirm that the findings from the analyses employing the ACCI 

were not driven by experimental conditions that were not germane to the behavioral 

findings. No regions correlated negatively with this RT covariate.  Moreover, a contrast 

examining the interaction between affective salience and exogenous cue validity for 

trials following informative top-down spatial cues failed to identify any neural regions 

that significantly correlated with the RT covariate, indicating that, like the behavioral 
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effects, these neural effects were specific to conditions without explicit top-down spatial 

biasing.  

 

Figure 6: Neural correlates of affective contingent capture.  Positive 
correlations between neural regions identified by the interaction between affective 

salience and exogenous cue validity [(Uninformative cue, Fearful Valid – 
Uninformative cue, Fearful Invalid) - (Uninformative cue, Neutral Valid – 

Uninformative cue, Neutral Invalid)] and the ACCI (A) and the more focused RT 
covariate (B) targeting attentional facilitation (p < .05, corrected). 

In sum, interindividual variability in affective contingent capture correlates 

primarily with activation variability in posterior ventrolateral frontal cortex, SMA, and 

FFA.  Greater activation in these regions is associated with delayed responding to 

targets appearing spatially coincident with fearful exogenous cues and may reflect 

differences in basic perceptual processing, attentional orienting or inhibitory control.  

Critically, these neural effects, like the behavioral effects of interest, were contingent on 

top-down attentional settings, present only in the absence of explicit top-down spatial 

cues. 
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Table 4: Peak activation foci for analyses identifying neural regions 
underlying affective contingent capture.  Analyses examined the interaction between 
exogenous cue validity and affective salience following uninformative top-down cues 

([Uninformative Cue, Fearful Valid – Uninformative Cue, Fearful Invalid] – 
[Uninformative Cue, Neutral Valid – Uninformative Cue, Neutral Invalid]).  R = right; 

L = left; M = midline; BA = Brodmann area.  

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Size 

(voxels) 

 
 

Z 

Positively correlates with Affective Contingent Capture Index 
Precentral Gyrus (subpeaks 

in Superior Frontal Gyrus, 
Middle Frontal Gyrus, 
Inferior Frontal Gyrus, 
and Supplementary Motor 
Area) 

R 6 15, -27, 75 1435 4.40 

Inferior Temporal Gyrus 
(subpeaks in Fusiform 
Gyrus, Lingual Gyrus, 
and Inferior Occipital 
Gyrus) 

R 37 51, -60, -21 156 4.28 

Thalamus R  6, -33, 6 89 3.66 
Inferior Frontal Gyrus R 44/6 63, 0, 6 57 3.42 
Precuneus M 7 0, -63, 63 40 3.10 

      
Positively correlates with focused response time index 
Inferior Temporal Gyrus 

(subpeaks in Fusiform 
Gyrus, Lingual Gyrus, 
Inferior Occipital Gyrus, 
and Parahippocampal 
Gyrus) 

R 7 45, -66, -12 1470 4.58 

Cuneus (subpeaks in 
Superior Occipital Gyrus, 
Middle Occipital Gyrus, 
and Precuneus) 

R 9 12, -90, 30 342 4.36 

Postcentral Gyrus 
(subpeaks in Inferior 
Frontal Gyrus and Insula) 

R 3 63, -15, 18 277 4.32 

Supplementary Motor Area 
(subpeaks in Precentral 
Gyrus, and Superior 
Frontal Gyrus) 

M 6 0, 0, 75 1045 4.23 

Postcentral Gyrus 
(subpeaks in Precentral 
Gyrus and Inferior Frontal 
Gyrus) 

L 3 -63, -15, 18 415 4.19 
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Subgenual Anterior 
Cingulate Cortex 

M 25 3, 21, -15 52 3.82 

Precentral Gyrus R 6 45, -3, 45 76 3.54 
Precentral Gyrus L 6 -39, -12, 39 102 3.52 

 

3.3.2.3 Frontal regions mediate the relationship between right FFA and 
interparticipant behavioral variability 

The neural regions tracking interparticipant behavioral variability in response to 

affectively salient exogenous cues included both regions associated with basic stimulus 

processing, such as the right FFA, and frontal regions typically implicated in attentional 

orienting or inhibitory control.  As all the regions identified exhibited positive 

correlations with the RT indices, it remains unclear if these regions track similar 

properties of behavioral variability, or if some of the regions carry unique information 

and mediate the effects of the others.  In particular, the RT data suggest that the effects 

of affective salience on exogenous attentional guidance are contingent on top-down 

attentional settings, implying that differences in attentional orienting play a critical role 

in mediating individual differences.  Regions associated with the ventral attention 

network and attentional control, such as the posterior ventrolateral frontal cortex and 

SMA, may therefore mediate the effects of basic perceptual processing regions that also 

track affective contingent capture, such as the FFA.  Mediation analyses were employed 

to determine whether or not the frontal regions that were identified in both the ACCI 

and the focused RT covariate analyses mediated the relationship between the right FFA 

and behavior, as indexed by the ACCI (see Methods).  The relationship between FFA 

activity and behavioral variability in affective contingent capture was fully mediated by 

each of the three identified frontal regions: left posterior ventrolateral frontal cortex, 

right posterior ventrolateral frontal cortex, and SMA (Figure 7).  Importantly, the 

converse was not true for any of these regions, as right FFA did not mediate the 
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relationship between any of the prefrontal regions and ACCI2.  Thus, activation in 

frontal regions subsumed the activation in the right FFA, demonstrating that signals 

carried in these critical nodes of the attentional orienting system play a key role in 

mediating the effects of affective contingent capture above and beyond the basic effects 

of perceptual processing in the FFA. 

                                                      

2 Mediation analyses were also conducted examining the relationship between the right FFA and the focused RT index 
employed in the second between-subjects analysis.  As with the analyses conducted utilizing ACCI, the relationship 
between responses in the right FFA and the RT measure was fully mediated by each of the three frontal regions: left 
posterior ventrolateral frontal cortex, right posterior ventrolateral frontal cortex, and SMA.  Again, the opposite was not 
true; activation in the right FFA did not mediate the relationship between any of the frontal neural regions and the RT 
index. 
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Figure 7: Mediation analyses.  The relationship between neural responses in 
right FFA and ACCI is mediated by the left posterior ventrolateral frontal cortex (A), 

the right posterior ventrolateral frontal cortex (B), and the SMA (C).  Numbers are 
unstandardized coefficients; *p<.05. 
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3.4 Discussion  
This study sought to clarify the role of endogenous attention settings in 

modulating affective exogenous guidance of spatial attention.  Employing a novel 

cueing paradigm, we were able to independently manipulate top-down attentional 

settings, exogenous cue validity, and affective salience and observe their impact on 

attentional orienting as a function of individual differences in anxiety.  In the absence of 

explicit top-down spatial cues to target locations, face stimuli exogenously facilitated 

attention to spatially coincident targets for low-anxious participants, regardless of 

affective expression.  For high-anxious participants, although neutral face stimuli 

facilitated attention to target locations, affectively salient face stimuli failed to generate 

similar facilitation, instead resulting in RTs that were as slow as trials when exogenous 

cues served to distract attention away from target locations.  Critically, these effects were 

contingent on top-down attentional settings; when explicit cues directed top-down 

attention to upcoming target locations, high-anxious participants no longer exhibited 

differential responding to fearful faces, indicating that top-down attention can 

counteract the effects of exogenous affective attentional guidance.  As with other forms 

of exogenous cueing (Folk, et al., 1992), affective capture effects appear to be contingent 

on top-down attention settings, providing an avenue to overcome the attentional biases 

present in anxious individuals.  Interindividual variability in this affective contingent 

capture tracked with neural activation in bilateral ventrolateral frontal cortex and SMA 

in the absence, but not the presence, of explicit top-down spatial cues, consistent with 

the contingent nature of behavioral affective capture effects.   

High-anxious participants exhibited delayed responding to fearful faces that 

facilitated target discrimination for low anxious participants, in contrast to some 

previous behavioral studies demonstrating speeded threat detection by anxious 
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participants (Fox, et al., 2001; Ohman, Flykt, et al., 2001).  However, tasks involving 

target discrimination at locations spatially coincident with threat reveal deficits for high-

anxious, but not low-anxious, participants (Chajut, et al., 2010; Salemink, van den Hout, 

& Kindt, 2007).  This dissociation between initial threat detection and subsequent target 

discrimination likely reflects differences in their relative attentional control demands.  In 

the present task, successful performance required the visual discrimination of a subtle 

alteration in a non-affective stimulus (i.e., the slight tilt of one of two Gabor patches), 

demanding a reorientation of attentional resources from the affectively salient 

exogenous cue to the non-affective target stimulus.  Consistent with Attentional Control 

Theory (Eysenck, et al., 2007), highly anxious participants may have been more sensitive 

to the exogenous affective stimuli than low-anxious participants, with the fearful stimuli 

potentially dominating attentional resources and generating interference with the visual 

discrimination task.  Moreover, high anxious individuals exhibit pronounced deficits in 

disengaging from threatening stimuli (Amir, et al., 2003; Fox, et al., 2001; Koster, et al., 

2004; Salemink, et al., 2007), further enhancing the capacity of affectively salient stimuli 

to disrupt attentional deployment and task performance.  In contrast, on tasks involving 

detection of threatening stimuli (Ohman, Flykt, & Esteves, 2001) or neutral stimuli 

presented in the same location as threatening stimuli (Mogg & Bradley, 1999), this 

hypersensitivity to affective stimuli and difficulty reorienting away from them would 

result in speeded responding.  Thus, the observed differences in task performance are 

likely driven by enhanced demands on attentional reorienting and inhibitory processes 

for high-anxious participants following affectively salient stimuli.  

The network of neural regions that tracked individual differences in attentional 

contingent capture is highly consistent with the enhanced capacity of affectively salient 

stimuli to interfere with ongoing processing for anxious participants and place enhanced 
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demands on attentional reorienting systems.  Bilateral ventrolateral frontal cortex, SMA, 

and FFA all exhibited enhanced activation following presentation of affectively salient 

stimuli at upcoming target locations in individuals with relatively delayed responding 

in that condition.  Importantly, signal in the ventrolateral frontal cortices and SMA fully 

mediated the effects of FFA, demonstrating a critical role for these frontal neural regions 

in mediating behavioral variability.  A recent meta-analysis highlighted the role these 

regions play in both orienting to external stimuli and implementing inhibitory control 

(Levy & Wagner, 2011), consistent with enhanced attentional control demands for 

anxious participants when reorienting attention from affective cues towards neutral 

targets.  Posterior ventrolateral frontal cortex has been previously implicated in 

attentional capture effects (de Fockert, Rees, Frith, & Lavie, 2004), exhibiting greater 

activation in the presence of perceptually salient distracters, and lesion evidence 

highlights a role for this region in resolving interference from salient distracters 

(Michael, Garcia, Fernandez, Sellal, & Boucart, 2006).  This study extends these findings 

to the domain of affective stimuli, while further demonstrating their dependence on 

endogenous attentional settings.  Activation in the SMA is closely tied to action 

updating and inhibitory control processes (Aron, 2007; Chikazoe, et al., 2009; Sharp, et 

al., 2010), and has additionally been implicated during selective orienting and resisting 

interference from affectively salient distracters (Armony & Dolan, 2002; Krebs, Boehler, 

Egner, & Woldorff, 2011).  Indeed, the SMA and posterior ventrolateral frontal cortex are 

interconnected and share projections to motor regions and the subthalamic nucleus 

(Aron, 2007; Nachev, Kennard, & Husain, 2008), rendering this network critical to 

implementing inhibitory control, reorienting attention, and updating action plans.  

Enhanced recruitment of this network likely reflects the increased interference and 

heightened attentional control demands generated by affectively salient stimuli for high-
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anxious individuals.  Consistent with this position, greater activation was also observed 

in subgenual ACC, a putative emotion regulation region (Etkin, et al., 2011) with strong 

connections to limbic structures (Beckmann, Johansen-Berg, & Rushworth, 2009) which 

could be critical in mediating affective capture effects.  Crucially, increased activation 

was only observed in neural regions in the absence of informative top-down attentional 

settings, demonstrating that these regions were vital to mediating reactive attentional 

control during affective capture, but were not mobilized when attention was spatially 

directed before exogenous interference.    

Given the critical role of the amygdala in affective processing and orienting to 

salient stimuli (A. K. Anderson & Phelps, 2001; LeDoux, 2000; Vuilleumier, et al., 2004), 

it is somewhat surprising that we did not observe activation in this region or nearby 

voxels during our task.  Despite conducting additional exploratory analyses, repeating 

all analyses reported here in conjunction with small-volume correction of an 

anatomically-defined amygdala ROI, we identified no significant activation.  Possibly 

the high cognitive load and short presentation time of affective stimuli contributed to 

the lack of differential amygdala responding, as this region has been shown to be 

sensitive to the availability of cognitive resources (S. L. Lim, Padmala, & Pessoa, 2008; 

Pessoa, et al., 2002; Vuilleumier, et al., 2001).  Moreover, the timing structure of our task 

and the poor temporal resolution of BOLD fMRI may have diminished our ability to 

detect rapid, transient signals in the amygdala underlying orienting to the exogenous 

affective stimuli.  Additionally, findings of preserved attentional capture by affectively 

salient stimuli in amygdala lesion patients call into question the necessity of the 

amygdala in mediating attentional orienting to affective stimuli (Piech, et al., 2011).  

However, activation in the FFA was observed in response to exogenous cues, 

particularly in the absence of directed top-down attention.  Critically, variability in the 
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FFA was also associated with interindividual variability in attentional orienting, 

implicating perceptual processing of the affective exogenous cues in contributing to 

differences in affective capture effects.  However, these differences in bottom-up 

processing regions were subsumed by variability in frontal regions, implying that more 

than variability in basic perceptual processes drove differences in affective contingent 

capture.  

The importance of frontal regions in mediating individual differences in affective 

contingent capture is consistent with neurocognitive theories that highlight a critical role 

for executive control in anxiety disorders.  Some recent theories have emphasized the 

importance of frontal-amygdala interactions in anxiety disorders (Bishop, 2007), 

highlighting the role executive function plays in modulating affective responses.  The 

relationship between trait anxiety and affective contingent capture observed in this 

study is consistent with the notion that anxious individuals are more susceptible to 

threatening stimuli (Eysenck, et al., 2007; C. Macleod, Mathews, & Tata, 1986), and this 

hypervigilance may be central to the etiology and maintenance of anxiety disorders (A. 

Mathews & MacLeod, 2002).  Our demonstration that endogenous top-down attention 

can overcome this sensitivity to affective stimuli points to a role for proactive 

engagement of top-down control as a candidate for incorporation in the development of 

behavioral interventions.  Behavioral clinical interventions aimed at retraining anxious 

individuals to orient attention away from threatening stimuli have been successful in 

generating anxiolytic effects (Bar-Haim, 2010; Hakamata, et al., 2010), and the present 

findings of affective contingent capture suggest that the incorporation of top-down 

attentional orienting into similar interventions could enhance their efficacy.  Although 

endogenous attentional settings may need to be established before the appearance of 

affective external stimuli to diminish their capacity to exogenously direct attention, such 
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forms of proactive control may be both highly effective in diminishing interference from 

external stimuli and readily implemented in ecologically valid settings (Aron, 2011). 

This study demonstrated that affective capture effects can alter exogenous 

attentional guidance, particularly in anxious individuals, but that these effects are 

contingent on endogenous attentional settings.  These findings are consistent with 

numerous theories of anxiety emphasizing susceptibility to threat and fearful stimuli 

(Bishop, 2007; Eysenck, et al., 2007; Mathews & Mackintosh, 1998; Mathews & MacLeod, 

2002).  Although the present research focused on the role of fearful stimuli in guiding 

attention in anxious individuals, our findings can not disambiguate whether these 

effects are unique to threatening stimuli or extend to other affectively salient stimuli.  

Additionally, similar affective contingent capture effects may potentially be present for 

positively valenced affective stimuli in other populations, such as individuals high in 

reward sensitivity.  For instance, stimuli associated with large rewards can capture 

attention, particularly in individuals with lower self-reported inhibitory control (B. A. 

Anderson, Laurent, & Yantis, 2011); however, the role of endogenous attentional settings 

in modulating these effects remains unexamined.  Finally, in this study, we investigated 

attentional capture by single, sudden-onset stimuli.  Whereas this is a well-established 

means of producing attentional capture effects (Yantis & Jonides, 1990), other 

approaches have investigated this phenomenon in the context of simultaneously 

presented arrays of multiple stimuli competing for attention (e.g., Theeuwes, 1992).  

Whether the current findings generalize to the latter type of experimental set-up 

represents an interesting question for future studies.   

In the present experiment, neural activation in posterior ventrolateral frontal 

regions and SMA mediated behavioral variability in affective contingent capture across 

individuals, and like the behavioral effects, demonstrated sensitivity to endogenous 
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attentional signals.  These findings indicate a critical role for these regions in mediating 

attentional orienting and interference resolution processes when engaged by affectively 

salient stimuli and provide insight into the neurocognitive mechanisms underlying 

anxiety. 
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4 Executive control of emotional memory: Affective 
mnemonic selection and inhibition 

The previous two chapters examined affective interference resolution in response 

to external stimuli in the environment.  This chapter sought to extend this approach by 

examining affective interference resolution engaged in response to internal 

representations, namely memories.  The experiments employed in this chapter sought to 

characterize behavioral aspects of affective mnemonic interference resolution.  Please 

note that this chapter is currently a working paper (Reeck & LaBar, under revision).  

4.1 Introduction  
Memory is a highly adaptive and flexible cognitive function that enables an 

individual to recall information from the past in the service of future goals.  Despite the 

vast amount of information contained in human memory, individuals are often able to 

recall a specific event, detail, or fact when it would support current behavior.  Searching 

memory for a particular mnemonic representation mobilizes multiple executive control 

functions, both to amplify relevant mnemonic representations and to mitigate 

interference from other information also stored in memory.  This second process inhibits 

irrelevant mnemonic representations, minimizing competition from other related traces 

in the memory cache during selective retrieval and facilitating successful recall.  

Critically, this inhibition may have lasting consequences, such that items that generate 

competition during selective retrieval will be forgotten over time.  Forgetting, therefore, 

can be an adaptive consequence of attempts to remember.   

It remains unclear, however, what role forgetting plays in governing affective 

memory.  On the one hand, emotionally laden memory traces may have special status in 

memory, making them less amenable to executive control functions.  The affective 

salience and potential biological relevance of emotional stimuli may buffer them from 
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forgetting.  Conversely, the capacity of executive function to govern affective 

representations is critical to guiding cognitive processes along goal-relevant pathways.  

Successful resolution of mnemonic interference is especially vital when mnemonic 

competitors are of an affective nature, and the ability to govern the contents of long-term 

memory in accordance with an organism’s goals may hinge upon successful inhibition 

of affective mnemonic competitors.  The importance of resolving affective mnemonic 

interference therefore suggests that emotional representations in memory may be 

amenable to inhibitory processing.  The present article addresses this question by 

adapting a retrieval practice paradigm to examine the influence of mnemonic inhibition 

on emotional memory traces.  We propose that interference generated by affective 

memory representations is resolved by a similar mechanism to that evoked by 

affectively neutral memories, resulting in robust forgetting of emotional information 

following selective retrieval of related information and promoting adaptive cognitive 

processing.  

4.1.1 Executive control and memory 

Memory enables individuals to marshal past information in the service of current 

goals or to shape future responding.  However, because of the vast amount of 

information humans are capable of storing, memories can also interfere with one 

another, competing for representation during encoding and retrieval.  This interference 

can impede retrieval and degrade memory representations (J. R. Anderson, 1974; 

Underwood, 1957).  Executive control mechanisms are often recruited to help 

compensate for and overcome the effects of interference, quelling inappropriate or 

maladaptive retrieval (M. C. Anderson, 2003; Kuhl & Wagner, 2009).  Guided by 

executive control mechanisms, memory allows the retrieval of specific, relevant 

information and can prevent irrelevant memories from interfering with ongoing 
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cognitive functions. Thus, the resolution of mnemonic interference provides a 

mechanism for forgetting and other memory errors.  

Forgetting may occur not only due to intentional efforts to purge information 

stored in memory (M. C. Anderson & Green, 2001) but also as an unintentional 

consequence of inhibitory processes mobilized by executive control during retrieval (M. 

C. Anderson, Bjork, & Bjork, 1994).  This phenomenon of retrieval-induced forgetting has 

been rigorously examined utilizing variants of the retrieval practice paradigm (M. C. 

Anderson, et al., 1994).  In the retrieval practice paradigm, participants study word pairs 

in which one of the words involved is associated with multiple other items (e.g., FRUIT 

– banana, FRUIT – orange, TOOL – hammer, TOOL – wrench).  After encoding, 

participants’ memory is tested for a subset of the items, often employing a cue plus letter 

stem format (e.g., FRUIT – b____).  When attempting to retrieve the appropriate target 

(i.e., banana), other items sharing the same cue (e.g., orange) may compete for awareness 

and impede retrieval.  To facilitate retrieval of the appropriate target, relevant 

mnemonic representations are amplified by executive control.  Importantly, to mitigate 

interference generated by competitors, irrelevant but competing mnemonic 

representations are inhibited.  After selective retrieval, memory for all items is tested to 

examine the long-term consequences of this mnemonic selection and inhibition.  At final 

test, memory for practiced items (e.g., banana) is often enhanced, reflecting the 

consequences of selection.  Critically, memory for the competing items (e.g., orange) is 

impaired not only relative to the practiced items but also with respect to unpracticed 

items that did not share an association with the practiced cues (e.g., TOOL – hammer, 

TOOL – wrench).  This second class of items should not have competed during selective 

retrieval and thus would not have been the targets of executive control mechanisms 

mobilized during retrieval; as they are retained over a similar temporal interval, this 
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class of items serves as a useful baseline against which to judge the level of inhibition 

exerted over the unpracticed, competing items (e.g., orange).  The demonstration that 

recall of these unpracticed, competing items is lower than that for these baseline items 

therefore demonstrates the long-term consequences of mnemonic control mechanisms 

invoked during selective retrieval. 

The conditions that promote inhibitory control in memory and its consequences 

indicate that mnemonic inhibition is goal-driven and robust.  Inhibitory processes are 

theorized to play a central role in driving forgetting (M. C. Anderson, 2003; B.J. Levy & 

Anderson, 2002; Storm & Levy, 2012), although some theories emphasize the 

contribution of other mnemonic interference processes, such as associative blocking and 

output interference (Butler, Williams, Zacks, & Maki, 2001; Camp, Pecher, & Schmidt, 

2007; C. C. Williams & Zacks, 2001). Several lines of evidence demonstrate that 

mnemonic interference processes drive forgetting and that inhibition is mobilized when 

mnemonic competition disrupts selective retrieval.  The inhibition enacted to resolve 

mnemonic interference during selective retrieval results in lasting degradation of the 

competing mnemonic representation, as evidenced by the fact that impaired recall of 

inhibited items extends to tests utilizing independent cues (M. C. Anderson & Spellman, 

1995) or recognition formats (Gomez-Ariza, Lechuga, Pelegrina, & Bajo, 2005; Hicks & 

Starns, 2004; Roman, Soriano, Gomez-Ariza, & Bajo, 2009; Spitzer, Hanslmayr, Opitz, 

Mecklinger, & Baeuml, 2009).  Inhibition therefore targets not merely the association 

between the retrieval cue and the competitor but the representation of the competitor 

itself.  Critically, inhibition is contingent of the presence of mnemonic competition; in 

cases where competition is not evoked, suppression of mnemonic representations will 

not occur.  For instance, weak associates of cues that are low frequency and less likely to 

be retrieved in response to cues are also less likely to be inhibited (M. C. Anderson, et 
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al., 1994).  Moreover, the mere act of retrieval is insufficient to generate inhibition, as 

retrieving cues and not associates (e.g., F____ - banana) does not lead to suppression of 

unpresented, related associates (M. C. Anderson, Bjork, & Bjork, 2000), highlighting the 

importance of competition during retrieval in prompting suppression.  Recent neural 

network models have supported the importance of competition in generating inhibition, 

as only strong competitors are likely to become the targets of inhibitory processes 

(Norman, Newman, & Detre, 2007).  Mnemonic interference can generate inhibition even 

in the absence of successful retrieval (Storm, Bjork, Bjork, & Nestojko, 2006), 

demonstrating that the effects of inhibition are dissociable from the consequences of 

selection.  That is to say, retrieval-induced forgetting is not merely a function of greater 

strengthening of the retrieved targets but is also shaped by inhibitory processes that are 

mobilized during selective retrieval.  Retrieval-induced forgetting is impaired in 

populations with degraded inhibitory control, such as individuals with attention-

deficit/hyperactivity disorder (Storm & White, 2010), further implicating executive 

function in implementing forgetting under conditions of mnemonic competition.   

Mnemonic competition during selective retrieval generates interference, which 

executive processes mobilize to resolve.  This mnemonic interference resolution not only 

amplifies the representations of the targets of mnemonic search but also inhibits the 

representations of competing memory traces, with both processes exerting lasting 

mnemonic consequences. 

4.1.2 Emotion and executive control 

Executive control enables an organism to engage in adaptive behavior by biasing 

cognitive processing along goal-relevant pathways.  The biased-competition model of 

executive function (Desimone & Duncan, 1995; Miller & Cohen, 2001) emphasizes the 

capacity of executive function to allocate mental resources in accordance with an 
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individual’s current goals and priorities.  As attentional resources are limited, humans 

can not fully mentally process all aspects of our information-rich environments.  Thus, 

mental representations vie for cognitive resources, and executive function biases the 

processing of these representations in a flexible and adaptive manner.  Executive 

function enhances the representation and processing of stimuli that are relevant to the 

organism while also suppressing the processing of goal-irrelevant cognitions that might 

generate interference or distraction.  This biased-competition framework depends on a 

balance between bottom-up processing, in which salient stimuli in the environment gain 

rapid access to cognitive resources, and top-down processing, in which an organism’s 

ongoing goals and priorities allocate cognitive resources.   

Emotional stimuli are particularly adept at attracting attentional and cognitive 

resources.  Emotional stimuli benefit from a perceptual and attentional advantage, 

predominating awareness during binocular rivalry (Alpers & Gerdes, 2007; Alpers, et 

al., 2005), speeding detection during visual search among competitors (Hansen & 

Hansen, 1994; Ohman, Flykt, et al., 2001), and resisting the attentional blink (A. K. 

Anderson & Phelps, 2001; S.-L. Lim, et al., 2009). Affective processing may be primary 

(Zajonc, 1980), occurring in a bottom-up fashion in response to affectively salient stimuli 

in the environment, and affective stimuli enjoy privileged, speeded neural processing 

(LeDoux, 1994).  Emotional stimuli bias attention and disrupt ongoing processing more 

potently than neutral stimuli and can transcend task boundaries, distracting cognitive 

processing resources away from the performance of an ongoing task (Reeck & Egner, 

2011). 

Due to the enhanced capacity of emotional stimuli to bias processing in a bottom-

up fashion, top-down executive control may be mobilized to mitigate the interference 

they generate with ongoing, goal-relevant cognitive processing. Although affective 
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stimuli in the environment can gain enhanced access to perceptual processing resources, 

it remains unclear the extent to which top-down signals counteract this effect, 

executively biasing processing along goal-relevant lines and enabling adaptive 

responding. The mobilization of executive function in response to interference generated 

by emotional stimuli has evoked the question of whether emotion may modulate 

executive function (Pessoa, 2009) and whether distinct mechanisms of executive control 

may be deployed when an individual is confronted with affective or neutral stimuli 

(Banich, et al., 2009).  (Banich, 2009; Bishop, 2007)Diminished executive control over 

affective processing may play a key role in the etiology and maintenance of some 

disorders (Banich, 2009; Bishop, 2007; Eysenck, et al., 2007).  However, evidence from 

several domains suggests that emotional stimuli may only disrupt executive processes in 

populations with affective disorders and not in healthy control participants (Amir, et al., 

2003; Chajut, et al., 2010; Fox, et al., 2001; J. M. G. Williams, et al., 1996).  Thus, in healthy 

individuals, top-down executive processes may typically be capable of counteracting 

any advantages in perceptual processing that affective stimuli might enjoy and biasing 

cognitive processing in favor of the organism’s goals. 

4.1.3 Emotion modulation of executive control in memory 

Although the capacity of emotional stimuli to capture perceptual resources has 

been characterized, the role of emotion in modulating executive control in memory has 

not been well documented.  Several studies of mnemonic interference resolution 

highlight the importance of understanding forgetting of emotional memories (e.g., M. C. 

Anderson, 2006), yet empirical evidence on the topic is scant.  Findings from the 

emotional memory literature indicate that affectively salient memories are more strongly 

encoded than affectively neutral memories, giving them a mnemonic advantage not only 

in the short term but also at long retention intervals (M. M. Bradley, et al., 1992; Dolcos, 
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et al., 2005).  Some theories have also argued that emotional events are not only well-

remembered themselves but imbue related memories with a similar advantage (Brown 

& Kulik, 1977) and that these flashbulb memories are long-lived.  Given the mnemonic 

advantage of emotional memories and their longevity, are they less susceptible to 

executive control processes than affectively neutral memories are?  Specifically, are 

emotional memory representations robust to mnemonic interference resolution? 

There is some theoretical basis for the hypothesis that emotional memories 

would be insensitive to mnemonic control processes, particularly inhibition.  Emotional 

memories are strongly encoded, which may help buffer them from the effects of 

inhibition.  Indeed, some paradigms examining intentional directed forgetting of 

negative materials do report reduced inhibition of negative materials (Minnema & 

Knowlton, 2008), supporting the notion that negative mnemonic representations do not 

suffer from top-down inhibition.  This observation from intentional forgetting may 

extend to the goal-driven, unintentional forgetting that occurs as a function of the 

interference resolution processes triggered during selective retrieval. 

Conversely, there is also theoretical basis for the hypothesis that emotional 

memories may be amenable to inhibitory processes.  As interference resolution 

processes are mobilized by competition, the enhanced memory strength of emotional 

memories may facilitate their retrieval and cause them to generate competition during 

selective retrieval.  This competition would therefore mobilize interference resolution 

processes, leading to ample inhibition of affective memories.  This position is consistent 

with computational models of executive control in memory, which emphasize that 

strong competitors during selective retrieval should experience robust levels of 

inhibition (Norman, et al., 2007).  Several studies of intentional forgetting indicate that 

negative memories can be inhibited (Depue, Curran, & Banich, 2007; Joormann, Hertel, 
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Brozovich, & Gotlib, 2005), with one investigation finding that emotional memory 

representations may be more susceptible to mnemonic control processes than neutral 

memories (Depue, Banich, & Curran, 2006).  However, it is important to note that this 

previous investigation only compared recall performance between representations that 

were selected and inhibited, showing that affective representations exhibited larger 

differences between conditions of selection and inhibition.  Recall was not explicitly 

compared to performance on baseline items or between emotionally negative and 

neutral inhibition conditions, leaving open the possibility that emotional memory traces 

may experience similar levels of inhibition when compared to baseline memories as 

neutral memory traces.  Moreover, these previous experiments examined attempts at 

intentional, instructed forgetting, which may be sensitive to strategic shifts and demand 

characteristics, and left unexplored the consequences of mnemonic interference 

resolution processes on affective memories.   

The possibility that emotional memories may be amenable to mnemonic control 

processes engaged in response to interference has been contentious in the literature. One 

investigation found no overall differences in retrieval-induced forgetting across affective 

stimulus classes, yet did find that more negatively arousing stimuli were less likely to 

experience inhibition (Kuhbandner, Bauml, & Stiedl, 2009).  Another experiment 

observed that retrieval-induced forgetting did not occur for affective mnemonic 

representations (Dehli & Brennen, 2009), but this finding did not replicate in a separate 

investigation (Blix & Brennen, 2012).  Some investigations examining autobiographical 

memories have indicated that mnemonic inhibition occurs for both emotional and non-

emotional memories (Barnier, Hung, & Conway, 2004), whereas others have produced 

evidence that inhibition does not occur for positive memories (Wessel & Hauer, 2006).  

These mixed findings and divergent theoretical perspectives may arise from a number of 
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variations in experimental procedure and materials.  For instance, adapting the retrieval 

practice paradigm to accommodate selective retrieval of autobiographical memories 

necessitated deviations from the general procedure, such as testing details of a central 

episode (Wessel & Hauer, 2006), which may have altered the underlying executive 

control and mnemonic processes.  Investigations using verbal stimuli employed very 

few emotional stimuli (Kuhbandner, et al., 2009) or employed emotional stimuli that 

differed from neutral stimuli not only in their affective qualities but also in their basic 

semantic features (Dehli & Brennen, 2009), which may have impacted results.  Semantic 

features have been shown to alter affective modulation effects in memory processes in 

general (Dillon, Cooper, Grent-'t-Jong, Woldorff, & LaBar, 2006; Talmi & Moscovitch, 

2004) and retrieval-induced forgetting effects in particular (M. C. Anderson, 2003; 

Goodmon & Anderson, 2011), which likely contributed to the mixed findings from 

previous experiments.  A series of empirical investigations employing established 

procedures and appropriately-controlled stimuli is therefore necessary in order to 

evaluate the capacity of mnemonic interference resolution to enact long-term 

consequences on affectively charged mnemonic representations and establish the 

consistency of these effects. 

4.1.4 The present study 

The present experiments examine whether the emotional salience of a mnemonic 

representation modulates its susceptibility to executive control processes in long-term 

memory.  Specifically, the impact of goal-driven interference resolution processes that 

guide selective retrieval on affective and neutral mnemonic competitors is examined.  In 

light of the mixed findings from previous investigations employing unique procedures 

and varied stimuli, the present experiment sought to mirror the traditional retrieval 

practice paradigm as closely as possible to examine the impact of mnemonic inhibition 
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on affective representations.  Additionally, the verbal stimuli employed in the present 

experiments were carefully selected and controlled to mitigate the contributions of 

semantic features to the present findings.  We sought to investigate whether inhibitory 

processes mobilized to resolve mnemonic interference during selective retrieval would 

exert similar control over both affective and neutral mnemonic competitors or would 

spare affective mnemonic competitors.  Elucidating whether or not affective status of 

mnemonic competitors modulates retrieval-induced forgetting would clarify the 

capacity of executive signals to modulate the emotional contents of long-term memory 

and potentially provide insight into clinically-relevant phenomena. 

4.2 Experiment 1 

4.2.1 Introduction 

In this experiment, participants completed an adapted version of a retrieval 

practice paradigm designed to examine the consequences of mnemonic selection and 

inhibition engaged during selective retrieval on affectively salient and neutral memory 

representations.  Given the implication that executive function may be particularly 

disrupted in individuals with mood disorders such as anxiety or depression (Banich, et 

al., 2009; Bishop, 2007), the following experiments focused on characterizing mnemonic 

interference resolution processes with respect to negatively valenced stimuli.  

Participants initially encoded neutral cue words paired with negative and neutral 

associates.  Subsequently, participants’ memory for a subset of the items was tested 

multiple times.  We anticipated that during this selective retrieval phase, executive 

control processes would amplify the representations of tested target items while 

dampening representations of potential mnemonic competitors.  The consequences of 

these executive control processes were evaluated on a final memory test, which probed 
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participants’ memory for all initially encoded items.  We expected that mnemonic 

competitors would experience inhibition regardless of their affective salience. 

4.2.2 Materials and Methods 

4.2.2.1 Participants 

Forty-four participants (25 females) were recruited from the Duke University 

community.  Participants were eligible to participate if they were native English 

speakers or learned English before the age of six and if they were between the ages of 18 

and 40 (M =23.6, SD = 4.9).  The sample was ethnically diverse, with 45.45% self-

identifying as Caucasian, 31.82% as Asian or Asian-American, 18.18% as African or 

African-American, 2.27% as American Indian or Native Alaskan, and 2.27% as Hispanic 

or Latino.  Participants were compensated $10 per hour for their participation.  

Participants provided informed consent and all experimental procedures were approved 

by the Duke University Medical Center Institutional Review Board. 

4.2.2.2 Materials 

 Twenty-eight nouns served as cues in this experiment.  Each cue had six 

noun associates: three affectively negative associates and three neutral associates.  Each 

of the six associates sharing a cue began with a unique first letter to allow for associate-

specific cueing during the test portion of paradigm.  The affectively negative items were 

selected to be more negative in valence and more arousing than the affectively neutral 

items.  Normed valence and arousal ratings (M. M. Bradley & Lang, 1999) were available 

for 114 of the words employed as associates or words that shared their semantic root.  

The affectively negative items were rated as more negatively valenced (M = 2.44) than 

the neutral items (M = 5.97), t(112) = 21.676, p < .001, d = 5.322 (adjusted for 

inhomogeneity of variances).  The affectively negative items were also rated as more 

arousing (M = 5.76) than the neutral items (M = 4.52), t(112) = -6.327, p < .001, d = -1.295.  
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As normed affective ratings were only available for a subset of the words employed in 

the present study, a separate sample of participants (N = 46) rated these associates using 

the Self-assessment Manikin (SAM) scale (M. M. Bradley & Lang, 1999). Participants 

rated each associate’s valence (negative to positive) and arousal (calm to excited) on a 5-

point scale.  Affectively negative words were rated as more negative in valence (M = 

1.73) compared to neutral items (M = 3.29), t(166) = 29.140, p  < .001, d = 4.496 (adjusted 

for inhomogeneity of variances), and more arousing (M = 3.07) than neutral items (M = 

2.40), t(166) = -10.869, p < .001, d = -1.677.  Thus, the affectively negative verbal stimuli 

employed in the present study were both more negative and more arousing than the 

affectively neutral stimuli employed.  

As the present study sought to examine the effects of affective salience on 

mnemonic executive control, steps were taken to ensure that the affectively neutral and 

affectively negative associates differed in affective salience but otherwise had similar 

semantic properties.  The means for frequency as indexed by the Corpus of 

Contemporary American English (Davies, 2008) were similar for affectively neutral (M = 

15,486.3) and negative associates (M = 12,697.6), t(166) = 0.831, p = .407, and affectively 

neutral (M = 5.92) and negative (M = 5.87) associates were a similar length, t(166) = 

0.180, p = .857.  To establish the concreteness and imageability of each associate, an 

independent group of participants (N = 15) rated these aspects of each associate.  

Associates’ imageability was rated using the instructions from previous norms (Paivio, 

Yuille, & Madigan, 1968) on a 7-point scale from 1 = Low Imagery to 7 = High Imagery; 

concreteness was rated using instructions adapted from previous norms (Spreen & 

Schulz, 1966) on a 7-point scale from 1 = Highly Abstract to 7 = Highly Concrete.  The 

mean rating of imageability was not significantly different between affectively neutral 

(M = 4.33) and negative associates (M = 4.01), t(166) = 1.552, p = .123; the mean rating of 
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concreteness was also not significantly different between affectively neutral (M = 4.95) 

and negative (M = 4.58) associates, t(166) = 1.636, p = .104 (adjusted for inhomogeneity of 

variances).  When selecting associates, words with a moderate relationship with the cue 

were selected, and we sought to avoid selecting words with either dominant or 

idiosyncratic associations with the cue word.  To evaluate if associates across affective 

categories had a similar level of relatedness to the cue word, latent semantic analysis 

was used (http://lsa.colorado.edu).  Both affectively neutral (M = 0.226) and negative 

(M = 0.187) associates were similarly related to the cue words, t(166) = 1.613, p = .109.  As 

semantic integration has been proposed to present a potential boundary condition on 

retrieval-induced forgetting (Goodmon & Anderson, 2011), the degree of relatedness 

among the neutral associates that shared each cue and among the negative associates 

that shared each cue was also assessed using latent semantic analysis.  This analysis 

indicated that both affectively neutral (M = 0.169) and negative (M = 0.174) associates 

exhibited a similar level of relatedness with the other associates from the same affective 

class sharing the same cue, t(166) = -0.233, p = .816.  Overall, the affectively neutral and 

negative associates employed in the present study were similar on the dimensions of 

frequency, length, imageability, concreteness, relatedness to the cue, and relatedness to 

other associates sharing the same cue from the same affective category.   

To facilitate counterbalancing, the twenty-eight cues were divided into four 

separate lists.  Follow-up analyses indicated that the associates within these four lists did 

not differ in frequency, length, relatedness to the cues, relatedness to other associates 

from the same affective category sharing the cue, rated imageability, rated concreteness, 

rated valence, or rated arousal (p’s > .2).  For each list, the affectively negative associates 

and the affectively neutral associates comprised a sub-list.  The mnemonic condition to 

which each sub-list was assigned was counterbalanced across participants.  Each list of 
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cues could be assigned to one of three circumstances: affectively neutral associates 

serving as targets during the retrieval practice phase (Neutral RP+) and negative 

associates serving as competitors (Negative RP-), affectively negative associates serving 

as targets during the retrieval practice phase (Negative RP+) and neutral associates 

serving as competitors (Neutral RP-), or associates were untested during the retrieval 

phase (Negative NRP, Neutral NRP). 

 

Figure 8: Retrieval Practice Paradigm.  In the initial encoding phase, 
participants memorize cue – associate word pairs.  Each cue has three negative and 

three neutral associates.  During the retrieval practice phase, participants’ memory for 
a subset of the encoded items is probed.  On each trial, participants are provided with 
the cue word plus a two-letter stem and have four seconds to retrieve the full associate 

from memory.  During the final test, recall for all original items is tested.  Not 
depicted in this figure is the visuospatial distracter task in the interval between 

retrieval practice and test and the final rating phase. 

4.2.2.3 Procedure 

Participants completed an adapted version of the retrieval practice paradigm (M. 

C. Anderson, et al., 1994) across five phases (Figure 8). Presentation of experimental 

stimuli and data collection were controlled using Psychophysics Toolbox Version 3 

(Brainard, 1997; Pelli, 1997).  During the initial encoding phase of the experiment, 

participants studied 168 cue-associate word pairs.  Each word pair was presented 

individually on a trial, with the cue appearing in capital letters and the associate 

appearing in lowercase letters (e.g., AIR – cloud, AIR – pollution).  Each trial began with 

a one-second fixation, followed by a four-second presentation of the word pair.  
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Participants were instructed to memorize each word pair in preparation for a 

subsequent memory test.  The presentation order in this phase was constrained such that 

an equal number of associates assigned to each mnemonic condition appeared in each 

third of the presentation list and word pairs that shared a cue never appeared 

consecutively to minimize relational binding across associates.   

Following this encoding phase, participants then completed a retrieval practice 

phase.  During this phase, participants were asked to retrieve a subset of the studied 

items.  Each trial began with a one-second fixation, followed by the four-second 

presentation of a retrieval cue: the capitalized cue word along with the first two letters of 

the associate being tested (e.g., AIR – cl___).  While the cue was presented on the screen, 

participants attempted to recall the associate (e.g., cloud).  Participants provided a covert 

response via keyboard presses indicating their retrieval success, pressing the ‘1’ key if 

they could successfully recall the associate or the ‘2’ key if they could not successfully 

recall the associate.  All responses were covert, and feedback on retrieval accuracy was 

not provided to participants.  In order to facilitate participant responding on each trial, 

during the final second of the trial the presentation font color changed from white to 

red, serving as a reminder for the participant to register a response.  The retrieval phase 

spanned three runs, with each word pair practiced once in each run.  The presentation 

order within each run was constrained such that affectively negative and neutral items 

were equally likely to appear in each third of the list and associates sharing a cue were 

never tested consecutively.  Upon completion of the retrieval practice phase, participants 

then completed a visuospatial filler task involving making judgments about abstract 

images of fractals.  This filler task spanned approximately twenty minutes and served to 

mitigate the influence of short-term memory effects on recall performance during the 

final test phase.  
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The final test had a similar presentation structure to the retrieval practice phase.  

On each trial, a white fixation cross would appear for one second followed by the 

presentation of a retrieval cue for four seconds.  The retrieval cue consisted of the cue 

words presented in capital letters followed by the first letter of one of its studied 

associates (e.g., AIR – c_____).  Participants were instructed to recall the probed associate 

and vocally respond with the target word if they retrieved it.  To facilitate participant 

responding on each trial, during the final second of the retrieval cue presentation the 

font color changed from white to red to remind the participant to register a vocal 

response if they had successfully retrieved the probed associate.  This experimental 

phase spanned three runs, with an equal number of trials from each affective mnemonic 

condition appearing in each run.  Presentation order of retrieval cues was also 

constrained such that associates sharing a cue were never tested consecutively.   

During the final phase of the experiment, participants provided affective ratings 

of the associates employed in the experiment.  Associates appeared individually (i.e., 

without their studied cue) and participants provided sequential judgments of the word’s 

valence (negative to positive) and arousal utilizing a 5-point SAMS scale (M. M. Bradley 

& Lang, 1999).  Ratings were self-paced, and the presentation order was constructed 

such that an equal number of items from each affective mnemonic condition appeared in 

each third of the list. 

4.2.3 Results 

4.2.3.1 Affective ratings 

Analyses of ratings of the associates employed in the present experiment 

indicated that associates categorized as affectively negative were rated more negative (M 

= 1.71, s.d. = 0.43) than affectively neutral (M = 3.10, s.d. = 0.38) associates, t(43) = 16.098, 

p < .001, d = 2.426, and more arousing, t(43) = -3.797, p < .001, d = 0.572 (Negative M = 
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2.74, s.d. = 0.81; Neutral M = 2.20, s.d. = 0.69).  Therefore, participants indeed perceived 

the affectively negative associates as more emotionally evocative than the neutral 

associates. 

Table 5: Performance from Retrieval Practice Phase of Experiment 1. Means 
(standard deviations).  Accuracy rates and response times (seconds) from the first, 

second, and third retrieval attempts during the retrieval practice phase. 

 Accuracy Response Time 
Overall   
   First Attempt 55.97% (14.81) 1.685 (0.286) 
   Second Attempt 59.47% (17.05) 1.373 (0.278) 
   Third Attempt 59.74% (18.53) 1.251 (0.275) 
Negative Associates 
Practiced 

  

   First Attempt 56.53% (16.68) 1.688 (0.289) 
   Second Attempt 60.17% (18.17) 1.358 (0.319) 
   Third Attempt 61.26% (21.16) 1.264 (0.304) 
Neutral Associates Practiced   
   First Attempt 55.41% (16.82) 1.683 (0.332) 
   Second Attempt 58.77% (19.70) 1.393 (0.325) 
   Third Attempt 58.23% (19.37) 1.244 (0.292) 

 

4.2.3.2 Retrieval practice phase performance 

Retrieval performance during the retrieval practice phase was investigated to 

determine if the affective status of the mnemonic representation being retrieved 

modulated performance.  During the retrieval practice phase, each item was probed 

three times.  Executive control processes mobilize during this phase to facilitate selective 

retrieval of the probed mnemonic target and mitigate interference from competing 

mnemonic representations.  Thus, retrieval accuracy should increase over the course of 

this phase and retrieval latency, as indexed by covert response time, should decrease.  

Initial repeated-measures ANOVA was conducted to evaluate if affect modulated 

retrieval success or response time across the three retrieval episodes (Table 5).  As these 

analyses revealed no significant main effects of affect nor any significant interactions (p’s 

> .3), retrieval accuracy and response time were collapsed across affective conditions.   A 
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repeated-measures ANOVA with the within-subjects factor of retrieval episode (first, 

second, or third) revealed a main effect of retrieval episode on retrieval accuracy, F(2, 86) 

= 4.382, p = .024, η2 = .092 (Huynh-Feldt correction for violation of sphericity employed).  

Retrieval accuracy on the first probe was lower than accuracy during the second, t(43) = 

2.602, p = .013, d = 0.392, and the third, t(43) = 2.139, p = .038, d = 0.322, retrieval episode.  

However, retrieval accuracy did not differ between the second and third retrieval 

attempts, t(43) = 0.253, p = .801.  A repeated-measures ANOVA examining response 

latency for successful retrieval revealed a significant main effect of retrieval episode, F(2, 

86) = 112.583, p < .001, η2 = .724.  Successful retrieval was significantly slower on the first 

retrieval attempt compared to either the second, t(43) = 10.750, p < .001, d = 1.621, or the 

third, t(43) = 12.663, p < .001, d = 1.909, attempt, and successful retrieval was faster on 

the third attempt than on the second attempt, t(43) = 4.786, p < .001, d = 0.721.  Thus, 

across subsequent retrieval attempts, retrieval success became more common and faster.  

Importantly, this effect was not modulated by the affective nature of the mnemonic 

representation being retrieved.    

During the retrieval practice phase, participants self-assessed their retrieval 

success and responses were covert.  To verify that participants’ responses tracked 

retrieval success, items were binned according to the number of times they were 

endorsed as successfully retrieved during the retrieval practice phase and the percentage 

recalled during the final test was computed for each bin.  As an initial repeated-

measures ANOVA examining recall accuracy with the factors of affective salience 

(negative or neutral associate retrieved) and number of times successfully retrieved 

during the retrieval practice phase (0, 1, 2, or 3) yielded neither a main effect of affective 

salience, F(1, 24) = 0.351, p = .559, nor an interaction, F(3, 72) = 0.229, p = .876, recall 

accuracy was collapsed across affective salience.  There was a main effect of the number 
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of times an item was endorsed as successfully retrieved during the retrieval practice 

phase, F(3, 114) = 94.350, p < .001, η2 = .713 (Huynh-Feldt correction for violation of 

sphericity employed).  Participants were least likely to accurately recall an associate if it 

was never endorsed as successfully retrieved during the retrieval practice phase (M = 

3.96%, s.d. = 6.51%), more likely after one indication of successful retrieval (M = 13.42%, 

s.d. = 21.87%), more likely after two indications of successful retrieval (M = 33.75%, s.d. = 

27.58%), and most likely if the item was always endorsed as successfully retrieved (M = 

65.87%, s.d. = 16.81%).  All pairwise comparisons were significant, p’s < .01.  The 

correspondence between recall accuracy on the final test and reported retrieval during 

the retrieval practice phase indicates that participants’ responses during this phase did 

align with their retrieval success and indexed mnemonic selection processes. 

4.2.3.3 Final recall performance 

Overall, participants correctly recalled 21.89% of the studied items (s.d. = 8.95%).  

To investigate the impact of affective salience and retrieval practice status on final recall 

performance, a 2 x 3 repeated-measures ANOVA was conducted with the within-

subjects factors of associate affective valence (negative or neutral) and mnemonic 

condition (RP+, NRP, RP-) (Figure 9a).  This analysis yielded a main effect of mnemonic 

condition, F(2, 86) = 131.963, p < .001, η2 = .754 (Huynh-Feldt correction for violation of 

sphericity employed).  Follow-up t-tests revealed that RP+ items were recalled more 

often than NRP, t(43) = 11.366, p <.001, d = 1.713, or RP- items, t(43) = 12.878, p < .001, d = 

1.941, indicating a significant retrieval practice effect.  Critically, recall for NRP items 

was also higher than recall of RP- items, t(43) = 4.851, p < .001, d = 0.731, indicating a 

significant retrieval-induced forgetting effect.  However, neither the main effect of 

affective salience, F(1, 43) = 0.118, p = .732, nor the interaction between affective salience 

and mnemonic condition, F(2, 86) = 1.656, p = .197, was significant, suggesting that 
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retrieval practice effects and retrieval-induced forgetting were not modulated by 

affective salience. 

 

Figure 9: Recall performance for Experiments 1 (Panel A) and 2 (Panel B).  
Recall rates on the final test indicated significant enhancement effects for practiced 

items (RP+) and retrieval-induced forgetting of unpracticed competitors (RP-) 
regardless of their affective salience. 

To explore whether significant effects of mnemonic condition were observed for 

both affectively negative and neutral stimuli, separate repeated-measures ANOVAs 

examining the within-subjects factor of mnemonic condition were conducted for neutral 

and negative items.  There was a significant main effect of mnemonic condition for 

neutral items, F(2, 86) = 103.098, p < .001, η2 = .706 (Huynh-Feldt correction for violation 

of sphericity employed).  Follow-up t-tests revealed the recall performance was higher 

for neutral RP+ items compared to neutral NRP, t(43) = 9.594, p < .001, d = 1.446, or 

neutral RP- items, t(43) = 12.756, p < .001, d = 1.923, reflecting significant enhancement 

effects of retrieval practice.  Additionally, recall rates were lower for neutral RP- items 

compared to neutral NRP items, t(43) = 3.676, p = .001, d = 0.554, indicating significant 

effects of retrieval-induced forgetting.  The analysis examining affectively negative items 

yielded a highly similar pattern of findings, with a significant main effect of mnemonic 

condition, F(2, 86) = 46.347, p < .001, η2 = .519 (Huynh-Feldt correction for violation of 

sphericity employed).  Follow-up t-tests indicated evidence for retrieval practice 

enhancement, with higher recall rates for negative RP+ items compared to negative 
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NRP, t(43) = 6.878, p < .001, d = 1.037, and negative RP- items, t(43) = 7.749, p < .001, d = 

1.168.  Affectively negative items also exhibited a significant retrieval-induced forgetting 

effect, with lower recall rates for negative RP- items compared to negative NRP items, 

t(43) = 2.480, p = .017, d = 0.374.  Both affectively neutral and negative items thus 

appeared to experience both practice enhancement effects as well as retrieval-induced 

forgetting.   

The initial analyses revealed neither a main effect of affective salience nor an 

interaction between affective salience and mnemonic condition.  We sought to further 

examine any potential effects specific to either retrieval practice enhancement or 

retrieval-induced forgetting.  A repeated-measures ANOVA with the within-subjects 

factors of affective valence (neutral or negative) and retrieval practice status (RP+ or 

NRP) revealed a main effect of retrieval practice status, F(1, 43) = 129.072, p <.001, η2 = 

.750, reflecting the practice enhancement effects.  Neither the main effect of affect, F(1, 

43) = 1.132, p = .293, nor the interaction between affect and retrieval practice status, F(1, 

43) = 1.333, p = .255, was significant, indicating that affect did not modulate retrieval 

practice effects.  A separate repeated-measures ANOVA was conducted to examine 

potential affective modulation of retrieval-induced forgetting effects, with the within-

subjects factors of affect (neutral or negative) and mnemonic condition (RP- or NRP).  A 

significant main effect of mnemonic condition reflected the presence of retrieval-induced 

forgetting, F(1, 43) = 23.490, p < .001, η2 = .353.  However, neither the main effect of 

affect, F(1,43) = 0.790, p = .379, nor the interaction was significant, F(1, 43) = 0.360, p = 

.551.  Thus, multiple analytic approaches yield the same conclusion: the affect of the 

mnemonic representation does not appear to modulate either retrieval practice 

enhancement effects or retrieval-induced forgetting effects. 
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4.2.3.4 Item analysis of final recall performance 

Analyses of participant recall performance on the final memory test indicated 

that neither the practice enhancement nor the retrieval-induced forgetting effects were 

modulated by affect.  Seeking to confirm this interpretation at the level of individual 

items, an item analysis was conducted.  For each item included in the present study, its 

average valence and arousal rating was computed based on participant ratings provided 

at the end of the experiment.  The probability of successful retrieval was also computed 

for each item, both overall and separately for each condition it appeared in: RP+, NRP, 

and RP-.  A suppression score was computed for each item by calculating the difference 

between recall rates in the NRP and RP- condition and dividing that difference by the 

overall NRP recall rate [(NRP - RP-)/NRP] (Kuhl, Dudukovic, Kahn, & Wagner, 2007).  

An enhancement score was also computed by calculating the difference between recall 

rates in the RP+ and NRP conditions and dividing that difference by the overall NRP 

recall rate [(RP+ - NRP)/NRP].  Correlation analyses were then conducted to examine 

whether either valence or arousal correlated with overall recall rate, suppression score, 

or enhancement score.  None of these correlations was significant (p’s > .2).  Therefore, 

consistent with the analyses conducted at the participant level, neither valence nor 

arousal appears to track overall memorability, the likelihood of benefiting from retrieval 

practice, or susceptibility to retrieval-induced forgetting. 

4.2.4 Discussion 

The findings from Experiment 1 indicate that mnemonic interference resolution 

processes enact similar consequences on both affectively negative and neutral mnemonic 

representations.  Following selective retrieval, the targets of retrieval were better 

recollected compared to items from unpracticed categories retained over the same 

temporal interval.  This enhancement was likely driven by selection processes mobilized 
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during selective retrieval that amplified the representations of the targets of mnemonic 

search.  Items that would have generated competition during selective retrieval were 

less likely to be recalled on the final memory test, relative not only to practiced targets 

but also to items from unpracticed categories.  Thus, mnemonic competitors exhibited 

enhanced forgetting relative to items retained over the time interval, indicative of 

inhibitory processes mobilized during selective retrieval to resolve interference.  

Importantly, neither the practice enhancement effect nor the retrieval-induced forgetting 

effects were modulated by the affective salience of the targets of control, indicating that 

selection and inhibition processes mobilized in response to mnemonic interference exert 

similar consequences on both negative and neutral mnemonic representations. 

4.3 Experiment 2 

4.3.1 Introduction 

Experiment 1 provided evidence that the affective qualities of a mnemonic 

representation do not buffer it from executive control processes engaged during 

selective retrieval.  Both affectively negative and neutral mnemonic representations 

experienced similar levels of enhancement following practice and inhibition following 

competition.  This interpretation was supported by multiple analyses of participant 

recall data as well as a separate item analysis.  However, given the mixed findings 

previously reported in the literature, we sought to replicate this finding in an 

independent research sample.  Thus, Experiment 2 employed nearly identical materials 

and procedures. 
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4.3.2 Methods 

4.3.2.1 Participants 

Forty-five participants were recruited in a similar manner to Experiment 1 and 

participated in the experiment for either course credit or payment. Due to a technical 

error, data from the final recall test were not recorded for one participant.  As a result, 

data from this participant from all experimental phases were excluded from all analyses.  

The final sample therefore consisted of forty-four participants (29 female) between the 

ages of 18 and 30 (M = 21.0, s.d. = 3.3).  50% of the participants identified as Caucasian, 

20.45% identified as African or African-American, 15.91% identified as Asian or Asian-

American, 4.55% identified as Hispanic or Latino, 2.27% identified as American Indian 

or Alaskan natives, and 6.82% identified with multiple ethnicities.  All procedures were 

approved by the Duke University Medical Center Institutional Review Board. 

4.3.2.2 Procedure 

As Experiment 2 sought to replicate the findings of Experiment 1, the procedure 

of Experiment 2 was substantively similar to that of Experiment 1.  The experimental 

protocol employed the same verbal stimuli as Experiment 1 and spanned five distinct 

phases: initial encoding, selective retrieval phase, visuospatial filler task, final recall test, 

and affective rating.  The initial encoding, visuospatial filler task, and affective rating 

phases all employed identical procedures to those employed in Experiment 1.  The 

selective retrieval phase and final recall test differed slightly, however, in that they both 

employed a baseline task between experimental trials.  For both phases, each run began 

with a twelve second fixation and trials were separated by a 2 to 6 second variable 

intertrial interval.  During this intertrial interval, individual digits between 1 and 9 were 

presented centrally for one second and participants judged their parity (i.e., whether 

they were odd or even) via a keyboard button press.  This secondary task was only 
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performed during the intertrial intervals, which comprised approximately 30% of each 

experimental run.  Please note that, in contrast to experiments that employed secondary 

tasks concurrent with selective retrieval (e.g., Roman, Soriano, Gomez-Ariza, & Bajo, 

2009), performance of this task between trials should not disrupt selective retrieval, as it 

will not compete with executive control resources during retrieval.  Consistent with this 

prediction, other experimental paradigms including secondary tasks during the 

intertrial intervals have observed preserved practiced effects and retrieval-induced 

forgetting effects (e.g., Kuhl, et al., 2007).  In all other regards, the procedure during the 

selective retrieval phase and final recall test was identical to that employed in 

Experiment 1. 

4.3.3 Results 

4.3.3.1 Affective Ratings 

Analyses of ratings of the associates employed in the present experiment 

indicated that associates categorized as affectively negative were rated more negative (M 

= 1.64, s.d. = 0.34) than affectively neutral (M = 3.29, s.d. = 0.26) associates, t(43) = 21.309, 

p < .001, d = 3.212, and more arousing, t(43) = -6.412, p < .001, d = -0.967 (Negative M = 

2.88, s.d. = 0.66; Neutral M = 2.17, s.d. = 0.69).  Therefore, consistent with the ratings from 

participants in Experiment 1, participants in the present experiment perceived the 

affectively negative associates as more emotionally evocative than the neutral associates. 

4.3.3.2 Retrieval practice phase performance 

To determine if the affective status of the mnemonic representation being 

retrieved modulated performance, retrieval performance during the retrieval practice 

phase was investigated using an analytic approach similar to that employed in 

Experiment 1 (Table 6).  As with Experiment 1, initial repeated-measures ANOVAs 

were computed to evaluate if affect modulated retrieval success or response time across 
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the three retrieval episodes.  As these analyses reveled no interactions involving affect 

(p’s > .18), retrieval accuracy and response time were collapsed across affective 

conditions.  A repeated-measures ANOVA with the within-subjects factor of retrieval 

episode (first, second, or third) revealed a main effect of retrieval episode on retrieval 

accuracy, F(2, 86) = 5.116, p = .008, η2 = .106.  Retrieval accuracy on the first probe was 

lower than accuracy during the second, t(43) = 2.681, p = .010, d = 0.404, and the third, 

t(43) = 2.453, p = .018, d = 0.370, retrieval episode.  However, retrieval accuracy did not 

differ between the second and third retrieval attempts, t(43) = 0.119, p = .906.  A 

repeated-measures ANOVA examining response latency for successful retrieval 

revealed a significant main effect of retrieval episode, F(2, 86) = 55.455, p < .001, η2 = .563 

(Huynh-Feldt correction for violation of sphericity employed).  Successful retrieval was 

significantly slower on the first retrieval attempt compared to either the second, t(43) = 

7.467, p < .001, d = 1.126, or the third, t(43) = 8.759, p < .001, d = 1.320, attempt, and 

successful retrieval was faster on the third attempt than on the second attempt, t(43) = 

3.956, p < .001, d = 0.596.  Thus, across subsequent retrieval attempts, retrieval success 

became both more common and faster.  Importantly, as in Experiment 1, this effect was 

not modulated by the affective nature of the mnemonic representation being retrieved.   

Table 6: Performance from Retrieval Practice Phase of Experiment 2. Means 
(standard deviations).  Accuracy rates and response times (seconds) from the first, 

second, and third retrieval attempts during the retrieval practice phase. 

 Accuracy Response Time (secs) 
Overall   
   First Attempt 49.40% (11.86) 1.807 (0.276) 
   Second Attempt 54.11% (14.77) 1.517 (0.306) 
   Third Attempt 53.95% (16.80) 1.373 (0.333) 
Negative Associates 
Practiced 

  

   First Attempt 49.24% (14.92) 1.827 (0.300) 
   Second Attempt 53.14% (16.11) 1.565 (0.344) 
   Third Attempt 54.87% (16.51) 1.372 (0.322) 
Neutral Associates Practiced   
   First Attempt 49.57% (12.63) 1.781 (0.314) 
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   Second Attempt 55.09% (16.79) 1.467 (0.335) 
   Third Attempt 53.03% (19.69) 1.385 (0.398) 

 

As with Experiment 1, participants’ responses during the retrieval practice phase 

tracked their recall success at the final test.  Consistent with the findings from 

Experiment 1, an initial repeated-measures ANOVA examining recall accuracy with the 

factors of affective salience (negative or neutral associate retrieved) and number of times 

successfully retrieved during the retrieval practice phase (0, 1, 2, or 3) did not yielded a 

main effect of affective salience, F(1, 35) = 0.007, p = .935, or an interaction, F(3, 105) = 

1.467, p = .238 (Huynh-Feldt correction for violation of sphericity employed), so 

additional analyses of recall accuracy were conducted collapsing across affective 

salience.  There was a main effect of the number of times an item was endorsed as 

successfully retrieved during the retrieval practice phase, F(3, 123) = 95.888, p < .001, η2 = 

.700.  Participants were least likely to accurately recall an associate if it was never 

endorsed as successfully retrieved during the retrieval practice phase (M = 3.98%, s.d. = 

5.77%), more likely after one indication of successful retrieval (M = 15.39%, s.d. = 

20.79%), more likely after two indications of successful retrieval (M = 39.88%, s.d. = 

23.35%), and most likely if the item was always endorsed as successfully retrieved (M = 

61.96%, s.d. = 23.11%).  All pairwise comparisons were significant, p’s < .01.  As with 

Experiment 1, participants’ responses during the retrieval practice phase provided a 

valid measure of successful mnemonic retrieval. 

4.3.3.3 Final recall performance 

Overall, participants correctly recalled 21.11% of the studied items (s.d. = 

10.24%).  The impact of affective salience and retrieval practice status on final recall 

performance was investigated using a 2 x 3 repeated-measures ANOVA, with the 

within-subjects factors of associate affective valence (negative or neutral) and mnemonic 
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condition (RP+, NRP, RP-) (Figure 9b).  This analysis yielded a main effect of mnemonic 

condition, F(2, 86) = 97.353, p < .001, η2 = .694 (Huynh-Feldt correction for violation of 

sphericity employed).  Follow-up t-tests revealed that RP+ items were recalled more 

often than NRP, t(43) = 8.762, p <.001, d = 1.321, or RP- items, t(43) = 13.424, p < .001, d = 

2.024, indicating a significant retrieval practice effect.  Importantly, recall for NRP items 

was also higher than recall of RP- items, t(43) = 3.617, p = .001, d = 0.545, indicating a 

significant retrieval-induced forgetting effect.  However, neither the main effect of 

affective salience, F(1, 43) = 0.068, p = .795, nor the interaction between affective salience 

and mnemonic condition, F(2, 86) = 1.559, p = .216, was significant, suggesting that, as 

with Experiment 1, retrieval practice effects and retrieval-induced forgetting were not 

modulated by affective salience.   

To explore whether significant effects of mnemonic condition were observed for 

both affectively negative and neutral stimuli, separate repeated-measures ANOVAs 

examining the within-subjects factor of mnemonic condition were conducted for neutral 

and negative items.  There was a significant main effect of mnemonic condition for 

neutral items, F(2, 86) = 75.521, p < .001, η2 = .637 (Huynh-Feldt correction for violation 

of sphericity employed).  Follow-up t-tests revealed the recall performance was higher 

for neutral RP+ items compared to neutral NRP, t(43) = 7.973, p < .001, d = 1.202, or 

neutral RP- items, t(43) = 11.137, p < .001, d = 1.680, reflecting significant enhancement 

effects of retrieval practice.  Additionally, recall rates were lower for neutral RP- items 

compared to neutral NRP items, t(43) = 3.112, p = .003, d = 0.469, indicating significant 

effects of retrieval-induced forgetting.  The analysis examining affectively negative items 

yielded a highly similar pattern of findings, with a significant main effect of mnemonic 

condition, F(2, 86) = 52.256, p < .001, η2 = .549 (Huynh-Feldt correction for violation of 

sphericity employed).  Follow-up t-tests indicated evidence for retrieval practice 
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enhancement, with higher recall rates for negative RP+ items compared to negative 

NRP, t(43) = 6.452, p < .001, d = 0.973, and negative RP- items, t(43) = 10.017, p < .001, d = 

1.509.  Affectively negative items also exhibited a significant retrieval-induced forgetting 

effect, with lower recall rates for negative RP- items compared to negative NRP items, 

t(43) = 2.699, p = .010, d = 0.407.  Both affectively neutral and negative items thus 

experienced both practice enhancement effects as well as retrieval-induced forgetting.   

The initial analyses revealed neither a main effect of affective salience nor an 

interaction between affective salience and mnemonic condition.  We sought to further 

examine any potential effects specific to either retrieval practice enhancement or 

retrieval-induced forgetting.  A repeated-measures ANOVA with the within-subjects 

factors of affective valence (neutral or negative) and retrieval practice status (RP+ or 

NRP) revealed a main effect of retrieval practice status, F(1, 43) = 76.768, p <.001, η2 = 

.641 reflecting the practice enhancement effects.  Neither the main effect of affect, F(1, 43) 

= 0.114, p = .737, nor the interaction between affect and retrieval practice status, F(1, 43) 

= 1.802, p = .187, was significant, indicating that affect did not modulate retrieval 

practice effects.  A separate repeated-measures ANOVA was conducted to examine 

potential affective modulation of retrieval-induced forgetting effects, with the within-

subjects factors of affect (neutral or negative) and mnemonic condition (RP- or NRP).  A 

significant main effect of mnemonic condition reflected the presence of retrieval-induced 

forgetting, F(1, 43) = 13.085, p = .001, η2 = .233.  However, neither the main effect of 

affect, F(1,43) = 1.647, p = .206, nor the interaction was significant, F(1, 43) = 0.004, p = 

.947.  Thus, replicating the results from Experiment 1, the affect of the mnemonic 

representation does not appear to modulate either retrieval practice enhancement effects 

or retrieval-induced forgetting effects. 
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4.3.3.4 Item analysis of final recall performance 

Analyses of participant recall performance on the final memory test established 

that neither the practice enhancement nor the retrieval-induced forgetting effects were 

modulated by affect.  Seeking to confirm this interpretation at the level of individual 

items, an item analysis was conducted in a manner identical to that calculated in 

Experiment 1.  Correlation analyses revealed that neither valence (r = -.019, p = .806) nor 

arousal (r = .073, p = .349) shared a relationship with overall recall rate, indicating that 

the affective qualities of the items did not alter their over memorability.  Although 

valence did positively correlate with enhancement score (r = .208, p = .010), arousal did 

not (r = -.042, p = .609).  Importantly, neither valence (r = .065, p = .427) nor arousal (r = -

.083, p = .308) correlated with retrieval-induced forgetting scores, supporting the 

conclusion that affect does not modulate mnemonic inhibition. 

4.3.4 Discussion 

The findings from Experiment 2 replicated the results from Experiment 1 using 

the same materials in an independent group of participants.  As in Experiment 1, the 

affective qualities of a mnemonic representation did not modulate its susceptibility to 

either selection or inhibition during selective retrieval.  Both negative and neutral items 

experienced similar levels of practice enhancement and retrieval-induced forgetting 

following selective retrieval.  Neither participant-focused nor item-based analyses 

indicated that affectively negative items were less susceptible to mnemonic inhibition 

than their affectively neutral counterparts.  These findings provide support for the 

hypothesis that inhibitory processes are similarly efficacious across both affective and 

non-affective mnemonic representations. 



 

 106 

4.4 Experiment 3 

4.4.1 Introduction 

Results from both Experiments 1 and 2 indicate that mnemonic inhibition results 

in similar consequences for affectively neutral and negative mnemonic representations.  

Thus, affectively charged memories are not robust to inhibition mobilized to resolve 

mnemonic interference during selective retrieval.  However, neither Experiment 1 or 

Experiment 2 yielded an overall mnemonic benefit for affective stimuli, a finding widely 

reported in the literature (e.g., M. M. Bradley, et al., 1992; Dolcos, et al., 2005; Kensinger, 

2007).  This absence of an emotion enhancement effect may suggest that the finding of 

similar observed mnemonic inhibition across affectively negative and neutral items may 

not extend to circumstances where there is an overall mnemonic benefit for negative 

stimuli.  Moreover, although findings from both Experiment 1 and 2 were consistent, the 

possibility remains that affective modulation could occur under circumstances when 

executive control over memory is more heavily taxed, such as when mnemonic set size 

is large or selective retrieval is difficult.  To examine these possibilities, Experiment 3 

employed an expanded mnemonic set size and degraded cues during selective retrieval. 

4.4.2 Materials and Methods 

4.4.2.1 Participants 

Forty-one participants were recruited to participate in the present experiment for 

either course credit or payment.  Four participants were excluded due to a technical 

error that resulted in a failure to record data during the final recall test and two 

participants were excluded due to a technical error during the retrieval practice phase 

that terminated the phase prematurely.  Data from all six participants were excluded 

from all analyses, leaving a sample size of thirty-five (19 females) with an average age of 

21.2 years old (s.d. = 3.4).  40.91% of participants identified as Caucasian, 15.91% as 
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African or African-American, 15.91% as Asian or Asian-American, 2.27% as Hispanic or 

Latino, and 4.55% with multiple ethnicities.  All participants provided informed consent 

and all experimental procedures were approved by the Duke University Medical Center 

Institutional Review Board. 

4.4.2.2 Materials 

A larger mnemonic set was employed in the present experiment compared to 

that utilized in Experiments 1 and 2.  Forty nouns served as cue words, each with six 

associates, for a total of 240 cue-associate word pairs.  As in the previous experiments, 

half of the associates associated with each cue were affectively neutral and the other half 

were affectively negative, with each set of associates serving as a separate subset for 

counterbalancing purposes.  As with the verbal stimuli employed in Experiments 1 and 

2, the stimuli selected for Experiment 3 were selected to minimize differences in 

semantic features between affectively neutral and negative associates.  The frequency of 

both negative (M = 11,360.5) and neutral (M = 14,405.7) associates was similar, t(238) = 

1.149, p = .252, and negative (M = 5.92) and neutral (M = 5.96) associates were of a 

similar length, t(238) = 0.190, p = .850.  Analyses employing latent semantic analysis 

indicated that both negative (M = .194) and neutral (M = .224) stimuli shared a similar 

level of relatedness to the cues, t(238) = 1.410, p = .160, as well a similar level of 

relatedness to other associates of the same affective stimulus type sharing their cues, 

t(238) = 1.249, p = .213 (Negative M = .180, Neutral M = .155).  Ratings of imageability 

did not yield a significant difference between negative (M = 4.04) and neutral (M = 4.34) 

associates, t(238) = 1.738, p = .084; however, negative associates (M = 4.57) were rated as 

less concrete that neutral associates (M = 5.00), t(238) = 2.176, p = .031, d = 0.407.  The 

same counterbalancing approached employed in the previous experiments was 

implemented, and analyses indicated that the counterbalancing lists did not differ from 
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one another in terms of word frequency, word length, relatedness to the cue, relatedness 

among associates within a sub-list, imageability, or concreteness (all p’s > .15). 

4.4.2.3 Procedure 

The experimental protocol employed was similar to that of Experiment 1, 

spanning five experimental phases.  During the initial encoding phase, each trial began 

with a one-second fixation, followed by the presentation of the word pair for four 

seconds.  The cue word was presented in capital letters and the associate was presented 

in lowercase letters, and word pairs sharing a cue word were never presented 

consecutively to minimize relational binding across associates.  Participants were 

explicitly instructed to memorize these word pairs for an upcoming memory test.  After 

initial encoding, participants engaged in the retrieval practice phase.  Across two runs, 

participants attempted to retrieve a subset of the encoded word pairs from memory 

three times.  Each trial began with a one-second fixation, followed by the presentation of 

the retrieval cue, which consisted of the cue word (in capital letters) followed by the first 

letter of the associate to be retrieved.  The retrieval cue was presented for a total of four 

seconds, and during the final second of the presentation the font color to encourage 

participants to respond prior to the end of the trial.  Participants indicated via a 

keyboard button press using their dominant hand whether they were able to retrieve the 

cued associate or not, and list order was controlled so that associates sharing a cue were 

never probed consecutively.   

Following a fifteen-minute visuospatial distracter task during which participants 

made ratings regarding abstract images, participants’ recall for all initially encoded 

items was tested.  The trial structure was identical to that employed during the retrieval 

practice phase, but with all items tested instead of a subset.  Again, no associates that 

shared a cue word were tested consecutively.  Finally, the participants rated the valence 
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and arousal of all of the associates encountered during the experiment using a 5-point 

SAMS scale (M. M. Bradley & Lang, 1999).  Ratings were self-paced, and the 

presentation order was controlled to ensure that an equal number of items from each 

affective mnemonic condition appeared in each third of the list. 

4.4.3 Results 

4.4.3.1 Affective ratings 

During the rating phase, affectively negative associates were rated as more 

negative (M = 1.55, s.d. = 0.34) than neutral (M = 3.21, s.d. = 0.20) associates, t(35) = 

24.479, p < .001, d = 4.138. Affectively negative associates (M = 2.74, s.d. = 0.92) were also 

rated as more arousing than neutral associates (M = 2.15, s.d. = 0.75), t(35) = 3.950, p < 

.001, d = 0.668.  Therefore, participant ratings confirmed that negative verbal stimuli 

were more emotionally engaging than neutral verbal stimuli. 

4.4.3.2 Retrieval practice phase performance 

Performance during the retrieval practice phase was examined to assess the 

benefits of executive control during selective retrieval.  Initial repeated-measures 

ANOVAs of retrieval success and response times on successful trials revealed no main 

effects of emotion or interactions between emotion and retrieval attempt (all p’s > .15), so 

these variables were collapsed across affective stimulus category (Table 7).  A repeated-

measures ANOVA of retrieval success revealed no effects of retrieval attempt (first, 

second, or last), F(2, 68) = 0.555, p = .576, indicating that retrieval success did not become 

more likely over the course of the retrieval practice phase, possibly due to the large size 

of the mnemonic set.  Successful retrieval did become faster, however, over the course of 

retrieval practice phase as indicated by a repeated-measures ANOVA, F(2, 68) = 87.905, 

p < .001, η2 = .721.  Follow-up t-tests indicated that successful retrieval was slower on the 

first attempt than either the second, t(34) = 8.359, p <.001, d = 1.413, or the third attempt, 
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t(34) = 12.849, p <.001, d = 2.172.  Successful retrieval was also faster on the final attempt 

than on the second attempt, t(34) = 4.790, p <.001, d = 0.810.  Thus, although retrieval 

success did not become more likely over the course of the retrieval practice phase, it did 

become faster and more efficient, consistent with the operation of mnemonic control 

processes mobilized during selective retrieval.   

Table 7: Performance from Retrieval Practice Phase of Experiment 3. Means 
(standard deviations).  Accuracy rates and response times (seconds) from the first, 

second, and third retrieval attempts during the retrieval practice phase. 

 Accuracy Response Time 
Overall   
   First Attempt 36.86% (13.47) 1.944 (0.322) 
   Second Attempt 37.62% (14.86) 1.638 (0.302) 
   Third Attempt 38.14% (15.84) 1.468 (0.311) 
Negative Associates Practiced   
   First Attempt 38.38% (14.45) 1.926 (0.375) 
   Second Attempt 38.00% (15.45) 1.654 (0.301) 
   Third Attempt 39.81% (16.90) 1.465 (0.314) 
Neutral Associates Practiced   
   First Attempt 35.33% (14.82) 1.951 (0.357) 
   Second Attempt 37.24% (16.70) 1.617 (0.354) 
   Third Attempt 36.48% (16.39) 1.465 (0.356) 

 

Participants’ responses were analyzed to assess if recall accuracy on the final test 

corresponded with self-reported retrieval during the retrieval practice phase. There was 

a main effect of the number of times an item was endorsed as successfully retrieved 

during the retrieval practice phase, F(3, 99) = 72.320, p < .001, η2 = .687 (Huynh-Feldt 

correction for violation of sphericity employed).  Participants were least likely to 

accurately recall an associate if it was never endorsed as successfully retrieved during 

the retrieval practice phase (M = 2.91%, s.d. = 4.42%), more likely after one indication of 

successful retrieval (M = 10.78%, s.d. = 14.75%), more likely after two indications of 

successful retrieval (M = 41.27%, s.d. = 29.19%), and most likely if the item was always 

endorsed as successfully retrieved (M = 61.59%, s.d. = 27.44%).  All pairwise 
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comparisons were significant, p’s < .01.  Thus, responses during the retrieval practice 

phase provided a valid index of retrieval success.   

4.4.3.3 Final recall performance 

Overall, participants recalled an average of 17.86% of the studied items (s.d. = 

9.16%).  A repeated-measures ANOVA was conducted to investigate the within-subjects 

factors of emotion (negative or neutral) and retrieval practice condition (RP+, NRP, or 

RP-) (Figure 10).  This analysis yielded a main effect of emotion, F(1, 34) = 5.301, p = .028, 

η2 = .135, as negative associates were more likely to be successfully recalled than neutral 

associates.  Importantly, there was also a main effect of retrieval practice condition, F(2, 

68) = 21.067, p<.001, η2 = .383.  Follow-up t-tests indicated that RP+ items were more 

likely to be recalled at final test than either NRP items, t(34) = 3.155, p = .003, d = 0.533, 

or RP- items, t(34) = 5.979, p < .001, d = 1.012.  Moreover, RP- items were less likely to be 

successfully recalled at final test than NRP items, t(34) = 3.734, p = .001, d = 0.631, 

indicating a significant retrieval-induced forgetting effect.  Critically, the interaction 

between emotion and retrieval practice condition was not significant, F(2, 68) = 0.946, p = 

.393, indicating that emotion did not modulate the long-term effects of executive control 

on memory.  Although affectively negative associates were more likely to be recalled 

overall, there was no difference in their susceptibility to either practice enhancement or 

retrieval-induced forgetting, signaling their amenability to mnemonic selection and 

inhibition, respectively. 
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Figure 10: Free recall rates from Experiment 3. Analyses revealed a main effect 
of emotion, with negative items recalled more frequently than neutral items.  
However, the effects of mnemonic control were not modulated by emotion. 

4.4.3.4 Item analysis of final recall performance 

An item analysis was conducted to complement the findings at the participant 

level by computing, for each item, its enhancement score and retrieval-induced 

forgetting score.  The mean valence and arousal rating for each item was also computed 

from the participants’ ratings at the end of the experiment.  Correlation analyses 

indicated that neither valence nor arousal correlated with either observed enhancement 

or retrieval-induced forgetting for items (all p’s > .5).  Thus, the findings from the item 

analysis also reveal no evidence for affective modulation of mnemonic control processes 

evoked during selective retrieval. 

4.4.4 Discussion 

Complementing the findings from Experiments 1 and 2, Experiment 3 found 

evidence that both selective and inhibitory processes engaged by mnemonic interference 

resolution govern both affectively negative and neutral stimuli.  Following selective 
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retrievals, both affective classes of stimuli exhibited similar levels of enhancement when 

they appeared as targets and suppression when they served as competitors.  Experiment 

3 extended the findings of Experiments 1 and 2 by demonstrating that the efficacy of 

mnemonic control processes persists even when control demands are heightened by 

increases in mnemonic set size and degradation of retrieval cues.  Moreover, Experiment 

3 demonstrated that even when affective stimuli are generally better remembered than 

neutral stimuli, they are not robust to the effects of executive control in memory. 

4.5 Experiment 4 

4.5.1 Introduction 

Each of the three experiments provided evidence that negative mnemonic 

representations are amenable to executive control processes in long-term memory.  

Memory for affectively negative verbal stimuli was enhanced by practice and impaired 

by retrieval-induced forgetting at similar levels as memory for affectively neutral verbal 

stimuli. Although findings were consistent across the three experiments described thus 

far, the three experiments each employed a counterbalancing structure in which 

participants practiced both negative and neutral associates during the retrieval practice 

phase, albeit the negative and neutral associates were derived from different cues.  The 

recall of negative associates could alter participant mood, which may alter mnemonic 

control processes.  Specifically, negative mood states have been associated with 

diminished retrieval-induced forgetting (K.-H. Bauml & Kuhbandner, 2007; Koessler, 

Engler, Riether, & Kissler, 2009) and could modulate the retrieval process.  Although 

each of the previous experiments demonstrated significant retrieval-induced forgetting 

effects, we sought to rule out potential contributions of mood during the retrieval 

practice phase to the observed effects.  In Experiment 4, therefore, participants only 

practiced retrieving neutral associates during the retrieval practice phase. 
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4.5.2 Materials and Methods 

4.5.2.1 Participants 

Forty-six participants were recruited to participate in the experiment. One 

participant did not complete the task as instructed, and was thus excluded from all 

analyses.  Participant recruitment criteria excluded individuals who were not native 

English speakers or had a history of substance abuse, major psychological illness, or 

neurological illness. Participants (27 females) were 18 to 30 years old (M = 21.8, s.d. = 3.2) 

and provided informed consent. The sample was ethnically diverse, with 43.18% self-

identifying as Caucasian, 29.55% as Asian or Asian-American, 15.91% as African or 

African-American, 2.27% as American Indian or Native Alaskan, 2.27% as Hispanic or 

Latino, and 6.82% as mixed ethnicity.  All procedures were approved by the Duke 

University Medical Center Institutional Review Board. 

4.5.2.2 Materials 

Twenty-eight nouns served as cue words, each with six noun associates.  To 

allow associate-specific cueing, all of the associates linked with a given cue began with a 

unique first letter.  In the present experiment, negative associates were not retrieved 

during the retrieval practice phase.  This procedural alteration required a modification 

of the stimulus sets employed in the previous experiments. To accommodate this design 

feature, half of the cues had six neutral associates while the other half of the cues had 

three neutral and three negative associates.  For the cue words with only neutral 

associates, separate sub-lists of three items each were constructed for counterbalancing 

purposes.  When the cue word was practiced during the retrieval practice phase, either 

sub-list could serve as the targets for retrieval.  For the other half of the cues, when the 

cue word was practiced during the retrieval practice phase, only the neutral associates 

served as targets and the negative associates were always competitors.  Thus, negative 
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items were never cued during the retrieval practice phase.  Overall, 126 of the associates 

in the stimulus set were neutral and 42 were negative.  Analyses indicated that neutral 

and negative associates did not differ on semantic features.  Both negative (M = 15,552.6) 

and neutral (M = 17,048.2) associates had similar word frequencies, t(166) = 0.352, p = 

.726, and negative (M = 5.90) and neutral (M = 6.00) associates were a similar length, 

t(166) = 0.298, p = .766.  Ratings provided by an independent group of participants (N = 

15) indicated that negative and neutral words were also judged as similarly imageable, 

t(166) = 1.198, p = .234 (Negative M = 4.04, Neutral M = 4.30), and concrete, t(166) = 

1.182, p = .239 (Negative M = 4.68, Neutral M = 4.99).  Negative (M = .224) and neutral 

(M = .222) associates were also similarly related to the cue words as indexed by latent 

semantic analysis, t(166) = 0.076, p = .939, and exhibited a similar degree of relatedness 

to other associates that shared the same cue within a given sub-list, t(166) = 0.613, p = 

.541 (Negative M = .169, Neutral M = .154).  Overall, the negative and the neutral 

associates were highly similar on relevant semantic dimensions.  Four separate 

counterbalancing lists were constructed, and analyses indicated that these lists did not 

differ from one another on word frequency, length, judged imageability, judged 

concreteness, relatedness between associates and cues, or relatedness among the 

associates within a sub-list for each cue (p’s > .3). 

4.5.2.3 Procedure 

The experimental protocol spanned multiple phases and employed a procedure 

highly similar to that utilized in the previous experiments.  During the initial phase, 

participants encoded the word pairs.  Each trial began with a one-second fixation, 

followed by the four-second presentation of the word pair.  The cue word was always 

presented in capital letters and the associate was always presented in lowercase letters.  

Participants were explicitly instructed to memorize the word pairs for a later memory 
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test, and the presentation order was controlled so that an equal number of items in each 

condition appeared in each third of the list and word pairs sharing a cue never appeared 

consecutively.   

  The retrieval practice phase followed initial encoding.  During this phase, 

participants’ memory for a subset of the studied associates was probed.  Each trial began 

with a one-second fixation, followed by the four-second presentation of the retrieval cue.  

The cue consisted of the cue word in capital letters followed by the first two letters of the 

probed associate in lowercase letters.  Participants indicated via a keyboard button press 

whether they were able to successfully recall the probed associate or not.  To facilitate 

responding on each trial, during the last second of the cue presentation the font color 

changed to remind the participant to respond prior to the end of the trial.  Associates 

sharing a cue were never probed consecutively, and the presentation order was 

counterbalanced so that cues with neutral competitors and cues with negative 

competitors were probed an equal number of times in each third of the list.  Participants 

completed three blocks of this task, and each probed item was tested once in each block.   

 After the retrieval practice phase, participants completed a visuospatial filler 

task in which they made judgments about abstract visual images.  This filler task served 

to mitigate the influences of short-term memory on final recall test performance and 

lasted approximately fifteen minutes. 

   Participants then completed the final recall test during which memory for 

all of the originally studied word pairs was tested.  This phase was divided across three 

blocks and each trial began with a one-second fixation followed by the four-second 

presentation of the retrieval cue.  The cue word was presented in capital letters along 

with the first (lowercase) letter of the cued associate.  Participants were instructed to 

state the probed associate aloud if they could recall the item.  A microphone recorded 
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verbal responses during this phase, which were coded offline for accuracy.  To 

encourage responding on each trial, during the final second of each trial the font color of 

the retrieval cue changed to remind the participant to register a response prior to the 

completion of the trial.  The testing order was controlled so that an equal number of 

items in each condition were probed in each experimental block and items sharing a cue 

word were never tested consecutively.  

 During the final experimental phase, participants provided ratings of the 

affective qualities of each stimulus.  Words appeared in lowercase letters individually 

and participants sequentially judged the valence and arousal of each item using the 

SAMS and a 1 to 5 scale.  This phase was self-paced and the presentation order was 

constructed so that each condition occurred an equal number of times in each third of 

the list.  At the end of the rating phase, participants also rated the cue words employed 

in the experiment individually. 

4.5.3 Results 

4.5.3.1 Affective ratings 

Participants’ ratings of the valence and arousal of the associates indicated that 

they found the negative associates more affectively charged than the neutral associates.  

Negative associates (M = 1.59, s.d. = 0.24) were rated as more negatively valenced than 

neutral associates (M = 3.35, s.d. = 0.21), t(44) = 33.477, p < .001, d = 4.991, and 

participants also indicated they found the negative items (M = 3.16, s.d. = 0.82) more 

arousing than the neutral items (M = 1.97, s.d. = 0.63), t(44) = 9.124, p < .001, d = 1.360.   

Accounts of retrieval-induced forgetting have suggested that selective retrieval 

may generate associative interference by altering the meaning of the cue words such that 

unpracticed associates share a weaker association with the cue (M. C. Anderson, 2003).  

In the present experiment, this account could be particularly important, as practicing 
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neutral associates could make the cue words seem more neutral in nature and 

weakening the association between the cue word and unpracticed negative associates.  

To assess this possible interference mechanism, the ratings of the cue words were 

examined.  Cues with both neutral and negative associates were rated as similarly 

valenced, t(44) = 0.506, p = .616, and arousing, t(44) = 1.333, p = .189, regardless of 

whether the cue was unpracticed during the retrieval practice phase or the neutral 

associates were practiced.  Thus, the cue’s affective qualities do not seem to be modified 

by practicing the neutral associates, indicating that alterations in cue affect do not likely 

contribute to retrieval-induced forgetting in the present experiment.  

4.5.3.2 Retrieval practice phase performance 

Performance during the retrieval practice phase was examined to assess if the 

affective nature of mnemonic competitors influenced selective retrieval (Table 8).  Recall 

success rates from the retrieval practice phase were examined using a two-way 

repeated-measured ANOVA with the within-subjects factors of affective status of 

mnemonic competitors (negative or neutral) and retrieval attempt (first, second, or 

third).  As this analysis yielded no main effects or interactions with affective status (p’s > 

.5), this analysis was re-run collapsing across the factor of affective status of mnemonic 

competitors.  This analysis revealed a main effect of retrieval attempt, F(2, 88) = 9.629, p 

= .002, η2 = .180 (Huynh-Feldt correction for violation of sphericity employed).  Follow-

up t-tests indicated that retrieval success was less likely on the first retrieval attempt 

compared to either the second, t(44) = 4.406, p < .001, d = 0.657, or the third, t(44) = 3.099, 

p = .003, d = 0.462, retrieval attempt.  However, retrieval success was similarly likely for 

the second and third retrieval attempts, t(44) = 1.063, p = .294.  Retrieval success 

therefore became more likely following the first attempt but stabilized after the second 

retrieval attempt.   
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Table 8: Performance from Retrieval Practice Phase of Experiment 4. Means 
(standard deviations).  Accuracy rates and response times (seconds) from the first, 

second, and third retrieval attempts during the retrieval practice phase. 

 Accuracy Response Time 
Overall   
   First Attempt 48.57% (14.37) 1.796 (0.349) 
   Second Attempt 53.70% (14.40) 1.461 (0.298) 
   Third Attempt 55.03% (16.40) 1.395 (0.303) 
Negative Associates Practiced   
   First Attempt 48.89% (15.04) 1.719 (0.366) 
   Second Attempt 53.54% (15.13) 1.450 (0.297) 
   Third Attempt 55.77% (17.37) 1.365 (0.360) 
Neutral Associates Practiced   
   First Attempt 48.25% (16.36) 1.881 (0.394) 
   Second Attempt 53.86% (17.49) 1.473 (0.326) 
   Third Attempt 54.29% (18.51) 1.422 (0.295) 

 

Response latencies indicating successful retrieval were analyzed using a two-

way repeated-measures ANOVA, with the within-subjects factors of affective status of 

mnemonic competition (negative or neutral) and retrieval attempt (first, second, or 

third).  This analysis yielded a main effect of competitor affective status, F(1, 44) = 

12.210, p = .001, η2 = .217, and a main effect of retrieval attempt, F(2, 88) = 62.866, p < 

.001, η2 = .588.  These main effects were qualified, however, by a significant interaction, 

F(2, 88) = 4.914, p = .009, η2 = .100.  Separate repeated-measures ANOVAs for items with 

neutral competitors, F(2, 88) = 60.859, p < .001, η2 = .580, and negative competitors, F(2, 

88) = 34.017, p < .001, η2 = .436, revealed significant effects of retrieval attempt for both 

types of items.  Follow-up t-tests to explore the interaction between competitor affective 

status and retrieval attempt indicated that items with negative mnemonic competitors 

were recalled faster on the first retrieval attempt compared to items with neutral 

mnemonic competitors, t(44) 4.193, p < .001, d = 0.625.  However, this difference in 

response latency was not present at either the second, t(44) = 0.941, p = .352, or the third, 

t(44) = 1.396, p = .170, retrieval attempt, indicating that this difference in retrieval success 

latency dissipated after the first retrieval attempt.  After the initial retrieval attempt, 
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therefore, successful retrieval exhibits similar response latency regardless of whether 

mnemonic competitors are negative or neutral. 

Reponses during the retrieval practice phase were assessed to determine if they 

tracked recall accuracy on the final test.  Consistent with all the previous experiments, 

there was a main effect of the number of times an item was endorsed as successfully 

retrieved during the retrieval practice phase, F(3, 126) = 99.176, p < .001, η2 = .702.  

Participants were least likely to accurately recall an associate if it was never endorsed as 

successfully retrieved during the retrieval practice phase (M = 4.17%, s.d. = 6.85%), more 

likely after one indication of successful retrieval (M = 24.32%, s.d. = 23.84%), more likely 

after two indications of successful retrieval (M = 47.43%, s.d. = 28.39%), and most likely 

if the item was always endorsed as successfully retrieved (M = 70.68%, s.d. = 20.96%).  

All pairwise comparisons were significant, p’s < .001.  Thus, participants’ responses 

provided a valid measure of retrieval success and provided a reliable index of 

mnemonic selection processes.  

4.5.3.3 Final recall performance 

Final recall performance was analyzed to assess the impact of affect and retrieval 

practice status on memory (Figure 11).  Each cue word was associated either exclusively 

with neutral items or with both neutral and negative items.  In the latter circumstance, 

the negative associates were never practiced during the retrieval practice phase and 

could appear only in the NRP or RP- conditions.  A repeated-measures ANOVA with 

the within-subjects factors of cue-type (neutral only or mixed-valence associates) and 

mnemonic condition (RP+, NRP, RP-).  Note that for cues with both negative and neutral 

associates, only neutral items appeared in the RP+ condition and only negative items 

appeared in the RP- condition.  This analysis yielded a main effect of mnemonic 

condition, F(2, 88) = 77.043, p < .001, η2 = .636 (Huynh-Feldt correction for violation of 
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sphericity employed).  Follow-up t-tests indicated that recall for RP+ items was 

significantly higher than for either NRP items, t(44) = 9.482, p < .001, d = 1.414, or RP- 

items, t(44) = 9.608, p < .001, d = 1.432, reflecting practice enhancement effects.  

Moreover, recall rates were higher for NRP items than for RP- items, t(44) = 2.086, p = 

.043, d = 0.311, indicating significant retrieval-induced forgetting.  Neither the main 

effect of cue type, F(1, 44) = 0.902, p = .347, nor the interaction, F(2, 88) = 1.512, p = .228 

(Huynh-Feldt correction for violation of sphericity employed) was significant.  Thus, cue 

type and affective status did not significantly modulate the effects of selection or 

inhibition on memory.  As a confirmatory follow-up, recall rates specifically to the 

negative associates were separately probed to confirm that retrieval-induced forgetting 

indeed occurred for negative items.  The analysis comparing recall rates for negative 

associates in the NRP condition and the RP- condition indicated that significant 

retrieval-induced forgetting did indeed occur, t(44) = 3.875, p < .001, d = 0.577, consistent 

with the findings from the previous experiments presented here. 
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Figure 11: Experiment 4 recall rates from the final test.  Note that for cues in 
the Neutral/Negative condition, RP+ items were always neutral and RP- items were 

always negative.  Both significant practice enhancement effects and retrieval-induced 
forgetting were observed but were not modulated by emotion. 

4.5.3.4 Item analysis of final recall performance 

Analyses of participants’ memory performance on the final recall test did not 

yield evidence of significant modulation of mnemonic control effects by affect.  To 

complement these analyses, an item analysis was also conducted to evaluate whether 

modulation might occur at the level of individual items.  For each item, the average 

valence and arousal ratings were calculated from the ratings provided by participants at 

the end of the experiment.  The overall recall rate for each item as well as its 

enhancement and retrieval-induced forgetting score were also computed.  Correlation 

analyses revealed no correlations between either valence or arousal and any of the 

memory-related indices (p’s > .18), indicating that affect did not modulate either 

selection or inhibition effects in the present experiment. 
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4.5.4 Discussion  

The findings from Experiment 4 were consistent with the conclusions from the 

previous three experiments.  Both practice enhancement effects and retrieval-induced 

forgetting effects were not modulated by the affective nature of mnemonic competitors.  

Inhibitory processes mobilized to mitigate interference generated by competitors during 

selective retrieval acted upon both affective classes of mnemonic representations.  In 

Experiment 4, negative items were not cued during the retrieval practice phase, yet the 

findings were concordant with those from the previous studies that cued both negative 

and neutral items.   Therefore, there does not appear to be support for the notion that 

mood effects generated during the retrieval practice phase would have driven the 

observed findings.  Mnemonic control processes therefore appear to exert similar levels 

of influence across both negative and neutral mnemonic representations. 

4.6 General Results 
Across four separate experiments, mnemonic selection and inhibition evoked 

during selective retrieval exerted similar effects on negative and neutral mnemonic 

representations.  Although none of our experiments produced a significant interaction 

between mnemonic status and affective salience, it is possible that each experiment was 

underpowered to detect such an interaction.  To address this concern, we combined data 

across all four experiments and conducted a repeated-measures ANOVA to assess the 

within-subjects effects of affect and mnemonic condition (RP+, NRP, RP-).  This 

approach would enable us to detect subtle effects across the four experiments.  

Consistent with the retrieval-induced forgetting literature, there was a significant main 

effect of mnemonic condition, F(2, 334) = 263.973, p < .001, η2 = .613 (Huynh-Feldt 

correction for violation of sphericity employed).  Subsequent t-tests indicated that recall 

for RP+ items was significantly higher than recall for either NRP, t(167) = 15.419, p < 
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.001, d = 1.190, or RP- items, t(167) = 19.077, p < .001, d = 2.086, demonstrating an 

enhancement effect.  Importantly, recall of RP- items was significantly lower than recall 

for NRP items, t(167) = 6.853, p < .001, d = 0.529, providing evidence of retrieval-induced 

forgetting.  However, neither the main effect of emotion, F(1, 167) = 2.083, p = .151, η2 = 

.012, nor the interaction between emotion and memory, F(2, 334) = 1.190, p = .302, η2 = 

.007 (Huynh-Feldt correction for violation of sphericity employed), was significant.  

Thus, the affective salience of the mnemonic representations did not appear to modulate 

either the mnemonic effects of selection or inhibition. 

4.7 General Discussion 
Emotional events and experiences can have lasting effects on an organism.  As 

William James remarked in 1890, “An impression may be so exciting emotionally as 

almost to leave a scar upon the cerebral tissues” (James, 1890).  The question arises 

whether the mnemonic consequences of these emotional experiences are permanent or 

whether executive control processes may modify these mnemonic traces.  The present 

chapter examined whether the mnemonic interference resolution processes mobilized by 

selective retrieval enact similar consequences on both affectively negative and neutral 

mnemonic representations.  Four empirical investigations supported the hypothesis that 

both selection and inhibition act similarly on negative and neutral mnemonic 

representations, demonstrating that affective memories are amenable to executive 

control. 

The present experiments employed an adapted retrieval practice paradigm, 

employing both affectively negative and neutral verbal mnemonic associates in order to 

assess the effects of mnemonic control processes across different affective classes of 

memories.  Experiments 1 and 2 both provided strong evidence that the effects of 

executive control processes mobilized in response to mnemonic competition are 
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consistent for both negative and neutral memories.  Following repeated retrieval 

attempts, the targets of retrieval were more accurately recalled on a final memory test 

compared to other items.  The increased accessibility of these items reflects selection 

processes engaged during mnemonic interference resolution that amplify 

representations of the intended targets of retrieval in order to enable successful 

mnemonic recovery.  Crucially, recall of items that would have generated competition 

during selective retrieval was impaired on the final memory test compared to other 

items.  Memory performance was diminished relative to items maintained over a similar 

delay that were unlikely to generate competition, indicating that inhibitory processes 

played a role in mnemonic interference resolution.  Importantly, neither the observed 

enhancement nor suppression effects was modulated by the affective status of the 

mnemonic representations being altered.  These conclusions were further supported by 

an item analysis, that demonstrated that neither an item’s valence nor its arousal altered 

its susceptibility to mnemonic control.  Experiment 3 demonstrated that these findings 

were found even when an overall memory benefit for negative memories was observed 

and when the demands on selective retrieval were high.  These findings were not the 

result of negative moods generated by the recall of negative items during selective 

retrieval, as demonstrated by the fact that an identical pattern of results was observed 

when only neutral items were tested during the retrieval practice phase in Experiment 4.  

Experiment 4 also addressed the concern that observed retrieval-induced forgetting 

might be the result of changes in retrieval cue representation.  The process of retrieving 

either negative or neutral associates of a cue may cause the subjective affective quality of 

the cue itself to alter to take on the characteristics of its retrieved associates, thus 

contributing to forgetting effects (M. C. Anderson, 2003).  However, rating data from 

Experiment 4 demonstrated practicing a subset of its mnemonic associates did not alter 
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the affective quality of the cues for participants, indicating that this route likely did not 

play a major role in contributing to the present findings.  The finding that negative 

mnemonic representations are amenable to executive control in general and inhibition in 

particular was robust and consistent across all four experiments.   

The present findings provide important insight into the relationship between 

emotional memory and the executive processes that govern long-term memory.  The 

demonstration that retrieval-induced forgetting occurs not only with affectively neutral 

but also with negatively valenced stimuli is particularly interesting given the importance 

of understanding the forgetting of negative material to theories of repression and 

responses to trauma (M. C. Anderson, 2006).  However, it is important to note that the 

present investigations utilized verbal stimuli, which are more readily controlled but less 

affectively evocative than the traumatic events William James described or that often 

precipitate post-traumatic stress disorder.  The finding that mnemonic interference 

resolution processes act upon negative memories may seem surprising in light of 

theories of flashbulb memories that posit that episodic details associated with emotional 

events are robustly stored in memory (Brown & Kulik, 1977).  However, recent evidence 

indicates that memories of emotional events are susceptible to decay and forgetting over 

time (Hirst, et al., 2009; Talarico & Rubin, 2003).  The present demonstration extends 

these findings by demonstrating that forgetting of emotional events is not merely due to 

passive decay over time but rather can be enacted in an active fashion in response to 

mnemonic interference generated during selective retrieval.   

The present experiments provide clear evidence that retrieval-induced forgetting 

extends to negative mnemonic representations and also resolve conflicting conclusions 

arising from discrepant reports from previous experiments, some of which observed 

retrieval-induced forgetting with negative materials (Barnier, et al., 2004; Kuhbandner, 
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et al., 2009), and others which did not (Dehli & Brennen, 2009; Moulds & Kandris, 2006; 

Wessel & Hauer, 2006).  Findings of reduced or eliminated retrieval-induced forgetting 

may have arisen from differences in semantic features between emotional and non-

emotional materials employed.  For instance, relatedness between associates has been 

shown to have profound impacts on retrieval-induced forgetting (Goodmon & 

Anderson, 2011) and semantic features have previously been demonstrated to modulate 

emotional effects in long-term memory (Dillon, Cooper, Grent-'t-Jong, Woldorff, & 

LaBar, 2006; Talmi & Moscovitch, 2004).  The present experiment controlled for the 

influence of these features and found no evidence of an affective modulation of 

retrieval-induced forgetting, suggesting that earlier observed effects may have been 

influenced by semantic factors.  Moreover, the present observed effects were preserved 

across four separate experiments, establishing the consistency of the finding.  However, 

the present experiments all employed only affectively negative and neutral stimuli, 

limiting conclusions to negatively valenced mnemonic representations.  Future 

experiments should examine whether mnemonic interference resolution processes also 

extend to positive memories.   

The present article focused on examining the effects of mnemonic interference 

resolution processes on affective memories.  While the present experiments did not 

specifically test an inhibitory account of retrieval-induced forgetting (M. C. Anderson, 

2003), previous research has extensively demonstrated that inhibition contributes to 

retrieval-induced forgetting effects through the use of independent cues at test (M. C. 

Anderson & Spellman, 1995) or recognition tests (Gomez-Ariza, Lechuga, Pelegrina, & 

Bajo, 2005; Hicks & Starns, 2004; Roman, et al., 2009; Spitzer, Hanslmayr, Opitz, 

Mecklinger, & Baeuml, 2009).  Therefore, although the current study did not employ a 

direct test of the inhibitory account of retrieval-induced forgetting, the preponderance of 
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evidence supports the assumption that inhibitory processes contribute to the present 

observed effects.  

Affective states have previously been shown to modulate mnemonic inhibitory 

processes.  Negative moods (K.-H. Bauml & Kuhbandner, 2007) and stress inductions 

(Koessler, et al., 2009) eliminate retrieval-induced forgetting, and positive moods 

minimize directed forgetting (K. H. Bauml & Kuhbandner, 2009).  Negative affective 

states diminish retrieval-induced forgetting by promoting item-specific processing 

during retrieval (Bless, Schwarz, Clore, Golisano, & Rabe, 1996; Storbeck & Clore, 2005), 

which may result in fewer related associates competing for awareness during selective 

retrieval.  By diminishing the level of mnemonic competition, item-specific processing 

also minimizes the necessity of engaging interference resolution processes, including 

inhibition, resulting in reduced retrieval-induced forgetting.  The present demonstration 

that negative items are amenable to retrieval-induced forgetting raises interesting 

questions regarding potential interactions between affective states and affective stimuli.  

Demonstrations of mood congruent memory suggest that affective representations 

relevant to the current mood state are more accessible (Bower, 1981), and may be both 

more easily selected when cued and more likely to compete for awareness during 

selective retrieval.  Mood-congruent affective representations may therefore be more 

likely to be inhibited, although this effect could be modulated by the modes of cognitive 

processing promoted by the present affective state.  This interaction between emotional 

materials and affective states could therefore modify the nature of mnemonic 

competition during retrieval and alter the processes engaged in resolving mnemonic 

interference.  

The present findings may also be relevant to understanding factors contributing 

to clinical disorders.  Researchers have long appreciated that cognitive biases play a role 
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in anxiety and depression, promoting more negative interpretations of events (Andrew 

Mathews & MacLeod, 2005).  Anxious individuals are not only more likely to interpret 

an ambiguous event as negative in the moment, but these distorted interpretations also 

bias memory of the event and lead individuals to later falsely recall more negative 

details associated with the original experience (Hertel, Brozovich, Joormann, & Gotlib, 

2008).  This negative recall bias for events may be further fostered by diminished 

executive control over long-term memory in individuals with mood-related disorders, as 

individuals with depression (Groome & Sterkaj, 2008; Hertel & Gerstle, 2003) and 

anxiety (Amir, Coles, Brigidi, & Foa, 2001) exhibit impaired mnemonic inhibition.  

Providing individuals with training to counter negative cognitive biases can promote 

more adaptive recall of past events (Tran, Hertel, & Joormann, 2011), and supplying 

strategies to support mnemonic inhibition results in enhanced forgetting of negative 

materials in depressed individuals (Joormann, Hertel, LeMoult, & Gotlib, 2009).  The 

present experiments explored the effects of mnemonic interference resolution processes 

on emotional memory representations in individuals without a current or previous 

psychological disorder.  Future research should therefore examine whether similar 

effects are found in clinical populations or whether deficits in mnemonic inhibition of 

emotional materials are observed.  The disruption of cognitive inhibition of emotional 

mental representations may play a key role in the etiology and maintenance of clinical 

disorders (Joormann, 2010), and characterizing the efficacy of mnemonic interference 

resolution processes would provide insight into the cognitive mechanisms contributing 

to psychopathology. 

The present experiments demonstrated that retrieval-induced forgetting extends 

to both neutral and emotional memories.  Mnemonic interference resolution processes 

mobilized by competition generated during selective retrieval govern mnemonic 
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representations regardless of affective status, managing the contents of long-term 

memory in concert with an individual’s goals.  Executive control enables top-down 

signals to act not only upon mental representations of external stimuli but also on 

internally stored memory representations.  Affective memories are therefore not the 

immutable scars that Williams James proposed, but rather amenable to adjustment and 

capable of flexibly updating in an ongoing fashion to meet an organism’s goals. 
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5 Neural mechanisms supporting affective mnemonic 
interference resolution 

The experiments documented in the previous chapter demonstrated that 

affectively negative mnemonic representations are amenable to the operations of 

mnemonic control processes and susceptible to retrieval-induced forgetting.  The 

present experiment sought to identify the neural correlates of mnemonic interference 

resolution processes that support the forgetting of affective memories.  This experiment 

was designed to test a specific theoretical account, which draws on conflict monitoring 

theory, of the neural mechanisms underlying mnemonic control.  Please note that this 

chapter is currently a working paper (Reeck & LaBar, in preparation).   

5.1 Introduction  
    Perhaps the most adaptive function in memory is the capacity to forget.  

Forgetting enables the pruning of long-term memory stores, discarding traces that are 

no longer relevant and maintaining alignment between the long-term goals of an 

organism and its memory cache.  Executive control processes in attention filter out 

irrelevant information in the environment and boost processing of relevant inputs.  

Executive control processes in memory convey similar benefits, inhibiting information 

stored in memory that is no longer necessary and enhancing representations that have 

long-term utility.  These control processes can be especially critical when the irrelevant 

memories are affective in nature. 

 Prefrontal mechanisms have been strongly implicated in the executive control of 

memory.  Consistent with biased competition models of executive control (Desimone & 

Duncan, 1995; Miller & Cohen, 2001), mounting evidence suggests prefrontal regions 

enact control by altering processing in posterior neural regions.  Neuroimaging studies 

employing both functional magnetic resonance imaging and electroencephalography 
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indicate that prefrontal cortex is recruited during selective retrieval (Johansson, Aslan, 

Baeuml, Gabel, & Mecklinger, 2006; Wimber, et al., 2008; Wimber, Rutschmann, 

Greenlee, & Baeuml, 2009).  Computational modeling approaches support the notion 

that interference drives forgetting of mnemonic competitors (Norman, et al., 2007).  

According to these models, during selective retrieval control processes mobilize to 

facilitate the selection of weak, relevant memories and inhibit strong, irrelevant 

competing memories.  Across multiple retrieval attempts, relevant mnemonic 

representations will be enhanced while irrelevant ones will be diminished, therein 

leading to reductions in interference and decreased demands for control over time.  

Consistent with the hypotheses produced by computational modeling, prefrontal 

regions do exhibit decreases in their activation across successive selective retrieval 

attempts (Depue, Curran, & Banich, 2007; Kuhl, et al., 2007).  In particular, dorsal 

anterior cingulate cortex and ventrolateral prefrontal cortex, which are strongly 

implicated in mnemonic control, exhibited decreases across multiple retrieval attempts.  

These decreases could reflect both diminished interference across successive retrievals 

and reduced enactment of control.  Indeed, one of the most celebrated benefits of 

forgetting is the diminished demands placed on control during retrieval, and these 

findings are consistent with those benefits.  Although most evidence has supported a 

role for the prefrontal cortex in mnemonic control, some research with frontal lesion 

patients indicates that these patients exhibit preserved forgetting of competitors 

following selective retrieval, perhaps suggesting that the prefrontal cortex is not 

necessary for mnemonic control (Conway & Fthenaki, 2003).  However, this lesion work 

employed memory paradigms that are highly sensitive to both the effects of mnemonic 

control and the effects of interference, particularly output interference during final 

retrieval.  Therefore, the finding of preserved forgetting of competitors in frontal lesion 
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patients may actually be driven by output interference processes during the final test, 

and not by preserved control mechanisms engaged during selective retrieval.  

 An influential model of mnemonic interference resolution draws on conflict 

monitoring theory (Botvinick, et al., 2001).  This theory, developed mainly from research 

on attentional control, posits that dorsal anterior cingulate cortex detects conflict 

generated by goal-irrelevant representations and lateral prefrontal cortex biases 

processing in posterior processing regions to resolve that conflict.  Evidence from both 

computational modeling and neuroimaging support this theory with respect to attention 

to external stimuli (Botvinick, et al., 2001; Cohen, Dunbar, & McClelland, 1990; Egner & 

Hirsch, 2005; Kerns, et al., 2004; MacDonald, et al., 2000).  Observed decreases in 

prefrontal activation over successive retrieval attempts are also consistent with this 

theoretical position and have been interpreted according to predictions generated by 

conflict monitoring theory (Kuhl, et al., 2007). 

 One approach to test the conflict monitoring account of forgetting of mnemonic 

competitors is to examine whether these mnemonic interference resolution mechanisms 

exhibit similar architecture as those documented in previous studies of attentional 

interference resolution.  Specifically, mnemonic interference resolution targeting internal 

representations might share features with attentional interference resolution aimed at 

representations of external stimuli.  One key feature of attentional interference 

resolution is the finding that specialized regions may be recruited when interference is 

generated by affective sources.  Recent theories posit that domain-specific mechanisms 

support affective interference resolution in attention (Egner, 2008).  Whereas dorsal 

anterior cingulate cortex may act as a domain-general conflict detector, ventral anterior 

cingulate cortex may be recruited in a domain-specific fashion to resolve interference 

generated by affectively salient stimuli (Bush, Luu, & Posner, 2000; Egner, 2008; Egner, 
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Etkin, et al., 2008; Etkin, et al., 2006).  This hypothesis is consistent with behavioral 

findings demonstrating independence of affective and non-affective interference effects 

(Kunde, Augst, & Kleinsorge, 2012; Soutschek & Schubert, 2013).  Ventral anterior 

cingulate cortex is also well-situated to enact control over affective mental 

representations, as connectivity analyses demonstrate that it is well-connected with 

several neural regions engaged in affective processing, including the amygdala, nucleus 

accumbens, hippocampus, insula, and orbitofrontal cortex (Devinsky, Morrell, & Vogt, 

1995).  Investigations employing magnetic resonance diffusion tractography 

demonstrated that both the pregenual and subgenual subdivisions of ventral anterior 

cingulate cortex maintain connections with regions critical to affective processing 

(Beckmann, et al., 2009), placing them in optimal position to exert affective control.  

Studies with frontal lesion patients also support a key role for ventral anterior cingulate 

cortex in affective interference resolution, as patients with lesions to this region exhibit 

marked deficits resolving conflict generated by affective stimuli (Maier & di Pellegrino, 

2012).  Therefore, evidence from neuroimaging investigations, behavioral work, and 

patient research all support a domain-specific mechanism for resolving affective 

interference. 

 The present study tested the conflict monitoring account of mnemonic control by 

examining if the mechanisms supporting mnemonic interference resolution 

demonstrated similar domain-specificity when confronted with affective interference as 

has been documented in the literature for mechanisms supporting attentional 

interference resolution.  With this approach in mind, we adapted our behavioral version 

of the retrieval practice paradigm introduced in Chapter 4 for use in conjunction with 

functional magnetic resonance imaging in order to test several hypotheses.  First, we 

hypothesized that certain regions would be recruited in a domain-general fashion in 
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response to mnemonic interference regardless of whether it was generated by competing 

affective or non-affective representations.  Given its putative role in guiding memory in 

the face of interference (Badre & Wagner, 2007), we hypothesized that ventrolateral 

prefrontal cortex would be generally recruited in response to mnemonic interference.  

We also anticipated that dorsal anterior cingulate cortex would be activated during 

selective retrieval irrespective of competitor affective status, as this region has 

previously been shown to be involved in the detection of both affective and non-

affective conflict (Egner, Etkin, et al., 2008; Etkin, et al., 2006).  Second, we hypothesized 

that ventral anterior cingulate cortex would be specifically recruited during affective 

mnemonic interference resolution, especially for individuals who exhibited enhanced 

forgetting of negative mnemonic competitors.  Third, given the established role of the 

amygdala in supporting affective memory (LaBar & Cabeza, 2006; Phelps, 2006), we 

hypothesized that amygdala activation might reflect ongoing affective mnemonic 

interference processing, particularly for individuals who forgot negative competitors.  

Multiple neuroimaging analysis techniques were utilized to characterize the neural 

correlates of affective mnemonic interference resolution and the extent to which they 

tracked individual differences in forgetting of affective mnemonic competitors.     

5.2 Materials and Methods 

5.2.1 Participants 

 Twenty-five right-handed participants provided written consent in accordance 

with the Duke University Medical Center Institutional Review Board.  Data from one 

participant were discarded prior to analysis due to a technical error during data 

collection, leaving a final sample of twenty-four participants (11 females; average age 

23.2, age range 18-30).  Participants had learned English prior to the age of six and were 

fluent in the language, and all participants had normal or corrected-to-normal vision.  
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Participants were also free from a history of neurological or psychological illness and 

did not report currently taking any psychoactive medications. 

5.2.2 Materials 

Twenty-eight nouns served as cue words in this experiment, each with six noun 

associates.  Each of the associates linked with a given cue began with a unique first letter 

to allow for associate-specific cueing during the test phases of the experiment.  Fourteen 

of the cues had only neutral associates, and separate sub-lists of three items from each 

cue were constructed for counterbalancing purposes.  When the cue word was practiced 

during the retrieval practice phase, either sub-list could serve as the targets for retrieval.  

The other fourteen cues had three neutral and three negative associates which were on 

separate counterbalancing sub-lists.  When the cue word was practiced during the 

retrieval practice phase, only the neutral associates served as targets and the negative 

associates were always competitors.  Thus, neutral items could appear in any memory 

condition, but negative items were never targets during retrieval practice.  Overall, 126 

of the associates in the stimulus set were neutral and 42 were negative.   

As semantic features have been known to alter both retrieval-induced forgetting 

effects (M. C. Anderson, et al., 1994; Goodmon & Anderson, 2011) and emotional 

memory effects (Talmi & Moscovitch, 2004), stimuli were selected to minimize 

differences on semantic features between neutral and negative associates.  Word 

frequencies were indexed by the Corpus of Contemporary American English (Davies, 

2008) and the semantic relatedness of associates to the cues and to one another was 

assessed using latent semantic analysis (http://lsa.colorado.edu).  An independent 

sample of participants (N = 15) rated associates for concreteness and imageability using 

instructions from previous norms (Paivio, et al., 1968; Spreen & Schulz, 1966).  Negative 

and neutral associates did not differ on the semantic features examined, p’s > .2 (Table 
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9).  Analysis also indicated that the four counterbalancing lists did not differ from one 

another on any of these semantic dimensions, p’s > .3. 

Table 9: Semantic features of the word associates employed in the present 
experiment. LSA = Latent Semantic Analysis. COCA = Corpus of Contemporary 

American English. 

 Neutral 
Associates 

Negative 
Associates 

Comparison 
p value 

LSA Relatedness to Cue  .222 .224 .939 
LSA Relatedness to other 
associates 

.154 .169 .541 

COCA Frequency 17,048.2 15,552.6 .726 
Length 6.0 5.9 .766 
Rated Concreteness (N = 15) 5.0 4.7 .239 
Rated Imageability (N = 15) 4.3 4.0 .234 

 

To confirm that negative and neutral associates differed along affective 

dimensions, a separate independent sample of participants (N = 45) rated the valence 

and arousal of each associate using a 5-point Self-assessment Manikin (SAM) scale (M. 

M. Bradley & Lang, 1999) ranging from negative to positive for valence and from calm to 

excited for arousal.  Negative associates were rated more negative in valence, t(166) = 

26.592, p < .001, and more arousing, t(166) = 15.586, p < .001, than neutral associates.  

Therefore, while the neutral and negative words employed in the present experiment 

did not differ along semantic dimensions, they did differ in their affective properties. 

5.2.3 Procedure 

Participants completed an adapted version of the retrieval practice paradigm in a 

protocol spanning multiple phases (M. C. Anderson, et al., 1994; Kuhl, et al., 2007). 

Experiment presentation and data collection were controlled using Psychophysiscs 

Toolbox Version 3 (Brainard, 1997; Pelli, 1997).  The initial encoding phase occurred 

prior to scanning.  Participants were instructed to intentionally encode presented word 

pairs.  Each trial during this phase began with a one-second fixation, followed by the 

five-second presentation of the word pair.  The cue word always appeared in capital 
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letters and the associate was always presented in lowercase letters (e.g., GARDEN – 

snake, GARDEN – hose).  The presentation order of word pairs was controlled so that two 

word pairs sharing a cue never appeared consecutively and the serial presentation 

position of cues in each condition was matched.   

After completing the encoding phase, participants entered the scanner and began 

the retrieval practice phase following initial scout scans and high order shimming.  

During the retrieval practice phase, participants’ memory for a subset of the studied 

associates was probed.  Each trial began with a one-second fixation, followed by the 

four-second presentation of the retrieval cue.  The cue consisted of the cue word in 

capital letters followed by the first two letters of the probed associate in lowercase letters 

(e.g., GARDEN – ho_____).  Participants indicated via a covert keyboard button press 

whether they were able to successfully recall the probed associate or not.  To facilitate 

responding on each trial, during the last second of the cue presentation the font color 

changed to remind the participant to respond prior to the end of the trial.  Each associate 

tested appeared three times during this phase and associates sharing a cue were never 

probed consecutively.  Presentation order was controlled so that the serial presentation 

position of each cue was matched.  Following previous protocols (Kuhl, et al., 2007), the 

interval between the first and second attempted retrievals of a given associate was 

slightly shorter than the interval between the second and third attempted retrievals.  The 

same cue-target combination never preceded another cue-target combination more than 

twice to minimize associations across word pairs.  A fixation baseline was included 

between trials and ranged from two to twelve seconds during this phase. Baseline 

constituted approximately 30% of the task time and jitter was optimized for the 

estimation of rapid event-related responses (Dale, 1999). 

After the retrieval practice phase, participants completed a visuospatial filler task 
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in which they made judgments about abstract visual images.  This filler task served to 

mitigate the influences of short-term memory on final recall test performance and lasted 

approximately six minutes.  During this phase, structural images were collected.  

Participants then completed a second covert test in the scanner in which their 

memory for all originally studied word pairs was tested.  This phase was similar in 

presentation to the retrieval practice phase, with the exception that only the first letter of 

each associate was presented (e.g., GARDEN – h_____, GARDEN –s_____).  Data from 

this phase are not considered here.  

Participants then exited the scanner and completed the final recall test during 

which memory for all the word pairs studied was tested.  This phase was divided across 

three blocks and each trial began with a one-second fixation followed by the four-second 

presentation of the retrieval cue.  The cue word was presented in capital letters along 

with the first lowercase letter of the cued associate (e.g., GARDEN – h_____, GARDEN –

s_____).  Participants were instructed to state the probed associate aloud if they could 

recall the item.  A microphone recorded verbal responses during this phase, which were 

coded offline for accuracy.  To encourage responding on each trial, during the final 

second of each trial the font color of the retrieval cue changed to remind the participant 

to register a response prior to the completion of the trial.  The testing order was 

controlled so that an equal number of items in each condition were probed in each 

experimental block and items sharing a cue word were never tested consecutively.  The 

presentation order was also controlled so that the average presentation position of each 

cue in the experiment was matched.   

5.2.4 Image Acquisition  

Images were acquired on a General Electric MR750 3.0 Tesla MRI scanner with a 

multi-channel parallel imaging system.  Whole-brain high-resolution T1-weighted 
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structural images were acquired using a three-dimensional fast inverse-recovery-

prepared SPGR sequence with 120 axial slices of 1.0 mm isotropic voxels.  Whole-brain 

T2*-weighted images were acquired using an inverse-spiral pulse sequence (Guo & Song, 

2003) with an echo time of 24 milliseconds, a flip angle of 85°, and a repetition time of 1.5 

seconds.  Forty contiguous slices were acquired in each volume using an interleaved 

sequence containing 3.0 mm isotropic voxels. 

5.2.5 Imaging Analyses  

SPM8 was employed for all imaging analyses 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm8).  Each participant’s bias-corrected 

structural image was normalized to the Montreal Neurological Institute template using a 

unified segmentation approach (Ashburner & Friston, 2005).  Functional images were 

adjusted for slice acquisition time, realigned to the participant’s mean functional image, 

and coregistered to the structural image prior to applying the normalization 

transformation parameters.  Functional images were then spatially smoothed using a 

Gaussian kernel of full-width half-maximum 8 mm3.  

Two models of the neuroimaging data from the retrieval practice phase were 

analyzed according to the assumptions of the general linear model.  The first model 

included separate regressors for cues with neutral competitors and for cues with 

negative competitors.  Separate regressors were produced for the first, second, and third 

attempted retrieval of each associate.  Thus, the model included six regressors (2 

conditions x 3 appearances) with scanning session treated as a covariate.  Timepoints 

were convolved with the canonical hemodynamic response.  The second model further 

binned timepoints based on whether participants indicated they successfully retrieved 

the item probed or not, resulting in twelve separate task regressors.  This model was 

used as a confirmation of the main model.  For both models, linear contrasts between 
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conditions of interest were estimated for each participant and subsequently employed in 

second-level random effects analyses.   

 The mid-ventrolateral prefrontal cortex has been heavily implicated in selective 

retrieval, consistent with this region’s theorized role in mnemonic interference 

resolution (Badre & Wagner, 2007).  To assess if this region exhibited differential 

connectivity with other neural regions when interference was generated by negative 

versus neutral competitors, psychophysiological interaction (PPI) analyses were 

conducted.  Activation was extracted from a sphere centered on a peak focus of 

activation (MNI coordinates: -48, 18, 27) that was significant in the contrast of first 

versus final retrieval attempt, both when confronted with negative and neutral 

competitors and when analyses were conducted across all trials or restricted only to 

successful retrieval attempts.  This peak was in left mid-ventrolateral prefrontal cortex, 

specifically Brodmann Area 45.  Activation in this region was then used as the basis for 

PPI analyses investigating differential connectivity when engaging in selective retrieval 

in the face of negative compared to neutral mnemonic interference.  Initial connectivity 

analyses using the same threshold as the neuroimaging main effects analyses (FDR 

corrected p < .05, k = 5) did not yield any significant findings.  This analysis was 

subsequently approached in an exploratory fashion, and thus employed a more liberal 

threshold than the other neuroimaging analyses reported presently (p < .005 uncorrected 

for multiple comparisons, k = 5).   

5.3 Results 

5.3.1 Behavioral Results 

5.3.1.1 Retrieval practice phase 

During the retrieval practice phase, participants indicated whether they could 

recall probed targets or not via a covert button press.  Cue words associated with probed 
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targets either had both negative and neutral associates or only neutral associates.  Only 

the neutral associates were probed during this phase.  Therefore, selective retrieval of 

neutral targets was attempted in the face of mnemonic interference from either neutral 

or negative competitors that shared the same cue word.  Competition at retrieval 

mobilizes mnemonic control processes which subsequently support the selection of the 

mnemonic target and diminish interference from competitors.  Therefore, retrieval of 

targets should become both faster and more accurate across multiple retrieval attempts.  

To assess whether this was the case in the present experiment, accuracy rates during the 

retrieval practice phase were submitted to a repeated-measures ANOVA with retrieval 

attempt (first, second, or third) and competitor affective status (negative or neutral) as 

within-subjects factors (Table 10).  This analysis yielded a marginal effect of competitor 

affective status, F(1, 23) = 3.801, p = .064, as targets with negative competitors were 

marginally more likely to be retrieved than those with neutral competitors.  A significant 

main effect of retrieval attempt, F(2, 46) = 21.190, p < .001, indicated that the likelihood of 

accurate retrieval also increased across multiple attempts.  Paired t-tests indicated that 

accuracy was lower on the first attempted retrieval than either the second, t(23) = 6.510, 

p < .001, or the third, t(23) = 5.370, p < .001, retrieval attempts.  However, the accuracy on 

the second and third retrieval attempts did not differ, t(23) = 0.459, p = .651.  There was 

no significant interaction between retrieval attempt and the affective status of 

competitors, F(2, 46) = 1.700, p = .194.  To evaluate if successful retrieval also became 

faster across multiple attempts, response times on accurate retrieval trials were analyzed 

employing a similar repeated-measures ANOVA.  This analysis did not yield a 

significant effect of competitor affective status, F(1, 23) = 0.188, p = .668, but it did reveal 

a significant effect of retrieval attempt, F(2, 46) = 52.219, p < .001.  Correct responses on 

the first retrieval attempt were slower than those on the second retrieval attempt, t(23) = 
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7.782, p < .001, which were in turn slower than those on the third retrieval attempt, t(23) 

= 2.621, p = .015.  These main effects were qualified by a significant interaction between 

competitor affective status and retrieval attempt, F(2, 46) = 4.313, p = .019.  Paired t-tests 

indicated that on the final retrieval attempt, targets with neutral competitors were 

retrieved faster than those with negative competitors, t(23) =2.323, p = .029.  Overall, 

these analyses indicate that retrieval became both faster and more accurate over multiple 

retrieval attempts, consistent with the notion that selection during retrieval was 

facilitated and competition from other mnemonic representations was diminished. 

Table 10: Retrieval Practice Phase Behavioral Performance. Means (standard 
deviations).  Accuracy rates and response times (seconds) from the first, second, and 

third retrieval attempts during the retrieval practice phase. 

 Accuracy Response Time 
Overall   
   First Attempt 42.9 % (14.3) 1.992 (0.230) 
   Second Attempt 52.2 % (15.3) 1.583 (0.263) 
   Third Attempt 51.4 % (15.8) 1.486 (0.258) 
Negative Competitors   
   First Attempt 45.2 % (17.9) 1.931 (0.237) 
   Second Attempt 55.4 % (19.5) 1.567 (0.268) 
   Third Attempt 55.8 % (20.0) 1.544 (0.289) 
Neutral Competitors   
   First Attempt 40.5 % (15.9) 2.035 (0.304) 
   Second Attempt 49.0 % (16.3) 1.613 (0.319) 
   Third Attempt 47.0 % (15.3) 1.430 (0.292) 

 

During the retrieval practice phase, all responses were covert and participants 

monitored their own retrieval success.  To confirm that these covert responses index 

retrieval success, associates were binned according to the number of times they were 

reported as successfully retrieved during the retrieval practice phase (0, 1, 2, or 3).  If 

responses track actual retrieval accuracy, correct recall on the final test should be more 

likely as the number of successful previous retrievals increases.  An initial repeated-

measures ANOVA with the factors of competitor affective status and number of 

successful retrievals as within-subjects factors did not yield either a main effect of 
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competitor affective status or an interaction (p’s > .1).  There was a main effect of the 

number of reported retrievals, F(3, 54) = 32.811, p < .001.  Successful retrieval was least 

likely if the item was never endorsed as successfully retrieved (M = 5.0 % correct on final 

test), more likely if the item was endorsed as retrieved once (M = 23.1 % correct), more 

likely if the item was endorsed as retrieved twice (M = 43.1 %), and most likely when the 

item was endorsed as retrieved three times (M = 65.6 %), all p’s < .01.  Examined a 

different way, recall on the final test was more likely if the item was endorsed as 

retrieved on the final attempt during the retrieval practice phase (M = 60.9 % correct 

recall) than if it was not endorsed as recalled on the final attempt (M = 7.5%), t(23) = 

12.567, p < .001.  Taken as a whole, these analyses indicate that participants’ covert 

indications of retrieval success tracked actual recall success on the final test and likely 

reflect mnemonic selection processes engaged during the retrieval practice phase. 

5.3.1.2 Final recall performance 

To assess the effects of retrieval practice status and affective salience on final 

memory performance, recall rates from the final test were submitted to a 2 x 3 repeated-

measures ANOVA with the within-subjects factors of retrieval practice condition (RP+, 

NRP, RP-) and affective salience of competitors (neutral or negative; Table 11).  This 

analysis yielded a main effect of retrieval practice condition, F(2, 46) = 43.611, p < .001 

(corrected for inhomogeneity of variance).  Paired t-tests indicated that RP+ items were 

more likely to be recalled than either NRP, t(23) = 5.928, p < .001, or RP- items, t(23) = 

7.861, p < .001, consistent with a retrieval practice effect.  That is, practicing retrieving 

associates provided them with a mnemonic advantage over unpracticed associates.  

Importantly, recall rates for RP- items were lower than those for NRP items, t(23) = 

3.366, p = .003, consistent with a retrieval-induced forgetting effect.  Recall rates of 

associates that generated competition during the retrieval practice phase were lower 
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than those of items that were retained over a similar delay but were unlikely to generate 

interference or experience inhibition.  Thus, these findings align with typical results 

from retrieval practice paradigms (M. C. Anderson, 2003).  However, there was neither a 

main effect of affective status, F(1, 23) = 1.523, p = .230, nor an interaction between 

affective status and retrieval practice condition, F(2, 46) = 0.266, p = .768.  To confirm the 

absence of a modulation by affective status, separate repeated-measures ANOVAs were 

conducted for both the retrieval practice effect and the retrieval-induced forgetting 

effect.  The retrieval practice ANOVA yielded a main effect of mnemonic condition, F(1, 

23) = 35.145, p < .001, consistent with the observed retrieval practice effect observed in 

the main analysis.  However, neither the main effect of affective status nor the 

interaction was significant, p’s > .1.  The retrieval-induced forgetting ANOVA also 

yielded a main effect of mnemonic condition, F(1, 23) = 11.333, p = .003, but neither the 

main effect of affective status nor the interaction between the two factors was significant, 

p’s > .3.  Therefore, the present experiment found evidence of both retrieval practice and 

retrieval-induced forgetting effects, but neither of these effects were modulated by 

affective status of competitor items.   

Table 11: Final Recall performance. Recall rates on the final test indicated 
significant enhancement effects for practiced items (RP+) and retrieval-induced 
forgetting of unpracticed competitors (RP-) regardless of their affective salience. 

Neutral/Neutral refers to cues with only neutral associates.  Neutral/Negative refers to 
cues with both neutral and negative associates. Please note that for Neutral/Negative 

cues, only neutral items appeared in the RP+ condition and only negative items 
appeared in the RP- condition, with NRP items comprising both neutral and negative 

items. Means (standard deviations). 

 Neutral/Neutral Neutral/Negative Overall 
RP+ 32.9 % (18.6) 35.9 % (17.6) 34.4 % (15.3) 
NRP 20.3 % (14.6) 22.7 % (14.5) 21.5 % (14.1) 
RP- 17.7 % (15.5) 17.7 % (12.2) 17.7 % (12.4) 

 

Analyses of participant performance on the final recall test indicated that the affective 

status of mnemonic competitors did not modulate either retrieval practice or retrieval-
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induced forgetting effects.  To confirm this finding at the level of individual items, an 

item analysis was conducted for each associate employed in the present study.  Valence 

and arousal ratings from an independent sample of participants (N = 46) were 

employed.  A suppression score was computed for each item by calculating the 

difference between recall rates in the NRP and RP- condition and dividing that 

difference by the NRP recall rate [(NRP - RP-)/NRP] (Kuhl, et al., 2007).  An 

enhancement score was similarly calculated [(RP+ - NRP)/NRP].  Correlation analyses 

were then conducted to assess whether a significant relationship between either valence 

or arousal and suppression or enhancements scores exists.  None of these correlations 

was significant, p’s > .3.  Therefore, these findings parallel those produced by analyses 

conducted at the participant level, with neither valence nor arousal tracking the 

likelihood of benefiting from retrieval practice or susceptibility to retrieval-induced 

forgetting.  Thus, affect does not appear to modulate the mnemonic behavioral effects 

examined in the present experiment.   

5.3.2 Neuroimaging Results  

5.3.2.1 Overall effects of selective retrieval attempts 

Previous investigations have implicated prefrontal cortex, lateral parietal cortex, 

and medial temporal cortex in selective retrieval (M. C. Anderson, et al., 2004; Depue, et 

al., 2007; Kuhl, et al., 2007; Kuhl, Kahn, Dudukovic, & Wagner, 2008; Wimber, et al., 

2008; Wimber, Rutschmann, Greenlee, & Baeuml, 2009).  Initial analyses sought to 

evaluate if similar networks of regions were also engaged during the retrieval practice 

phase, when retrieving targets in the face of both neutral and negative competitors 

stored in long-term memory.  Overall, anterior cingulate cortex, supplementary motor 

area, lateral prefrontal cortex (especially ventrolateral prefrontal cortex), insula, lateral 

parietal cortex, occipital cortex, and hippocampus were engaged when retrieving targets 
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regardless of competitor affective status (Figure 12, Table 12).  To assess if any regions 

were uniquely engaged during selective retrieval based on competitor affective status, 

direct comparisons were made between the two types of retrieval (i.e., Negative 

competitors > Neutral competitors, Neutral competitors > Negative competitors).  

Neither comparison yielded any significant activations in whole-brain analyses.  Thus, it 

appears that a similar network subserves selective retrieval regardless of the affective 

status of mnemonic competitors.  

 

Figure 12: Activation maps for the main effects of selective retrieval. A) Effects 
of retrieving targets from amongst neutral competitors. B) Effects of retrieving targets 

from amongst negative competitors. Both types of selective retrieval recruited a 
similar network of regions, including lateral prefrontal cortex, insula, dorsal anterior 

cingulate cortex, hippocampus, and visual cortex. FDR corrected p < .05, k = 5. 

Table 12: Peak activation foci for the main effects of selective retrieval.  FDR p 
< .05, k = 5. 

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Extent 

(voxels) 

 
 

Z 
Selecting target from amongst neutral competitors 
Dorsal anterior cingulate cortex, 

occipital cortex, lateral parietal 
cortex, supplementary motor 
area, insula, ventrolateral 
prefrontal cortex, 
hippocampus, amygdala 

L/M/R 32 -12, 21, 39 30,597 7.67 

Lateral parietal cortex R 40 66, -36, 21 60 3.72 
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Orbitofrontal cortex L 11 -21, 45, -21 18 3.29 
      

Selecting target from amongst negative competitors 
Occipital cortex, lateral parietal 

cortex, supplementary motor 
area, dorsal anterior cingulate 
cortex, insula, ventrolateral 
prefrontal cortex, 
hippocampus, amygdala 

L/M/R 37 -36, -54, -21 29,803 7.06 

Orbitofrontal cortex L 11 -21, 42, -21 34 3.93 
Lateral temporoparietal cortex R 40 66, -36, 21 28 3.30 
Orbitofrontal cortex R 11 21, 63, -18 11 2.54 
Lateral temporal cortex R 41 48, -27, 3 14 2.42 
Parahippocampal Gyrus R 20 36, -6, -30 7 2.38 
Ventrolateral frontal cortex R 6 54, -15, 21 9 2.24 
Orbitofrontal cortex R 10/11 51, 51, -18 5 2.20 
5.3.2.2 Regions exhibiting decreases in activation over multiple retrieval attempts 

Mnemonic interference resolution processes engaged during selective retrieval 

diminish competition from other representations stored in memory and facilitate 

successful retrieval of targeted memories.  Mnemonic interference resolution not only 

maintains concordance between the contents of long-term memory and an individual’s 

goals but also alleviates demands on executive resources during retrieval (Kuhl, et al., 

2007).  Decreased activation across multiple retrieval attempts can therefore reflect 

multiple aspects of mnemonic interference resolution.  First, regions may exhibit 

decreased activation due to decreased detection of competition during retrieval, as fewer 

competitors should interfere with retrieval as resolution processes exert their influence.  

Second, regions may exhibit decreased activation due to decreased instantiation of 

executive control processes, which will be less heavily mobilized as resolution processes 

mitigate interference across multiple retrievals.  To establish which regions exhibited 

decreases in activation across multiple retrieval attempts, activation on the first retrieval 

attempt was contrasted with activation on the final retrieval attempt for both targets 

with neutral and negative competitors (Figure 13, Table 13).  In both cases, ventrolateral 

prefrontal cortex, especially mid-ventrolateral prefrontal cortex, and supplementary 
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motor area exhibited decreases in activation across multiple retrieval attempts.  Both of 

these regions are consistent with the conflict monitoring account of mnemonic 

interference resolution (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Kuhl, et al., 

2007; MacDonald, Cohen, Stenger, & Carter, 2000), which posits that supplementary 

motor area supports conflict detection and ventrolateral prefrontal cortex supports 

conflict resolution.  Interaction analyses were conducted to assess if any regions 

exhibited greater decreases for one type of selective retrieval or the other.  No such 

regions were detected in whole-brain analyses.  Therefore, it appears that both 

supplementary motor area and ventrolateral prefrontal cortex support mnemonic 

interference resolution processes regardless of the affective status of mnemonic 

competitors.  However, these analyses were conducted across all attempted retrievals, 

regardless of retrieval success.  As a confirmatory analysis, a second model was 

analyzed that distinguished between successful and unsuccessful retrieval attempts.  

Restricting analyses to successful retrievals, regions that exhibited decreases in 

activation across multiple attempts were again identified (Table 14).  This confirmatory 

analysis echoed the findings from the main analysis: ventrolateral prefrontal cortex and 

supplementary motor area exhibited decreased activation across multiple successful 

retrievals regardless of the affective status of mnemonic competitors.  Similarly, 

interaction analyses did not identify any regions that uniquely exhibited these decreases 

in either condition.  Thus, it appears that both ventrolateral prefrontal cortex and 

supplementary motor cortex play a critical role in mnemonic interference resolution 

regardless of the affective status of mnemonic competitors. 
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Figure 13: Regions that exhibited decreases in activation from the first retrieval 
attempt to the final retrieval attempt when A) retrieving targets from amongst neutral 
competitors or B) retrieving targets from amongst negative competitors. In both cases 
ventrolateral prefrontal cortex and supplementary motor area exhibited decreases in 

activation from the first to the final retrieval. FDR corrected p < .05, k = 5. 

Table 13: Peak activation foci for the contrast of the first versus the final 
retrieval attempt.  FDR p < .05, k = 5. 

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Extent 

(voxels) 

 
 

Z 
Selecting target from amongst neutral competitors: First > Final Attempt 
Dorsal anterior cingulate cortex, 

supplementary motor area 
M 32 -9, 18, 48 477 5.69 

Dorsolateral prefrontal cortex, 
ventrolateral prefrontal 
cortex, insula 

L 6 -57, 9, 42 1207 5.46 

Lateral occipital cortex, lateral 
temporal cortex 

R 19 30, -78, 12 1138 4.89 

Insula, ventrolateral prefrontal 
cortex 

R 47 33, 30, 3 301 4.42 

Lateral occipital cortex L 37 -48, -54, -6 175 4.27 
Lateral occipital cortex L 18 -30, -87, 3 97 3.99 
Dorsal anterior cingulate M 24 -3, 12, 24 16 3.95 
Lateral parietal cortex L 7 -27, -60, 45 78 3.60 
Subthalamic nucleus M  3, -15, -12 12 3.48 
Lateral parietal cortex L 7 -36, -18, 54 50 3.45 
Midbrain M  -12, -15, -9 15 3.44 
Dorsal midcingulate cortex M 24 9, -3, 30 12 3.44 
Striatum M  -9, 0, -3 15 3.33 
Dorsolateral prefrontal cortex R 6 33, 3, 48 19 3.28 
Cerebellum M  3, -63, -6 15 3.24 
Striatum R  12, 3, 0 7 3.04 
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Thalamus M  -12, -12, 12 6 3.03 
Caudate M  9, 6, 15 8 2.96 
Occipital cortex R 31 12, -69, 18 5 2.94 
Occipital cortex L 17 -12, -87, 3 8 2.94 
Thalamus M  -3, -12, 15 7 2.92 

      
Selecting target from amongst negative competitors: First > Final Attempt 
Ventrolateral prefrontal cortex L 45 -51, 33, 27 501 5.41 
Occipital cortex R 18 21, -87, 0 48 4.53 
Supplementary motor area M 6 -6, 15, 54 47 4.07 
Occipital cortex L 37 -39, -63, -9 12 3.79 

 

Table 14: Peak activation foci for the contrast of the first versus the final 
retrieval attempt for accurate retrieval trials only.  FDR p < .05, k = 5. 

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Extent 

(voxels) 

 
 

Z 
Selecting target from amongst neutral competitors: First > Final Attempt 
Ventrolateral prefrontal cortex, 

dorsolateral prefrontal cortex 
L 45 -57, 27, 15 723 4.83 

Lateral occipital cortex L 37 -51, -45, -6 146 4.76 
Supplementary motor area, 

dorsal anterior cingulate 
cortex 

M 6 -3, 12, 60 138 4.02 

Lateral occipital cortex R 37 42, -60, -6 32 3.85 
Lateral occipital cortex R 19 45, -84, -3 82 3.82 
Lateral parietal cortex L 7 -27, -60, 36 47 3.76 
Orbitofrontal cortex M 11 -9, 45, -21 6 3.73 
Lateral parietal cortex R 40 27, -60, 39 50 3.64 
Ventral prefrontal cortex R 47 30, 24, 3 28 3.54 
Superior frontal cortex L 6 -21, -3, 48 7 3.54 
Ventrolateral prefrontal cortex, 

insula 
L 47 -30, 27, 0 77 3.51 

Ventrolateral prefrtontal cortex R 44/6 48, 15, 30 9 3.42 
Ventrolateral occipital cortex R 19 39, -69, -21 6 3.27 

      
Selecting target from amongst negative competitors: First > Final Attempt 
Ventrolateral prefrontal cortex L 45 -45, 30, 24 64 5.14 
Dorsolateral prefrontal cortex L 9 -45, 12, 30 5 4.10 
Occipital cortex R 18 30, -87, 0 8 4.06 

 

5.3.2.3 Regions tracking individual differences in affective mnemonic interference 
resolution 

Analyses across all participants indicated that a similar network of regions was 

recruited during selective retrieval regardless of the affective status of mnemonic 
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competitors.  Yet this analytic approach does not account for individual differences in 

memory performance.  Specifically, regions may be differentially recruited in 

individuals who are better able to suppress negative mnemonic competitors.  To test this 

hypothesis, a relative affective mnemonic suppression score was computed for each 

participant which tracked the relative difference in their suppression scores for negative 

compared to neutral competitors [(NegNRP - NegRP-)/NegNRP - (NeutNRP - NeutRP-

)/NeutNRP], with higher scores indicating greater forgetting of negative mnemonic 

competitors compared to neutral mnemonic competitors.  This score was then employed 

as a covariate in second-level analyses to examine whether any neural regions correlated 

with this index during selective retrieval.  Initial individual differences analyses 

employing the same threshold utilized in the analyses of main effects (FDR p < .05, k = 5) 

did not yield any significant findings.  However, as individual differences analyses can 

be underpowered compared to analyses of main effects, a more liberal statistical 

threshold was employed for these analyses (p < .001 uncorrected for multiple 

comparisons, k = 5).  Although this threshold is less stringent than that employed in the 

analyses of main effects in the current study, previous reports have used a similar 

threshold (Kuhl, et al., 2007; Wimber, et al., 2008; Wimber, et al., 2009) and this threshold 

has also been reported to produce highly replicable effects (Kuhl, et al., 2007). 

Initial analyses examined if relative retrieval-induced forgetting of negative 

compared to neutral competitors covaried with differential activation in any regions 

when selecting targets from amongst negative compared to neutral competitors.  A 

positive correlation was found in orbitofrontal cortex and ventral anterior cingulate 

cortex (Figure 14A, Table 15).  That is, individuals who exhibited a larger retrieval-

induced forgetting effect for negative competitors compared to neutral competitors also 

displayed greater activation in these regions when selecting targets amid affective 



 

 153 

mnemonic interference.  Seeking to confirm these findings from all attempted retrieval 

trials, a subsequent analysis examined the same relationship on successful retrieval trials 

and also identified activation in orbitofrontal cortex and ventral anterior cingulate 

cortex.  The observed relationship with orbitofrontal cortex is consistent with previous 

reports implicating this region in updating emotional mnemonic representations 

(Nashiro, Sakaki, Nga, & Mather, 2012; Sakaki, Niki, & Mather, 2011).  Critically, the 

finding that ventral anterior cingulate cortex exhibits enhanced activation when 

confronted with affective mnemonic interference and that this relationship tracks 

subsequent suppression of competitors is consistent with the conflict monitoring 

account of retrieval-induced forgetting.  Ventral anterior cingulate cortex is 

hypothesized to play a key role in diminishing interference from irrelevant affective 

representations (Egner, 2008), complementing the present finding that this region is 

especially activated in individuals who can successfully mitigate interference from 

negative mnemonic representations.   
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Figure 14: Regions that correlated with differential suppression scores of 
negative compared to neutral mnemonic competitors.  A) Regions exhibiting a 

positive correlation with differential suppression scores and the contrast of selecting 
from among negative competitors versus neutral competitors.  Left panel depicts 

region in ventral anterior cingulate cortex, right panel depicts region in orbitofrontal 
cortex.  B) Regions exhibiting a negative correlation with differential suppression 
scores and the contrast of selecting from amongst negative competitors on the first 
versus the final retrieval attempt.  Left panel depicts amygdala activation observed.  

Right panel displays parameter estimates from this region for low versus high 
relative forgetters of negative competitors.  Imaging analyses p < .001, k = 5. Asterisk 

denotes difference of p < .05. 

Table 15: Peak activation foci for correlation analyses utilizing differential 
suppression scores of negative compared to neutral mnemonic competitors. p < .001, k 

= 5. 

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Extent 

(voxels) 

 
 

Z 
Positive Correlation: Selecting among Negative > Neutral Competitors 
Orbitofrontal cortex R 10 24, 51, 3 41 3.92 
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Temporal polar cortex L 38 -45, 18, -39 6 3.67 
Lateral prefrontal cortex R 6 72, -3, 15 7 3.65 
Lateral prefrontal cortex L 47 -60, 30, -24 6 3.65 
Temporal polar cortex R 38 30, 18, -36 5 3.59 
Temporal polar cortex R 38 45, 24, -36 7 3.57 
Ventral anterior cingulate 

cortex 
M 24 3, 27, 0 12 3.53 

      
Positive Correlation: Selecting among Negative > Neutral Competitors.  

Successful retrieval trials only. 
Dorsal anterior cingulate 

cortex 
M 32 -15, 36, 18 27 3.91 

Orbitofrontal cortex M 10 -3, 72, 0 9 3.89 
Insula L  -27, 21, 18 12 3.73 
Ventral anterior cingulate 

cortex M 24 6, 24, 0 18 3.52 

      
Negative Correlation: Selecting among negative competitors, First > Final 
Retrieval.  
Amygdala R  18, -3, -24 19 4.20 
Lateral frontal cortex L 4 -54, -9, 54 9 3.58 

      
Negative Correlation: Selecting among negative competitors, First > Final 

Retrieval.  Successful retrieval trials only. 
Amygdala R  21, -3, -24 22 4.36 

 

Over the course of multiple retrieval attempts, both ventrolateral prefrontal 

cortex and supplementary motor area exhibited decreases in activation in the main 

effects analyses reported above.  To expand on this initial analysis, correlation analyses 

were conducted to identify if any regions exhibited changes in activation over multiple 

selection attempts in the face of affective mnemonic interference that tracked differences 

in relative affective mnemonic suppression.  A negative correlation was observed 

between activation in the amygdala and individual differences in relative affective 

mnemonic suppression (Figure 14B, Table 15).  A confirmatory analysis restricted only 

to successful retrieval attempts complemented these findings implicating the amygdala 

(Table 15).  Given the key role of the amygdala in affective processing and emotional 

memory (LaBar & Cabeza, 2006; Phelps, 2006), subsequent analyses were conducted to 

explore the nature of this effect.  Parameter estimates were extracted from this region for 
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both the first retrieval and the final retrieval from among negative competitors during 

the retrieval practice phase.  Relative affective mnemonic suppression scores were then 

median split to separate participants into low relative forgetters of negative competitors 

and high relative forgetters of negative competitors.  The parameter estimates were then 

analyzed using a repeated-measures ANOVA with the within-subjects factor of retrieval 

attempt (first or last) and the between-subjects factor of relative affective forgetting 

performance (low vs high; Figure 3B).  This analysis yielded a main effect of retrieval 

attempt, F(1, 23) = 4.846, p = .039, but no significant main effect of forgetting 

performance, F(1, 23) = 0.007, p = .932.  However, these main effects were qualified by a 

significant interaction, F(1, 23) = 4.966, p = .036.  Subsequent pairwise t-tests indicated 

that low relative forgetters of negative competitors did not exhibit any changes in 

amygdala activation from the first retrieval attempt to the final retrieval attempt, t(11) = 

0.019, p = .985.  However, high relative forgetters of negative competitors displayed 

significant changes in amygdala activation from the first to the final retrieval attempt, 

t(11) = 3.246, p = .008.  Thus, amygdala activation was dynamic over the course of 

multiple selective retrieval attempts, but only for high forgetters of negative 

competitors.  This shift in activation for high forgetters of negative competitors may 

reflect several different cognitive processes.  First, this alteration in activation may 

reflect alterations in the mnemonic representations of competitors over the course of 

selective retrieval, perhaps tracking their progressive inhibition.  Second, this shift in 

amygdala activation may also reflect the diminished capacity of negative mnemonic 

representations to compete for awareness over the course of selective retrieval.  In either 

case, the observed changes in amygdala activation seem to reflect the gradual 

instantiation of mnemonic control when selecting memories from amongst negative 

competitors. 
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5.3.2.4 Psychophysiological interactions with mid-VLPFC when confronted with 
affective mnemonic interference 

Mid-ventrolateral prefrontal cortex exhibited decreases in activation over the 

course of selective retrieval both when mnemonic competitors were negative and when 

they were neutral, consistent with previous reports linking this region with mnemonic 

interference resolution (Badre & Wagner, 2007; Wimber, et al., 2008).  While this region 

was overall active for both negative and neutral mnemonic interference, it could have 

been interacting with different regions during the course of selective retrieval.  In 

particular, if mid-ventrolateral prefrontal cortex served as a domain-general indicator of 

mnemonic interference, it might recruit other regions in a domain-specific fashion based 

on the affective nature of the competition.  PPI analyses were conducted to test this 

hypothesis.  Activation in left mid-ventrolateral prefrontal cortex was employed in 

conjunction with the contrast of the first attempted retrieval when confronted with 

negative mnemonic competition and the first attempted retrieval when confronted with 

neutral mnemonic competition.  This analysis identified a region of ventral anterior 

cingulate cortex that showed greater connectivity with left mid-ventrolateral prefrontal 

cortex when interference was affective in nature (Figure 15, Table 16).  This finding is 

consistent with the notion that mid-ventrolateral prefrontal cortex might interact with 

different neural regions in the face of affective mnemonic interference, as interference 

should be maximal on the first retrieval attempt.  By the final retrieval attempt, however, 

interference resolution should have been largely enacted, and competitors will be less 

likely to interfere during selective retrieval.  Therefore, this relationship would likely not 

be observed on the final retrieval attempt.  A PPI analysis examining connectivity with 

mid-ventrolateral prefrontal cortex on the final retrieval attempt yielded no regions that 

showed greater connectivity when competitors were negative compared to when they 

were neutral.  This finding is consistent with the hypothesis that these regions would be 
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most likely to interact when interference and demand for mnemonic control was 

greatest. 

 

Figure 15: Psychophysiological interaction analyses examined regions that 
exhibited enhanced connectivity with mid-ventrolateral prefrontal cortex (BA 45) 

when first attempting to retrieve a target from amongst negative compared to neutral 
competitors.  Red: All first retrieval attempts.  Green: Only successful first retrieval 

attempts.  Yellow: spatial overlap.  Note that the only region identified in both 
analyses was the ventral anterior cingulate cortex.  p < .005, k = 5. 

These PPI analyses were conducted in an exploratory fashion and therefore 

employed a less stringent threshold (p < .005, k = 5).  As a confirmation, the analysis was 

repeated, this time restricted only to successful initial retrieval attempts.  As with the 

previous analysis, this analysis also identified enhanced connectivity between mid-

ventrolateral prefrontal cortex and ventral anterior cingulate cortex on initial retrieval 

attempts when competition was generated by negative compared to neutral mnemonic 

representations (Figure 15, Table 16).  Thus, it appears that ventral anterior cingulate 

cortex may play a critical role in affective mnemonic interference resolution.  

Table 16: Peak activation foci from psychophysiological interaction analyses 
employing a seed from mid-ventrolateral prefrontal cortex (BA 45) and the contrast 
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between the first retrieval from amongst negative competitors and the first retrieval 
from amongst neutral competitors. p < .005, k = 5. 

 
 

Regions 

 
 

Hemisphere 

 
 

BA 

MNI 
Coordinates 

(x,y,z) 

Cluster 
Extent 

(voxels) 

 
 

Z 
First retrieval from amongst Negative > Neutral Competitors 
Lateral temporal cortex L 21 -60, -48, 6 12 3.06 
Ventral anterior cingulate 

cortex 
M 25 -9, 18, -18 12 3.05 

Supplementary motor area M 6 -9, 21, 54 12 3.02 
Lateral temporal cortex L 21 -60, -21, -9 9 2.89 
Lateral temporal cortex L 21 -57, -36, -15 6 2.88 
Lateral temporal cortex L 21 -51, -18, -15 5 2.67 

      
First retrieval from amongst Negative > Neutral Competitors.  Successful 
retrieval trials only. 
Ventral anterior cingulate 

cortex 
M 25 -9, 21, -21 13 3.29 

5.4 Discussion  
The present experiment sought to characterize the neural correlates of affective 

mnemonic interference resolution.  Generally, the present findings support the three 

main hypotheses this experiment examined.  First, several domain-general regions were 

identified that support mnemonic control regardless of the affective nature of 

competitors.  During selective retrieval, ventrolateral prefrontal cortex, dorsal anterior 

cingulate cortex, and supplementary motor area were engaged when selecting targets, 

amidst distraction from either negative or neutral competitors.  Interference and 

demands on control decrease across multiple retrieval attempts, and corresponding 

decreases in activation were observed in supplementary motor area and ventrolateral 

prefrontal cortex.  Second, although similar regions were generally identified when 

retrieving targets in the face of either negative or neutral sources of competition, these 

regions exhibited differential connectivity based on the affective status of competitors.  

PPI analyses revealed ventrolateral prefrontal cortex showed greater coupling with 

ventral anterior cingulate cortex when resolving interference from negative compared to 
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neutral competitors, consistent with this region’s putative role in affective interference 

resolution.  Individual differences analyses further revealed that participants who 

demonstrated greater relative forgetting of negative competitors also exhibited greater 

activation in orbitofrontal cortex as well as ventral anterior cingulate cortex during 

selective retrieval, further highlighting a critical role for ventral anterior cingulate cortex 

in enacting control over negative mnemonic representations.  Finally, participants who 

forgot relatively more negative competitors also exhibited alterations in their amygdala 

activation over the course of multiple selective retrieval attempts, consistent with 

alterations in underlying mnemonic representations during affective mnemonic 

interference resolution.   

The present experiment did not identify any significant differences in final 

behavioral recall performance between affectively negative and neutral mnemonic 

associates.  Both traditional analyses and item analyses indicated that both affective 

classes of stimuli experienced similar levels of suppression when they served as 

mnemonic competitors during selective retrieval, consistent with the findings reported 

in Chapter 4.  These similar retrieval-induced forgetting effects reflect the efficacy of 

mnemonic control operations in resolving mnemonic competition regardless of the 

affective status of the interfering representations.  Indeed, the lack of a significant 

behavioral effect makes it unlikely that the observed differences in neural regions 

supporting mnemonic interference resolution when confronted with negative compared 

to neutral competitors are driven by behavioral differences.  In fact, several studies 

examining attentional affective interference resolution also reported similar behavioral 

effects across affective and non-affective distracters yet observed neural regions that 

were specifically recruited in response to affective interference (e.g., Bishop, et al., 2004a; 

Egner, Etkin, Gale, & Hirsch, 2008).  Importantly, variability in relative forgetting of 
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negative compared to neutral competitors was observed across participants and enabled 

the examination of neural regions that tracked this interindividual variability.   

The neural regions identified in the present experiment as supporting affective 

mnemonic interference are broadly consistent with the literature on mnemonic control.  

The involvement of lateral prefrontal cortex and dorsal medial prefrontal cortex during 

selective retrieval is consistent with previous studies comparing selective and non-

selective mnemonic processes (Johansson, et al., 2006; Wimber, et al., 2008; Wimber, et 

al., 2009).  Consistent with predictions from computational modeling (Norman, et al., 

2007) and previous neuroimaging demonstrations (Depue, et al., 2007; Kuhl, et al., 2007), 

activation in these regions also decreased across multiple retrieval attempts, likely 

reflecting diminished interference and reduced demands on control processes.  Regions 

identified as tracking individual differences in relative forgetting of negative 

competitors are also consistent with previous reports that orbitofrontal cortex is 

involved in the updating of emotional memories (Nashiro, et al., 2012; Sakaki, et al., 

2011).  Critically, the finding that amygdala activation changes in response to mnemonic 

control is consistent with other findings in the literature (Depue, et al., 2007) and 

suggests dynamic changes in the mnemonic representations of affective competitors in 

response to interference resolution processes.   

  The present findings are highly consistent with accounts of mnemonic 

interference resolution that build on conflict monitoring theory.  These accounts posit 

that dorsal anterior cingulate cortex and lateral prefrontal cortex play key roles in the 

detection and resolution of mnemonic interference, respectively (Kuhl, et al., 2007).  

Findings from the selective attention literature have demonstrated that ventral anterior 

cingulate cortex serves a key role in resolving interference from affectively salient 

stimuli in the external environment (Egner, 2008; Egner, Etkin, et al., 2008; Etkin, et al., 
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2006).  One of the central aims of the present study was to test the conflict monitoring 

account of mnemonic control by examining if ventral anterior cingulate cortex was also 

recruited in a domain-specific fashion to resolve affective mnemonic interference.  The 

current results are commensurate with this prediction.  As with the selective attention 

literature, dorsal anterior cingulate cortex and lateral prefrontal cortex were recruited in 

a domain-general fashion in response to interference.  The observed increased coupling 

between ventrolateral prefrontal cortex and ventral anterior cingulate cortex 

demonstrates that domain-specific mechanisms were engaged during affective 

mnemonic interference resolution in a manner that parallels processes mobilized in 

response to external affective competitors.  The observed relationship between activation 

in ventral anterior cingulate cortex and enhanced forgetting of negative competitors also 

highlights a role for this region in resolving interference.  The parallels between the 

mechanisms underlying affective interference resolution in both attention and memory 

supports the hypothesis that a similar neural architecture responds to competing, goal-

irrelevant affective representations regardless of whether those representations are 

generated by external or internal stimuli.  

Given the current experiment’s aim of testing the conflict monitoring account of 

mnemonic interference resolution, the current chapter has focused on control processes 

that support retrieval.  However, it is important to note that some theoretical accounts 

reject control as a mechanism of suppressing mnemonic competitors and focus 

exclusively on the role of interference in generating forgetting (Butler, et al., 2001; Camp, 

et al., 2007; Corbetta & Shulman, 2002; C. C. Williams & Zacks, 2001).  While 

acknowledging these divergent accounts of forgetting following selective retrieval, there 

are several lines of evidence that support a role for executive control.  First, forgetting 

following selective retrieval has been shown to extend to multiple testing methods 
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(Gomez-Ariza, et al., 2005; Hicks & Starns, 2004; Roman, et al., 2009; Spitzer, et al., 2009), 

indicating that forgetting degrades mnemonic representations themselves and not 

merely their associations with present testing cues or methods.  Second, findings from 

neuroimaging studies, including the present one, support a role for top-down control in 

supporting forgetting, as prefrontal mechanisms guide selective retrieval and correlate 

with the suppression of competitors (M. C. Anderson, et al., 2004; Johansson, et al., 2006; 

Kuhl, et al., 2007; Paz-Alonso, Bunge, Anderson, & Ghetti, 2013; Spitzer, et al., 2009; 

Wimber, et al., 2009).  Both passive interference and control contribute to diminishing 

competition from distracters, and the present study highlights the role of control 

processes in enacting mnemonic interference resolution.  

The current demonstration characterized the neural regions engaged during 

selective retrieval over the course of multiple recall attempts where memories were 

consistently either targets or competitors.  It would be interesting to examine whether a 

similar network of regions also supports the retrieval of items that were previously 

competitors, helping them overcome the effects of earlier suppression.  Some evidence 

suggests that similar mechanisms would underlie this process (Kuhl, Kahn, Dudukovic, 

& Wagner, 2008; Wimber, et al., 2008), and it would be interesting to assess if some of 

the regions observed here to be specifically engaged when affective stimuli are 

competitors would also be engaged when weakened affective memories become the 

targets of retrieval.   

Overall, the current experiment demonstrates the presence of both domain-

general neural regions that support mnemonic interference resolution regardless of the 

affective nature of competition and domain-specific regions that are specifically 

recruited in response to interfering affective representations.  These findings are 

congruent with theoretical accounts of mnemonic control derived from conflict 
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monitoring theory.  The current findings support a role for ventral anterior cingulate 

cortex in resolving interference from affective representations and provide insight into 

the mechanisms underlying mnemonic control processes more broadly. 
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6 General Discussion 
The present dissertation examined phenomena related to affective interference 

resolution, exploring effects in the domains of both attention and memory.  The 

experiments documented here combined both behavioral and neuroimaging 

investigation techniques to characterize the psychological effects related to affective 

interference resolution and delineate the neural mechanisms underlying these processes.  

Chapters 2 and 3 focused on affective interference generated by task-irrelevant external 

stimuli.  Chapter 2 employed a face-word Stroop paradigm designed to test several key 

assumptions regarding the impact of emotional distracters on performance.  Chapter 3 

investigated the interaction between bottom-up and top-down signals in modulating the 

influence of emotional distracters on performance.  Chapters 4 and 5 transitioned from 

examining the impact of external stimuli to exploring the effects of interference arising 

from task-irrelevant emotional memories.  Chapter 4 outlined a series of behavioral 

investigations demonstrating that affective memories are susceptible to interference 

resolution processes in memory.  Chapter 5 characterized the neural regions that 

support affective mnemonic interference resolution, bridging between theoretical 

accounts of mnemonic control and emotional control processes.  As a whole, this work 

demonstrates both that emotion can produce cognitive and behavioral shifts and that 

top-down mechanisms can mitigate that influence.  

Several of the experiments described in the present dissertation produced 

findings demonstrating the ability of affective stimulus-driven signals to alter cognition 

and behavior.  Chapter 2 described how task-irrelevant affective distracters can 

transcend task boundaries and absorb processing resources, whereas task-irrelevant 

non-affective distracters did not alter performance on an affective discrimination task.  

Chapter 3 documented how affective exogenous cues can direct spatial attention, 
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particularly in high-anxious individuals.  Experiment 3 of Chapter 4 also reported that 

negative stimuli are recalled more readily than neutral stimuli in large mnemonic sets.  

Each of these findings reflects the capacity of emotional representations to absorb 

processing resources and alter performance. 

One of the key tenets of this dissertation is that executive control signals can 

rechannel cognitive processing along goal-relevant pathways, diminishing interference 

arising from goal-irrelevant affective representations.  Chapter 3 reveals that top-down 

attentional settings can mitigate the impact of exogenous affective cues on attention, 

especially in high-anxious individuals.  Chapter 4 marshals evidence from a series of 

behavioral experiments demonstrating that interference resolution processes engaged 

during selective retrieval exert similar influence on both affective and non-affective 

memory representations.  Chapter 5 highlights the role prefrontal regions play in 

mitigating affective mnemonic interference resolution.  Across these diverse 

experiments, executive control plays a vital role in maintaining alignment between 

cognitive processing and an individual’s goals, even when confronted with task-

irrelevant emotional representations. 

Considering the present findings in the context of theories of emotion and 

executive control, theses results are consistent with elements of multiple theories.  One 

highly relevant theory is the dual competition model put forth by Luiz Pessoa (Pessoa, 

2009).  This theory builds on the biased-competition model of executive processing 

(Desimone & Duncan, 1995; Miller & Cohen, 2001) and emphasizes that emotion can 

generate interference and co-opt executive resources at multiple cognitive processing 

stages.  At the core of this theory is the idea that a common pool of resources is available 

to support different executive functions, and that emotional processing can gain 

enhanced access to those resources and thus disrupt other ongoing cognitive operations.  
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Several of the findings reported in the current dissertation are convergent with 

predictions from this theory.  The demonstration in Chapter 2 that affective distracters 

are potent at disrupting performance across task-sets, for instance, is consistent with the 

notion that these cognitive representations will gain privileged access to executive 

resources, as is the demonstration in Chapter 3 that affective exogenous cues bias spatial 

attention.   

However, elements of the current findings are also consistent with a related 

alternative theory that posits independence between affective and non-affective forms of 

interference resolution (Egner, 2008).  For example, the neural findings reported in 

Chapter 5 indicate a potentially specialized neural system (involving the ventral anterior 

cingulate cortex) for resolving interference generated by affective representations.  

Several other lines of behavioral (Egner, Etkin, et al., 2008; Etkin, Egner, Peraza, Kandel, 

& Hirsch, 2006; Kunde, et al., 2012; Maier & di Pellegrino, 2012; Soutschek & Schubert, 

2013) and neuroscience evidence also support some modularity between affective and 

non-affective forms of interference resolution.  However, this theory also supports the 

proposition that some neural regions are recruited in a domain-general fashion to serve 

executive control needs.  Perhaps the best reconciliation between this theory and dual 

competition framework is the acknowledgement that some aspects of executive control 

draw on common, pooled resources and processes whereas others are carried out by 

independent mechanisms.  The modularity theory accounts makes some predictions 

about which aspects are more likely to be interdependent (such as conflict monitoring) 

versus independent (such as conflict resolution), but future work should aim to further 

characterize the boundaries separating these two types of operations.    

The dual competition account also highlights the role that more lasting affective 

states, such as moods or motivations, have in altering executive control.  An affective 
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state like a mood can promote different cognitive orientations (e.g., Clore & Huntsinger, 

2007), bias processing in goal-congruent ways (Bower, 1981), or alter the salience of 

cognitive representations (Pessoa, 2008).  The current dissertation focused on executive 

control in the context of affective representations, but did not manipulate sustained 

affective states to assess their impact on executive processing.  Future work could 

explore the impact of emotional states on affective interference resolution.  For instance, 

would negative mood states alter the suppression of negative mnemonic competitors 

during selective retrieval?  Could reward motivations alter attentional settings and 

mitigate the capacity of affective distracters to intrude during task performance?  

Understanding the impact of lasting emotional states on executive control could also 

address the potential independence of affective and non-affective interference detection 

and resolution processes, which would help elucidate the underlying architecture 

supporting control.   

The findings outlined in the current dissertation also have relevance for clinical 

theories.  Several theories highlight the role cognitive processing plays in the 

development and maintenance of affective disorders, such as depression or anxiety.  

Although none of the experiments discussed here examined clinical populations, the 

findings do speak to current hypotheses in the clinical domain.  For instance, the 

demonstration in Chapter 3 that top-down attentional settings can counteract the effects 

of affective exogenous cues on spatial attention is consistent with recently developed 

treatments for anxiety, such as Attention Bias Modification (Bar-Haim, 2010; Hakamata, 

et al., 2010).  These findings are also consistent with hypothesized control deficits in 

anxious individuals such as those outlined in Attentional Control Theory (Eysenck, et 

al., 2007), but go a step further in suggesting a mechanism through which those deficits 

could be overcome.  The affective interference effects and the mechanisms contributing 
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to their resolution discussed in the current dissertation would be relevant to examine in 

clinical groups in future research.  

While useful to addressing the core questions that motivated the present 

dissertation, the experimental approaches employed here are not without their 

limitations.  As noted above, the present experiments did not examine effects in clinical 

populations of interest, and thus can not speak to the specifics of how these processes 

may unfold in conjunction with certain disorders.  Additionally, although the present 

experiments employed affectively salient stimuli, they did not attempt to adjudicate 

between the effects of different types of emotional inputs.  For instance, differential 

effects of positive and negative stimuli were rarely examined and the distinct effects of 

specific emotions on cognition were not interrogated.  With respect to the current neural 

findings, the neuroimaging results presented here shed light on numerous theoretical 

questions.  However, the current findings are correlational in nature and do not assess a 

causal role for the identified regions in contributing to cognitive and behavioral effects.  

Finally, many of the experimental paradigms employed here were carefully controlled 

for use in the laboratory.  Future work may seek to build on these paradigms to develop 

more ecologically valid paradigms that more closely track real-world phenomena.  For 

instance, how do the affective contingent capture results reported in Chapter 3 relate to 

the manner in which individuals freely visually sample information in their 

environment?  How might the affective retrieval-induced forgetting observed in 

Chapters 4 and 5 related to more personally relevant memories, like autobiographical 

events?  Questions such as these could be addressed by employing procedures that 

allowed more naturalistic behaviors and more closely tracked real-world scenarios.  

Overall, the central hypothesis of the current dissertation was that executive 

control alters affective influences on cognition and behavior.  Top-down, goal-driven 
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signals can modulate the impact of bottom-up, stimulus driven inputs on processing and 

guide adaptive behavior.  The current dissertation built on evidence from multiple lines 

of research in investigating affective interference resolution.  The empirical projects 

documented in this dissertation spanned both attention and memory research and 

employed behavioral and neuroimaging investigation techniques to interrogate both the 

psychological and the neural correlates of these cognitive effects and operations.  

Evidence from multiple experiments presented here demonstrates that executive control 

processes engaged in response to interference generated by task-irrelevant affective 

representations can promote adaptive behavior and maintain alignment between an 

individual’s goals and cognitive operations.  The current dissertation provides broad 

support for the importance of these executive processes in modulating the cognitive 

consequences of emotional processing.  Although many questions remain in this 

research domain, it is clear that interactions between emotion and executive control play 

a vital role in guiding complex human behaviors.  
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