
 

 

NORMATIVE AND PATHOLOGICAL EFFECTS  

OF AVERSIVE LEARNING ON SPATIAL ATTENTION  

By 

Thomas Armstrong 

 

Dissertation  

Submitted to the Faculty of the 

Graduate School of Vanderbilt University 

in partial fulfillment of the requirements 

for the degree of 

 

DOCTOR OF PHILOSOPHY 

In 

Psychology 

August 2014 

Nashville, Tennessee 

 

Approved: 

Bunmi O. Olatunji, PhD 

David H. Zald, PhD 

Adriane E. Seiffert, PhD 

Jennifer Blackford, PhD 



	
   ii	
  

ACKNOWLEDGMENTS 

 This dissertation research was made possible by the excellent training, supervision, and 

mentorship that I received as a graduate student in the Psychology Department at Vanderbilt 

University. First and foremost, I would like to thank my advisor and mentor, Bunmi Olatunji, who 

recognized my potential as an applicant many years ago and bravely extended an offer to the only 

applicant not wearing a suit.  Over the years, Bunmi has been an incredibly dedicated mentor, with 

an unparalleled commitment to seeing me achieve my potential. I was also fortunate to have 

Bunmi as a clinical supervisor at the Vanderbilt Adult Anxiety Clinic (VAAC). Although I have 

completed nearly 2000 hours of clinical training in my internship at McLean Hospital, I find that 

the 300 hours that I spent training at the VAAC with Bunmi were equally valuable and provided 

the core of my clinical competency. I was also fortunate to receive excellent clinical supervision 

and training from Denise Davis, Joe McLaughlin, Kirsten Haman, and Steve Hollon during my 

time at Vanderbilt.  

 I am also extremely grateful for the training and mentorship provided by other faculty 

members of the Psychology Department. Stephen Benning, who was initially a co-advisor of mine 

at Vanderbilt, provided me with foundational skills in computer science that proved extremely 

valuable throughout graduate school. In addition, Adriane Seiffert provided me with critical 

guidance in consulting the literature on attention for my dissertation project, and she patiently 

taught me how to program experiments in MATLAB’s Psychophysics Toolbox, a skill that proved 

essential for conducting Experiment 3 of my dissertation. I am also grateful to Randolph Blake for 

allowing me to use his eye tracking system and for providing additional guidance with my stimuli. 

Another faculty member who played a critical role in my training is Andy Tomarken. Andy has 

taught me a great deal about statistics, particularly mediational modeling, and he contributed to my 

interest in learning theory. I am also particularly grateful to David Zald, who has deeply enriched 



	
   iii	
  

my understanding of affective science, and who serves as a model for balancing the roles of 

scientist, mentor, husband, and father. In addition, I am grateful to Jenni Blackford for her 

thoughtful comments on my dissertation proposal. 

 This dissertation research would also not be possible without the time and effort of my 

research assistants. Adam Hemminger, Bettina Brennan, Laura McLenahan, Mimi Zhao, Laura 

Bilsky, and Jody Kittle all played critical roles in recruiting participants and conducting the 

experiments contained in this dissertation. I am also grateful to fellow graduate students for their 

support with computer programming, particularly David Godlove, Braden Purcell, and Maureen 

McHugo. This research was also made possible by the participants. In addition to the students at 

Vanderbilt University who served as participants in Experiments 1 and 2, I am grateful to the 

veterans who participated in Experiment 3. Many of these veterans drove over two hours to 

participate in the study and were motivated purely by the possibility of helping fellow veterans 

who suffered from post-traumatic stress disorder. I am also grateful to veteran support groups 

(e.g., The Lazarus Project, Not Alone, Veterans of Foreign Wars) that helped me advertise my 

study.  

 Finally, my research would not have been possible without financial support from 

numerous funding sources. I am grateful to the Vanderbilt College of Arts & Sciences for the 

Summer Research Award that helped fund Experiment 3. I am also grateful to the American 

Psychology Association, as well as the Society for a Science of Clinical Psychology, who also 

helped fund Experiment 3 through dissertation awards. Lastly, this research was also made 

possible by my NRSA grant from the National Institute of Mental Health.  

 

 

 



	
   iv	
  

ABSTRACT 

Classical learning theories of anxiety have been criticized for their failure to capture the 

full complexity of anxiety disorders. To address this limitation, contemporary learning theories 

have emerged, which acknowledge organismic factors that affect conditioning in its role in the 

etiology and maintenance of anxiety disorders.  However, extant research on learning processes 

and associated organismic factors in anxiety disorders remains limited.  First, there is an exclusive 

focus on fear learning, despite research suggesting that disgust is the primary emotional response 

to threat in certain anxiety disorders. Second, relatively little is known about the effects of 

aversive learning on attention, despite the large body of research on attentional biases for threat, 

which includes recent findings suggesting that attentional biases are a disease mechanism. Third, it 

is unclear how individual differences in traits that confer vulnerability for anxiety disorders 

contribute to dysfunctional fear or disgust learning. The present line of research sought to address 

these limitations by examining both normative and pathological effects of fear and disgust 

learning on spatial attention. The first aim was to contrast the acquisition and extinction of 

attentional biases for conditioned disgust and fear stimuli, and to explore traits that may 

differentially moderate these learning processes. The second aim was to examine these learning 

processes in the context of anxiety disorders in which they may be most relevant: the effects of 

disgust learning on attention were examined in contamination-based obsessive-compulsive 

disorder, and the effects of fear learning on attention were examined in post-traumatic stress 

disorder, The present research provides insight into the origins of attentional biases, and suggests a 

novel stress-diathesis model of associative learning in the etiology of anxiety-related disorders. 
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CHAPTER I 

INTRODUCTION 

 

Learning theories of anxiety disorders 

Anxiety disorders are the most frequently diagnosed category of disorders in the 

Diagnostic and Statistical Manual of Mental Disorders (DSM–5; American Psychiatric 

Association, 2013), affecting nearly one third of the U.S. population at some point during the life 

span (Kessler, Berglund, Demler, Jin, & Walters, 2005). These disorders can have devastating 

effects on daily functioning and quality of life (Olatunji, Cisler, & Tolin, 2007), and are estimated 

to cost up to $50 billion dollars annually in direct and indirect costs in the U.S. alone (Konnopka, 

Leichsenring, Leibing, & König, 2009). Although empirically-validated treatments for anxiety 

disorders have been developed, many individuals either do not respond to treatment or experience 

symptom relapse, suggesting that there is considerable room for improving interventions 

(McManus, Grey, & Shafran, 2008). Translational research into etiological mechanisms may 

advance treatment of anxiety disorders, either by refining existing approaches or by inspiring new 

treatment targets (e.g., Najmi & Amir, 2010).   

 Learning theory has provided the foundation for a large body of translational research in 

anxiety disorders. As Lissek et al. (2005) note, early founders of the behaviorist movement in 

psychology (Pavlov, 1927; Watson & Rayner, 1920) speculated that human neuroses could be 

understood and treated according to basic learning principles.  In particular, classical or Pavlovian 

conditioning has provided a useful framework for understanding the origin and maintenance of 

fear and anxiety (e.g., Mineka & Zinbarg, 2006). Classical conditioning occurs when an organism 

learns that an object or event (conditioned stimulus; CS) predicts a motivationally-relevant 

outcome, such as a reward or punishment (unconditioned stimulus; US) and begins to respond to 
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the CS with a response more appropriate to the US (conditioned response; CR).  According to 

learning theorists, one might develop pathological anxiety after being bit by a dog or humiliated at 

school, due to the strong association formed between the CS (i.e., dog or social interaction) and 

the US (i.e., pain or rejection) that allows the CS to elicit a potent CR (i.e., fear or anxiety). The 

plausibility of classical conditioning as a cause of anxiety disorders draws support by observations 

of post-traumatic stress disorder (PTSD) in response to wartime trauma (Flanagan, 1948), by 

reports of specific phobia following a traumatic encounter with the phobic object (Di Nardo et al., 

1988), and by a few rare cases in which children subjected to classical conditioning experiments 

developed phobias for the CS (e.g. “Little Albert”; Watson & Rayner, 1920). 

Classical conditioning may also provide insight into the maintenance of anxiety disorders. 

A general principle of learning is that conditioned responses attenuate with repeated exposure to 

the CS in the absence of the US (Myers & Davis, 2007). This process of fear “extinction” may be 

impaired by avoidance of the CS once it develops the capacity to elicit CR’s. For example, a 

spider phobic’s consistent avoidance of spiders may prevent her from learning that a spider’s 

presence does not predict pain or bodily harm, thereby maintaining the CS-US association as well 

as CRs to spiders. Consistent with the principle of extinction, treatments based in exposure to 

feared stimuli have been found to reduce fear responses across anxiety disorders (Foa & Kozak, 

1986).  

While many of the core tenets of behaviorism remain intact in contemporary learning 

theories of anxiety, several findings have proven irreconcilable with “first wave” theories (see 

Rachman, 1991).  For example, learning has been found to occur through verbal instruction or 

vicarious observation, or through later re-evaluation of previously encountered stimuli (Mineka & 

Zinbarg, 2006). Accordingly, learning theorists no longer insist that fear conditioning only results 

from the direct experience of the CS and US in close temporal contiguity. In addition, there appear 
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to be considerable individual differences in fear learning following a traumatic event (e.g., 

witnessing war or being attacked by an animal). For example, whereas 50-60% of individuals will 

experience a traumatic event in their lifetime, only 7-8% of the population will develop PTSD 

(e.g., Kessler, Sonnega, Bromet, Hughes, & Nelson, 1995). Although some of this variation may 

be accounted for by prior learning experiences (Bouton, Mineka, & Barlow, 2001), intrapersonal 

factors (e.g., temperament) also appear to explain individual differences in fear conditioning 

(Mineka & Zinbarg, 2006). Accordingly, learning theories of anxiety now accommodate 

organismic factors that influence learning and may thereby confer vulnerability to anxiety 

disorders (Mineka & Zinbarg, 2006). Indeed, one of the more fruitful lines of contemporary 

research from the learning perspective has focused on individual differences in acquisition and 

retention of conditioned responses (see Lissek et al., 2005).  

Limitations of contemporary learning theories of anxiety 

Although learning theories have been repeatedly elaborated to accommodate the 

complexity of anxiety disorders, they remain limited by an exclusive focus on fear learning. 

Accounts of emotional processing in anxiety disorders (e.g., Foa & Kozak, 1986) have 

traditionally been restricted to fear; however, recent research suggests that disgust is the primary 

response to threat in certain disorders, for example, blood-injection-injury (BII) phobia and 

contamination-based obsessive-compulsive disorder (OCD; Olatunji, Cisler, McKay, & Phillips, 

2010). Disgust is a basic emotion originating in the distaste reaction, which is abstracted through 

socialization to target a broad class of disease risks (Rozin & Fallon, 1987). Whereas fear 

motivates avoidance of urgent threats to physical safety, disgust motivates avoidance of less 

demanding threats to hygiene and purity (Woody & Teachman, 2001). Disgust may also be 

distinguished from fear in that it motivates avoidance of “mental contact” with certain stimuli by 

causing displeasure at merely perceiving, imagining, or contemplating these stimuli (e.g., invasive 
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surgical procedures, taboo sexual behaviors; Royzman & Sabini, 2001). Accordingly, disgust is 

conceptualized as protecting the mind in addition to the body (Rozin & Fallon, 1987).  

Although there has been considerable research on conditioned taste aversion and nausea 

(e.g., Burish & Carey, 1986), research on conditioning of disgust per se is in its infancy. However, 

the extant research has yielded intriguing findings. First, disgust associations appear to be more 

resistant to extinction, compared to fear associations (Olatunji, Forsyth, & Cherlon, 2007), in line 

with research documenting the persistence of conditioned taste aversion (see Bouton, 2007). Also, 

individual differences in disgust sensitivity (Haidt, McCauley, & Rozin, 1994), a trait capturing 

how often and how intensely one experiences disgust, have been found to predict the acquisition 

of disgust associations (Olatunji, Tomarken, & Puncochar, 2013). This would suggest that disgust 

sensitivity may be a vulnerability factor for developing anxiety disorders in which disgust plays a 

prominent role. However, research on disgust learning in the context of specific anxiety disorders 

is lacking, and the few preliminary findings—all from studies of BII phobia—have been mixed. 

Shienle, Stark, and Veitl (2001) did not find an association between disgust sensitivity and disgust 

conditioning, and also did not find compelling evidence of increased disgust conditioning in BII 

fearful versus non-fearful individuals. Likewise, Olatunji, Lohr, Sawchuk, and Westendorf (2005) 

failed to find increased disgust conditioning in BII fearful versus non-fearful participants. 

However, in a study with a larger sample size, Olatunji, Lohr, Smits, Sawchuk, and Patten (2009) 

did find increased disgust conditioning in BII fearful versus non-fearful participants, and further 

found that disgust sensitivity was associated with stronger disgust conditioning.  

Conditioning research in anxiety disorders is also limited in terms of the CRs examined. 

Studies of anxious populations have focused almost exclusively on self-report and 

psychophysiological indices of fear (Lissek et al., 2005). However, research using unselected 

samples suggests that fear CRs may extend to attention allocation. These studies have observed an 
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attentional bias toward CS+s following fear conditioning (e.g., Pischek-Simpson, Boschek, 

Neumann, & Waters, 2009) that attenuates with extinction (e.g., Van Damme, Crombez, Hermans, 

Koster, & Eccleston, 2006), consistent with other CRs. Although some of these studies have 

observed a positive correlation between trait anxiety and acquisition of attentional bias for fear 

CS+s (Lee, Lim, Lee, Kim, & Choi, 2009), there have been no direct investigations of the effects 

of fear learning on attention in patients with anxiety disorders. Assessing more distal forms of 

conditioned responding, such as attention allocation or behavioral avoidance, is important because 

these responses may provide a mechanism through which conditioned emotional responses 

contribute to the etiology or maintenance of anxiety disorders (Beckers et al., 2013). 

The lack of research on aversive learning and attentional bias is surprising, given the vast 

amount of research on attentional bias towards threat in anxiety disorders (Bar-Haim, Lamy, 

Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007). It has been well-established that 

attentional biases towards threat characterize anxiety disorders and attenuate following successful 

treatment of anxiety. However, only recently have researchers sought direct evidence that 

attentional biases are a causal mechanism as opposed to a mere symptom of anxiety disorders. 

Computerized training procedures that attempt to “reverse” attentional bias toward threat have 

been found to provide lasting symptom relief (Amir, Beard, Burns, & Bomyea, 2009). Indeed, a 

recent meta-analysis found symptom reduction following bias attenuation to be a reliable 

phenomenon (Hakamata et al., 2010). While it is possible that symptom amelioration results from 

the effect of training on attentional control, as opposed to the reduction of bias towards threat 

specifically, training procedures that induce biases toward threat have been found to increase 

vulnerability to distress (MacLeod, Rutherford, Campbell, Ebsworthy & Holker, 2002; although 

see Klumpp & Amir, 2009), suggesting that a tendency to attend to threat could contribute to the 

etiology and maintenance of anxiety.  Research into the effects of aversive learning on attentional 
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biases could provide insight into the origins of attentional bias, and in turn provide a deeper 

understanding of the etiology of anxiety disorders.  

Clinical research applications 

Contamination-based OCD may be a good starting point for examining the effects of 

disgust learning on attention in anxiety disorders. OCD is an anxiety disorder characterized by 

intrusive thoughts (obsessions) that motivate ritualistic behavior (compulsions) that function to 

relieve distress or tension related to obsessions (APA, 2013). Phenomenologically, OCD consists 

of a small set of subtypes or symptom dimensions, of which the most commonly observed is 

contamination concerns (reported by about half of OCD patients; Rasmussen & Eisen, 1992). A 

normative function of disgust is to mediate between contamination appraisal and behavioral 

avoidance (Rozin & Fallon, 1987), suggesting that disgust could play an important role in 

contamination-based OCD. Indeed, disgust propensity has been found to uniquely predict severity 

of contamination obsessions and washing compulsions (see Olatunji et al., 2010), and to mediate 

symptom reductions following successful cognitive behavioral therapy for OCD (Olatunji, Tart, 

Ciesielski, McGrath, & Smits, 2011).  

In addition to being characterized by excessive disgust, contamination-based OCD is the 

subtype of OCD most reliably characterized by attentional bias for threat (Summerfeldt & Endler, 

1998). An early attentional bias toward threat has been found in multiple studies of contamination-

based OCD (e.g., Tata, Liebowitz, Prunty, Cameron, & Pickering, 1996), and this bias has been 

found to have proximal effects on behavioral avoidance (Armstrong, Sarawgi, & Olatunji, 2012; 

Najmi & Amir, 2010). However, this early bias may be more strongly related to fear versus 

disgust; Armstrong and colleagues (2012) found that fear ratings of contamination threat images 

were a stronger predictor of orienting bias than disgust ratings of these images. Indeed, basic 

research suggests that disgust and fear may have divergent effects on attention (Krusemark & Li, 
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2011); for example, a preliminary study examining the effect of disgust conditioning on attention 

found attentional avoidance of disgust CS+s (Mason & Richardson, 2010). Thus, it is possible that 

contamination-based OCD is also characterized by excessive attentional avoidance of disgust 

elicitors, a phenomenon which could contribute to excessive contamination obsessions and 

washing compulsions by preventing disgust habituation and stimulus re-appraisal (Weierich, 

Treat, & Hollingworth, 2008).  However, only one published study (e.g., Mason & Richardson, 

2010) has attempted to isolate the effects of disgust on selective attention over time; further, this 

effect has not been examined in patients with OCD.  

Similarly, a natural starting point for examining the role of fear learning in anxiety 

disorders is PTSD. PTSD is an anxiety disorder in which intrusive reminders of a traumatic event 

disrupt functioning by causing excessive arousal and avoidance of trauma cues (APA, 2013). 

According to conservative estimates, PTSD develops in 8% of soldiers exposed to combat in 

Operation Enduring Freedom and Operation Iraqi Freedom (Smith et al., 2008). PTSD is unique 

among the anxiety-related disorders, in that its diagnostic criteria involve a specific etiology, a 

traumatic event that elicits intense feelings of fear and helplessness (APA, 2013). The original 

trauma in PTSD (e.g. explosion) may be conceived of as a potent US, and many of the triggers 

(e.g., sounds and odors) for later symptoms of PTSD may be CSs associated with the initial US. 

Given the relatively seamless application of learning theories to traumatic stress, it is not 

surprising that the majority of studies applying fear conditioning to the study of anxiety disorders 

have focused on PTSD (Lissek et al., 2005).  

Although there appear to be no published studies using aversive learning paradigms to 

study attentional bias for learned threat cues in PTSD, a number of studies have documented 

attentional bias for other threat stimuli in the disorder. For example, Individuals with PTSD (or 

high-symptom analogues) show an attentional bias towards trauma-related words (e.g., Pineles, 
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Shipherd, Mostoufi, Abramovitz, & Yovel, 2009) and images (e.g., Kimble, Fleming, Bandy, 

Kim, & Zambetti, 2010). Although some individual studies have only found a bias for trauma-

related stimuli in PTSD, a review of studies using the emotional Stroop task (Cisler et al., 2011) 

found that trauma-exposed controls also display a bias for trauma-related words; interestingly, 

PTSD patients were distinguished from trauma-exposed controls by an additional bias for 

generally threatening words. Cisler and colleagues (2011) suggest that this general bias for threat 

could exist prior to trauma and confer risk for PTSD (Cisler et al., 2011). In line with this 

hypothesis, a recent study of soldiers deploying for Iraq found that a gaze bias related to fear 

expressions conferred risk for PTSD following subsequent combat stress (Beevers, Lee, Wells, 

Ellis, & Telch, et al., 2011). This general threat bias could reflect an underlying tendency to 

allocate attention to threat cues after fear learning.  

Trait moderators of conditioning 

In examining the effects of fear and disgust learning on attention in anxiety disorders, it 

may be useful to consider emotional traits that could moderate these learning processes. Individual 

differences in the propensity to experience anxiety (trait anxiety; Spielberger, Gorsuch, Lushene, 

Vagg, & Jacobs, 1983) have been found to predict skin conductance responses (SCRs) to fear 

CS+s (e.g., Davey and Matchett, 1994). In addition to being associated with the formation and 

expression of fear associations, trait anxiety is also associated with attentional biases for threat. 

Numerous studies with intrinsic threat stimuli (e.g., angry faces; Mogg, Garner, & Bradley, 2007), 

as well as a few studies with conditioned threat stimuli (e.g., Lee et al., 2009) have found greater 

attentional biases toward threat in individuals with elevated trait anxiety.   

However, there are several studies that have failed to observe relations between trait 

anxiety and fear conditioning (see Beckers et al., 2013), as well as studies failing to observe 

relations between trait anxiety and the acquisition of attentional bias through fear conditioning 
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(e.g., Notebaert et al., 2011). One hypothesis is that traits representing broad emotional 

propensities, such as trait anxiety or neuroticism, fail to show a reliable relationship to aversive 

conditioning because they are too general.  Such a relationship may only be observed for specific 

emotional sensitivities that increase reactivity to particular classes of unconditioned stimuli.  For 

example, anxiety sensitivity, a trait which encompasses the fear of bodily sensations related to 

anxious arousal (Naragon-Gainey, 2010; Olatunji & Wolitzky-Taylor, 2009), has been found to 

predict unique variance in the development of PTSD symptomatology when controlling for one’s 

general propensity to experience negative affect (Feldner, Lewis, Leen-Feldner,  Schnurr, & 

Zvolensky, 2006).  Anxiety sensitivity may uniquely contribute to the etiology of PTSD by 

increasing fear reactivity and hence fear conditioning (Feldner et al., 2006).  

Although fewer studies have examined disgust conditioning or attentional biases related to 

disgust, a similarly specific trait may be related to both phenomena. Disgust sensitivity, a trait that 

encompasses how easily and how intensely one experiences disgust (Haidt et al., 2004), has been 

found to predict the acquisition of self-reported disgust in response to disgust CS+s (Olatunji, 

Tomarken, & Puncochar, 2013). In addition, disgust sensitivity has been linked to an attentional 

bias for disgust-related stimuli, as revealed by longer color-naming latencies for disgust words in 

individuals with elevated disgust sensitivity (Charash & McKay, 2002). Accordingly, it appears 

that anxiety sensitivity and disgust sensitivity could have specific effects on aversive learning 

processes as well as aversive stimulus processing. Although these effects may be relatively 

independent, another possibility is that emotional traits contribute to attentional biases for aversive 

stimuli in part through their effects on aversive learning. Indeed, this may be one mechanism 

through which anxiety sensitivity and disgust sensitivity confer vulnerability to anxiety disorders. 
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Figure 1 presents a general model of these hypothesized effects. Under this account, 

emotional sensitivities have direct effects on unconditioned responding, which in turn lead to 

indirect effects on conditioned emotional responding, and subsequently, conditioned attentional 

bias. This general model can be further specified for the cases of disgust and fear learning. In the 

present research program, it was predicted that disgust sensitivity would increase unconditioned 

disgust responding, leading to greater conditioned disgust and greater conditioned attentional 

avoidance. In contrast, it was predicted that anxiety sensitivity would increase unconditioned fear, 

which in turn would lead to greater conditioned fear and greater conditioned vigilance for threat. 

Whereas the former disgust-based model should be relevant to the etiology of contamination-

based OCD, the latter fear-based model should be relevant to the etiology of PTSD.  

 

 

Figure I. A model of possible relations between specific emotional 
sensitivities, components of Pavlovian conditioning, and attentional bias. 
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Further methodological considerations 

This dissertation research also sought to overcome the methodological limitations of prior 

research on emotional learning and attentional bias. These prior studies have relied heavily on 

manual reaction time (RT) measures of attention, such as the emotional Stroop (Lee et al., 2009), 

modified dot probe (Pischek-Simpson et al., 2009) and spatial cueing tasks (Van Damme et al., 

2006). These measures sample attention at just one point in time, making it difficult to parse 

components of attention or to delineate the time course of attentional biases. In addition, manual 

reactions have a considerably indirect relation to attention allocation, and may be confounded by 

the effects of emotional stimuli on intervening processes such as response execution (Algom, 

Chajnut, & Lev, 2004). In light of these limitations, recent reviews (Bar-Haim et al., 2007; 

Weierich et al., 2008) have recommended the use of eye tracking to further delineate the time 

course and components of attentional biases for threat in anxiety disorders. Eye tracking allows for 

the direct and continuous measurement of saccadic eye movements, which select stimuli for high-

resolution vision through the fovea (Findlay & Gilchrist, 2004). Although eye tracking does not 

capture covert shifts of attention assessed by RT measures, in most naturalistic settings, eye 

movements are the primary means of allocating visual attention, whereas covert shifts of attention 

are relegated to guiding eye movements to locations of interest (Findlay & Gilchrist, 2004; 

Liversedge & Findlay, 2000). In addition, saccade latencies can be used as a more direct measure 

of covert attention compared to manual RTs in commonly used paradigms such as the spatial 

cueing task (e.g., Van Damme et al, 2006).  
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Overview of dissertation research 

In light of these limitations in conditioning research on anxiety disorders, the present 

research had two aims. The first aim was to delineate the normative effects of disgust and fear 

conditioning on attention (Experiment 1). Although disgust and fear are both negatively-valenced, 

avoidance-related emotions, they may have distinct effects on attention. Given that attentional 

biases may be a disease mechanism, understanding the differential effects of disgust and fear on 

attention could provide insight into anxiety disorders in which these emotions are prominent. 

However, without a basic understanding of the normative effects of fear and disgust learning on 

attention, it is difficult to proceed with research on the dysfunction of these processes in specific 

disorders. The second aim of the proposed research was to build on the exploratory research in 

Experiment 1 by examining the effects of fear and disgust learning in the context of disorders in 

which they may be most relevant. Experiment 2 extended research on the role of disgust in 

contamination-based OCD (see Olatunji et al., 2010) by examining the effects of disgust learning 

on gaze towards CSs in OCD, as well as relations between disgust learning and disgust sensitivity. 

Similarly, Experiment 3 extended research on fear learning in PTSD (see Lissek et al., 2005) by 

examining attentional bias as a CR in a classical fear learning paradigm, and by assessing anxiety 

sensitivity in addition to broader emotional traits. Together, these experiments provided the first 

systematic investigation of the normative and pathological effects of fear and disgust learning on 

attention and also shed light on the relations between specific emotional sensitivities and aversive 

learning in OCD and PTSD, respectively. 
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CHAPTER II  

EXPERIMENT 1: BASIC EFFECTS OF AVERSIVE CONDITIONING ON ATTENTION 

 

 Pavlovian fear conditioning is regarded as one of the most successful paradigms in 

translational research on anxiety disorders (Beckers, Krypotosa, Boddezb, Effting, & Kindta, 

2013). This classic procedure involves repeated pairing of an inherently aversive stimulus 

(unconditioned stimulus; US), such as an electrodermal shock, with a neutral stimulus 

(conditioned stimulus; CS). According to contemporary accounts (Bouton, 2007), an association 

forms between the US and the CS that allows the CS alone to activate the mental representation of 

the US, and thereby elicit an aversive response. The aversive response elicited by the CS 

(conditioned response; CR) often consists of an unpleasant anticipatory state related to the 

expectation of the US, as well as an evaluative response to the CS itself, caused by the apparent 

transfer of affective properties from the US to the CS (“affective” or “evaluative” learning; 

Hermans, Crombez, Vansteenwegen, Baeyens, & Eelen, 2002). Individuals with anxiety disorders 

have been found to exhibit a variety of fear learning abnormalities, including increased acquisition 

and impaired extinction of CRs (see Lissek et al., 2005), overgeneralization of CRs (Lissek et al., 

2010), and failure to inhibit CRs to safety cues (Lissek et al., 2009).  

 While conditioning research on anxiety disorders has focused mainly on fear-eliciting USs 

(e.g., CO2-enriched air, Forsyth & Eifert, 1998; a loud scream, Indovina, Robbins, Núñez-

Elizalde, Dunn, & Bishop, 2011), it may be fruitful to examine learning related to disgust-eliciting 

USs, as well. Disgust is a basic emotion that motivates avoidance of contact with pathogen sources 

such as rotting food, bodily fluids, and rodents, and thus may have evolved to prevent disease 

transmission (Matchett & Davey, 1991; Oaten, Stevenson, & Case, 2009). There is mounting 

evidence suggesting that disgust plays a role in the etiology and maintenance of certain anxiety 
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disorders (Olatunji, Cisler, McKay, & Phillips, 2010). For example, how easily and how intensely 

one experiences disgust, an individual difference known as disgust sensitivity (Haidt, McCauley, 

& Rozin, 1994), has been found to predict symptoms of obsessive-compulsive disorder (OCD), 

blood-injection-injury (BII) phobia, and spider phobia, even when controlling for negative affect 

(Olatunji et al., 2010). Disgust sensitivity may confer risk for certain anxiety disorders by 

enhancing the acquisition and retention of disgust responses to stimuli associated with these 

disorders. Although few studies have examined Pavlovian learning of disgust, disgust sensitivity 

has been found to be associated with greater acquisition of self-report disgust CRs (Olatunji, Lohr, 

Smits, Sawchuk, & Patten, 2009), and individuals high in BII fear have been found to acquire 

more disgust, but not fear, to the CS+ in a study using BII stimuli as USs (Olatunji et al., 2009). 

 In order to fully understand the role of disgust learning in anxiety disorders, it is important 

to delineate the proximal mechanisms through which disgust may contribute to dysfunction. 

Recent findings suggest that attentional biases are a potential disease mechanism in anxiety 

disorders, as inducing attentional biases that characterize anxiety disorders appears to increase 

anxious reactivity in healthy individuals (MacLeod, Rutherford, Campbell, Ebsworthy & Holker, 

2002), and ‘reversing’ attentional biases in individuals with anxiety disorders has been found to 

provide lasting symptom relief (Schmidt, Richey, Buckner, & Timpano, 2009) and improve 

behavioral functioning (Najmi & Amir, 2010). Several Pavlovian fear conditioning studies (Kelly 

& Forsyth, 2009; Lee, Lim, Lee, Kim, & Choi, 2009; Pischek-Simpson, Boschek, Neumann, & 

Waters, 2009; Van Damme, Crombez, Hermans, Koster, & Eccleston, 2006) have documented an 

attentional bias for the CS+ that accompanies acquisition of other CRs (e.g., increased skin 

conductance; Pischek-Simpson et al., 2009), suggesting that an attentional bias is one mechanism 

through which aversive learning could contribute to anxiety disorders.  
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Whereas fear conditioning has been found to lead to an attentional bias towards the CS+, 

disgust conditioning may be associated with an attentional bias away from the CS+, as the UR to 

disgust-evoking stimuli may involve visual avoidance (Armstrong, Sarawgi, & Olatunji, 2012; 

Tolin, Lohr, Lee, & Sawchuk, 1999), due to the offensive sensory properties of disgust-evoking 

stimuli (Royzman & Sabini, 2001). Indeed, ‘attentional avoidance’ of threat appears to be most 

prominent in specific phobias, such as BII phobia (Mogg, Bradley, Miles, & Dixon, 2004) and 

spider phobia (Rinck & Becker, 2006), which may be due to the disgusting quality of stimuli in 

these disorders (Armstrong & Olatunji, 2012). Attentional avoidance is believed to play a 

functional role similar to behavioral avoidance, in that it prevents extinction and reappraisal, 

thereby maintaining harm associations (Cisler & Koster, 2010; Mogg, Mathews, & Weinman, 

1987).  

 In the first study to investigate the effects of Pavlovian disgust conditioning on attentional 

bias, Mason and Richardson (2010) found that disgust images elicited attentional avoidance, and 

that a facial stimulus came to elicit attentional avoidance after being paired with disgust images, as 

revealed by eye tracking. Interestingly, attentional avoidance of the CS+ was not affected by an 

extinction procedure, consistent with past research suggesting that disgust associations can be 

resistant to extinction (Olatunji, Forsyth, & Cherian, 2007). Mason and Richardson also found that 

disgust sensitivity was associated with the retention of attentional avoidance of the CS+ after 

extinction, but not with the initial acquisition of attentional avoidance of the CS+. However, it is 

not clear if these findings are specific to disgust learning. Attentional avoidance may be related to 

more general attributes of aversive learning, and thus may be observed for CSs associated with 

any unpleasant stimulus.  

 To determine if attentional avoidance is specific to disgust learning, the present study 

contrasted the effects of disgust learning on attention with the effects of more general aversive 
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learning, by including a condition with a US that evoked predominantly fear. Prior research along 

these lines has assessed attention with a very small number of trials, constraining the reliability of 

the attentional biases that may be observed. Accordingly, the present study assessed CS–related 

attentional bias over a larger number of trials, at three time points (post-habituation, post-

acquisition, post-extinction). It was predicted that attentional avoidance of the US and the CS+ 

would only characterize disgust learning. Second, mediational analysis was utilized to provide 

further insight into the relations between attentional bias, disgust learning, and disgust sensitivity. 

It was predicted that disgust sensitivity would lead to increased attentional avoidance of the 

disgust US through its effect on the amount of disgust experienced in response to this stimulus. 

Further, it was predicted that disgust sensitivity would lead to increased attentional avoidance of 

the disgust CS+ through its effect on attentional avoidance of the disgust US.  

Methods 

Participants 

 One-hundred and twenty participants at a Vanderbilt University participated in the 

experiment in exchange for course credit. Participants completed either a condition with a disgust-

specific US (n = 55; 76.9% female; age M = 19.36, SD = 1.28) or a condition with a generally 

aversive US that predominantly elicited fear (n = 65; 76.4% female; age M = 19.49, SD = 1.11).  

Measures 

The Disgust Scale—Revised (DS-R; Haidt et al., 1994; Modified by Olatunji et al., 2007) is 

a 25-item questionnaire assessing sensitivity to a range of disgust elicitors, including core (e.g., 

rotting food), animal-reminder (e.g., mutilation), and contamination-based (e.g., contact with 

germs) disgust domains. The DS-R had good internal consistency (α = .89) in the present study. 
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Materials and Apparatus 

The videos used as USs were selected from publically available online sources. Four 

videos of individuals vomiting were used as disgust USs; four videos of individuals being harmed 

in sudden motor vehicle accidents were used as fear USs, and four videos of different streams and 

rivers were used as control video stimuli. Videos were in color, did not contain audio, and were re-

sized to subtend a visual angle of 14.62º x 11.71º. Two male faces and two female faces were 

selected from the NimStim Face Stimulus Set (Tottenham et al., 2009). One male-female pair was 

used for the CS+ (paired with US) and CS– (paired with control videos), with gender-CS pairing 

counterbalanced (Lee et al., 2009). The other male-female pair was not presented during phases of 

the conditioning task, but was instead included as “filler” (e.g., Kellough, Beevers, Ellis, & Wells, 

2008) in the assessment of attentional biases, in order to delay habituation to the CSs. Face stimuli 

were converted to greyscale, matched for luminance and contrast, and resized to subtend a visual 

angle of 5.71º x 7.14º. Stimuli were presented using E-Prime version 2.0 software on a 17-in. 

widescreen monitor (1280 x 1024 resolution, 60 Hz). Eye movements were recorded with the 

iView X RED-III system from SensoMotoric Instruments (SMI), a video-based eye tracker with a 

dark pupil tracking method. This system has a sampling rate of 60 Hz, and a spatial resolution of 

.5º-1º. Participants’ heads were stabilized with a chinrest at a viewing distance of 60.5 cm. 

Procedure 

Participants provided informed consent to a protocol approved by the Institutional Review 

Board, and then completed the measures as well as a basic demographic survey. Participants then 

completed the following tasks on the computer:  

Conditioning procedure 

Habituation. This stage consisted of 4 non-reinforced presentations (15 s) of each CS in 

random order. Participants were instructed to look directly at the CS. CSs were preceded by a 
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fixation cross (1.5 s) and followed by an inter-trial interval (ITI; blank screen) that varied 

randomly between 12 s and 18 s.  The CSs were centered in the lower third of the screen.  

Acquisition. During this stage, the CSs were presented for 20 s in the lower third of the 

screen. After 5 s of presentation, a video began playing in the center of the screen for the 

remaining 15 s of the CS presentation. Participants were instructed to look directly at the CS until 

the video began, and then to watch the video. CSs were preceded by a fixation cross (1.5 s) and 

followed by an ITI that varied randomly between 12 s and 18 s.  The CS+ cued the US video; the 

CS– cued the control video. There were two blocks of trials, each consisting of 4 presentations of 

CS+ trials, and 4 presentations of CS– trials, presented in a random order. Eye movements were 

recorded during acquisition trials to assess gaze tendencies in response to the US. 

Reacquisition. The acquisition procedure was repeated, but with only one block (4 trials of 

the CS+ and 4 trials of the CS–) in order to reactivate the associations prior to extinction (Kelly et 

al., 2007). Eye movements were again recorded.  

Extinction.  The acquisition procedure was repeated without US presentation (8 trials of 

CS+ and 8 trials of CS–).  

Self-report CR assessment. Participants rated how disgusted and how afraid the CS’s 

made them feel using the unidimensional version of the Empirical Valence Scale (EVS; Lishner, 

Cooter, & Zald, 2008). This visual analog scale has verbal descriptors placed at empirically 

determined locations—not at all (0), barely (7), slightly (12), mildly (24), moderately (38), 

strongly (70), extremely (85), and most imaginable (100)—and is designed to reduce floor effects 

for subtle responses (such as those expected for the CSs) and to limit ceiling effects for intense 

responses (such as those expected for the USs). Ratings can be made at any point along the scale 

using a mouse cursor. CS ratings were collected after habituation, midway through and after 

acquisition, and after extinction. In addition, participants completed the same ratings procedure for 
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the US videos once they completed the conditioning procedure. Ratings were collected after a 5 s 

sample of each video.  

Eye movement CR assessment.  After the habituation, conditioning, and extinction stages 

of the conditioning procedure, an eye tracking procedure was conducted to assess attention 

allocation to the CSs.  The CS+ and CS– were presented side by side, for 3 s, with centers 

separated by 10° of visual angle. Participants were told to view the faces as they please, and were 

asked to respond to a central fixation point (X or O) that preceded the CSs by clicking or not 

clicking the mouse, in order to obscure the nature of the task (e.g., Armstrong et al., 2010).  The 

fixation point was presented for 700 ms or until participants responded. Following the CSs, the ITI 

consisted of a blank screen for 1.5 s, 2 s, or 2.5 s, varied randomly. The task consisted of 16 trials 

of the CS+ and CS–, as well as 16 “filler” trials of the male and female face not presented during 

conditioning phases. Location (right or left) was balanced for both face pairs.   

Eye movement data reduction 

Eye movement events (saccades, fixations, blinks) were defined using BeGaze 2.0 

software from SMI, and a fixation was classified as 100 ms or more in which gaze was stable 

within 1.5º of visual angle. For acquisition and reacquisition phases, the rectangle containing the 

US video was the area of interest (AOI). Total fixation duration (dwell time), averaged across 

trials, was computed for the US video and the control video for each participant. These values 

were used in Analysis of Variance (ANOVA). For correlational and mediational analyses, dwell 

time on the control video was subtracted from dwell time on the US video, in order to control for 

individual differences in fixation time on the videos that were unrelated to stimulus content (e.g., 

differences related to quality of eye tracking signal). Thus, negative values reflect visual 

avoidance of the US video relative to the control video. This variable was initially computed for 

the first half of acquisition (prior to midpoint CS ratings), for the second half of acquisition, and 
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for reacquisition. These three indices had excellent internal consistency (α = .92) and were 

combined to create a composite variable that would be more reliable, stable, and resistant to error 

(Campbell & Fiske, 1959).  For the eye movement CR assessment, the rectangles containing the 

CSs were the area of interest (AOI). We computed the average dwell time on the CS+ and the CS– 

for each assessment (i.e., after habituation, after acquisition, and after extinction). These values 

were used in ANOVAs. For correlational and mediational analyses, dwell time on the CS– was 

subtracted from dwell time on the CS+, in order to control for individual differences in fixation 

time overall. Thus, negative values on the resulting variable reflected attentional avoidance of the 

CS+ relative to the CS–.1 

Data analytic plan 

For US validation, A 2 (condition: disgust, negative) X 2 (video: US, control) X 2 

(emotion: disgust, fear) mixed-effects ANOVA was conducted on self-reported emotion to the 

videos, and a 2 (condition: disgust, negative) X 2 (video: US, control) mixed-effects ANOVA was 

conducted on fixation duration on the videos. In line with other Pavlovian conditioning studies 

(e.g., Kelly & Forsyth, 2007; Lissek et al., 2008; Mason & Richardson, 2010), CR analyses were 

conducted separately for each stage of the conditioning procedure (habituation, acquisition, 

extinction). For the self-reported emotion CR, a 2 (condition: disgust, negative) X 2 (CS: CS+, 

CS–) X 2 (emotion: fear, disgust) mixed-effects ANOVA was conducted. Self-report data from the 

midpoint and end of acquisition were collapsed together for all analyses. Analyzing only the 

endpoint acquisition ratings yielded the same pattern of results.  For the eye movement CR, a 2 

(condition: disgust, negative) X 2 (CS: CS+, CS–) mixed-effects ANOVA was conducted. In 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1 Orienting bias was also examined by considering the proportion of initial fixations captured by each CS. This 
variable may be more relevant to fear conditioning, as it shows convergent validity with reaction time variables 
(Armstrong & Olatunji, 2012) used in studies of fear conditioning (Pischek-Simpson et al., 2009). No effects were 
found on this variable in either condition. 
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addition, planned interaction contrasts were used to explore differences in CR discrimination 

between phases of the conditioning procedure (Kelly & Forsyth, 2007). Lastly, for correlational 

and mediational analyses, variables reflecting discriminant responding to the CSs (CS+ − CS–) 

and the USs (US − control) were used (e.g., Indovina et al., 2011; Lissek et al., 2008; Mason & 

Richardson, 2010). Mediation was tested using Preacher and Hayes’s (2008) boot-strapping 

procedure, which does not impose distributional assumptions often violated in smaller samples. 

Results 

Group characteristics 

Participants in the disgust and fear condition did not significantly differ in gender, χ² (1, N 

= 110) = .005; age, t (118) = .59; or disgust sensitivity, t (118) = -1.15, all ps > .05.  

US validation 

 Self-report UR assessment. There was a significant main effect of video, F (1, 118) = 

338.45, p < .001, such that regardless of condition, the US elicited more negative emotion than the 

control video, as intended. The main effect of condition was not significant, F (1, 118) = .45, p > 

.05, nor was the condition by video interaction, F (1, 118) = .23, p > .05. Thus, the conditions did 

not differ in terms of the overall negative emotion elicited by the US videos. Importantly, the 

predicted condition by video by emotion interaction was significant, F (1, 118) = 272.84, p < .001, 

indicating that the conditions differed in terms of the specific negative emotions elicited by the US 

videos. To interpret this effect, the video by emotion type interaction was examined in each 

condition separately. For the disgust condition, significant main effects of video, F (1, 54) = 

217.08, p < .001, and emotion, F (1, 54) = 219.66, p < .001, were qualified by a significant video 

by emotion interaction, F (1, 54) = 261.97, p < .001, indicating that while the disgust videos 

elicited more fear and disgust than the neutral videos, disgust was the predominant negative 

emotional reaction to the disgust videos compared to the neutral videos. Likewise, for the fear 
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condition, there were significant main effects of video, F (1, 64) = 145.36, p < .001, and emotion, 

F (1, 64) = 13.03, p < .001, qualified by a significant video by emotion interaction, F (1, 64) = 

24.65, p < .001, indicating that while the fear videos elicited more fear and disgust than the neutral 

videos, fear was the predominant emotional response to the fear videos compared to the neutral 

videos. Table I provides Ms and SDs for US ratings. 

 

  

 

Eye movement UR assessment. Significant main effects of condition, F (1, 118) = 30.56, p < 

.001, and video, F (1, 118) = 33.39, p < .001 were qualified by a condition by video interaction, F 

(1, 118) = 32.45, p < .001. To interpret this interaction, planned contrasts were conducted in each 

condition comparing fixation duration on the US video versus the control video. In the disgust 

condition, the US was viewed less (M = 7.24 s, SD = 4.27) than the control video (M = 9.53 s, SD 

= 2.47), t (54) = -6.44, p < .001, whereas in the fear condition, viewing times for the US (M = 

11.16 s, SD = 2.79) and control video (M = 11.18 s, SD = 2.00) did not differ, t (54) = -.08, p > 

.05. Thus, the disgust US was uniquely characterized by a UR of attentional avoidance.  
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Habituation 

 Self-report CR assessment. The main effect of CS, the condition by CS interaction, and 

the condition by CS by emotion interaction were all non-significant, Fs (1, 118) < 1, ps > .05. 

Thus, there were no differences in emotional responding to the CSs prior to acquisition in either 

group. Table II provides Ms and SD for all CS ratings, and Figure II depicts these ratings.  
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Eye movement CR assessment. The main effect of CS and the condition by CS interaction were 

both non-significant, Fs (1, 118) < 1, ps > .05, as there were no differences in attentional 

responses to the CSs prior to acquisition in either the disgust condition (CS+: M = 1038 ms, SD = 

180, CS–: M = 1036 ms, SD =201, t (54) = .05, p > .05) or the fear condition (CS+: M = 1026 ms, 

SD = 199, CS–: M = 1042 ms, SD =211, t (64) = -.37, p > .05). 

Figure	
  II.	
  Self-­‐reported	
  emotion	
  in	
  response	
  to	
  the	
  conditioned	
  stimuli	
  (i.e.,	
  
faces).	
  CS+	
  =	
  face	
  paired	
  with	
  unconditioned	
  stimulus	
  video;	
  CS–	
  =	
  face	
  paired	
  
with	
  control	
  video;	
  HAB	
  =	
  post-­‐habituation;	
  ACQ	
  =	
  post-­‐acquisition,	
  EXT	
  =	
  post-­‐
extinction.	
  Error	
  bars	
  represent	
  SE.	
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Acquisition  

 Self-report CR assessment. There was a significant main effect of CS, F (1, 118) = 45.67, 

p < .001, reflecting acquisition of negative emotion to the CS+ vs. CS– in both conditions. The 

condition by CS interaction was not significant, F (1, 118) = .11, p > .05, indicating that the 

overall negative emotion acquired in both conditions was similar. However, a significant condition 

by CS by emotion interaction revealed that the conditions differed in terms of the specific negative 

emotional responses that were acquired, F (1, 118) = 13.14, p < .001. To interpret this interaction, 

the main effect of CS and the CS by emotion interaction term were examined in both conditions 

separately. The main effect of CS was significant in both conditions, ps < .001. In the disgust 

condition, the CS by emotion interaction was significant, F (1, 54) = 18.77, p < .001, such that 

more disgust than fear was acquired for the CS+ relative to the CS–. However, in the fear 

condition, this interaction was not significant, F (1, 64) = .22, p > .05, such that similar levels of 

disgust and fear were acquired for the CS+ relative to the CS–.  

 Eye movement CR assessment. The main effect of CS and the condition by CS 

interaction were not significant, Fs (1, 118) < 1, ps > .05, as dwell time on the CSs did not 

significantly differ after acquisition in the disgust condition (CS+: M = 986 ms, SD =233; CS–: M 

= 1020 ms, SD = 244, t (54) = -.63, p > .05) or in the fear condition (CS+: M = 988 ms, SD =245; 

CS–: M = 987 ms, SD = 262, t (64) =  .02, p > .05). 

Extinction   

Self-report CR assessment. There was a main effect of CS, F (1, 118) = 18.60, p < .001, 

indicating that discriminant negative emotional responding to the CS+ persisted after extinction. 

The main effect of CS was not qualified by a condition by CS interaction, F (1, 118) = .47, p > 

.05, such that overall residual negative emotion to the CS+ versus CS– did not differ between 

conditions. However, a significant condition by CS by emotion interaction, F (1, 118) = 4.47, p < 
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.04 indicated that the conditions differed in terms of the specific negative emotion to the CS+ 

remaining after extinction. To interpret this interaction, the main effect of CS and the CS by 

emotion interaction term were examined in both conditions separately. The main effect of CS was 

significant in both conditions, ps < .001. In the disgust condition, the CS by emotion interaction 

was significant, F (1, 54) = 4.65, p < .04, such that more disgust than fear remained for the CS+ 

relative to the CS–. However, in the fear condition, this interaction was not significant, F (1, 64) = 

.67, p > .05, such that similar levels of disgust and fear remained for the CS+ relative to the CS–. 

This pattern of findings, which was highly consistent with the pattern of findings at 

acquisition, indicated that complete extinction was not achieved in either condition. To determine 

if partial extinction was achieved, an exploratory analysis was conducted to test if self-reported 

negative emotion to the CS+ declined between acquisition and extinction. Conditioning phase was 

added to the ANOVA model, and limited to the levels of acquisition and extinction. The analysis 

revealed a CS by phase interaction, F (1, 118) = 7.33, p < .01, suggesting that negative emotion to 

the CS+ did decline as a function of extinction in both conditions. This interaction was not 

qualified by any further interactions (ps > .05), indicating that extinction effects did not differ as a 

function of condition, emotion rating, or their interaction. To determine if negative emotion in 

response to the CS+ vs. CS– after extinction was greater than baseline levels, a similar analysis 

was conducted comparing habituation and extinction. Again, there was a significant CS by phase 

interaction, F (1, 118) = 15.85, p < .001, confirming that residual negative emotion was greater 

than baseline levels. The CS by phase interaction was not qualified by further interactions (ps > 

.05).  

Eye movement CR assessment. A significant main effect of CS, F (1, 118) = 16.40, p < 

.001, was qualified by a condition by CS interaction, F (1, 118) = 4.76, p < .04. To interpret this 

interaction, paired samples t-tests were conducted in each condition. In the disgust condition, 
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individuals viewed the CS+ less compared to the CS– (CS+: M = 877 ms, SD = 211; CS–: M = 

1097 ms, SD = 261, t (54) = -4.06, p < .001. In the fear condition, viewings times did not differ 

between CSs, (CS+: M = 976 ms, SD = 225; CS–: M = 1042 ms, SD = 223, t (64) = -1.43, p > .05. 

An exploratory analysis compared dwell time on the CSs between habituation and extinction, in 

order to control for any baseline differences in dwell time on the faces. There was a CS by phase 

interaction, F (1, 118) = 11.37, p = .001, which was further qualified by a condition by CS by 

phase interaction, F (1, 118) = 4.55, p < .05. In order to interpret this interaction, we examined the 

CS by phase interaction within each condition. In the disgust condition, the CS by phase 

interaction was significant, F (1, 54) = 13.43, p = .001, whereas in the fear condition, the CS by 

phase interaction was not significant, F (1, 64) = .87, p > .05. Thus, an attentional bias away from 

the CS+ after extinction only differed from baseline attentional bias in the disgust condition. 

Figure III depicts changes in attentional bias across phases in both conditions. 

 

 

 

Figure	
  III.	
  Fixation	
  duration	
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  conditioned	
  stimuli.	
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  paired	
  with	
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  face	
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  control	
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  post-­‐
habituation;	
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  post-­‐acquisition,	
  EXT	
  =	
  post-­‐extinction.	
  Error	
  bars	
  represent	
  
SE.	
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Do differential attentional biases for disgust and fear USs account for differential attentional 

biases for disgust and fear CSs?   

A mediational model was tested in which differences in attentional CRs between 

conditions were a function of differences in attentional URs between conditions, consistent with 

theoretical accounts of associative learning and Pavlovian conditioning (e.g., Mackintosh, 1983). 

The indirect path from condition (disgust vs. fear) to attentional avoidance of the CS+ through 

attentional avoidance of the US was significant (p < .05) as indicated by the 95% confidence 

intervals not containing 0 (lower limit = -206.92, upper limit = -19.34; B = -103.073, SE = 47.53). 

Thus, mediation was demonstrated (Figure IV). Whereas this analysis required the full sample, the 

remaining analyses focus on participants in the disgust condition.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure	
  IV.	
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  face	
  paired	
  with	
  control	
  video;	
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  post-­‐
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  post-­‐acquisition,	
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  Error	
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  represent	
  
SE.	
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What are the relations between disgust sensitivity, disgust URs, and disgust CRs? 

Disgust sensitivity and URs. Disgust sensitivity was strongly correlated with disgust 

responding to the US video (r = .59, p < .001) and dwell time on the US video (r = -.47, p < .001), 

such that individuals who were more disgust sensitive reported being more disgusted by the vomit 

videos and viewed them less. Also, disgust responding to the US video was strongly correlated 

with dwell time on the US video (r = -.57, p < .001), such that individuals who reported more 

disgust in response to the videos viewed them less. A mediational analysis was conducted to test 

the hypothesis that disgust sensitivity increased the experience of disgust in response to the vomit 

videos, which in turn increased the use of visual avoidance to down-regulate disgust. The indirect 

path from disgust sensitivity to visual avoidance through self-reported disgust was significant (p < 

.01) as indicated by the 99% confidence intervals not containing 0 (lower limit = -131.01, upper 

limit = -20.18; B = -61.93, SE = 20.04). Thus, mediation was demonstrated (Figure V).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure	
  V.	
  Mediational	
  model	
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  between	
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  sensitivity,	
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  unconditioned	
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  conditioned	
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  (faces);	
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  paired	
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  unconditioned	
  stimulus	
  video;	
  CS–	
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  paired	
  with	
  
control	
  video;	
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  .01;	
  ***	
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  .001.	
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Disgust sensitivity, URs and CRs. Disgust sensitivity was not correlated with 

discriminant self-reported disgust in response to the CSs after acquisition or after extinction (rs < 

.20, ps > .05) in the disgust condition. However, disgust sensitivity was correlated with 

discriminant dwell time on the CSs after extinction (r = -.28, p < .05), such that individuals with 

higher disgust sensitivity avoided looking at the CS+ relative to the CS– in the disgust condition. 

Interestingly, discriminant dwell time on the CSs after extinction was associated with discriminant 

disgust in response to the CSs after acquisition (r = -.29, p = .03), but not after extinction (r = -.15, 

p > .05), such that attentional avoidance of the CS+ post-extinction was linked to the amount of 

disgust initially acquired, but not to the amount of disgust remaining after extinction (on self-

report measures). In addition, discriminant dwell time on the CSs after extinction was associated 

with dwell time on the disgust US, such that a tendency to avoid looking at the vomit videos 

predicted a tendency to avoid looking at the CS+ after extinction.  

Does attentional avoidance of the disgust US mediate the relationship between disgust 

sensitivity and attentional avoidance of the disgust CS?  

A mediational analysis was conducted to test the hypothesis that disgust sensitivity confers 

a tendency to avoid looking at unconditioned disgust stimuli, which in turn leads to increased 

visual avoidance of conditioned disgust stimuli post-extinction. The indirect path was significant 

(p < .05) as indicated by the 95% confidence intervals not containing 0 (lower limit = -8.22, upper 

limit = -.04; B = -3.26, SE = 2.07). Thus, mediation was demonstrated (Figure VI). 
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Discussion 

 The present study is the first, to our knowledge, to contrast the effects of disgust learning 

and more general aversive learning on attention using comparable USs. Individuals in the disgust 

condition showed robust attentional avoidance of the CS+ relative to the CS–, a pattern not 

observed in the fear condition. However, this effect did not reach significance immediately after 

acquisition, and instead became pronounced following subsequent reacquisition and extinction. 

Although this pattern of results was unexpected, attentional avoidance of the disgust CS+ post-

extinction nonetheless appeared to be a learned bias that resulted from the pairing of the CS+ with 

the US during acquisition and reacquisition. Importantly, attentional avoidance of the CS+ post-

extinction was significantly greater than baseline levels (i.e., post-habituation), was correlated 

with the initial acquisition of self-reported disgust to the CS+, and was correlated with disgust 
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URs (both self-reported disgust and attentional avoidance). Further, two mediational models, one 

contrasting the disgust and fear conditions, and one focusing within the disgust condition, both 

suggested that attentional avoidance of the disgust CS+ was a function of attentional avoidance of 

the disgust US, providing additional evidence that attentional bias post-extinction was related to a 

transfer of affective properties from the disgust US to the CS+.  

 Attentional avoidance of the disgust CS+ observed in the present study was correlated with 

the initial acquisition of self-reported disgust, yet emerged later in the conditioning procedure. 

Robust attentional avoidance of the CS+ may have developed after extinction, rather than after 

acquisition, because this more distal CR relies on greater consolidation of the disgust memory. 

Increased consolidation may have been achieved through the additional reinforced trials in the 

reacquisition phase, or by the passage of time between acquisition and extinction. This pattern of 

dissociation between self-reported disgust ratings and attentional avoidance may suggest that these 

CRs reflect distinct underlying learning processes. Disgust ratings closely tracked the contingency 

between the CS+ and the disgust US, increasing at acquisition and attenuating at extinction. This 

may suggest that disgust ratings reflect expectancy learning, as self-reported fear ratings of the 

CS+ in fear conditioning studies have been found to mostly track this type of learning (e.g., 

Hermans et al., 2002). In contrast, attentional avoidance may reflect evaluative or affective 

learning, the process by which the affective properties of the US “transfer” to the CS. Evaluative 

learning has been found to be less sensitive to extinction compared to expectancy learning (e.g., 

Olatunji et al., 2007), which may explain why attentional avoidance of the CS+ post-extinction 

was decoupled from self-reported disgust post-extinction, yet was linked to self-reported disgust 

post-acquisition. In addition, evaluative learning is often observed on implicit measures that are 

outside of a participant’s awareness or control (e.g., affective priming, Hermans et al., 2002; 

startle blink potentiation, Sevenster, Beckers, & Kind, 2012). Eye tracking may be conceptualized 
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as an implicit measure that is sensitive to evaluative learning because the effect of the CS–US 

association on eye movements occurs without the participant’s awareness or effort (De Houwer, 

Teige-Mocigemba, Spruyt, & Moors, 2009). 

 The present findings may have important implications for understanding the association 

between disgust sensitivity and symptoms of certain anxiety disorders (Olatunji et al., 2010), as 

multiple points of evidence suggest that disgust sensitivity increases attentional avoidance, which 

is a potential mechanism in the etiology or maintenance of anxiety (Cisler & Koster, 2010). First, 

disgust sensitivity was found to increase attentional avoidance of disgust USs. This effect was 

mediated by self-reported disgust elicited by the USs, which suggests that attentional avoidance is 

a coping strategy used to down-regulate the experience of disgust in individuals who are highly 

sensitive to this emotion.  Second, by increasing attentional avoidance of disgust USs, disgust 

sensitivity was found to indirectly increase attentional avoidance of disgust CSs after extinction. 

These effects may have clinical significance, because attentional avoidance appears to deprive 

anxious individuals of beneficial exposure to disorder-related USs and CSs. For example, in the 

case of BII phobia, a disorder involving elevated disgust sensitivity as well as enhanced disgust 

conditioning (Olatunji et al., 2009), merely viewing images (Öst, Fellenius, & Sterner, 1991) or 

videos (Hellström, Fellenius, & Öst, 1996) related to BII threat has been found to provide 

considerable symptom relief in up to 50% of patients (Öst et al., 1991). Specifically, visual 

exposure to USs (e.g., venipuncture in BII phobia) may cause habituation of URs and subsequent 

US re-evaluation (i.e., reappraisal as less threatening). In addition, visual exposure to CSs (e.g., 

syringe in BII phobia) may promote extinction of CRs. Indeed, training attention away from threat 

signals has been found to impair extinction, compared to training attention towards threat signals 

(Van Bockstaele,Verschuere, De Houwer & Crombez, 2010).  In light of this evidence, attentional 



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  

	
   34	
  

avoidance is one potential mechanism through which disgust sensitivity and related disgust 

learning tendencies could contribute to anxiety disorders.  

 The present findings also suggest that attentional avoidance may be relatively specific to 

disgust learning, as generally negative learning did not lead to attentional avoidance of the CS+ 

after acquisition or extinction. Mediational analyses revealed that differential attentional bias 

acquisition between conditions was a function of the differential effect of the USs on attention, as 

disgusting stimuli appear to have a unique ability to repel attention. Disgusting content may 

motivate attentional avoidance more than other negative content because it is intrinsically 

unpleasant to perceive (Armstrong & Olatunji, 2012). Indeed, Royzman and Sabini (2001) argue 

that compared to other negative emotions, disgust is more easily elicited by a stimulus’s concrete 

sensory and perceptual qualities. Interestingly, disgust has also been contrasted with other 

negative emotions in terms of its cognitive impenetrability. For example, Rozin and Nemeroff 

(1990) showed that individuals could not overcome an aversion to eating chocolate fudge shaped 

to look like dog poop, or an aversion to drinking water into which a sterilized cockroach was 

dipped, despite knowing that their disgust responses were irrational. The insensitivity to extinction 

found to characterize attentional avoidance of disgust CS+s (Mason & Richardson, 2010) may be 

conceptualized as a form of cognitive impenetrability; once acquired, attentional avoidance may 

be encapsulated from higher cognitive processes, such that it is unaffected by knowledge that the 

CS no longer predicts the US (Barrett & Kurzban, 2006). In addition, disgust may be resistant to 

extinction because disgust USs are highly salient in episodic memory (Chapman, Johannes, 

Poppenk, Moscovitch, & Anderson, 2013), which may allow the disgust US to resist inhibition 

from the extinction memory when activated by the CS+ post-extinction. 

The attentional bias away from disgust CS+s observed in the present study contrasts with 

the bias that has been observed for fear CS+s.  The handful of studies examining attentional bias 
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for fear CSs (Kelly & Forsyth, 2009; Lee et al., 2009; Pischek-Simpson et al., 2009; Van Damme 

et al., 2006) suggests that fear learning is related to increased rather than decreased attention to the 

CS+, and that this bias may track expectancy learning rather than evaluative learning. For 

example, Kelly and Forsyth (2009), employing a video-based conditioning procedure, found that 

attentional bias for the fear CS+ was highly sensitive to an extinction procedure, as did Van 

Damme et al. (2006) in a more classical fear conditioning procedure that utilized electrocutaneous 

shocks as the US. One possibility is that hypervigilance in anxiety disorders is driven by threat 

signaling related to expectancy learning, whereas subsequent attentional avoidance is driven by 

intrinsic aversiveness related to evaluative learning. Accordingly, the hypervigilant-avoidant 

pattern of attention to threat observed in some anxiety disorders, particularly specific phobias, may 

reflect a combination of fear and disgust learning (Armstrong & Olatunji, 2012).  

 Although these findings provide new insight into a complex pattern of relations between 

disgust, evaluative learning, and attention that may inform etiological models of some anxiety 

disorders, the findings should be interpreted with several limitations in mind. First, the failure to 

observe attentional avoidance of the disgust CS+ immediately after acquisition limits the 

conclusions that can be made regarding extinction, because it is unclear if the bias developed in 

time to be effected by the extinction trials. However, the present findings are consistent with prior 

research showing that attentional avoidance acquired through disgust conditioning is insensitive to 

extinction (Mason & Richardson, 2010). In addition, the present study did not collect US 

expectancy ratings or measure skin conductance responses (SCR) to the CSs. These measures of 

expectancy learning (Sevenster et al., 2010) could have helped parse expectancy and evaluative 

learning, and would have allowed more thorough comparison with aversive learning examined in 

other paradigms (e.g., Hermans et al., 2002). Also, the effects of conditioning on self-reported 

emotion, although statistically significant, were quite modest. This may be due to the use of brief 
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video clips as USs, as viewing unpleasant videos is less intense than receiving a shock (Hermans 

et al., 2002) or a hearing a 103 dB scream (Indovina et al., 2011). Lastly, the fear US may not have 

been ideally matched to the disgust US, because it did not strongly elicit a specific negative 

emotion; instead, it moderately elicited a blend of negative emotions (fear and disgust). If the 

negative US had been more specific to fear, it would have allowed stronger conclusions about the 

specificity of the findings in relation to other basic emotions. Future research that reconciles some 

of these limitations and employs a longitudinal approach would allow more inferences to be made 

regarding how disgust learning confers risk for the development of certain anxiety disorders 

through its effects on attention.  
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CHAPTER III 

EXPERIMENT 2: DISGUST CONDITIONING AND ATTENTION  

IN CONTAMINATION-BASED OCD 

 

 Experiment 1 sought to contrast the effects of disgust and fear learning on attention, and to 

relate these effects to known vulnerability factors for anxiety disorders. Having established that 

disgust learning, but not fear learning, leads to attentional avoidance, and that this effect is 

conditional on disgust sensitivity, I sought to examine relations between disgust learning, 

attention, and disgust sensitivity in the context of contamination-based OCD.  

 Contamination obsessions paired with washing compulsions are reported by over 50% of 

patients with OCD, making this the most common symptom theme in the disorder (Rasmussen & 

Eisen, 1992). Contamination involves the perceived transfer of an undesirable property (e.g., dirty, 

infected, polluted, impure) through physical or symbolic contact (Rozin & Fallon, 1987). 

Contamination concerns in OCD have been traditionally conceptualized in terms of fear and 

anxiety; however, research in the general population suggests that disgust is the predominant 

emotional response to contamination (Rozin & Fallon, 1987), and there is growing evidence that 

disgust plays an important role in contamination-based OCD (Olatunji et al., 2010). For example, 

several studies have observed that individual differences in disgust sensitivity predict symptoms of 

contamination-based OCD on both self-report and behavioral measures, even when controlling for 

negative affect (see Olatunji et al., 2010).  

 However, specific disease mechanisms explaining the relationship between disgust 

sensitivity and symptoms of contamination-based OCD have not been delineated. One possibility 

is that disgust sensitivity is associated with impairments in disgust learning that underlie excessive 

contamination concerns in OCD. Disgust sensitivity may cause disgust associations to form more 
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easily, leading to more frequent perceptions of contamination, or to persist longer, leading to more 

enduring perception of contamination (e.g., enduring despite the passage of time or ordinary 

hygiene procedures). Experiment 1 and Mason and Richardson (2010) both observed a specific 

link between disgust sensitivity and conditioned disgust responding after extinction. These 

preliminary findings suggests that disgust sensitivity may contribute to contamination-based OCD 

through causing more enduring, rather than more frequent, perceptions of contamination. The 

literature on fear learning in anxiety disorders also suggests that individual differences at 

extinction rather than acquisition may be more relevant to etiological mechanisms.  For example, 

prospective research relating fear learning tendencies to the development of anxiety disorders has 

found that increased fear responding at extinction, but not at acquisition, uniquely predicts 

subsequent onset of PTSD (Lommen et al., 2013). In the case of both disgust and fear learning, the 

initial acquisition of conditioned responding may be generally adaptive (Lissek, Pine, & Grillon, 

2006). Dysfunction might occur later in the failure to unlearn conditioned responding when it is no 

longer beneficial.  

 If disgust sensitivity contributes to contamination-based OCD by causing more frequent or 

more enduring disgust associations, how might these disgust associations lead to impairment? In 

other words, what are the specific conditioned disgust responses that might contribute to 

contamination-based OCD? Previous research has established that behavioral avoidance (e.g., not 

touching something) is a conditioned disgust response, in that it characterizes responding to 

contaminated objects (Rozin & Fallon, 1987). Experiment 1 suggests that attentional avoidance is 

another conditioned disgust response that could play a role in OCD. However, given that 

contamination is perceived as highly threatening in OCD, and that threatening stimuli capture 

attention (Bar-Haim et al., 2007), it is possible that individuals with contamination-based OCD are 

vigilant, rather than avoidant, of conditioned disgust stimuli. Indeed, Armstrong et al. (2012) 
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found that individuals high in contamination concerns showed vigilance, rather than attentional  

avoidance, for contamination threat. Another possibility is that conditioned disgust stimuli elicit a 

‘hypervigilant-avoidant’ pattern of attention to threat in contamination-based OCD, reflecting 

automatic, fear-driven vigilance followed by strategic, disgust-driven avoidance (Rinck & Becker, 

2006).  

 The aims of Experiment 2 were to determine if contamination-based OCD is characterized 

by disgust learning abnormalities, particularly impairments in extinction learning; to determine if 

disgust learning abnormalities in contamination-based OCD manifest in an attentional bias; and to 

determine if disgust learning abnormalities and related attentional biases in contamination-based 

OCD are related to individual differences in disgust sensitivity. Another aim of Experiment 2 was 

to address limitations in the design of Experiment 1. First, the effects of conditioning on self-

reported disgust in Experiment 1 were statistically significant yet small in magnitude. To enhance 

the disgust conditioning procedure, disgusting images were used as USs and were presented 

immediately after the CS+. Olatunji et al. (2013) found larger and more reliable self-reported 

conditioned disgust responses using this procedure, compared to the procedure used in Experiment 

1. A conditioning procedure with image USs similar to Olatunji et al. (2013) was used by Mason 

and Richardson (2010), which could explain their ability to observe an attentional bias for disgust 

CSs earlier in the conditioning procedure, at acquisition.  Second, Experiment 1 paired the CS– 

with neutral videos that were rated as slightly positive and may have caused positive evaluative 

conditioning of the CS–. To eliminate this potential confound and to adhere more closely to the 

design of fear conditioning studies of anxiety disorders (Lissek et al., 2005), the CS– in 

Experiment 2 was not paired with a neutral stimulus, and was instead followed by the ITI (i.e., 

non-occurrence of the US).  Finally, to ensure that reduced dwell time on the CS+ was driven by 

the unpleasantness of the CS+ rather than pleasantness of the CS–, two additional categories of 
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trials were added to the eye movement assessment of conditioned responding. In addition to trials 

in which the CS+ was paired with the CS–, there were trials in which the CS+ and CS– were 

presented independently, paired with a control stimulus not presented during conditioning. These 

new conditions parsed the effects of the CS+ and the CS– on attention.    

Methods 

Participants 

 Three large undergraduate classes (n = 311) at Vanderbilt University were screened using 

the Padua Inventory contamination fear subscale (PI; Burns, Keortge, Formea, & Sternberger, 

1996), in order to identify students high and low in contamination concerns. Using criteria 

informed by the PI means of OCD patients and healthy controls (Burns et al., 1996), individuals 

were recruited to form a high (PI total score > 13) contamination fear group (HCF; n = 32), and 

low (PI total score < 6) contamination fear group (LCF; n = 30). Similar methods for identifying 

analogue contamination fear groups have been employed in prior studies (e.g., Olatunji, Lohr, 

Sawchuk, & Tolin, 2007), and there is compelling evidence that studies of analogue OCD samples 

are relevant to understanding OCD in clinical populations (see Gibbs, 1996 for a review). For 

example, Burns, Formea, Keortge, and Sternberger (1995) found that non treatment-seeking 

individuals who scored highly on self-report measures of OC symptoms often met diagnostic 

criteria for OCD, evidenced stability of symptoms over time, and exhibited similar associated 

symptom features as patients diagnosed with OCD. Indeed, the levels of contamination fear 

reported on the PI in the current study’s analogue OCD group (M = 20.41, SD = 4.89) were above 

levels reported by individuals meeting diagnostic criteria for OCD (M = 13.87, SD = 7.96; Burns 

et al., 1996). Such findings are inline with a growing consensus that OCD symptoms occur on a 

continuum of severity and have their origin in largely normal human processes, such as associative 
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learning and negative reinforcement. Under this dimensional model, OCD-related phenomena can 

be observed and studied among analogue samples.  

Measures 

The Attentional Control Scale (ACS; Derryberry & Reed, 2002) is a 20-item self-report 

questionnaire which assesses the ability to voluntarily maintain attention on a given task and to 

strategically reallocate attention. It is important to note that the ACS does not contain questions 

related to emotionally-valenced situations, and as such attempts to capture a general information 

processing trait uncontaminated by reactions to emotional stimuli or cognitions. The ACS had 

good internal consistency (α = .84) in the present sample. 

The Disgust Scale—Revised (DS-R; Olatunji et al., 2007) is a 25-item questionnaire 

assessing sensitivity to a range of disgust elicitors, including core, animal-reminder, and 

contamination disgust. The DS-R had excellent internal consistency (α = .90) in the present 

sample. 

Obsessive Compulsive Inventory – Revised (OCI-R; Foa et al., 2002). The OCI-R is an 18-

item questionnaire of OCD symptoms experienced in the past month. The OCI-R has six 

dimensional subscales, of which only the Washing subscale was relevant to the present study. The 

Washing subscale of the OCI-R had adequate internal consistency (α = .80) in the present sample.  

 The Padua Inventory (PI; Burns et al., 1996) contamination fear subscale is a 10-item 

measure of contamination obsessions and washing compulsions. The PI had excellent internal 

consistency (α = .96) in the present sample. 

Materials and apparatus 

 The CS’s consisted of neutral male faces from the Karolinska Directed Emotional Faces 

set (Lundqvist, Flykt, & Öhman, 1998) converted to greyscale and matched for luminance and 

contrast. The CS+ and CS- were discriminated by the actor expressing the face, with actor-CS 
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pairing counterbalanced across subjects. In addition, control stimuli (neutral male faces not 

presented in the conditioning context) were also selected for the attentional CR assessment. The 

US consisted of 8 different disgusting images selected from the International Affective Picture 

System (IAPS; Lang, Cuthbert, & Bradley, 2008) and online public sources. Stimuli were  

presented on a 17” widescreen monitor (1280 x 1024 resolution; 60 Hz) using E-prime 2.0 

software. Gaze was recorded continuously using the iViewX RED system from SensoMotoric 

Industries (SMI), a 60 Hz video-based eye tracker with a dark pupil tracking method. 

Procedure 

 Participants provided informed consent to a protocol approved by the Vanderbilt 

University Institutional Review Board, and then completed the measures as well as a basic 

demographic survey (age, gender, ethnicity/race). Participants then completed the conditioning 

task, consisting of the following stages: Habituation. Participants viewed 8 non-reinforced 

presentations (6 s) of each CS. CSs were preceded by a fixation cross (1.5 s) and followed by an 

ITI, varied randomly between 12 s and 18 s.  The CSs appeared in the center of the screen. 

Acquisition. During this stage, the CSs were presented for 6 s in the center of the screen. 

Immediately after CS+ offset, the US was presented for 3 s (see Figure VII).   

 

 

 

 

 

 

 

 Figure	
  VII.	
  An	
  overview	
  of	
  the	
  acquisition	
  stage	
  of	
  conditioning	
  in	
  Experiment	
  2.	
  
CS	
  =	
  conditioned	
  stimulus,	
  US	
  =	
  unconditioned	
  stimulus,	
  ITI=inter-­‐trial	
  interval.	
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After CS- offset, the trial proceeded to the ITI. CSs were preceded by a fixation cross (1.5 s) and 

followed by an ITI, varied randomly between 12 s and 18 s. There were 8 presentations of CS+ 

trials, and 8 presentations of CS– trials, presented in pseudorandom order. Reacquisition. The 

conditioning procedure was repeated, but with half the trials of each CS. Extinction.  The 

conditioning procedure was repeated, but without US presentation. 

Attentional CR assessment. This task consisted of 3 types of trials: CS+ paired with 

control stimulus of the opposite gender (16 trials); CS– paired with control stimulus of the 

opposite gender (16 trials); and CS+ paired with CS– (16 trials). The remaining parameters and 

procedural placement of the passive viewing task replicated those of Experiment 1.  

 Self-report CR assessment. At the end of each conditioning stage, participants 

retrospectively rated how disgusted the CSs made them feel and how much they expected the US 

to follow the CS on modified EVS scales, as described in Experiment 1.  

 Self-report US assessment. At the end of the study, participants rated how disgusted the 

USs made them feel on a modified Empirical Valence Scale. 

Eye movement data reduction 

  Methods for identifying eye movement events and forming variables replicated 

Experiment 1. However, each eye movement variable was also computed for the CS+/control and 

CS-/control trials (in addition to the CS+/CS– trials). 

Data analytic plan 

 In line with other Pavlovian conditioning studies (e.g., Kelly & Forsyth, 2007; Lissek et 

al., 2008; Mason & Richardson, 2010), CR analyses were conducted separately for each stage of 

the conditioning procedure (habituation, acquisition, extinction). For the self-report and eye 

movement CRs, 2 (CS: CS+, CS–) X 2 (group: HCF, LCF) mixed-effects ANOVAs were 

conducted. For the eye movement CRs, separate ANOVAs were conducted for the separate trial 
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types (CS+/CS–, CS+/control, CS–/control).  In addition, planned interaction contrasts were used 

to explore differences in CR discrimination between acquisition and extinction (Kelly & Forsyth, 

2007). Lastly, for correlational and mediational analyses, variables reflecting discriminant 

responding to the CSs (CS+ − CS–) were used (e.g., Indovina et al., 2011; Lissek et al., 2008; 

Mason & Richardson, 2010). Mediation was tested using Preacher and Hayes’s (2008) boot-

strapping procedure, which does not impose distributional assumptions often violated in smaller 

samples. 

Results 

Group characteristics 

 As revealed in Table III, the HCF and LCF groups were adequately matched in terms of 

demographic variables. 
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There were no significant differences between groups in terms of age, gender, or ethnicity.   

The HCF group had significantly higher levels of OCD-related washing symptoms, disgust 

sensitivity, and trait anxiety compared to the LCF group, but did not have significantly diminished 

attentional control (Table III). The HCF group also rated the US stimuli as more disgusting 

compared to the LCF group (Table III). 

Habituation 

 Self report CR: expectancy ratings. The main effect of CS, the main effect of group, and 

the CS X group interaction were all non-significant, Fs (1, 60) < 2.57, ps > .05. Thus, prior to 

acquisition, the CSs did not differ in terms of their ability to elicit anticipation of the US, nor did 

the groups differ in terms of their anticipation of the US. Table IV provides Ms and SDs for all CS 

ratings, and Figure VIII (next page) depicts these ratings.  
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Self-report CR: disgust ratings. The main effect of CS, the main effect of group, and the CS X 

group interaction were all non-significant, Fs (1, 60) < 2.98, ps > .05. Thus, prior to acquisition, 

the CSs did not differ in terms of their ability to elicit disgust, nor did the groups differ in terms of 

disgust elicited by the CSs.  

 

 

  

 

 

 

Figure	
  VIII.	
  Self-­‐report	
  ratings	
  of	
  the	
  CSs	
  in	
  Experiment	
  2.	
  HCF	
  =	
  high	
  contamination	
  fear;	
  
LCF	
  =	
  low	
  contamination	
  fear;	
  CS	
  =	
  conditioned	
  stimulus	
  (face);	
  CS+	
  =	
  face	
  followed	
  by	
  
unconditioned	
  stimulus;	
  CS–	
  =	
  face	
  not	
  followed	
  by	
  unconditioned	
  stimulus;	
  US	
  =	
  
unconditioned	
  stimulus;	
  HAB	
  =	
  habituation;	
  ACQ	
  =	
  acquisition;	
  EXT	
  =	
  extinction.	
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Eye movement CR: orienting bias. For trials with the CS+ and CS-, the main effect of CS, the 

main effect of group, and the CS X group interaction were all non-significant, Fs (1, 60) < .98, ps 

> .05. Similarly, for trials with the CS+ paired with the control stimulus, the main effect of CS, the 

main effect of group, and the CS X group interaction were all non-significant, Fs (1, 60) < 2.07, ps 

> .05. For trials with the CS– paired with the control stimulus, there was a significant main effect 

of CS, F (1, 60) = 8.45, p < .01, such that the CS– captured initial fixations more often than the 

accompanying control stimulus. The main effect of group and the CS X group interaction were 

non-significant, Fs (1, 60) < 2.60, ps > .05. Table V provides Ms and SDs for CS orienting bias 

data at each stage of conditioning. 
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Eye movement CR: dwell time. For trials with the CS+ and CS-, the main effect of CS, the main 

effect of group, and the CS X group interaction were all non-significant, Fs (1, 60) < 2.57, ps > 

.05. Similarly, for trials with the CS- paired with the control stimulus, the main effect of CS, the 

main effect of group, and the CS X group interaction were all non-significant, Fs (1, 60) < 2.31, ps 

> .05. For trials with the CS+ paired with the control stimulus, the main effects of CS and group 

were not significant, Fs (1, 60) = 2.35, ps > .05, however, there was an unpredicted significant 

group by CS interaction, F (1, 60) = 5.18, p < .05.  Independent-samples t-tests revealed that 

whereas the two groups did not differ in terms of dwell time on the CS+, t (60) = .76, p > .05, the 

HCF group dwelled longer on the control stimulus paired with the CS+, compared to the LCF 

group, t (60) = 2.83, p < .01.  In summary, the CSs did not differ in terms of their ability to 

modulate gaze, nor did the groups differ in terms of modulation of gaze by the CSs, with the 

exception of trials pairing the CS+ with the control stimulus, in which HCF individuals 

unexpectedly dwelled longer on the control stimulus.  Table VI (next page) provides Ms and SDs 

for CS dwell time data at each stage of conditioning. 
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Acquisition 

 Self report CR: expectancy ratings. The main effect of CS was significant, F (1, 60) = 

566.37, p < .001. As hypothesized, participants anticipated the US more during the CS+ compared 

to the CS-, indicating that participants learned the CS-US contingency during the acquisition 

procedure. The main effect of group, and the CS by group interaction were both non-significant, 

Fs (1, 60) < 1.71, ps > .05. Thus, the groups did not differ in terms of their overall or differential 

anticipation of the US during the acquisition phase.  

 Self report CR: disgust ratings. The main effect of CS was significant, F (1, 60) = 72.30, 

p < .001. As hypothesized, participants reported more disgust in response to the CS+ compared to 

the CS-. There was also a significant main effect of group, F (1, 60) = 5.87, p < .02, but these 
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main effects were not qualified by a significant CS by group interaction, F (1, 60) = 1.42, p > .05. 

Thus, the HCF group reported experiencing more disgust to the CSs in general during the 

acquisition phase.  

 Eye movement CR: orienting bias. For trials with the CS+ and CS-, the main effect of 

CS, the main effect of group, and the CS by group interaction were non-significant, Fs (1, 60) < 

.98, ps > .05. For trials with the CS+ paired with the control stimulus, there was a main effect of 

CS, F (1, 60) = 6.28, p < .02, such that the CS+ captured more initial fixations compared to the 

accompanying control stimulus. The main effect of group and the CS X group interaction were 

non-significant, Fs (1, 60) < .49, ps > .05. Similarly, for trials with the CS– paired with the control 

stimulus, there was a main effect of CS, F (1, 60) = 4.99, p < .03, such that the CS– captured more 

initial fixations compared to the accompanying control stimulus. The main effect of group and the 

CS X group interaction were non-significant, Fs (1, 60) < .35, ps > .05. 

 Eye movement CR: dwell time. For all trial types, the main effect of CS, the main effect 

of group, and the CS by group interaction were non-significant, Fs (1, 60) < 2.24, ps > .05. Thus, 

contrary to hypotheses for the acquisition stage, the CSs did not differ in terms of their ability to 

modulate gaze, nor did the groups differ in terms of modulation of gaze by the CSs. 

Extinction 

 Self report CR: expectancy ratings. The main effect of CS was significant, F (1, 60) = 

106.21, p < .001, indicating that participants continued to anticipate the US more during the CS+ 

compared to the CS- during the extinction phase. There was also a significant main effect of 

group, F (1, 60) = 4.04, p < .05, which was not qualified by a significant CS by group interaction, 

F (1, 60) = 2.06, p > .05. Thus, compared to the LCF group, the HCF group reported greater 

anticipation of the US during CS presentation, regardless of which CS. To determine if partial 

extinction of US anticipation occurred, an exploratory analysis was conducted to test if US 
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expectancy for the CS+ declined between acquisition and extinction. Conditioning phase was 

added to the ANOVA model, and limited to the levels of acquisition and extinction. Of most 

relevance to the present hypotheses, there was a CS by conditioning phase interaction, F (1, 60) = 

83.89, p < .001. Paired samples t-tests revealed that US anticipation during the CS+ significantly 

decreased from acquisition to extinction, t (60) = 9.52, p < .001, whereas US anticipation during 

the CS- did not significantly change, t (60) = 1.76, p > .05. Thus, partial extinction of US 

anticipation during the CS+ was achieved. The CS by conditioning phase interaction was further 

qualified by a CS by conditioning phase by group interaction, F (1, 60) = 6.56, p < .02. To clarify 

this interaction, the groups were compared in terms of changes in US expectancy from acquisition 

to extinction for each CS. Compared to the LCF group, the HCF group reported a smaller decrease 

in US expectancy for the CS+ from acquisition to extinction, t (60) = 2.33, p < .03. An analogous 

effect was not observed for the CS-, t (60) = -.81, p > .05. Thus, the HCF group exhibited reduced 

extinction of US expectancy for the CS+, specifically.  

 Self report CR: disgust ratings. The main effect of CS was significant, F (1, 60) = 39.67, 

p < .001. Participants reported experiencing more disgust in response to the CS+ compared to the 

CS- during the extinction phase. There was also a significant main effect of group, F (1, 60) = 

6.98, p < .02, and these main effects were qualified by a significant CS by group interaction, F (1, 

60) = 7.69, p < .01. Independent samples t-tests revealed that compared to the LCF group, the 

HCF group reported more disgust in response to the CS+, t (60) = -2.83, p < .01, but not the CS-, t 

(60) = .02, p > .05.  To determine if partial extinction was achieved, an exploratory analysis was 

conducted to test if self-reported disgust for the CS+ declined between acquisition and extinction. 

Conditioning phase was added to the ANOVA model, and limited to the levels of acquisition and 

extinction. Of most relevance to the present hypotheses, there was a CS by conditioning phase 

interaction, F (1, 60) = 14.54, p < .001. Paired samples t-tests revealed that disgust in response to 
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the CS+ significantly decreased from acquisition to extinction, t (60) = 5.16, p < .001, whereas 

disgust in response to the CS- did not significantly change, t (60) = 1.95, p > .05. Thus, partial 

extinction of disgust to the CS+ occurred. The CS by conditioning phase interaction was not 

qualified by a significant CS by conditioning phase by group interaction, F (1, 60) = 2.88, p > .05. 

 Eye movement CR: orienting bias. For trials with the CS+ and CS-, as well as trials with 

the CS+ paired with the control stimulus, the main effect of CS, the main effect of group, and the 

CS by group interaction were non-significant, Fs (1, 60) < 1.70, ps > .05. For trials with the CS– 

paired with the control stimulus, there was a main effect of CS, F (1, 60) = 19.18, p < .001, such 

that the CS– captured more initial fixations compared to the accompanying control stimulus. The 

main effect of group and the CS X group interaction were non-significant, Fs (1, 60) < .06, ps > 

.05. 

 The finding of an orienting bias towards the CS– versus the control stimulus at each stage 

of conditioning, as well as the finding of an orienting bias for the CS+ versus the control stimulus 

at acquisition, were not predicted. An examination of the pattern of means (Table V) suggested 

that in the entire sample, there was a general tendency to orient to CS stimuli (CS+ or CS–) when 

paired with control stimuli, perhaps due to increased exposure to the CS stimuli relative to the 

control stimuli (the control stimuli were not presented during the conditioning procedures). 

Although novel stimuli capture attention in some contexts, some studies have found that familiar 

stimuli capture attention under certain conditions (e.g., Nelson & Palmer, 2007), which could 

explain why increased exposure to the CSs led to an orienting bias towards these stimuli. 

Alternatively, certain physical features of the CSs may have been more attention grabbing than 

those of the control stimuli. To determine if there was a general orienting bias towards CSs paired 

with control stimuli, and to determine if it was independent of the CS-US contingency, an 

exploratory analysis was conducted in which conditioning phase was added to the ANOVA 
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model, with all three levels of conditioning (habituation, acquisition, extinction). For trials with 

the CS+ paired with the control stimulus, there was a main effects of CS, F (1, 60) = 13.59, p = 

.001, which was not qualified by a CS by conditioning phase interaction, F (1, 60) = 1.35, p > .05. 

All effects involving the group factor were also nonsignificant, Fs (1, 60) < .5, ps > .05. Likewise, 

for trials with the CS– paired with the control stimulus, there was a main effect of CS, F (1, 60) = 

29.37, p = .001, which was not qualified by a CS by conditioning phase interaction, F (1, 60) = 

1.10, p > .05. All effects involving the group factor were also non-significant, Fs (1, 60) < 1.75, ps 

> .05. These findings indicate that the CSs ability to capture more initial fixations than 

accompanying control stimuli did not depend on the conditioning stage, and thus did not depend 

on the CS-US contingency.  

 Eye movement CR: dwell time. For all trial types, the main effect of CS, the main effect 

of group, and the CS by group interaction were non-significant, Fs (1, 60) < 3.95, ps > .05. Thus, 

contrary to hypotheses for the extinction stage, the CSs did not differ in terms of their ability to 

modulate gaze, nor did the groups differ in terms of modulation of gaze by the CSs. 

Relations between conditioned disgust responding at extinction, symptom measures, and 

unconditioned disgust responding. 

 In the HCF group, disgust sensitivity (r = .65, p < .001), OCD washing symptoms (r = .50, 

p < .01), and US self-reported disgust ratings (r = .53, p < .01) were all significantly correlated 

with discriminant self-reported disgust in response to the CSs (i.e., CS+ vs. CS-) at extinction, 

such that higher levels of disgust sensitivity, higher levels of OCD washing symptoms, and high 

self-reported disgust to the US predicted greater conditioned disgust responding. Of these three 

variables, disgust sensitivity predicted the most unique variance in conditioned disgust responding 

at extinction in the HCF group. When conditioned disgust responding at extinction was regressed 

on both disgust sensitivity and OCD washing symptoms, R2 =. 46, F (2, 29) = 12.57, p < .001, 
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disgust sensitivity remained a significant predictor (β = .53, p < .01), whereas OCD washing 

symptoms were no longer a significant predictor (β = .25, p > .05). Likewise, when conditioned 

disgust responding at extinction was regressed on both disgust sensitivity and US disgust ratings, 

R2 =. 42, F (2, 29) = 10.67, p < .001, disgust sensitivity remained a significant predictor (β = .55, p 

< .02), whereas US disgust ratings were no longer a significant predictor (β = .13, p > .05).   Trait 

anxiety (r = -.10, p > .05) and attention control (r = .04, p > .05) were not significantly correlated 

with discriminant self-reported disgust in response to the CSs at extinction in the HCF group. In 

the LCF group, conditioned disgust responding at extinction was not significantly correlated with 

any of theses measures (rs < .25, ps > .05).   

Does disgust sensitivity mediate group differences in conditioned disgust responding at 

extinction? 

 Given prior findings that individual differences in disgust sensitivity predict impaired 

disgust extinction learning (Armstrong et al., 2014; Mason & Richardson, 2010), a mediational 

model was tested in which group differences in conditioned disgust responding at extinction were 

mediated by group differences in disgust sensitivity. The indirect path from group (HCF vs. LCF) 

to conditioned disgust responding at extinction through disgust sensitivity was significant (p < .01) 

as indicated by the 99% confidence intervals not containing 0 (lower limit = 3.78, upper limit = 

25.79; B = -103.073, SE = 47.53). Thus, mediation was demonstrated (Figure IX, next page). 
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Do group differences in the effect of extinction on US expectancy account for differences in 

the persistence of disgust responding? 

 A mediational model was tested in which group differences in disgust responding at 

extinction were accounted for by group differences in the effect of extinction on US expectancy 

(change in US expectancy from acquisition to extinction). The indirect path from group (HCF vs. 

LCF) to conditioned disgust responding at extinction through change in US expectancy was non-

significant (p > .05) as indicated by the 99% confidence intervals containing 0 (lower limit = -

1.95, upper limit = 12.92; B = 3.25, SE = 2.60), and the direct path from group to conditioned 

disgust responding at extinction remained significant when accounting for this indirect path 

(B=15.20, SE = 6.94, t = 2.19, p < .04) Thus, mediation was not demonstrated (Figure X, next 

page), and group differences in the persistence of disgust responding were found to be relatively 

independent of group differences in the change in US expectancy due to extinction.  

 

 

 

Figure	
  IX.	
  A	
  mediational	
  model	
  demonstrating	
  that	
  group	
  differences	
  in	
  disgust	
  at	
  
extinction	
  are	
  mediated	
  by	
  group	
  differences	
  in	
  disgust	
  sensitivity.	
  Note.	
  HCF	
  =	
  high	
  
contamination	
  fear;	
  LCF	
  =	
  low	
  contamination	
  fear;	
  CR	
  =	
  conditioned	
  response.	
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Discussion 

 The present study failed to observe the basic effect of disgust conditioning on overt 

attention that was found in Experiment 1 and in two additional studies (Mason & Richardson, 

2010; Mason & Richardson, unpublished data). In addition, the present study failed to observe the 

hypothesized difference between the HCF and LCF group in terms of this basic effect of disgust 

conditioning on overt attention. However, the present study did observe important differences in 

disgust learning between the HCF and LCF groups. The HCF group’s US expectancy during the 

CS+ was more resistant to extinction, compared to the LCF group, and the HCF group reported 

greater levels of self-reported disgust to the CS+ during extinction compared to the LCF group. 

Disgust sensitivity was strongly correlated with conditioned disgust responding at extinction in the 

HCF group, and group differences in conditioned disgust responding at extinction were mediated 

by disgust sensitivity. Thus, the present findings were consistent with Experiment 1 and Mason 

and Richardson (2010), in that disgust sensitivity was robustly linked to conditioned disgust 

responding at extinction, albeit on a self-report rather than an eye movement measure.  

Figure	
  X.	
  A	
  mediational	
  model	
  demonstrating	
  that	
  group	
  differences	
  in	
  disgust	
  at	
  extinction	
  
are	
  independent	
  of	
  group	
  differences	
  in	
  the	
  effects	
  of	
  extinction	
  on	
  US	
  expectancy.	
  Note.	
  
HCF	
  =	
  high	
  contamination	
  fear;	
  LCF	
  =	
  low	
  contamination	
  fear;	
  US	
  =	
  unconditioned	
  stimulus;	
  
CR	
  =	
  conditioned	
  response.	
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 There are several factors that may explain the present study’s failure to observe the basic 

effect of disgust conditioning on overt attention that was found in Experiment 1. Given that 

conditioned responding should be proportional to the strength of the US (Bouton, 2007), one 

possibility is that the US in the present study was not sufficiently potent to elicit more distal forms 

of conditioned disgust responding, such as attentional avoidance. The mean disgust rating for the 

US in the present sample was 51.01 (SD = 24.86), whereas the mean disgust rating for the US in 

Experiment 1 was 60.91 (SD = 26.50) on the same 100-point scale. In addition, the US images in 

the present study represented a broader range of disgust elicitors than those in Experiment 1. 

Whereas Experiment 1 presented 4 videos of individuals vomiting as USs and repeated each US 

once during acquisition, the current study presented 12 images as USs, without repetition, and 

included images of vomit, rotting food, feces, and poor hygiene. According to Hermans et al.’s 

(2002) “referential” theory, evaluative conditioning does not involve an actual transfer of affective 

properties from the US to the CS, but instead involves the activation of US imagery by the CS. 

One possibility is that the use of additional US stimuli with varying content in the present study 

led to a less coherent representation of the US in memory, and hence, less aversion to the imagery 

activated by the CS. Indeed, Mason and Richardson (2010) also presented fewer unique US 

stimuli than in the present study, which may have allowed the CS to activate clearer US imagery, 

and thereby elicit attentional avoidance.  

 Another feature of the present study that could explain the failure to observe attentional 

avoidance as a conditioned disgust response is the lack of a neutral unconditioned stimulus (US-) 

paired with the CS–. Whereas Experiment 1 paired the CS– with videos of streams and waterfalls, 

and Mason and Richardson (2010) paired the CS– with images of household objects, the present 

study did not include a US– of this nature. The present design instead adhered to the design of 

prior fear conditioning experiments on anxiety disorders (e.g., Lissek et al., 2008), in which the 
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CS– simply predicts the non-occurrence of the aversive US. One possibility is that the disgust CS– 

in Experiment 1 and Mason and Richardson (2010) was able to hold attention (and thus sustain 

attentional avoidance of the disgust CS+) because it was previously paired with the occurrence of 

a neutral stimulus, and could thereby activate this neutral imagery to counteract the disgusting 

imagery activated by the CS–. 

 An additional factor that could explain the discrepant results between Experiment 1 and the 

present study is the use of overlapping CS-US presentations in Experiment 1. Although the CS 

was presented alone for 5 s prior to the US in Experiment 1, it remained on the screen throughout 

the 15 s US presentation. In the current study, the CS and the US did not overlap in their 

presentation. One of the unique features of evaluative conditioning is that purely simultaneous CS-

US presentation produces robust conditioned responding (Hoffman et al., 2010). In contrast, 

Pavlovian fear conditioning is attenuated by simultaneous CS-US presentation, and is strongest 

under “forward conditioning” procedures in which the CS onset precedes the US onset, often 

without any CS-US overlap (e.g., “trace” conditioning; Bouton, 2007). According to the “holistic 

account” of evaluative conditioning, CS-US pairings lead to a single, joint representation of the 

CS that is later activated by the CS. One possible implication of this account is that simultaneous 

CS-US presentation enhances the holistic representation of the CS-US (Hofmann et al., 2010). 

Indeed, some evaluative conditioning effects are observed only with simultaneous CS-US 

presentations (e.g., conditioning responding in the absence of contingency awareness; Hütter & 

Sweldens, 2013). Accordingly, the prolonged co-occurrence of the CS and US in Experiment 1 

may have caused stronger evaluative conditioning, allowing the observation of conditioned 

responding in overt attention. However, Mason and Richardson (2010) employed a sequential, 

non-overlapping CS-US presentation and were able to observe effects of disgust conditioning on 

overt attention, which suggests that other factors may explain the present null findings.    
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  Although the present study did not reveal an attentional bias related to disgust learning, it 

did reveal robust differences in disgust learning between HCF and LCF individuals. The present 

study found robust evidence of impaired disgust extinction learning in HCF individuals. This 

impairment appeared to involve independent cognitive and affective processes. In terms of 

cognitive processes, the HCF group reported less change in their expectation that the CS+ would 

predict the US during extinction. Although there is a paucity of research on this aspect of disgust 

learning, a recent study found that fear extinction learning impairments revealed by self-reported 

US expectancy predicted the development of PTSD in Dutch soldiers deploying to Afghanistan 

(Lommen et al., 2013).  In terms of affective processes, the HCF reported a greater disgust 

response to the CS+ at extinction, which was not accounted for by the HCF group’s failure to 

modify their representation of the CS-US contingency during extinction (i.e., US expectancy). 

This suggests that persistent disgust responding to the CS+ in the HCF group was related to an 

affective learning process that is relatively independent from anticipatory learning (Sevenster et 

al., 2012), consistent with the prevailing view that evaluative conditioning features prominently in 

disgust learning (Olatunji et al., 2007).  

 The impairments in disgust extinction learning observed in the HCF group could provide 

insight into the etiology and maintenance of contamination-based OCD. Indeed, many of the 

symptoms of contamination-based OCD can be viewed as a failure to extinguish disgust 

responding acquired through associative learning. For example, the common symptom of 

excessive hand washing may reflect difficulty attenuating a disgust response to one’s hands after 

touching a perceived contaminant. Interestingly, the present study did not find any difference 

between the HCF and LCF groups in terms of the initial acquisition of conditioned disgust 

responding. This finding may reflect the fact that concerns about hygiene and the spread of 

contamination are normative (Rozin & Fallon, 1987. For example, most individuals would feel 
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disgusted by their hands and experience the urge to wash after touching a disgusting stimulus. The 

pathology of contamination-based OCD may lie not in how easily conditioned disgust responding 

is acquired, but in how resistant it is to extinction and other forms of corrective learning. 

 The present study also sheds light into the role of disgust sensitivity in contamination-

based OCD. Numerous studies have observed that individual differences in disgust sensitivity 

predict symptoms of contamination-based OCD; however, a specific mechanism explaining the 

role of disgust sensitivity in contamination-based OCD has been elusive. Consistent with 

Experiment 1 and Mason and Richardson (2010), the present study suggests that disgust 

sensitivity may contribute to contamination-based OCD by causing conditioned disgust responses 

to persist longer and resist extinction. In addition to causing avoidance, as found in Experiment 1, 

the persistence of conditioned disgust could contribute to safety behaviors, such as washing or 

cleaning behaviors often observed in OCD. Elevated disgust sensitivity could also interfere with 

treatment by causing disgust responses to be less amenable to extinction learning in the context of 

exposure therapy.  

 The present study may also have implications for the treatment of contamination-based 

OCD. The finding that HCF individuals are characterized by impaired extinction learning raises 

the possibility that contamination-based OCD, and potentially other disgust-relevant disorders, 

require augmented exposure therapy that addresses extinction learning deficits. Several methods 

for augmenting extinction learning during exposure therapy have been proposed (see Craske et al., 

2008). These procedures focus on preventing the return of conditioned responding, which can 

occur through processes such as re-instatement, context renewal, and spontaneous recovery 

(Bouton, 2002). However, these techniques are informed by basic research on fear learning, which 

may not generalize to disgust learning. Disgust learning appears to primarily involve evaluative 

learning (Experiment 1; Mason & Richardson, 2010; Olatunji et al., 2007), which is highly 
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resistant to extinction and likely based in taste aversion learning, a form of associative learning 

that is qualitatively distinct from fear learning (Bouton, 2007). Accordingly, treatment for 

contamination-based OCD and other disgust-related disorders may need to harness learning 

pathways that target the affective value acquired by the CS, rather than its perceived ability to 

predict the US. Indeed, recent studies suggest that counter-conditioning procedures, which pair the 

disgust CS+ with a positive US, may be particularly effective at attenuating conditioned disgust 

responding (Engelhard, Leer, Lange, & Olatunji, in press; see Jones, Vilensky, Vasey, & Fazio, 

2013 for a related training procedure).   

 Although the present findings provide novel insights into the role of disgust in 

contamination-based OCD, they should be interpreted with several limitations in mind. First, the 

present study utilized an analogue sample rather than a patient sample that met full criteria for 

contamination-based OCD. Although there is compelling evidence that research on subclinical 

contamination fear generalizes to clinical samples (Burns et al., 1996), these findings would be 

strengthened by replication in a community sample of patients.  Another limitation to the present 

study is that the lack of group differences in disgust learning at acquisition may have been the 

result of a ceiling effect, or alternatively, a “strong situation” (Lissek, Pine, & Grillon, 2006). 

Lissek et al. (2006) argue that the acquisition of conditioned fear responding represents adaptive 

functioning, and thus should be present in controls as well as patients. These authors suggest using 

weaker conditioning procedures in order to reveal learning abnormalities in patients. It may be 

possible to observe increased acquisition of conditioned disgust responding in HCF individuals 

under more ambiguous conditions, such as partial reinforcement of the CS+. Future research along 

these lines would help clarify the nature of disgust learning abnormalities in contamination-based 

OCD.  
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CHAPTER IV 

EXPERIMENT 3:  FEAR CONDITIONING AND ATTENTION IN PTSD 

 

 Whereas Experiment 2 sought to examine relations between disgust learning and attention 

in contamination-based OCD, Experiment 3 sought to examine relations between fear learning and 

attention in PTSD. PTSD is an ideal disorder for studying fear learning processes because it is the 

only anxiety-related disorder with a “specific etiology” (Rosen & Lilienfeld, 2008). In addition to 

requiring a pattern of symptoms, the diagnosis of PTSD requires that a specific type of event has 

caused these symptoms. This event, in which a person experiences or witnesses a life-threatening 

trauma, can be conceptualized as a learning experience involving an unconditioned stimulus (e.g., 

an explosion during a military patrol; Brewin & Holmes, 2003; Keane, Zimmering, & Caddell, 

1985; Orr et al., 2000). Until recent revisions to the DSM (DSM-5; APA, 2013), the diagnostic 

criteria for PTSD also specified an unconditioned response to trauma that involved fear, 

helplessness, or horror (DSM-IV-TR; APA, 2000), and many of the subsequent criteria describe 

reactions (e.g., distress, avoidance) to trauma-reminders that are suggestive of conditioned fear 

responses.  Thus, fear learning mechanisms appear to play a central role in the etiology of PTSD 

(Lissek & Grillon, 2012).  

 Given their increased exposure to life-threatening trauma, combat veterans are a population 

with elevated risk for PTSD (Dohrenwend et al., 2006). Indeed, PTSD received formal recognition 

as a psychiatric condition in response to symptom presentations in combat veterans following the 

Vietnam War (Baldwin, Williams, & Houts, 2004). Although the prevalence of PTSD in veterans 

has been a topic of ongoing debate (see Armstrong & Olatunji, 2009), recent estimates from the 

wars in Afghanistan and Iraq suggest that 8% of US soldiers exposed to combat will develop 

PTSD (Smith et al., 2008). Veterans with PTSD from these military conflicts often report 
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symptoms that are suggestive of conditioned responding (Tuerk, Grubaugh, Hammer, & Foa, 

2009). For example, several veterans in the present study reported debilitating fear while driving 

that was related to experiencing or witnessing explosions during their combat experience. This 

fear was triggered by stimuli such as road kill or trash on the side of the road (conditioned 

stimuli), which had previously been associated with improvised explosive devices (unconditioned 

stimulus) during their tours in Iraq or Afghanistan.  

 Although there is wide agreement that the development of PTSD involves abnormalities in 

fear learning, the precise nature of these abnormalities has been difficult to delineate (Lissek et al., 

2005). For example, it is unclear to what extent PTSD involves abnormal fear learning in relation 

to stimuli that predict danger (CS+) versus stimuli that predict safety (CS–). Orr and colleague’s 

(2000) argue that PTSD is characterized by increased “conditionability.” These authors have 

found that PTSD is characterized by greater excitatory fear learning to the CS+, such that the CS+ 

elicits more fear than the CS– at acquisition and extinction. In contrast, Davis and colleagues 

(2000) suggest that PTSD involves the failure to discriminate between the CS+ and CS–, as seen 

in a tendency to develop fear responding to both the CS+ and the CS–. Rather than involving 

enhanced excitatory fear learning to the CS+, Davis and colleagues (2000) argue that PTSD is 

characterized by impaired inhibitory fear learning to the CS–, such that patients with PTSD have 

difficulty suppressing fear to stimuli that are present in the conditioning context, yet do not predict 

the US (or actually predict its absence).  

 In a meta-analysis of fear conditioning research, Lissek et al. (2005) found that patients 

with anxiety disorders (predominantly PTSD) compared to controls showed increased conditioned 

fear responding at acquisition and extinction. However, this effect was strongest when only 

considering the CS+. When considering responding to the CS+ versus the CS–, patients showed 

only a modest increase in fear relative to controls, suggesting that patients are characterized by 
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excitatory fear learning to both the CS+ and the CS–, which can be interpreted in part as failure to 

inhibit fear learning to the CS–. Although these findings contradict the “conditionability” theory 

of Orr and colleagues (2000), Lissek et al. (2005) did find a small effect of discriminant fear 

conditioning in patients versus controls at extinction (d = .28), whereas virtually no effect (d = .08) 

was found at acquisition. Further, a recent prospective study (Lommen et al., 2013) found that 

increased discriminant fear conditioning at extinction predicts subsequent development of PTSD 

in soldiers.  Thus, the extent literature suggests that PTSD may be characterized by increased 

excitatory and decreased inhibitory fear learning at acquisition and extinction, as well as possibly 

increased discriminant conditioning at extinction.  

  Another process that has been highly studied in PTSD is attentional bias for threat 

(Buckley et al., 2000). Like fear learning, attentional bias for threat is reflected in the diagnostic 

criteria for the disorder, which include hypervigilance, a phenomenon in which patients constantly 

monitor their environment for the presence of threat (APA, 2013). Several studies have found 

increased attention to threatening or trauma-relevant stimuli in PTSD (Buckley et al., 2000; Cisler 

et al., 2011). This bias has been documented using a variety of paradigms, including reaction time 

measures, such as the emotional Stroop (Cisler et al., 2011), modified dot probe (e.g., Fani et al., 

2012), and visual search task (Pineles, Shipherd, Welch, & Yovel, 2007; Pineles, Shipherd, 

Mistoufi, Abramovitz, & Yovel, 2009), as well as more sophisticated measures that delineate the 

time course and components of attention, such as the emotional attentional blink task (Olatunji, 

Armstrong, McHugo, & Zald, 2012) and eye tracking (Armstrong, Bilsky, Zhao, & Olatunji, 

2013). Increased attention to threat in PTSD has been observed for both trauma-specific (e.g., 

combat scenes; Olatunji, Armstrong, McHugo, & Zald, 2013) and generally threatening stimuli 

(e.g., fearful faces; Armstrong, Bilsky, Zhao, & Olatunji, 2013), and a review of eye tracking 

studies (Armstrong & Olatunji, 2012) suggests that PTSD may be distinguished from other 
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anxiety disorders by the sustained nature of this bias. Whereas other anxiety disorders, particularly 

specific phobia, are characterized by a tendency to avoid threatening stimuli later in exposure 

when strategic control of attention becomes possible, patients with PTSD have been found to 

continue monitoring threat, consistent with the phenomenon of hypervigilance (Armstrong & 

Olatunji, 2012). In addition to being a symptom of PTSD, an attentional bias for threat may play a 

role in the maintenance of PTSD. For example, a tendency to search for and dwell on trauma 

reminders could contribute to hyperarousal and distress, two core features of PTSD (APA, 2013).  

 Although there has been a considerable amount of research on both fear learning and 

attentional bias in PTSD, virtually no studies have attempted to synthesize these perspectives. For 

example, there are no published studies examining attentional biases as a conditioned response in 

PTSD. However, there are several studies showing that an attentional bias is a normative 

conditioned fear response, such that individuals develop a tendency to allocate more attention to 

the CS+ compared to the CS– (e.g., Pischek-Simpson et al., 2009). This bias has also been shown 

to exhibit extinction and re-instatement effects parallel to other conditioned responses (e.g., 

increased autonomic arousal as revealed by skin conductance; SCR; Van Damme et al., 2006). 

There are several conceivable ways in which attentional biases acquired through fear learning 

could contribute to PTSD. One possibility is that attentional biases are a proximal mechanism 

through which excessive fear associations contribute to PTSD symptomatology. On this account, 

one might expect fear learning abnormalities in PTSD to manifest the same across attentional and 

autonomic measures.  Another possibility is that fear learning abnormalities in PTSD manifest 

differently on attentional measures compared to autonomic measures. Beckers et al. (2013) argue 

that individual differences in fear conditioning that are relevant to psychopathology may not be 

observed at the level of immediate fear responding, but instead may manifest in more distal forms 

of conditioned responding, such as behavioral avoidance or attentional bias.  Accordingly, 
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traumatized individuals with and without PTSD may develop the same degree of conditioned fear 

responding to the CS+ at the level of autonomic arousal; however, individuals with PTSD may 

develop a stronger attentional bias for the CS+ compared to those without PTSD.  

 In considering the roles of fear conditioning and attentional bias in PTSD, it is important to 

take into account how these phenomena relate to known vulnerability factors for the disorder. One 

factor that may confer risk for PTSD in traumatized individuals is anxiety sensitivity, a trait that 

encompasses individual differences in the fear of bodily sensations related to anxiety (Reiss & 

McNally, 1985). Anxiety sensitivity was initially examined as a risk factor for panic disorder; 

however, subsequent research has shown that anxiety sensitivity is strongly related to PTSD 

symptoms (Naragon-Gainey, 2010; Olatunji & Wolitzky-Taylor, 2008). Further, several 

prospective studies have found that anxiety sensitivity predicts the development of PTSD in 

response to traumatic stress (Feldner et al., 2006; Keough, Ayers, & Francis, 2002; Kilic, Kilic, & 

Yilmaz, 2008; Marshall, Miles, & Stewart, 2010). Although the nature of the relationship between 

anxiety sensitivity, trauma, and PTSD is still unclear, one hypothesis is that anxiety sensitivity 

increases fear reactivity during trauma exposure, leading to greater fear conditioning, and in turn, 

more symptoms in response to trauma reminders (e.g., Feldner et al., 2006). In addition, PTSD 

symptoms have been shown to have a reciprocal relationship with anxiety sensitivity, such that 

PTSD symptoms that develop after traumatic experiences lead to increases in anxiety sensitivity, 

which may complicate the course of treatment and worsen stress reactions to subsequent traumas 

(Marshall et al., 2010). Thus, in addition to moderating the effects of trauma, anxiety sensitivity 

may mediate the effects of current PTSD symptoms on processes such as fear conditioning or 

attentional bias.  

 To explore these possibilities, the present study examined attentional bias as a conditioned 

response during fear learning in trauma-exposed veterans with and without PTSD. The procedure 
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adhered to the general design of Experiment 2, with attentional biases assessed after habituation, 

acquisition, and extinction. To assess fear learning, a loud scream was used as the US (Indovina, 

Robbins, Núñez-Elizalde, Dunn, & Bishop, 2011). Also, in order to replicate prior studies 

demonstrating effects of fear learning on attention (e.g., Van Damme et al., 2006), a pink and a 

green rectangle were used as CSs. Whereas many of the prior studies demonstrating effects of fear 

learning on attention have used a key press spatial cueing task, the present study utilized a 

saccadic eye movement spatial cueing task (Bannerman et al., 2010), in order to avoid confounds 

related to emotion-induced generic response slowing (Mogg et al., 2008). In addition to examining 

conditioned responding in terms of attention, the present study used pupil diameter to measure 

condition responding in terms of autonomic arousal. Pupil diameter has been shown to converge 

with skin conductance as a measure of autonomic arousal in response to emotion-laden stimuli and 

appears to have a better signal-to-noise ration compared to electrode-based psychophysiological 

measures (Bradley et al., 2008).  In addition, pupil diameter has been found to reflect both simple 

and more complex forms of differential fear conditioning (Reinhard, Lachnist, & König, 2006). 

Finally, self-report measures of US expectancy and anxiety in response to the CS were also 

collected to provide additional insight into conditioned responding (Boddez et al., 2013).  

Methods 

Participants 

 Two groups of participants were recruited: veterans exposed to combat-related trauma that 

met full diagnostic criteria for PTSD (PTSD+; n = 20) and veterans exposed to combat-related 

trauma without a diagnosis of PTSD (PTSD–; n = 31). Exposure to combat-related trauma was 

defined as meeting criterion A1 of the DSM–IV (APA, 2000) diagnosis for PTSD (the person has 

been exposed to a traumatic event in which the person experienced, witnessed, or was confronted 

with an event or events that involved actual or threatened death or serious injury, or a threat to the 
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physical integrity of self or others). Recruitment involved community advertisement and referrals 

from various veteran services, and diagnoses were determined using the Mini International 

Neuropsychiatric Interview (MINI; Sheehan et al., 1998), which was administered by clinicians 

supervised by a clinical psychologist. Exclusionary criteria included a diagnosis or history of 

bipolar disorder, intellectual disability, psychosis, ADHD, developmental disorders, neurological 

disease or traumatic brain injury. These criteria were applied during a phone screening and again 

following the MINI. Consistent with known patterns of PTSD comorbidity, 30% of veterans in the 

PTSD group also met diagnostic for major depressive disorder, 15% met diagnostic criteria for 

dysthymia, and 20% met diagnostic criteria for alcohol abuse. 

Measures 

The Post-Traumatic Stress Disorder Checklist (PCL; Weathers, Litz, Herman, Huska, & 

Keane, 1993) is a 17-item measure of PTSD symptom severity over the past month.  Items are 

rated on a five-point scale ranging from 1 (not at all) to 5 (extremely). The PCL has been shown to 

have excellent internal consistency in Vietnam and Persian Gulf veterans, victims of motor vehicle 

accidents, and sexual assault survivors and has shown excellent test-retest reliability in Vietnam 

veterans (Orsillo, 2001). The PCL had excellent internal consistency in the present study (α = .92).  

The Combat Exposure Scale (CES; Keane et al., 1989) is a 7-item scale that assesses 

various dimensions of combat-related stress. The CES uses a 5-point Likert scale (1 -5) and 

assesses the duration and intensity of exposure to a variety of warzone stressors and traumatic 

events. The CES had acceptable internal consistency in the present study (a = .63). 

The State Trait Anxiety Inventory--Trait Version, Form Y (STAI-T; Spielberger et al., 

1983) is a 20-item scale that measures the enduring or chronic experience of anxiety. Trait anxiety 

was assessed because it may moderate the effects of fear conditioning on attention (e.g., Lee et al., 

2009). The STAI-T had excellent internal consistency in the present study (α = .92).  
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The Anxiety Sensitivity Index-3 (Taylor et al., 2007) is an 18-item scale that assesses the 

tendency to view arousal-related sensations as harmful or threatening. This tendency is parsed in 

terms of social  (e.g., “When I begin to sweat in a social situation, I fear people will think 

negatively of me”), cognitive (e.g., “When my thoughts seem to speed up, I worry that I might be 

going crazy”) and physical concerns (e.g., “When I feel pain in my chest, I worry that I’m going to 

have a heart attack”).  Anxiety sensitivity was examined because multiple studies suggest that it 

could be a risk factor for PTSD (e.g., Marshall, Miles, & Stewart, 2012). Also, whereas trait 

anxiety assessed by the STAI-T largely reflects negative affect, a broad vulnerability factor related 

to both anxiety and depression (Clark & Watson, 1991), anxiety sensitivity, as assessed by the 

ASI-3, may capture a specific vulnerability for anxiety disorders with a prominent arousal 

component, such as PTSD and panic disorder (Olatunji & Wolitzky-Taylor, 2009). The ASI-3 had 

excellent internal consistency in the present study (α = .93). 

The Attentional Control Scale (ACS; Derryberry & Reed, 2002) is a 20-item self-report 

questionnaire which assesses the ability to voluntarily maintain attention on a given task and to 

strategically reallocate attention. It is important to note that the ACS does not contain questions 

related to emotionally-valenced situations, and as such attempts to capture a general information 

processing trait uncontaminated by reactions to emotional stimuli or cognitions. The ACS was 

included because attentional control could potentially moderate effects of fear conditioning on 

attention. The ACS had good internal consistency (α = .86) in the present sample. 

Materials and apparatus 

Pink and green rectangles that subtended 2.5 x 2 degrees of visual angle were presented as 

conditioned stimuli (Van Damme et al., 2006). The sound of a woman screaming (750 ms 

duration; 50 ms rise/fall; 90 dB) was played over earbud headphones as the unconditioned 

stimulus. Ratings of the CSs and US were made on the same modified empirical valence scales 
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used in the previous experiments. The stimuli were presented on a 17” monitor (75 Hz; 1280 x 

1024 resolution) at a viewing distance of 82 cm. Stimuli were presented using MATLAB’s 

Psychophysics toolbox (Brainard, 1997). Eye movements and pupil diameter were recorded 

monocularly at 1000 Hz using an EyeLink 1000 system from SR Research, and communication 

with the stimulus presentation machine was achieved using MATLAB’s EyeLink toolbox 

(Cornelissen, Peters, & Palmer, 2002).   

Procedure 

 Participants provided informed consent to a protocol approved by the Vanderbilt 

University Institutional Review Board, and then completed the MINI interview. Subsequently, 

participants completed the measures as well as a basic demographic survey (age, gender, 

ethnicity/race, income, education) on a computer. Participants then completed the conditioning 

task, consisting of the following stages: Habituation. Participants viewed 5 non-reinforced 

presentations (6 s) of each CS. During all stages, CS’s were presented at the center of the screen in 

a pseudorandom order that prevented more than 2 consecutive presentations of the same CS 

(Lissek et al., 2009) and were preceded by a fixation cross (1.5 s) and followed by an ITI, varied 

randomly between 12 s and 18 s. Acquisition. During this stage, the CS+ was reinforced. On CS+ 

trials, the US was played during the last 750 ms of CS+ presentation, such that the CS+ and US 

co-terminated; on CS- trials, the US was not played. The acquisition phase was divided into two 

blocks, both with 5 presentations of CS+ trials, and 5 presentations of CS- trials. Between blocks, 

US expectancy was rated for each CS. Reacquisition. The acquisition procedure was repeated, but 

with only one block of trials. Extinction.  The acquisition procedure was repeated, but without US 

presentation (i.e., CS+ reinforcement). 

 Attentional CR assessment.  A modified spatial cueing task was used to assess changes in 

attention towards the CS’s. Trials consisted of a central fixation point (700 ms), followed by a 200 
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ms “gap” (blank screen) to facilitate disengagement of attention (Bannerman et al., 2010). The CS 

was then presented for 30 ms at 9.2° eccentricity to the left or right of fixation, followed by a 

black asterisk (“probe”; 2° x 2°; 1000 ms) appearing either at the same location (valid trials) or at 

the opposite location (invalid trials) of the CS (see Figure XI).  

 

 

 

 

The ITI was 1000 ms. There were 128 trials (32 valid CS+ cue; 32 invalid CS+ cue; 32 valid CS- 

cue; 32 invalid CS- cue). Participants’ task was to make a saccade to the probe as quickly and 

accurately as possible. Speeded responding to valid trials reflects facilitated orienting of covert 

attention to the CS, whereas delayed responding on invalid trials reflects difficulty disengaging 

covert attention from the CS.  Bannerman et al. (2010) found that 20 ms and 40 ms, but not 100 

ms cue presentations, revealed both of these effects for threatening faces. Attentional CR 

assessment occurred after habituation, after conditioning, and after extinction.  

Figure	
  XI.	
  An	
  overview	
  of	
  the	
  spatial	
  cueing	
  task	
  in	
  Experiment	
  3.	
  CS	
  =	
  
conditioned	
  stimulus,	
  ITI=inter-­‐trial	
  interval,	
  ms	
  =	
  milliseconds.	
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Psychophysiological CR assessment. Pupil diameter was used to measure autonomic 

arousal in response to the CSs at habituation, conditioning, reacquisition, and extinction. Pupil 

diameter was recorded throughout these procedures. In line with Bradley et al. (2008), the last 1 s 

of the ITI prior to the CS presentation was used as a baseline, and the first 2 s of CS presentation, 

which contain the initial light reflex, were excluded from analyses. This decision was made a 

priori; however, post hoc examination of the pupillary response to the CSs confirmed that the 

initial light reflex was contained within this 2 s window (see Figure XII).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To exclude responding to the US and to match the period of measurement for the CS+ and 

CS–, data after 5.2 s were omitted. Thus, pupil diameter in response to the CSs was measured 

from 2 s to 5.2 s (3.2 s window).    

Figure	
  XII.	
  Pupil	
  dilation	
  to	
  the	
  CSs	
  at	
  acquisition	
  in	
  the	
  full	
  sample	
  (post-­‐smoothing).	
  Pupil	
  
dilation	
  units	
  are	
  a	
  proportion	
  of	
  baseline	
  pupil	
  area.	
  CS+	
  =	
  rectangle	
  followed	
  by	
  
unconditioned	
  stimulus;	
  CS–	
  =	
  rectangle	
  not	
  followed	
  by	
  unconditioned	
  stimulus.	
  

<––	
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 Self-report CR assessment. At the end of each stage, participants retrospectively rated 

how anxious the CSs made them feel and how much they expected the scream on a modified EVS. 

At the end of the experiment, participants were presented the scream one additional time, and then 

rated how afraid the scream made them feel on modified EVSs.  The term anxious was used with 

the CSs, and afraid with the US, because anxiety involves anticipating a threat (e.g., waiting for a 

possible scream), whereas fear involves encountering a threat (e.g., hearing a scream; Lang, Davis, 

& Öhman, 2000). 

Pupil diameter and eye movement data reduction 

 For each trial, pupil diameter for the CS was computed as a proportion of the baseline 

pupil diameter prior to the CS. The EyeLink system does not provide an absolute measurement of 

pupil diameter, and instead uses arbitrary units that depend on factors that vary between subjects. 

Accordingly, the manufacturer recommends computing a proportion of the baseline, rather than 

subtracting the baseline (Bradley et al., 2008), in order to allow the comparison of data between 

subjects. Missing pupil diameter data caused by blinks were replaced using linear interpolation, a 

procedure that minimally alters the data (Beatty & Lucero-Wagoner, 2000). To remove noise in 

the recording, data were smoothed using a 300-point filter, which approximated the 5-point filter 

often reported with 60 Hz recording (e.g., Siegle, Granholm, Ingram, & Matt, 2001).  

 Saccades were detected using the standard velocity and acceleration thresholds of the 

EyeLink system. Saccade latency, defined as the time elapsed between probe onset and saccade 

initiation, was the variable of interest in the spatial cueing task. Trials with errors (saccades to the 

wrong location) were excluded (7.87%), as were trials with saccade latencies that were 3 SD 

greater than the participant’s average latency for the stage of assessment (.001%). Also, trials with 

saccade latencies shorter than 80 ms (anticipatory saccades) were excluded (7.37%). Finally, 

saccades were excluded if the participant’s gaze was not within 2 degrees of the central fixation 
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cross at probe onset (6.31%). These methods for handling saccade latency data were based on 

Bannerman et al. (2010). 

Data Analytic Plan 

 Analyses were conducted largely in line with the plan used in Experiment 2.  For the 

spatial cueing task, 2 (Cue: valid, invalid) X 2 (CS: CS+, CS–) X 2 (group: HCF, LCF) mixed-

effects ANOVAs were conducted at each stage. Also, for correlational analyses, analyses included 

the entire sample, in line with previous studies comparing trauma-exposed individuals with and 

without PTSD (Milad et al. 2009; Orr et al., 2000). In Experiment 2, recruitment for high and low 

symptom groups focused on the tails of the distribution of OCD symptoms, and excluded 

participants with OCD symptom levels in the center of the distribution. This “extreme groups” 

recruitment necessitates separate correlational analyses, because including only the tails of the 

distribution for a variable artificially inflates its correlations with other variables (Preacher, 

Rucker, MacCallum, & Nicewander, 2005). In contrast, the present study did not exclude veterans 

with mid-range symptoms of PTSD. During the majority of participant enrollment, the study was 

open to trauma-exposed veterans regardless of PTSD status. During the final months of 

enrollment, veterans with PTSD were oversampled to ensure adequate power for comparisons 

between diagnostic groups; however, the resulting distribution of PTSD symptoms, as measured 

by the PCL-M, approximated a normal distribution: a Kolmogorov-Smirnov test failed to reject 

the assumption that the distribution of PCL-M scores was normal, and skewness (.41) and kurtosis 

(-.57) values for the PCL-M were acceptable.  
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Results 

Group characteristics 

The two veteran groups did not differ in terms of age, gender, ethnicity, or income (ps > 

.05).  In addition, the two groups did not differ in terms of the time elapsed since their last tour or 

their exposure to combat stress (ps > .05). In line with their diagnoses, the veterans with PTSD 

had significantly greater levels of PTSD symptoms, anxiety sensitivity, trait anxiety, and 

diminished attentional control, compared to the veterans without PTSD (ps < .001). Finally, the 

veterans with PTSD reported more fear in response to the US stimulus (p < .05). Table VII reports 

Ms and SDs for these variables.  
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Habituation 

 Self report CR: US expectancy ratings. The main effect of CS, the main effect of group, 

and the CS X group interaction were all non-significant, Fs (1, 49) < 1.92, ps > .05. Thus, prior to 

acquisition, the CSs did not differ in terms of their ability to elicit anticipation of the US, nor did 

the groups differ in terms of their anticipation of the US. Table VIII provides Ms and SDs for all 

CS ratings, and Figure XIII (next page) depicts these ratings. 

 

 

  



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  

	
   77	
  

Self-report CR: anxiety ratings. The main effect of CS was non-significant, F (1, 49) < 1, p > 

.05. There was a significant main effect of group, F (1, 49) = 4.74, p < .04, which was not 

qualified by a group X CS interaction, F (1, 49) < 1, p > .05. Veterans with PTSD reported higher 

levels of anxiety in response to both CSs, possibly reflecting higher levels of state anxiety.  

 

 

 

 

 

 

Figure	
  XIII.	
  Self-­‐report	
  ratings	
  of	
  the	
  CSs	
  in	
  Experiment	
  3.	
  PTSD+	
  =	
  diagnosis	
  of	
  post-­‐traumatic	
  
stress	
  disorder;	
  PTSD–	
  =	
  no	
  diagnosis	
  of	
  post-­‐traumatic	
  stress	
  disorder;	
  CS+	
  =	
  rectangle	
  
followed	
  by	
  unconditioned	
  stimulus;	
  CS–	
  =	
  rectangle	
  not	
  followed	
  by	
  unconditioned	
  stimulus.	
  
HAB	
  =	
  habituation;	
  ACQ	
  =	
  acquisition;	
  EXT	
  =	
  extinction.	
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Psychophysiological CR: pupil diameter. The main effect of CS, the main effect of group, and 

the CS X group interaction were all non-significant, F (1, 49) < 1, p < .001. Thus, prior to 

acquisition, the CSs did not differ in terms of their effects on pupil dilation, nor did the groups 

differ in terms of their pupil dilation. Table IX provides Ms and SDs for pupil dilation in response 

to the CSs at all stages, and Figure XIV depicts these data. 
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Eye movement CR: saccade latencies. The main effect of cue was significant, F (1, 49) = 

174.31, p < .001, such that participants responded faster to probes preceded by valid cues (i.e., 

cues that appeared in the probe location) compared to invalid cues (i.e., cues that appeared 

opposite the probe location). No other effects were significant, Fs (1, 49) < 1, ps > .05. Thus, prior 

to acquisition, the CSs did not differ in terms of their effects on attention, nor did the groups differ 

in terms of these effects on attention. Table X provides Ms and SDs for saccade latencies to the 

CSs at all stages. 
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Acquisition 

 Self report CR: US expectancy ratings. The main effect of CS was significant, F (1, 49) 

= 245.74, p < .001. Participants had greater expectations of the US following the CS+ versus CS–, 

reflecting successful discriminant conditioning in the entire sample. The main effect of group and 

the CS by group interaction were not significant, Fs (1, 49) < 2.62, ps > .05.  

 Self report CR: anxiety ratings. The main effect of CS, F (1, 49) = 72.61, p < .001, and 

the main effect of group were significant, F (1, 49) = 4.53, p < .05, and these main effects were 

qualified by a CS by group interaction, F (1, 49) = 5.04, p < .05. Independent-samples t-tests 

revealed that compared to the veterans without PTSD, veterans with PTSD reported greater 

anxiety during the CS+, t (49) = -2.61, p < .02, but not during the CS–, t (49) = .15, p > .05. 

 Psychophysiological CR: pupil diameter. The main effect of CS was significant, F (1, 

49) = 12.08, p = .001, such that pupil dilation was greater in response to the CS+ versus the CS– in 

the full sample. The main effect of group and the group by CS interaction were not significant, Fs 

(1, 49) < 1, ps > .05.  

 Eye movement CR: saccade latencies. The main effect of cue was significant, F (1, 49) = 

82.52, p < .001, replicating the basic cueing effect found after habituation.  No other effects were 

significant, Fs (1, 49) < 2.26, ps > .05. Thus, following acquisition, the CSs did not differ in terms 

of their effects on attention, nor did the groups differ in terms of these effects on attention, 

contrary to hypotheses.  

Extinction 

 Self report CR: US expectancy ratings. There were significant main effects of CS, F (1, 

49) = 50.27, p < .001, and group, F (1, 49) = 6.47, p < .04, which were qualified by a CS by group 

interaction, F (1, 49) = 6.47 p < .02. Independent-samples t-tests revealed that compared to the 

veterans without PTSD, veterans with PTSD reported greater expectation of the US during the 
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CS+, t (49) = -2.83, p < .01, but not during the CS–, t (49) = -.15, p > .05. To determine if partial 

extinction was achieved, an exploratory analysis was conducted to test if self-reported US 

expectancy declined between acquisition and extinction. Conditioning phase was added to the 

ANOVA model, and limited to the levels of acquisition and extinction. Of most relevance to the 

present hypotheses, there was a CS by phase interaction, F (1, 49) = 72.74 p < .001, reflecting 

successful extinction learning in the entire sample. This interaction was not further qualified by a 

CS by phase by group interaction, F (1, 49) = 1.71 p > .05, such that groups did not differ in terms 

of decline of US expectancy from acquisition to extinction.  

 Self report CR: anxiety ratings. There were significant main effects of CS, F (1, 49) = 

48.45, p < .001. The main effect of group was not significant, F (1, 49) = 1.45, p > .05; however, 

the main effect of CS was qualified by a CS by group interaction, F (1, 49) = 6.37, p < .02. 

Independent-samples t-tests revealed that compared to the veterans without PTSD, veterans with 

PTSD reported greater expectation of the US during the CS+, t (49) = -2.16, p < .04, but not 

during the CS–, t (49) = .62, p > .05. To determine if partial extinction was achieved, an 

exploratory analysis was conducted to test if self-reported anxiety in response to the CSs declined 

between acquisition and extinction. Of most relevance to the present hypotheses, there was a CS 

by phase interaction, F (1, 49) = 13.06, p = .001, reflecting successful extinction learning in the 

entire sample. This interaction was not further qualified by a CS by phase by group interaction, F 

(1, 49) < 1 p > .05, such that groups did not differ in terms of decline of anxiety from acquisition 

to extinction. 

 Psychophysiological CR: pupil diameter. The main effect of CS was marginally 

significant, F (1, 49) = 3.21, p < .08, and the main effect of group was significant, F (1, 49) = 

5.28, p < .03; however, these main effects were not qualified by a group by CS interaction, F (1, 

49) < 1, p > .05. Thus, there was a trend of discriminant conditioning in pupil dilation that 
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persisted during extinction, and while the veteran groups did not differ in terms of this trend, 

veterans with PTSD showed greater pupil dilation in response to the CSs in general during 

extinction. An exploratory analysis of pupil dilation at acquisition versus extinction revealed a 

main effect of CS, F (1, 49) = 11.44, p = .001, which was not qualified by a CS by phase 

interaction, suggesting that significant extinction of conditioned responding was not achieved in 

terms of autonomic arousal revealed by pupil dilation. Of relevance to the present hypotheses, 

there was not a significant CS by phase by group interaction, F (1, 49) < 1, p > .05; however, there 

was a significant phase by group interaction, F (1, 49) = 4.50, p < .04. Follow-up ANOVAs 

conducted separately in each veteran group revealed that there was not a significant main effect of 

stage in either group, Fs (1, 49) < 2.2, p > .05; however, as noted above, there as a significant 

main effect of group at the extinction phase, but not the acquisition phase. From acquisition to 

extinction, pupil dilation to CSs generally declined in the veterans without PTSD, whereas it 

increased in the veterans with PTSD, leading to the emergence of this significant group difference.  

 Eye movement CR: saccade latencies. The main effect of cue was again significant, F (1, 

49) = 222.0, p < .001. No other effects were significant, Fs (1, 49) < 2.26, ps > .05. Thus, 

following extinction, the CSs did not differ in terms of their effects on attention, nor did the 

groups differ in terms of these effects on attention, contrary to hypotheses.  

Correlations between symptom measures, unconditioned responding, and conditioned 

responding 

 Table XI (next page) reports correlations between symptom measures and measures of 

unconditioned and conditioned responding for the full sample of veterans.   
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 Relations with symptom measures. Correlational analyses focused on the symptom 

measures that were most relevant to PTSD and PTSD vulnerability, the PCL-M and the ASI-3, 

respectively, and on the CR variables for which evidence of conditioning or group differences 

were observed, and thus excluded saccade latency data. To summarize the main findings of 

interest, symptoms of PTSD were correlated with self-reported discriminant conditioning at both 

acquisition and extinction. At acquisition, this correlation was limited to anxiety ratings (p < .01), 

and not observed for US expectancy (p > .05); at extinction, this correlation was observed for both 

anxiety (p < .01) and US expectancy (p < .01). PTSD symptoms were not correlated with 

discriminant conditioning as revealed by pupil diameter (ps > .05), or with overall pupil dilation to 



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  

	
   84	
  

CSs at extinction (p > .05; a variable on which veterans with PTSD showed increased responding 

compared to veterans without PTSD). Also, PTSD symptoms were not correlated with self-

reported fear responding to the US (p > .05).  Anxiety sensitivity showed the same pattern of 

relations with self-report measures of discriminant conditioned responding as PTSD symptoms (ps 

< .01), and was also not related to discriminant conditioned responding as revealed by pupil 

dilation (p > .05). However, anxiety sensitivity was correlated with both overall pupil dilation in 

response to CSs at extinction (p < .01), and with self-reported fear responding to the US (p < 

.001).  

 Relations between conditioned and unconditioned responses. The self-report and 

psychophysiological CRs were generally not correlated (ps > .05); however, discriminant pupillary 

responding to the CSs at acquisition predicted both self-reported US expectancy (p < .03) and 

anxiety (p < .01) at extinction (but not at acquisition). Self-reported fear responding to the US 

predicted self-reported conditioned anxiety at both acquisition (p < .001) and extinction (p < .01), 

but only marginally predicted US expectancy at both phases (p < .09). Also, self-reported fear 

responding to the US predicted discriminant conditioning as revealed by pupil dilation at 

acquisition (p < .04), but not at extinction (p > .05).  

Modeling relations between PTSD, anxiety sensitivity, unconditioned fear reactivity, and 

conditioned anxiety.  

 The pattern of correlations reported in Table XI may provide some insight into relations 

between anxiety sensitivity, fear learning, and PTSD. According to theoretical models of fear 

conditioning, the magnitude of a conditioned response, such as anxiety in the presence of threat 

cues, is determined in part by the magnitude of the unconditioned fear response to the threat itself 

(see Bouton, 2007). Thus, the relation between PTSD and conditioned fear responding could be 

mediated by the relation between PTSD and unconditioned fear responding. However, PTSD 
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symptoms were not significantly correlated with unconditioned fear responding, as revealed by 

self-reported fear in response to the scream. On the other hand, there was a highly significant 

correlation between anxiety sensitivity and unconditioned fear responding, and the present study 

found a strong correlation between anxiety sensitivity and PTSD symptoms, in line with prior 

research (Olatunji & Wolitzky-Taylor, 2008). One possibility is that anxiety sensitivity mediates 

the relationship between PTSD symptoms and unconditioned fear responding, which in turn 

mediates the relationship between anxiety sensitivity and conditioned fear responding. This 

pattern of effects would represent sequential multiple mediation, with an indirect effect leading 

from PTSD symptoms (PCL-M) to anxiety sensitivity (ASI-3) to unconditioned fear to 

conditioned anxiety (PROCESS Model 6; Hayes, 2013).  

 This model was applied to self-reported anxiety (to CS+ versus CS–) at both the 

acquisition and extinction phases (Figures XV and XVI, next page). At both phases, the 

hypothesized indirect effect was significant (p < .05), as reflected by the 95% confidence intervals 

(CIs) not containing zero (acquisition: d = .25, SE = .13, lower CI = .06, upper CI = .61; 

extinction: d = .17, SE = .13, lower CI = .01, upper CI = .54). In addition, alternative indirect 

effects that required one fewer step of mediation (PCL-M to ASI-3 to conditioned anxiety; PCL-M 

to unconditioned fear to conditioned anxiety) were not significant (ps > .05) when accounting for 

the hypothesized indirect effect (PCL-M to ASI-3 to unconditioned fear to conditioned anxiety), at 

both stages.  
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Discussion 

 The present study is the first to examine attentional bias as a conditioned response in 

PTSD. Contrary to hypotheses, fear conditioning did not have any basic effects on spatial 

attention, and veterans with and without PTSD did not differ in terms of the effects of fear 

conditioning on attention. This null result cannot be attributed to a failure of the fear conditioning 

paradigm, as robust acquisition effects were observed on both self-report and psychophysiological 

measures. Participants reported greater US expectancy, anxiety, and displayed greater pupil 

dilation in response to the CS+ versus the CS–. In addition, the fear conditioning paradigm 

appeared to have diagnostic validity (Boddez et al., 2013), as veterans with and without PTSD 

were distinguished by their patterns of conditioned responding. Veterans with PTSD reported 

greater anxiety to the CS+ at acquisition and extinction, and reported greater US expectation 

during the CS+ at extinction, compared to veterans without PTSD. Although these group 

differences in discriminant responding were not observed on pupil dilation, veterans with PTSD 

did show greater pupil dilation to both CSs at extinction. Finally, veterans with PTSD reported 

greater unconditioned fear responding, and mediational modeling revealed that levels of PTSD 

symptoms were related to increased conditioned anxiety through the effects of anxiety sensitivity 

on unconditioned fear responding.  

 The failure to observe effects of fear conditioning on spatial attention may be attributed to 

several factors. First, the present study established CS-US contingencies and assessed attention in 

separate procedures, with the spatial cueing task occurring after each conditioning phase. In 

contrast, other studies (e.g., Van Damme et al., 2006) have established CS-US contingencies 

within the spatial cueing task, for example, by reinforcing 50% of the CS+ cues with a shock. One 

limitation of assessing attention to the CSs in a separate task is that the parameters of the CSs 

change. For example, the CSs were presented centrally for 6 s in the conditioning phases, but were 
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presented peripherally for 30 ms in the spatial cueing assessment of attention. These changes in 

parameters may weaken (or even eliminate) the ability of the CSs to activate the US representation 

and thus elicit conditioned responding. Another limitation to assessing attentional bias for the CSs 

in a separate task is the potential for extinction. Each time the CS+ was presented without 

reinforcement in the spatial cueing task, its ability to activate the US representation was likely 

weakened through the process of extinction. However, other studies have been able to observe 

effects of fear conditioning on attention through tasks occurring after the conditioning procedure, 

in spite of these limitations (e.g., Lee & Lee, 2009; Mulckhuyse et al., 2013; Pischek-Simpson et 

al., 2008).   

 Another possibility is that the measure of attention used in the present study was not 

adequate for measuring effects of fear conditioning. Whereas prior studies observing effects of 

fear conditioning on attention in the spatial cueing task have used 100 ms cue presentations, the 

present study used a 30 ms cue presentation, as Bannerman and colleagues (2009a; 2009b; 2010a; 

2010b) have demonstrated in multiple studies that saccade latencies reflect emotional modulation 

of attention earlier than manual response latencies, with the strongest effect for 20 or 40 ms cues. 

However, these studies have used fearful faces or postures, rather than conditioned fear stimuli.  It 

is possible that conditioned fear stimuli do not exert effects on saccade latencies at such brief 

presentations.  

 Although conditioned responding was not revealed in the spatial cueing task, it was found 

for self-report and psychophysiological measures, which showed varying degrees of diagnostic 

validity. Compared to veterans without PTSD, Veterans with PTSD reported increased anxiety to 

the CS+ at both acquisition and extinction. Although veterans with PTSD responded with greater 

anxiety to the CS+ at extinction, this finding appeared to reflect a larger initial acquisition of 

anxiety, rather than an extinction learning deficit, as veterans with and without PTSD showed 
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similar declines in their conditioned anxiety from acquisition to extinction. These findings are in 

line with the “conditionability” theory of Orr and colleagues (2000), because they suggest that 

PTSD is characterized by excessive excitatory fear learning, rather than impaired inhibitory fear 

learning, as suggested by Davis and colleagues (2000). In addition to not observing PTSD-related 

deficits in inhibitory learning to the CS+ at extinction, the present study also did not observe 

PTSD-related deficits in inhibitory learning to the CS– at acquisition, a finding that is also 

inconsistent with the theory of Davis and colleagues (2000). However, it is possible that deficits in 

inhibitory learning related to PTSD can only be observed in procedures that probe more complex 

forms of inhibitory learning (e.g., safety transfer in conditional discrimination; see Jovanovic & 

Ressler, 2010). 

 In line with prior research (Lommen et al., 2013), PTSD was also linked to increased US 

expectancy during CS presentation. Compared to veterans without PTSD, veterans with PTSD 

reported greater US expectation for the CS+ at extinction, but not at acquisition. Although PTSD-

related differences in US expectancy may be specific to extinction, it is possible that group 

differences in US expectancy were not observed at acquisition because of a ceiling effect, as both 

veterans with and without PTSD rated their expectation of the US near the maximum value of the 

scale. Another way of looking at these findings is in terms of a “strong situation,” a social 

psychological concept describing a situation that elicits such a reliable response that it conceals 

individual differences (see Lissek et al., 2006). Reinforcing 100% of the trials during acquisition 

appeared to produce such a reliable contingency awareness that both groups formed near-

maximum US expectations during the CS+. In contrast, the extinction phase presented greater 

ambiguity with regards to the CS-US contingency: the CS+ was no longer reinforced, but given 

the preceding reinforced presentations during acquisition and re-acquisition, it was unclear 

whether one should stop expecting the US. Under these more ambiguous circumstances, the 
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veterans with PTSD exhibited a stronger tendency to continue expecting the US, perhaps because 

they discounted the non-reinforced trials in judging the likelihood of the US. Lommen et al. 

(2013) found that increased US expectancy during extinction trials predicted the development of 

PTSD in Dutch soldiers, which suggests that the present finding could reflect a vulnerability factor 

in veterans with PTSD that pre-exists trauma exposure. 

  In addition to revealing fear learning tendencies that characterize PTSD, the present study 

sheds light on relations between anxiety sensitivity and fear learning in PTSD. Anxiety sensitivity 

is more strongly related to PTSD than to other anxiety-related disorders (Naragon-Gainey, 2010; 

Olatunji & Wolitzky-Taylor, 2008), and prospective studies have identified anxiety sensitivity as a 

risk factor for developing PTSD in response to trauma (Feldner et al., 2006; Keough, Ayers, & 

Francis, 2002; Kilic, Kilic, & Yilmaz, 2008). Some have suggested that anxiety sensitivity may 

confer vulnerability to PTSD by increasing reactivity to a traumatic stressor, as reflected in the 

severity of peritraumatic distress (Olatunji & Wolitzky-Taylor, 2008). The present study found 

that anxiety sensitivity accounted for the relationship between symptoms of PTSD and 

unconditioned fear responding (reactivity to the US), which may be analogous to the relations 

between anxiety sensitivity, PTSD, and trauma reactivity observed in naturalistic, descriptive 

research (e.g., Kilic et al., 2008). Consistent with basic models of fear conditioning (Bouton, 

2007), the present study also demonstrated that increased fear in response to the US led to 

increased anxiety in response to the CS+, and that this effect provides a mechanism through which 

anxiety sensitivity increases conditioned anxiety in PTSD. These findings suggest that anxiety 

sensitivity not only increases peritraumatic distress, but in doing so, may potentiate fear 

conditioning to innocuous peritraumatic stimuli, thereby creating additional risk for PTSD.    

 Although the present study found robust PTSD-related differences in self-reported 

conditioned responding, these differences were not observed in autonomic conditioned 
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responding, as reflected in pupil dilation. Although there was evidence of discriminant 

conditioning in pupil dilation in the entire sample at acquisition and to a lesser extent at extinction, 

there were no group differences in this discriminant responding. However, veterans with PTSD 

did show increased pupil dilation to both CSs at extinction, and this effect was related to anxiety 

sensitivity. One possibility is that veterans with PTSD became more aroused by both stimuli 

during extinction because of the uncertainty created by the change in reinforcement contingency. 

Prior research on contextual fear has found that when a shock cued by a CS becomes 

unpredictable, individuals show a generalized increase in autonomic arousal that is related to a 

chronic expectation of the US (Vansteenwegen, Iberico, Vervliet, Marescau, & Hermans, 2008). 

One possibility is that during extinction, veterans with PTSD implicitly expected the US to return 

unpredictably, and as a result, were more aroused during the presentation of both CSs.  

 Although the present findings offer new insight into the relations between fear 

conditioning, anxiety sensitivity, and PTSD, they should be interpreted with multiple limitations in 

mind. First, it is unclear if the PTSD-related fear learning tendencies observed in the present study 

were present prior to trauma exposure and the emergence of PTSD symptomatology. While the 

present findings are consistent with prospective studies establishing fear learning abnormalities 

(Lommen et al., 2013) and anxiety sensitivity (e.g., Keough et al., 2002) as premorbid 

vulnerability factors for PTSD, it is possible that the fear learning tendencies observed in the 

present study, as well as their relation to anxiety sensitivity, develop as a consequence of PTSD 

symptomatology. However, under this scenario the present findings would still have implications 

for the course of PTSD, as individuals with PTSD are often exposed to repeated traumas (Orcutt et 

al., 2002). Indeed, PTSD symptoms uniquely predict subsequent exposure to trauma, such that 

individuals who are experiencing PTSD are more likely to experience additional traumas as a 

consequence of their symptoms (e.g., due to problematic coping strategies; Cougle, Resnick, & 
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Kilpatrick, 2009; Orcutt et al., 2002). Thus, even if the phenomena linked to PTSD in the present 

study were not risk factors for patients’ current episode of PTSD, they could serve as risk factors 

for adverse reactions to future stressors. However, prospective research examining both fear 

learning and anxiety sensitivity in a population at risk for PTSD is needed to clarify the nature of 

the present findings.  An additional limitation to the present study is that self-reported fear 

learning tendencies linked to PTSD were not corroborated by the pupil dilation data. Thus, it is 

possible that the present findings reflect verbal response tendencies in PTSD that do not generalize 

to underlying physiological processes implicated in fear learning (e.g., Grillon, 2002).  The 

present findings would be strengthened by replication on a more objective indicator of 

conditioning fear responding, such as fear potentiated startle (Lissek et al., 2009) or amygdala 

activity (e.g., LeDoux et al., 1990).  In addition, US expectancy ratings were not collected online 

during CS presentation (Lommen et al., 2013), but were instead collected retrospectively, at the 

end of each conditioning phase. Collecting US ratings online during each trial could have provided 

greater insight into the cognitive processes involved in fear conditioning (Boddez et al., 2013).  

Despite these limitations, the present study may offer new insights into the role of fear 

conditioning and anxiety sensitivity in PTSD. 
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CHAPTER V 

GENERAL DISCUSSION 

 

 This program of research had two overarching goals. The first goal was to contrast disgust 

and fear learning in terms of basic processes, with a focus on how disgust and fear learning differ 

in terms of their effects on attention. The second goal was to examine disgust and fear learning in 

the context of anxiety-related disorders in which each may be particularly relevant (contamination-

based OCD and PTSD, respectively), with a focus on how disgust and fear learning might shape 

attentional biases for threat in these disorders. In pursuing both of these goals, an additional 

interest was exploring relations between emotional learning processes and traits that have been 

established as vulnerability factors for anxiety-related disorders.  

 Experiment 1 demonstrated that disgust and fear learning indeed have distinct effects on 

attention. Using a video-based conditioning paradigm (Kelly & Forsyth, 2007) with comparable 

disgust and fear USs, this study found that only disgust conditioning produced sustained 

attentional avoidance of the CS+. Consistent with Mason and Richardson (2010), this attentional 

CR was present after an extinction procedure and correlated with disgust sensitivity, a known 

vulnerability factor for disgust-related anxiety-disorders. Mediational modeling revealed that 

conditioned disgust and fear stimuli elicit different attentional CRs because unconditioned disgust 

and fear stimuli elicit different attentional URs: disgust USs uniquely repel gaze, which in turn 

allows disgust CSs to repel gaze. Additional mediational modeling suggested that individuals high 

in disgust sensitivity avoid looking at disgust USs because they experience more disgust in 

response to these stimuli, and that individuals high in disgust sensitivity show a greater tendency 

to avoid looking at conditioned disgust stimuli because of their greater tendency to avoid looking 

at unconditioned disgust stimuli. Together, these findings shed light on specific pathways by 
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which disgust sensitivity may contribute to certain anxiety disorders, and thus provide an 

important contribution to the literature on disgust and psychopathology.  

 Experiment 2 sought to extend the findings of Experiment 1 by examining the effects of 

disgust on attention in contamination-based OCD. However, the disgust conditioning procedure 

used in Experiment 2 did not produce any observable effects on attention. Despite this limitation, 

the disgust conditioning procedure in Experiment 2 did reveal learning tendencies that may 

characterize contamination-based OCD. HCF individuals’ self-reported US expectancy during the 

CS+ was resistant to extinction, compared to LCF individuals, and HCF individuals reported a 

greater disgust response to the CS+ at extinction, compared to LCF individuals. Interestingly, 

these effects appeared to be independent, perhaps representing dissociable anticipatory and 

affective learning processes (Sevenster et al., 2012). Further, Experiment 2 found that disgust 

sensitivity was strongly correlated with conditioned disgust responding at extinction, and 

accounted for group differences in conditioned disgust responding. These findings were consistent 

with Experiment 1, providing additional evidence that disgust sensitivity contributes to certain 

anxiety disorders by causing newly acquired disgust responses to persist longer.    

 Experiment 3 sought to explore the effects of fear conditioning on attention in PTSD. In a 

manner similar to Experiment 2, the fear conditioning procedure did not have observable effects 

on attention, but it was able to reveal fear learning tendencies that distinguished veterans with 

PTSD from veterans without PTSD. Veterans with PTSD reported greater anxiety to the CS+ at 

both acquisition and extinction, as well as greater US expectancy at extinction. Also, PTSD 

symptom severity was related to greater conditioned anxiety through its relation to greater 

unconditioned fear responding. This research also showed that the relation between PTSD and 

greater unconditioned fear was mediated by anxiety sensitivity, an established vulnerability factor 

for PTSD.  
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Learning and attention in anxiety-related disorders 

 The null results in Experiments 2 and 3 may suggest that aversive learning does not have 

highly robust effects on attention and thus may not contribute significantly to attentional bias in 

anxiety-related disorders. Rather than arising out of learning experiences, attentional biases may 

be intrinsic to the diatheses for anxiety disorders. Indeed, there are several studies linking 

attentional bias for threat to temperamental risk factors (see Fox & Pine, 2012), as well as 

potential genetic vulnerabilities for affective disorders (see Pergamin-Hight, Bakermans-

Kranenburg, van IJzendoorn, & Barh-Haim, 2012). In addition, pre-existing, threat-related 

attentional biases have been found to confer risk for PTSD (Beevers et al., 2011; Wald et al., 

2011; Wald et al., 2013).  

 If attentional biases that characterize anxiety disorders do not arise through learning 

experiences, this does not necessarily imply that they are irrelevant to learning theories of anxiety. 

One possibility is that attentional biases influence the process of fear learning. Rather than being a 

consequence of pathological fear learning, attentional biases may instead play a role in causing 

pathological fear learning in disorders such as PTSD. The plausibility of this hypothesis is 

supported by basic fear conditioning research, which has shown that attention to the CS and the 

US is both a requisite for fear conditioning, as well as a moderator of the extent of fear 

conditioning, presumably because attention to these stimuli enhances learning of the CS-US 

contingency (Bouton, 2007).   

 Although there is a paucity of research on peri-traumatic attentional bias, the few studies 

examining attentional biases during exposure to chronic, potentially traumatic stress have yielded 

a consistent pattern of results. In both soldiers deployed to combat zones (Wald et a., 2013), as 

well as civilians living in war torn regions (Wald et al., 2011), the tendency to avoid attending to 

threat has been found to confer risk for subsequent PTSD.  As a whole, this small body of research 
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suggests that while an attentional bias toward threat characterizes individuals at risk for PTSD 

prior to the stress of combat or impending deployment (Wald et al., 2013), during exposure to 

combat stress, an attentional bias toward threat is a normative response and perhaps a resilience 

factor. For example, Wald et al. (2013) found that attentional bias for threat moderated the 

interaction of serotonin transporter genotype and combat stress, such that individuals with low 5-

HTT functionality exposed to high combat stress had fewer future PTSD symptoms if they 

exhibited an attentional bias towards threat during combat stress.  Together, these findings may 

suggest that attending to threat during traumatic events leads to adaptive fear learning, whereas 

avoiding attending to threat during traumatic events leads to maladaptive fear learning. One 

possibility is that actively monitoring for danger, as reflected in an attentional bias for threat, leads 

individuals to notice which stimuli were meaningful precursors to a traumatic event, and which 

were not, leading to more discriminant conditioning. In contrast, individuals who are engaging in 

distraction during a traumatic event may fail to discriminate which stimuli were meaningful 

predictors of the event, leading to overgeneralized fear conditioning (Lissek, 2012). Accordingly, 

learning theories of anxiety-related disorders may benefit from examining how attentional 

tendencies shape contingency learning in different contexts.  

 Although greater learning of attentional bias in anxious individuals in Experiments 2 and 3 

was not observed, it may be premature to conclude from these data that emotional learning 

processes do not play a role in the etiology of attentional bias. One reason this conclusion cannot 

be drawn is that neither experiment was able to demonstrate the basic effects of disgust or fear 

learning on attention, despite multiple reported replications of both phenomena (see Armstrong et 

al., 2013). Accordingly, it is unclear if these null findings reflect the procedural limitations of 

these experiments, or if they reflect a true absence of group differences in the learning of 

attentional biases for threat. In addition, Experiment 1 provided evidence that an attentional bias 
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for conditioned disgust sensitivity is learned more readily in individuals with elevated disgust 

sensitivity, a potential vulnerability factor for several anxiety disorders (Olatunji et al., 2010), and 

other research has found that an attentional bias for conditioned fear stimuli is learned more 

readily in individuals with elevated trait anxiety (e.g., Lee et al., 2009; Notebaert et al., 2012; c.f. 

Notebaert et al., 2011). Thus, more research is needed to determine the conditions under which 

fear and disgust learning lead to attentional biases, as well as the conditions under which these 

effects are moderated by vulnerability factors such as disgust sensitivity and trait anxiety. This 

research would lay the foundation for longitudinal studies that could allow stronger inferences 

about the acquisition and retention of attentional biases in anxiety-related disorders.  

Pavlovian conditioning and stress-diathesis models of anxiety 

 A broader issue addressed by this dissertation research is the utility of Pavlovian aversive 

conditioning as a paradigm for studying anxiety-related disorders. Stress-diathesis models of 

anxiety-related disorders (e.g., Mineka & Zinbarg, 2006) often invoke Pavlovian conditioning; 

however, traits that confer risk for anxiety disorders do not appear to be reliably linked to 

excessive fear learning as revealed by classical conditioning paradigms (Davidson et al., 1964; 

Fredrikson & Georgiades, 1992; Otto et al., 2007; Pineles et al., 2009; Torrents-Rodas et al., 

2013). Several authors (e.g., Beckers et al., 2012; Lissek & Grillon, 2006) have argued that, given 

the adaptive nature of fear learning, relations between anxiety-related traits and excessive fear 

learning may only emerge under alternative conditioning procedures in which the contingency 

between a CS and the US is more ambiguous.  However, this dissertation research suggests 

another possible explanation for these null findings.  Whereas Beckers and colleagues (2012), as 

well as Lissek and Grillon (2006), have focused on shortcomings of fear conditioning procedures 

used in clinical research, it may be the broad assessment of trait vulnerability that is responsible 

for failures to observe relations with conditioned responding. Nearly all of the studies failing to 
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observe this relationship have focused on neuroticism (Pineles et al., 2009; Davidson et al., 1964; 

Fredrikson & Georgiades, 1992) or trait anxiety (Torrents-Rodas et al., 2013), which both reflect 

one’s propensity to experience negative affect, a general vulnerability factor for mood and anxiety 

disorders. In contrast, Experiments 2 and 3 assessed more specific risk factors, that is, factors that 

confer risk for particular disorders above and beyond negative affect (e.g., Clark, Watson, & 

Mineka, 1994). In Experiment 2, disgust sensitivity was found to predict increased conditioned 

disgust responding in contamination-based OCD, and in Experiment 3, anxiety sensitivity was 

found to predict increased conditioned fear responding in PTSD. Both of these traits have been 

established as specific risk factors for the disorders in question: numerous studies have shown that 

disgust sensitivity predicts vulnerability to contamination-based OCD when covarying for 

negative affect (see Olatunji et al., 2010), and likewise, that anxiety sensitivity predicts 

vulnerability for PTSD when covarying for negative affect (e.g., Feldner et al., 2006). In the 

context of prior null findings, this dissertation research suggests that emotional learning tendencies 

implicated in anxiety disorders are contingent upon specific, rather than general, emotional traits.  

 This dissertation research may also reveal why trait specificity is important in predicting 

excessive aversive learning. Together, the present data suggest that specific emotional sensitivities 

are able to cause increased conditioned responding because they increase reactivity to certain 

classes of emotion-eliciting stimuli. In Experiment 1, mediational modeling suggested that disgust 

sensitivity was able to cause greater conditioned disgust responding, as revealed by eye 

movements, because it caused greater unconditioned disgust responding, as revealed by both eye 

movements and self-reported disgust. Likewise in Experiment 3, mediational modeling suggested 

that anxiety sensitivity was able to cause greater conditioned fear responding, as revealed by self-

reported anxiety, because it caused greater unconditioned responding, as revealed by self-reported 

fear to the scream. To my knowledge, no prior studies have documented this distal effect of 
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emotional sensitivity on conditioned responding through unconditioned responding in anxiety-

related disorders, and only one study has shown such an effect in an unselected sample (Olatunji et 

al., 2013). However, the proximal effects underlying these distal effects are well documented. 

First, the effects of anxiety sensitivity and disgust sensitivity on emotional reactivity to 

unconditioned fear (e.g., Holloway & McNally, 1987) and disgust stimuli (Olatunji et al., 2007), 

respectively, have been found to be highly robust. Indeed, such reactivity can be thought of as 

intrinsic to the definition of both constructs. Second, the effect of unconditioned responding on 

conditioned responding has also been found to be highly robust (e.g., Fitgerald & Teyler, 1970) 

and is codified in a basic law of Pavlovian conditioning: the stronger the UR, the stronger the CR 

(Bouton, 2007). Thus, the stress-diathesis model of associative learning in anxiety disorders that is 

suggested by this dissertation research is novel, yet supported in concept by a wealth of theory and 

research. This model is depicted in Figure XVII.  
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 On this account, traits that cause increased sensitivity in specific forms of emotional 

responding act as diatheses for anxiety-related disorders by potentiating the effects of 

unconditioned aversive stimuli (e.g., traumatic stressors, invasive medical procedures, dog bites) 

on unconditioned emotional responding (e.g., fear, disgust), which in turn leads to stronger 

conditioned responses, which include anticipatory (e.g., anxiety) or evaluative (e.g., disgust) 

affective responses (Sevenster et al., 2011), as well as more distal forms of conditioned 

responding, such as attentional bias (Van Damme et al., 2006) or behavioral avoidance (Krypotos, 

Effting, Arnaudova, Klindt, & Beckers, 2014). All of these potentially conditioned responses are 

prominent features of the symptomatology of anxiety-related disorders (Mineka & Zinbarg, 2006).   

 Initially, this dissertation research hypothesized that more distal forms of conditioned 

responding would be a consequence of the conditioned emotional response. However, the present 

data did not provide a clear judgment on this hypothesis. Accordingly, the model in Figure XVII is 

preliminary, in that it does not specify relations between different forms of conditioned 

responding. The model is also preliminary in that it does not specify the types of learning that lead 

to excessive conditioned responding. In this dissertation research, all studies observed that 

excessive conditioned responding at extinction was related to trait diatheses. This excessive 

conditioned responding at extinction appeared to be related to increased excitatory learning at 

acquisition (e.g., Orr et al., 2001) in Experiment 3; however, Experiments 1 and 2 did not allow 

strong conclusions about the role of excitatory learning versus inhibitory learning in producing 

increased conditioned responding at extinction in individuals with elevated trait diatheses. Future 

research with more sophisticated integrations of attentional assessment (Mulckhuyse et al., 2013), 

as well as more sophisticated conditioning paradigms (e.g., Boddez et al., 2012) will be necessary 

to elaborate upon this general model. 
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Clinical implications  

 In addition to having implications for conceptualizing anxiety-related disorders, this work 

may also have implications for treatment. The findings that disgust and anxiety sensitivity lead to 

heightened aversive learning in contamination-based OCD and PTSD, respectively, suggest that 

preventative treatment for anxiety disorders could include targeting specific emotional 

sensitivities. Although both disgust sensitivity and anxiety sensitivity are stable individual 

differences, both traits exhibit plasticity in response to cognitive-behavioral treatments (Smits, 

Berry, Tart, & Powers, 2008; Olatunji et al., 2011). Indeed, a treatment referred to as “Anxiety 

Sensitivity Education and Reduction Training” has been shown to provide lasting attenuation of 

anxiety sensitivity (Schmidt et al., 2007; Keough & Schmidt, 2012). The present findings suggest 

that similar treatments that target specific emotional sensitivities could be applied proactively in 

order to prevent the learning of excessive disgust and fear responses that may play a role in the 

etiology of OCD and PTSD (e.g., Feldner et al., 2006; Schmidt et al., 2007). Such preventative 

treatment is particularly relevant to PTSD, because there are large groups of individuals (e.g., 

police cadets, military personnel) at risk for trauma exposure that can easily be identified. 

However, in the case of OCD and other anxiety disorders without a specific etiology, it may still 

be possible to identify individuals at risk for these disorders by considering family history or 

levels of emotional sensitivity as revealed by self-report measures. 

Limitations and future directions 

 The present findings shed new light on the relations between emotional sensitivities, 

emotional reactivity, and aversive learning in anxiety-related disorders. However, future research 

is needed to address limitations of the present studies and thereby clarify the implications of the 

present findings. One limitation of the present research is that it cannot make strong inferences 

about the role of emotional sensitivities and learning processes in the etiology of anxiety-related 
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disorders, because each study was cross-sectional. This limitation could be addressed by assessing 

emotional sensitivities and learning tendencies, and then determining how these factors predict the 

subsequent development of anxiety-related disorders, through longitudinal or prospective research 

(e.g., Lommen et al., 2013). In examining these effects longitudinally, it would be useful to 

incorporate an experimental condition in which emotional sensitivity was reduced through 

targeted treatment (e.g., Schmidt et al., 2007). This experimental condition would allow stronger 

inferences about the causal role of emotional sensitivities, such as anxiety and disgust sensitivity, 

in potentiating emotional learning and thereby contributing to anxiety-related disorders.  

 Another limitation to the present research is that Experiments 2 and 3 each assessed only 

one type of emotional learning. Future research is needed to determine the role that specific 

emotional learning abnormalities play in contamination-based OCD and PTSD. One study has 

found impaired fear extinction learning in patients with OCD versus controls, as revealed by skin 

conductance (Milad et al., 2013); however, symptom severity was correlated with enhanced fear 

extinction learning in patients with OCD, suggesting that impairments in fear extinction learning 

are not closely related to OCD symptomatology. Whereas one would predict that contamination-

based OCD primarily involves disgust learning abnormalities, PTSD may be predicted to involve 

learning abnormalities involving both emotions, as PTSD is characterized by peritraumatic disgust 

in addition to fear, and both peritraumatic emotions have been found to independently predict 

subsequent PTSD symptoms (Engelhardt, Olatunji, & de Jong, 2011). In addition, Badour and 

colleagues (2013) have found that PTSD severity is associated with disgust elicited by an 

idiographic trauma script, which these authors conceptualized as a “conditioned” disgust response. 

Accordingly, future research is needed to determine the extent to which disgust conditioning is 

relevant to the etiology of PTSD. One possibility hinted at by the research of Badour and 

colleagues (2013) is that disgust conditioning is particularly relevant to sexual trauma-related 



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  

	
   103	
  

PTSD, as survivors of sexual assault often report feeling contaminated as a feature of their PTSD.  

Further research is needed to determine how the relationship between disgust sensitivity and 

PTSD varies according to trauma type.  Despite these limitations, this dissertation research 

provides new insight into the role of specific emotional sensitivities in potentiating emotional 

learning in contamination-based OCD and PTSD, and also provides insight into basic effects of 

disgust conditioning on attention. 
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