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ABSTRACT 
 
Previous research has shown that cognitive reappraisal, an emotion regulation strategy, 

has beneficial effects on emotion experience during strategy engagement.  The present 

study extends this work by investigating whether cognitive reappraisal impacts the 

anticipation of an aversive event during, and five days following, strategy engagement.  

Emotion profiles, including psychophysiological and self-report indices, were also 

examined to assess whether reappraisal inhibits affective responses.  Participants 

underwent habituation and simple discriminatory fear conditioning.  Stimuli were 

pictures of a snake and a spider.  Two days later participants returned to the laboratory 

and were either i) cued to engage in cognitive reappraisal while imagining the stimuli ii) 

exposed to the stimuli with no reappraisal instructions iii) exposed to the stimuli while 

engaging in cognitive reappraisal or iv) had an experience unrelated to the stimuli 

(control condition).  Participants returned to the lab five days later and were exposed to 

both pictures paralleling initial habituation and conditioning protocols.  It was found that 

cognitive reappraisal during exposure reduced expectancy of the UCS faster than 

exposure alone and resulted in lower mean skin conductance response (SCR) for those 

low, but not high, in fear of snakes.  Five days later participants in the intervention 

conditions, compared to the control condition, demonstrated less anticipation of the UCS 

and smaller emotion-modulated startle magnitudes to the UCS.   These findings suggest 

that cognitive reappraisal may be an effective tool for reducing anticipation of an 

aversive event and can result in enduring fear inhibition.  This may have important 

implications for the treatment of individuals with anxiety disorders.  The present study 
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also examined the relationship between cardiac vagal control, indexed by respiratory 

sinus arrhythmia (RSA), and subsequent sympathetic arousal during fear conditioning, 

indexed by SCR. Results demonstrate that participants with low, compared to high, 

resting RSA had larger SCRs during habituation and conditioning trials. In addition, 

participants with lower RSA showed greater SCR reactivity following UCS presentation 

to both conditioned stimuli, suggesting that those with the lower RSA initially 

differentiated less between the UCS paired and unpaired images.  These findings are 

consistent with theories that associate faster recovery from emotionally demanding 

situations with greater cardiac vagal control. 
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CHAPTER 1 

INTRODUCTION 

Given the importance of avoiding danger, we quickly learn cues that forecast impending 

danger.  Anxiety is the state of diffuse arousal following the anticipation of a real or 

imagined threat, which can adaptively lead to behavioral, emotional, and physiological 

adjustments in preparation for prevention of aversive outcomes (Barlow, 1991).  

However, when circumstances change, it is often advantageous to flexibly readjust our 

anticipation of threat and accompanying response mechanisms.  Unfortunately, this 

adjustment is not always made adaptively.  Anticipation and worry can become excessive 

and dysfunctional -- a feature of various anxiety disorders (e.g., panic disorder, 

generalized anxiety disorder, social anxiety disorder), and may evoke response 

mechanisms inappropriately (Nitschke, 2006).  When extreme, this future-oriented 

concern or worry can have debilitating consequences for daily functioning and mental 

health.   

Anxiety or fear is multidimensional, consisting of experiential, behavioral, and 

physiological components (Lang, 1994).  For example, the emotion of fear may include 

feelings of unease, motoric preparation to escape, and a racing heart.  An aspect of 

emotions includes flexible response sequences elicited by internal or external events 

appraised as relevant to an organism's well being (Gross, 1998a).  Accordingly, 

individuals can differ in emotion specific behavior (Davidson, 1998) such that the various 

emotional components (i.e., experiential, behavioral, physiological) may not be consistent 

across individuals.  This suggests the need for multimodal assessment of emotion, such as 
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use of self-report, physiological and behavioral measures.  It also reminds us of the 

complexity involved in the development, maintenance and treatment of fear related 

disorders.   

Over the past 50 years, research on anxiety disorders and their treatment has been 

targeted toward behavioral and cognitive interventions for change.  More recently, 

attention has been given to the role of emotion regulation in the development, 

maintenance and treatment of anxiety disorders.  In the remainder of this introduction, the 

behavioral approach of exposure therapy to reduce anxiety will be introduced, and 

relevant research involving the experimental analog of fear conditioning will be 

reviewed.  Second, the emotion regulation strategies of reappraisal and suppression, and 

their relation to anxiety and anxiety reduction, will be discussed.  Third, the motivation 

and basic hypotheses of the present study will be described, focusing upon the 

comparative impact of cognitive reappraisal versus exposure on a conditioned fear.  

 

Behavioral approaches to reducing fear.  

Exposure. 

Exposure based treatments for anxiety disorders provide one of the most 

compelling bodies of evidence for efficacious psychotherapeutic intervention.  By 

exposing anxious individuals to fear eliciting situations, reduction of fear has been 

demonstrated within and between sessions (e.g., see Marks, 1978).  Exposure-based 

interventions are founded on the assumption that individuals with anxiety disorders 

physically escape or avoid feared stimuli. Overestimations of the likelihood of 
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encountering a feared situation may play an important role in avoidance behavior among 

persons with anxiety disorders (e.g., Reiss & McNally, 1985; Valentiner, Telch, Ilai & 

Hehmsoth, 1993; see Reiss, 1991 for a discussion).  These overestimations may restrain 

the person from testing their prediction and adjusting for inaccuracies (Arntz, van Eck & 

Heijmans, 1990).  Accordingly, by engaging in avoidance behaviors, anxious individuals 

do not learn that the feared situation is not dangerous.   

One of the most influential theories accounting for the mechanisms governing the 

reduction of pathological fear is the emotional processing theory proposed by Foa and 

Kozak (1986).  Their theory posits that for exposure to be effective, two conditions must 

be met.  First, the fear network must be activated (i.e., the physiological, behavioral and 

cognitive response systems relating to the fear).  This is thought to occur by exposure 

providing information that matches components of the fear network, which then activates 

other parts of this network.  Second, information incompatible with elements of the fear 

network must be made available and cognitively processed.  Incompatible information is 

thought to emerge as a result of the experience of within-session physiological 

habituation. That is, reduction of within-session arousal results in a disassociation 

between the feared stimulus and typical response patterns. As a result of repeated 

exposures providing disconfirmatory experience, the perception of harm from the feared 

stimulus is lowered.  

The emotional processing theory has generated empirical support.  Participants 

displaying higher initial fear activation during exposure show greater subsequent fear 

reduction (e.g., Borkovec & Sides, 1979; Kozak, Foa & Stekette, 1988; Lang, Melamed 
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& Hart, 1970).  In addition, distraction, which is a commonly used strategy to cope with 

the experience of fear (Craske, Street & Barlow, 1989), has been shown to be a factor 

that generally interferes with initial fear activation (e.g., Grayson, Foa & Stekette, 1982; 

Kamphuis & Telch, 2000) and reduces the modification of the fear structure, as reflected 

in decreased long-term fear reduction (e.g., Craske et al., 1989; Telch et al., 2004; see 

Rodriguez & Craske, 1993, for a review).  Distraction may be detrimental because it 

reduces fear activation during exposure.  Alternatively, distraction may be problematic 

because it involves engagement with fear irrelevant information and thereby disengages 

the actor from the fear structure, impeding emotional processing. 

 

Fear Conditioning. 

The theoretical scaffolding for clinical intervention research on exposure was 

provided by basic research on fear learning, much of which employed a paradigm termed 

fear conditioning (Pavlov, 1927).  Fear conditioning is a process by which researchers 

teach animals and humans to fear a previously non-aversive stimulus.  Typically in this 

paradigm, a neutral stimulus (e.g., tone) is paired with an aversive (e.g., shock) event 

(called the unconditioned stimulus).  After repeated pairings of the neutral and aversive 

stimuli the neutral stimulus becomes a conditioned stimulus (CS), whereby the 

presentation of the previously neutral stimulus alone leads to a fear response.  For 

example, pairing the offset of viewing a picture of a snake (CS+) with a shock as the 

unconditioned stimulus (UCS), results in increased arousal, as indexed by a greater mean 

skin conductance response, when subsequently viewing the snake picture as compared to 
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a picture not paired with the shock (CS-; Öhman, Eriksson & Olofsson, 1975).  An 

advantage of this paradigm is that it affords relative control over the signals (CS) that 

precede the aversive events and serve to forecast arousal. 

Similar to exposure in a therapeutic setting, fear responses can be reduced 

(through a procedure termed extinction) by presenting the CS alone, without the UCS, for 

a number of trials, eventually leading to a diminished fear response.  For the last decade, 

a consensus has been building that extinction training does not destroy the original 

learning.  Rather, it appears that we learn to inhibit the fear (Bouton, 2002).  This view is 

supported by behavioral studies demonstrating that, following extinction, the fear 

response can return under a variety of circumstances, including the passage of time, the 

presentation of the UCS alone, or when the original learning context is reinstated (see 

Bouton, 2002 for a review).  Research on the neural systems involved in fear reduction 

has strengthened this view. 

The amygdale have been shown to be key for learning conditioned fears. As 

exemplified by results of two human functional magnetic resonance imaging (fMRI) 

studies, the amygdale have been shown to differentially increase in activation (inferred 

from blood-flow increases) to the CS+ relative to the CS- during fear learning (LaBar et 

al., 1998; Phelps, Delgado, Nearing & LeDoux, 2004).  Further, differential amygdala 

activity was correlated across participants with the strength of the conditioned response, 

as measured by skin conductance magnitude (LaBar et al., 1998; Phelps et al., 2004).  A 

series of studies with nonhuman animals has convincingly demonstrated that the 

ventromedial prefrontal cortex (vmPFC) is critical in extinction learning (Milad & Quirk, 
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2002; Morgan, Romanski & LeDoux, 1993; Quirk, Russo, Barron & Lebro, 2000) and 

appears to inhibit conditioned fear responses through altering the response rate of nuclei 

of the amygdala that project to brain regions involved in the physiological expression of 

conditioned fear (Quirk, Likhtik, Pelletier & Pare, 2003; Rosenkranz, Moore & Grace, 

2003).  In humans, fMRI measures of activation in the vmPFC have been shown to 

correlate with the expression of the conditioned response during a one-day delayed (but 

not immediate) test of extinction (Phelps et al., 2004).  These studies indicate that 

responses in the vmPFC region are related to the retention of extinction learning.  When a 

previously conditioned stimulus has undergone effective extinction training, the vmPFC 

inhibits the amygdala from expression of conditioned responses.  Thus, while it is 

tempting to hypothesize that exposure therapies are effective at reducing anxiety 

disorders because they destroy the learning that led to them, what exposure therapy may 

actually do is provide a contextual framework wherein the feared stimuli can be 

considered safe so that the motivation to escape is effectively inhibited.   

Importantly, neuroimaging studies on extinction, such as those just reviewed, 

report amygdala activation to a paired conditioned stimulus (CS+) on trials when the 

unconditioned stimulus was not presented (e.g., Büchel, Morris, Dolan & Friston, 1998; 

LaBar et al., 1998).  This suggests that expecting a negative event to occur activates the 

amygdala (Nitschke, 2006).  Nitschke (2006) assessed the overlap and divergence in 

neural activation while anticipating and being exposed to highly arousing and unpleasant 

pictures.  It was found that brain areas repeatedly implicated in previous research on 

aversion, including the regions of the amygdala, dorsal anterior cingulate cortex, 
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dorsolateral prefrontal cortex, and posterior orbitofrontal cortex, were activated not only 

when subjects viewed aversive visual stimuli, but also in anticipation of viewing them.  

Nitschke proposed that this overlap in activation between anticipation of aversive stimuli 

and response to such stimuli might enhance adaptive responses to aversive events in 

healthy individuals.  However, if one system governs both processes, then for persons 

with anxiety disorders, anticipating a feared event may serve to strengthen fear learning.  

This possibility emphasizes the importance of reducing anticipation of feared events in 

treatment because pathological fear may return over time due to anticipation alone. 

 

Emotion regulation and fear reduction. 

The literature reviewed above approaches exposure effects from the perspective 

of viewing fear as a relatively automatic response.  However, more recent research in 

affective science has increased attention to the flexible and controllable aspects of 

emotions.  A broadly accepted definition for such emotion regulation capacities is the 

ability to flexibly modulate a range of emotion-related experiences, including intensity, 

duration, and transitions between emotions in behavioral, experiential, and/or 

physiological domains (Gross, 1998a).  Emotion regulation may best be conceptualized 

as operating on a continuum from conscious and purposeful to unconscious and 

automatic. As Davidson (1998) asserts, emotion regulation is an inherent aspect of 

emotional response tendencies.  Developments in methodology, however, have primarily 

focused on purposeful regulatory attempts. 
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There are two commonly studied emotion regulation strategies: one is termed 

cognitive reappraisal, which refers to alteration of the way one thinks about a situation to 

alter its emotional impact.  For example, if you are watching a documentary about 

amputation, you may try to reduce your emotional reaction to the situation by reframing 

the scene as being composed of actors and fake blood.  The other commonly studied 

strategy is expressive suppression, which refers to attempts to ignore the emotion that has 

developed and avoid its overt expression (Gross, 1998b).  For example, if you were a 

medical student distressed by the amputation film and you did not want your colleagues 

to know it, you may attempt to squelch your feelings and keep your facial expression 

neutral.  These two strategies have been shown to have different effects on the 

components of emotion, as demonstrated in a study by Gross (1998b).  In this study, the 

impacts of engaging in cognitive reappraisal or in expressive suppression were directly 

compared to a watch condition (i.e., no emotion regulation attempt) while viewing an 

upsetting film clip.  Both reappraisal and expressive suppression successfully decreased 

(negative) facial expressive behavior, measured by coder-rated observable facial 

behavior, as compared to the watch group.  However, only reappraisal lowered the 

experienced emotion as measured by Likert-type scales, and suppression resulted in 

greater sympathetic activation, as shown by greater increases in skin conductance, than 

was true for watch condition participants.  

Across available studies, compared to conditions involving no directed strategy 

engagement, cognitive reappraisal has been shown to effectively reduce experienced 

emotion and expressive behavior, but has no consistent beneficial effect on physiological 
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measures.  For example, in the above study reappraisal had no differential impact on skin 

conductance level, compared to the watch condition (e.g., Gross, 1998b), although 

reappraisal has resulted in decreased startle response (Jackson, Malmstadt, Larson, & 

Davidson, 2000).  A potential source for this inconsistency relates to the differential 

sensitivity of these two measures.  Skin conductance is sensitive to emotional arousal, 

whereas emotion-modulated startle indexes emotional valence in addition to being 

impacted by arousal (Lang, 1995).  Reappraisal may be more effective at altering 

negative affect (i.e., emotional valence) than arousal, resulting in decreased emotion-

modulated startle and unchanged skin conductance.  Expressive suppression, on the other 

hand, has been shown to reduce expressive behavior, but tends to have a negative impact 

on experiential and physiological indices (e.g., Gross, 1998b; Gross & Levenson, 1993, 

1997; Harris, 2001; Hagemann, Levenson, & Gross, 2006).   

 Researchers have begun to elucidate the neural circuits underlying emotion 

regulation processes using fMRI.  Typically these studies present negative (fearful) and 

neutral pictures and ask participants to attempt to construe a potentially emotion-eliciting 

situation in less emotional terms, in order to reduce their emotional responses to the 

pictures.  Reappraisal strategies used in these fMRI studies have included detachment 

(e.g., becoming a detached observer) (Beauregard, Lévesque & Bourgouin, 2001; 

Lévesque, Fanny & Joanette, 2003) and cognitive reappraisal (e.g., transforming, 

rationalizing and reframing the scenario; Ochsner, Bunge, Gross & Gabrieli, 2002; Phan 

et al., 2005).  A study by Ochsner and colleagues (2004) examined the impact of these 

two forms of reappraisal.  As part of a larger study, participants were instructed to detach, 
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by increasing their sense of objective distance and interpret pictured events from a third-

person perspective, or to cognitively reappraise, by imagining the pictured events getting 

better.  Based on self-reported negative affect, both strategies were found to be equally 

effective at reducing the negative emotion elicited by pictorial stimuli, compared to 

individuals in the control group who were told to just look at the pictures.  In terms of 

neuroanatomical correlates, during reappraisal as compared to look conditions, there was 

bilateral activation of lateral and medial prefrontal cortex, as well as the anterior 

cingulate cortex, along with decreased amygdale activation.  Specific to the strategy used, 

it was reported that detaching corresponded with activation in medial PFC regions, 

whereas reappraising corresponded with activation in more lateral PFC regions, a finding 

that is relatively consistent with those across other studies.  Ochsner and colleagues 

(2002) found that activation in the right lateral PFC region was correlated with 

reappraisal success and a diminished amygdala response.  Although there are no direct 

projections between the lateral PFC and the amygdala, this region does project to medial 

PFC regions that have inhibitory connections with the amygdala (Amaral, 2002; 

Groenwegen, Wright & Uylings, 1997; Mcdonald, Mascagni & Guo, 1996).  In this vein, 

Beauregard and colleagues (2001) and Hariri and colleagues (2003) independently 

provided correlational evidence via functional neuroimaging that the right prefrontal 

cortical regions play a key role in attenuating the amygdala response.  These results 

suggest that the prefrontal and anterior cingulate cortices are involved in regulation of 

amygdala-generated emotion during conscious evaluation of threat-evoking stimuli.   

 In considering the impact of engagement in expressive suppression, fMRI 
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activation patterns show prefrontal cortex response, but increased amygdala responses 

(Goldin, McRae & Ramel, 2008).  These findings are consistent with the behavioral 

impact of expressive suppression.  Taken together, the behavioral and brain research has 

documented the efficacy of reappraisal and the limitations of expressive suppression 

during strategy engagement.  

 

Emotion regulation and anxiety disorders. 

 Behavioral (and cognitive) treatments for anxiety do not directly target differences 

in the extent to which people accept their emotions.  It has been theorized that some 

individuals may view anxiety as a potent negative reinforcer, while other individuals may 

view anxiety with somewhat less concern (Reiss, Peterson, Gursky & McNally, 1986).  

The negatively reinforcing effectiveness of the sensations of anxiety, termed anxiety 

sensitivity, may play an important role the appraisal process.  In agreement with this 

theory, how much an individual expects to feel anxious in a given situation interacts with 

anxiety sensitivity, such that for individuals who are higher in anxiety sensitivity, 

expecting to feel anxious is a more potent predictor of fear avoidance behavior than is 

true for individuals who are less concerned about the possible consequences of anxiety 

(Valentiner et al., 1993).  In addition to anxiety sensitivity influencing overt behavior, if 

an emotion is judged to be averse it can motivate subsequent regulation attempts (Gross 

& Muñoz, 1995).  

A study by Campbell-Sills and colleagues (2006) supports this idea.  The authors 

compared spontaneous emotion regulation during a negative emotion eliciting film in a 
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group with a mood or anxiety disorder versus that in a non-clinical sample.  Based on 

questionnaire data they found that the clinical group was less accepting of their emotions 

and used suppression more often than did the non-clinical group.  The greater frequency 

of suppression as a regulatory strategy among persons with affective disorders, shown to 

be counterproductive for both clinical and non-clinical populations (e.g., Gross, 1998b, 

Gross & Levenson, 1993, 1997; Levitt, Brown, Orsillo, & Barlow, 2004; Lynch, Robins, 

Morse & Krause, 2001; Roemer, Litz & Orsillo, 2001), has resulted in researchers 

considering whether engagement in suppression may play a causal role in the 

development of anxiety disorders or may serve to maintain them (see Amstadter, 2008 for 

a discussion).  In either case, suppression, while theoretically employed in efforts to 

decrease emotional experiencing, appears to paradoxically increase symptoms of distress 

and is employed at higher rates in individuals with emotional disorders.   

In contrast, the proclivity to reappraise has been shown to correlate with fewer 

depressive symptoms (Garnefski & Kraaij, 2006), expressions of greater positive emotion 

and better interpersonal functioning (Gross & John, 2003), and as discussed above, is 

generally effective (e.g., Jackson et al., 2000; Ochsner et al., 2002; Gross, 1998b) at 

reducing most components of negative emotion (experiential, behavioral, and in some 

cases, physiological).  Taken together, evidence suggests that educating patients with 

anxiety disorders in more effective emotion regulation strategies may be helpful.  

Cognitive reappraisal appears to be an excellent candidate.  
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Motivation for the present study. 

Extinction research has demonstrated that fear reduction is a process of learning 

to inhibit fear.  Bouton (2002) posits that inhibition should result when a safe context is 

dominant over the original fear context.  This suggests that the process of exposure is 

effective insofar as it serves to create a new, safer, context within which to consider the 

feared stimulus.  Fear inhibition will then occur in a future situation when a fear-

provoking stimulus activates the safe contextual frame over the original fear context.   

Recent work on emotion regulation has demonstrated that cognitive reappraisal, 

which refers to intentionally altering the way one thinks about a situation to change its 

emotional impact, can inhibit experiential and behavioral components of fear (e.g., Gross, 

1998a).  That is to say, cognitive reappraisal may be a way of intentionally creating a new 

contextual framework from which to interpret a feared stimulus.  Worded in this manner, 

it becomes apparent that cognitive reappraisal is a top down approach that may achieve 

the same ends as exposure.  Interestingly the similarity between these two processes is 

also apparent in neural activation studies.  Extinction by way of unpaired conditioned 

stimulus presentation (e.g., Phelps et al., 2004) and emotion regulation of emotional 

material (e.g., Ochsner et al., 2004) correlate with activation changes in the medial PFC 

and amygdala regions, suggesting that each approach may engage similar neural 

pathways.  Such an overlap hints at the possibility that these two approaches to fear 

inhibition may result in similar neural outcomes downstream.  However, work on fear 

conditioning has implicated the vmPFC as being involved in the retention of fear 

inhibition (i.e., inhibition that resulted from prior extinction training).  In contrast, the 
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work on reappraisal implicates the lateral and medial PFC in the online inhibition of 

emotion (i.e., while engaged in the strategy).   

It is not known whether reappraisal has any long-term inhibitory effects on the 

anticipation or experience of fear.  It is possible that cognitive reappraisal alters one’s 

attentional focus or contextual frame in a temporary manner.  Alternatively, cognitive 

reappraisal may be able to modify the context in which a feared stimulus is viewed so 

that prior reappraisal attempts alter present subjective anticipation of a feared stimulus 

and/or experiential, physiological, or behavioral components of an emotional response to 

that stimulus. 

To consider these two alternatives further, it is useful to compare cognitive 

reappraisal to the emotion regulation strategy of distraction (or similarly detachment), the 

latter of which has been well studied within the exposure literature.  An illustrative 

example of the use of distraction is one by a patient who felt contaminated by urine (Foa 

& Kozak, 1986).  During exposure sessions, urine was put on several places on his arm.  

A strong initial fear reaction was evident in behavior (e.g., nervous movements, blushing) 

and a self-reported high anxiety rating.  However, unlike the gradual reduction of anxiety 

typically observed, a sharp decrease in the fear response was noted.  This pattern of high 

initial response followed by rapid decline was repeated daily and long-term habituation 

was not evident.  Inquiry revealed that the patient imagined that he could freeze the 

contaminated spots to prevent their “spread”, and having controlled them he stopped 

attending to them.  This example illustrates that while distraction reduced his fear online, 

his fear reduction was temporary in nature.   
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 The apparently negative impact of distraction during exposure on long-term fear 

inhibition (e.g., Craske et al., 1989) may have been one factor that influenced Foa and 

Kozak (1986), in their emotion processing theory, to theorize that a high level of fear 

activation is critical for exposure to be effective.  However, it remains unclear whether 

high fear activation is actually necessary.  Not only does distraction reduce fear activation 

during exposure, it also attentionally disengages an individual from fear relevant 

information.  In contrast, cognitive reappraisal can encourage high levels of engagement 

with fear relevant information (and thereby encourage the uncoupling of the feared 

stimulus and typical response patterns).  In fact, high levels of fear activation may be 

related to effective exposure (e.g., Borkovec & Sides, 1979; Kozak et al., 1988; Lang et 

al., 1970) because when anxious individuals had lower fear levels during exposure it may 

have been due to engagement in avoidance tactics, such as distraction or suppression, 

which are strategies frequently employed by anxious individuals to deal with unwanted 

emotions (Campbell-Sills et al., 2006).  Based on emotion regulation research on 

reappraisal (e.g., Gross, 1998b; Jackson et al., 2000; Phan et al., 2005), it seems possible 

that the fear network can be activated without associated high levels of fear when one is 

engaging in reappraisal.  Importantly, reappraisal may allow for exposure to be more 

effective by reducing the motivation for engagement in avoidant behavior or emotion 

suppression. 

In short, it is hypothesized that cognitive reappraisal can inhibit fear beyond the 

time of strategy engagement when individuals are able to create, and later retrieve, a new 

contextual understanding of the feared stimulus.  Other types of reappraisal that 
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encourage separation from the feared stimulus, such as detachment (e.g., Ochsner et al., 

2004), show concurrent reductions in negative emotion, but may not have beneficial 

impact into the future.  Rather, detachment may function in a manner similar to 

distraction.  If reappraisal can successfully reduce experienced fear over the longer term, 

it would challenge Foa and Kozak’s (1986) theory that high levels of initial fear need to 

be achieved for effective fear inhibition.  More importantly, it would suggest that 

implementing cognitive reappraisal strategies is an important step in altering emotional 

responding and that employment of emotion regulation strategies shown to be effective at 

attaining desired ends might be of help to persons with anxiety disorders (Barlow, Allen, 

& Choate, 2004). 

The present study has the following central aims: 

Online fear training comparison: 

1. To compare self-report UCS expectancy ratings of participants 

engaged in cognitive reappraisal during exposure with those of 

participants engaging in exposure alone to previously fear conditioned 

stimuli. 

2. To compare emotion profiles of participants engaged in cognitive 

reappraisal, exposure training, and a combination of the two while 

imagining or viewing previously fear conditioned stimuli. 

Long-term fear inhibition comparison:  
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3. To compare the impact of online fear reduction training by assessing 

self-report UCS expectancy ratings for participants viewing fear 

conditioned stimuli several days following the training.   

4. To compare the impact of online fear reduction training by assessing 

emotion profiles of participants viewing previously fear conditioned 

stimuli several days following the training. 

This study represents the first experiment to investigate the impact of engagement 

in cognitive reappraisal on anticipation of a feared event.  It is also the first study to 

investigate the long-term emotional consequences of engagement in cognitive reappraisal 

of a learned fear. 
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METHODS 

Overview 

The study had three phases: A Learning phase (Day 1), where participants 

underwent habituation and fear conditioning.  An Intervention phase (Day 3), where 

participants were randomly assigned to one of four conditions without UCS presentations 

(Exposure, where they were exposed to both CS; Reappraisal, where they were instructed 

to engage in a self-selected cognitive reappraisal strategy while imagining each CS; 

Reappraisal Plus Exposure, where they were instructed to engage in a self-selected 

cognitive reappraisal strategy while viewing each CS; Control, where they viewed two 

task unrelated pictures) for different fear inhibition training experiences.  A Test phase 

(Day 8), which paralleled the Learning phase, involved CS presentation without the UCS, 

followed by CS presentation with the UCS re-paired with CS+. 

Stimuli were a picture of a snake and a spider from the International Affect 

Picture Series (IAPS) dataset (Center of the Study of Emotion and Attention, 1999).  One 

of the two pictures was paired with the UCS (CS+), while the other was the CS- 

(counterbalanced across participants).  The UCS was a 100dB white noise blast presented 

for a one second duration beginning at the offset of the CS+ picture viewing.  Trial order 

was semi-random by CS type. The reinforcement schedule was 100% during CS+/UCS 

pairings. 

Self-reported expectancy of the UCS was measured to index belief about the 

likelihood of UCS presentation to follow picture presentation.  Affective responses to the 
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stimuli were indexed by skin conductance response (SCR), corrugator and orbicularis 

muscle facial electromyography (fEMG), and self-reported levels of emotion (Self-

Assessment Manikin arousal and valence ratings; Lang, 1980).  Baseline heart rate was 

measured before the Learning and Test phases.  Paper and pencil tests were also 

administered before the Learning phase (Snake Questionnaire and Spider Questionnaires) 

and after the Test phase (Emotion Regulation Questionnaire). 

 

Participants 

One hundred and nine female undergraduate students (50 CS+ spider, 56 CS+ snake) 

from an introductory psychology class, who did not meet criteria for snake or spider 

specific phobia (APA, 2000), were enrolled in this study.  Only females were recruited 

for the study because females have been shown to have greater emotional responsiveness 

than males (Kring & Gordon, 1998).  Fifteen participants did not complete the study.  

Five discontinued during the Learning phase, primarily because they reported finding the 

UCS too unsettling.  Ten participants did not return following the Learning phase (two 

from the CS+ spider and eight from the CS+ snake), and of those who were later reached, 

the majority reported that they “forgot.”  Participants that discontinued or did not return 

following the Learning phase were excluded from analysis.  Thus, ninety-four 

participants completed the study (see Table 1 for breakdown by CS+/image pairing and 

Intervention condition).  The mean age of participants was 20 years old with an average 

of 14 years of education.  The ethnic composition of this sample was mixed: 1% African 

American, 3% Asian American, 66% Caucasian, 21% Latino, and 8% other. 
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TABLE 1. Number of participants per condition for each counterbalance (CS+/CS-) 
pairing 

 

Measures  

UCS expectancy.  UCS expectancy was assessed by asking participants to report 

during the first seconds of image onset their expectancy that the loud noise (UCS) will 

follow image presentation. Participants pressed the space bar one to four times to index 

their expectancy on a 4-point ordinal scale (1-4, No, it will not come – Yes, definitely it 

will come).  The belief in the likelihood of the occurrence of the UCS is hypothesized to 

relate to learning during the study as well as pre-existing anxiety about the pictures 

(given that one feature common to all anxiety disorders is an increased belief in the 

likelihood of an undesirable event). Further, UCS expectancy may be differentially 

affected by fear inhibition training. 

Skin Conductance Response.  The skin conductance response (SCR), reflecting 

activity in the sympathetic autonomic nervous system, has been widely used as a measure 

of physiological arousal.  It is perhaps the most frequently used physiological measure to 

index learning in fear conditioning studies. Following conditioning, SCRs have been 

shown to be higher for images followed by an UCS (CS+) than images that are not 

followed by an UCS (CS-) (e.g., Öhman et al., 1975).  It is also used as an index of the 

CS+/CS- CS+/CS-
Condition snake/spider spider/snake
Control 12 15
Exposure 11 11
Reappraisal 12 12
Exposure+Reappraisal 10 11
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degree of extinction learning following exposure (e.g., Phelps et al., 2004), where less 

SCR difference between the CS+ and CS- is thought to reflect more effective extinction 

learning.  In addition, within subject self-reported arousal correlates positively with SCR 

magnitude, whereby the SCR is typically larger during exposure to both positive and 

negative images than during exposure to neutral images (Greenwald, Cook & Lang, 

1989; Lang, Greenwald, Bradley & Hamm, 1993; Cuthbert, Bradley & Lang, 1996).  In 

the present study SCRs are be used to index learning and the impact of fear inhibition 

training. 

Facial Electromyography (fEMG). Facial EMG has become a standard measure 

of the expressive component of an emotional response. In the present study, recordings 

were made over the left corrugator supercilii facial muscle.  The left side was selected 

because EMG recordings have been found to be greater from the left than the right 

hemiface during presentation of emotional stimuli (e.g., Reminger, Kaszniak & Dalby, 

2000). Increases in electrical activity along the corrugator muscles have been associated 

with increased reports of negative emotional experience (e.g., Bradley & Lang, 2000; 

Brown & Schwartz, 1980; Schwartz, Ahern & Brown, 1979).  In the present study, 

greater corrugator activity was expected for the CS+ than the CS-, and it was expected 

that this activity would be differentially affected by fear inhibition training. 

Emotion-Modulated Startle. Startle reflex is a widely used measure of emotion-

related action tendency.  The startle reflex consists of a series of defensive reflexive 

actions with the apparent goal of preparing the organism to deal with potential threat.  A 

“startle probe, ” which is typically a 50 ms burst of 95-db white noise, is normally used to 
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trigger the reflex in experimental situations. The first element of this reflex is an eyeblink 

that usually occurs within 50 ms of the startle probe onset.  Lang and colleagues have 

shown that the magnitude of the eyeblink, as measured through EMG recordings of the 

orbicularis occuli muscle activity, is amplified when participants’ affective or 

motivational state and the probe valence are matched (Lang, 1995).  Thus, a probe 

administered during an affectively negative state elicits an eyeblink larger in magnitude 

than that elicited when one is in a more positive affective state.  The modulation of the 

startle reflex has been widely used as a measure of the valence of one’s emotional state 

(e.g., Bradley, Lang & Cuthbert, 1993).  In the present study, the UCS was expected to 

initiate a startle reflex and the degree of modulation of this reflex was expected to index 

participants’ motivational state. Recordings were made of the left orbicularis occuli facial 

muscle.  

Self-Assessment Manikin (SAM) valence and arousal ratings.  The SAM (Lang, 

1980) was designed to allow participants to report their subjective emotional experience 

while minimizing the effect of language and culture.  The SAM consists of two ordinal 

scales for self-report ratings of emotional valence and arousal (see Figure 1.1).  Each 

scale provides five figures, allowing for 9-point responses, as participants can respond by 

either choosing a point corresponding to a figure or a point between any two figures.  The 

SAM ratings have been found to correlate with physiological responses to rated images 

(Lang et al., 1993), with ratings of negative valence correlating positively with corrugator 

fEMG activity and ratings of arousal correlating positively (lower SAM rating) with skin 
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conductance response (SCR).  A 9-point computerized version of the SAM was used in 

this experiment. 

 

 

 

 

 

FIGURE 1.1. SAM Valence (1-9, 1=positive, 9=negative) and Arousal (1-9, 
1=high, 9=low) scales. 

 

Heart Rate. The methods used for heart rate recording are described in Chapter 2. 

Snake (SNAQ) and Spider (SPQ) questionnaire. These questionnaires have 30 and 

31 (respectively) true/false questions designed to tap verbal and cognitive components 

relating to snake and spider fears, with a one month test-retest reliability of .783 for the 

SNAQ and ranging from .83 to.90 for the SPQ (see Klorman et al., 1974 for more 

information).  In the present study, the SNAQ and SPQ were used to index non-clinical 

levels of anxiety about snakes and spiders.  It was hypothesized that individuals higher in 

anxiety towards snakes and spiders would show higher expectancy ratings for the UCS to 

follow the stimuli. 

Emotion Regulation Questionnaire (ERQ).  The ERQ (Gross & John, 2003) is a 

self-report measure designed to assess individual differences in the habitual use of 

cognitive reappraisal and expressive suppression (see Gross 1998b for an explanation of 

these regulation approaches).  It consists of 10 items, 7 targeting reappraisal (e.g., “I 

  1    2    3   4    5    6    7    8    9 

1    2    3    4   5    6    7    8    9 
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control my emotions by changing the way I think about the situation I’m in”) and 3 

targeting suppression (e.g., “I control my emotions by not expressing them”).  

Participants rate each item on a 7-point scale (1-strongly disagree to 7-strongly agree).  

Gross and John (2003) report average alpha reliabilities of .79 for the Reappraisal scale 

and .73 for the Suppression scale.  It was hypothesized that individuals who rate 

themselves as high in habitual use of cognitive reappraisal would be better at effective 

strategy engagement. 

 

Procedure 

  Students were informed at the beginning of the study that their participation was 

voluntary and that if they experienced any distress they would able to terminate their 

participation at any time.  A screen for individuals with phobias was used.  This involved 

asking the participants if they had excessive or unreasonable fear of snakes or spiders, 

and/or whether their fear interferes significantly with their daily functioning.  No 

participants were excluded on this basis.  Each student also heard the UCS prior to the 

study to help in her decision about whether to participate in the study.  No participants 

declined to continue after this UCS presentation. 

 Participants sat in an upright recliner chair, located in a temperature-controlled, 

dimly lit room. The experimenter was located in a separate control room throughout the 

stimulus trials. The dependent measures of UCS expectancy, skin conductance (SC), 

corrugator fEMG, orbicularis fEMG and heart rate were collected during the all phases of 

the study.  Self-reported valence and arousal ratings and a four-minute resting baseline 
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heart rate were measured during the Learning and Test phases only.  For each visit, 

headphones were placed over the participants’ ears, from which experimental instructions 

and the UCS was heard. SC electrodes were attached on the second phalanges of the 

index and middle fingers of the left hand.  The skin at the sites was lightly rinsed with 

water and two 8mm Ag-AgCl electrodes filled with Gel 101 electrode paste were 

attached.  Abrading with NuPrep skin preparation gel and cleansing with rubbing alcohol 

prepared target fEMG muscle and heart rate electrode sites.  For fEMG measurement, 

four-millimeter electrodes were filled with SignaGel electrode gel that approximates the 

salinity of human sweat and attached using highly adhesive collars.  Two electrodes were 

attached to each site, 1 cm apart, with a common ground attached to the center of the 

forehead.  After attachment, the impedances of the electrode sites were checked and any 

sites that exceeded 10 kohms were re-prepared and reattached.  Heart rate was measured 

with tin electrodes affixed to the medial surface of the subject's forearms just below the 

elbow.  The electrodes were filled with SignaGel electrode gel and placed over adhesive 

collars on the participants’ arms.  Electrodes were connected to BioPac bioamplifiers and 

a BioPac MP150 system, and a Gateway PC with Intel Pentium processor recorded data 

using AcqKnowledge 3.9 software (BIOPAC Systems Inc.; Goleta, CA).  Skin 

conductance recordings were sampled at 500Hz, amplified 20 times, and low pass filtered 

at 10 Hz.  Corrugator recordings were sampled at 2000Hz, amplified 1000 times, and 

online band-pass filtered over a range of 10-500Hz.  Orbicularis recordings were sampled 

at 2000Hz, amplified 500 times, and online band-pass filtered over a range of 10-500Hz. 



 

 

42 

The EKG series were sampled at 1000 Hz, amplified 1000 times, and band-pass filtered 

over a range of 1-100Hz. 

After initial set-up, for the Learning phase the experimenter explained to each 

participant that she would view two pictures (snake, spider) one of which (CS+) may be 

followed by a loud noise (UCS; The Learning phase instruction script is provided in 

Appendix A).  The pictures were displayed with 800X600 pixel resolution on a 17” 

computer monitor approximately 2 feet in front of the participant.  Presentation of CS+ 

and CS- photos within a given trial set was quasi-randomized with the restriction that no 

more than two photos of the same type were presented consecutively.  The photo 

randomly selected to be the CS+ and CS- was counterbalanced across participants.  Each 

trial consisted of 6 seconds of blank screen (2 seconds blank, 4 seconds with expectancy 

rating instructions), 10 seconds of image presentation, followed by another 6 to 10 

seconds of blank screen (resulting in an inter-trial interval ranging from 22s to 26s, with a 

mean of 24 s) or followed by 6 seconds of blank screen and presentation of SAM scales 

accompanied by spoken, digitized instructions prompting the participant to provide her 

valence and arousal ratings.  During the first few seconds of image presentation on each 

trial participants rated their expectancy of the UCS by pressing the space bar.  

Physiological measures were recorded for 6 seconds before, 10 seconds during, and 6 

seconds after image presentation, for a total of 22 seconds per trial.  The Learning and 

Test phases included a 4-minute rest period for baseline heart rate measurement, followed 

by 6 unreinforced habituation trials of each stimulus type (see Figure 1.2, left panel).  

Following the fourth unreinforced exposure to each image participants rated their 
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emotional experience on a 9-point scale of arousal and valence.  Acquisition learning 

followed involving 8 conditioning trials of each stimulus type.  For the CS+, a 1 second 

100 dB white noise followed CS+ photo offset (see Figure 1.2, right panel).  Following 

acquisition learning, one unreinforced exposure to each stimulus type (CS+ and CS-) was 

presented, and after each, participants again rated their emotional experience on the SAM 

valence and arousal scales.  At the end of session, participants were instructed to try to 

remember what the photos looked like for their return two days later. 

  

FIGURE 1.2. Left panel: An illustration of two Learning phase habituation trials. 
The blast mark with the cancellation sign indicates that the UCS was not 
presented. Right panel: An illustration of a CS+ and a CS- Learning phase 
conditioning trial. The blast mark represents the UCS noise blast that initiated at 
CS+ offset.  

 

During the Intervention phase (Day 3) each participant was instructed that she 

might hear the loud noise (UCS), however the UCS was not presented during this phase. 

At the beginning of the session participants were each shown large plastic-coated pictures 

of the snake and the spider images shown during the Learning phase to remind them of 

how they appeared.  Trial durations were the same as in the Learning phase, although no 
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self-report SAM ratings were indexed. During the first few seconds of image presentation 

on each trial participants rated their expectancy of the UCS by pressing the space bar.  

There were four conditions (Reappraise, Exposure, Reappraisal Plus Exposure, Control).  

Standardized instructions for each condition were displayed on the computer (see 

Appendix A to view the instructions for each condition). Those in the Reappraise 

condition viewed 12 unreinforced presentations each of the word “snake” and “spider” 

representing the CS images.  Each group member was asked to imagine the appropriate 

photo when she saw the word, in as close to its original appearance as possible, and to 

engage in a selected reappraisal strategy (e.g., a narrative about the snake/spider, or the 

photos are of plastic objects), with the goal of reducing her emotional reaction to it (see 

Figure 1.3, left panel).  Those in the Exposure condition viewed 12 unreinforced 

presentations of each CS image (see Figure 1.3, middle panel).  Those in the Reappraisal 

Plus Exposure condition were presented with 12 unreinforced presentations each of CS 

image (see Figure 1.3, middle panel) and were asked to engage in a selected reappraisal 

strategy (e.g., a narrative about the snake and spider; the photos are of plastic objects), 

with the goal of reducing their emotional reaction to the images. Those in the Control 

condition viewed 12 unreinforced presentations each of two nature scenes (a mountain 

and a tree) that were unrelated to the conditioned stimuli (see Figure 1.3, right panel).  

Before the trials began, participants in the Reappraise and Reappraisal Plus Exposure 

conditions were asked to describe their selected reappraisal strategy before viewing the 

pictures to make sure that they planned to engage in the appropriate strategy.  At the end 

of this session, participants in the two reappraisal conditions were asked what strategy 
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they engaged in and the percentage of trials for which they thought that they remembered 

to engage in the strategy.  The Reappraise group also rated how well they were able to 

imagine the images (1-9, no image-just like viewing the image).   

 

FIGURE 1.3. An illustration of Intervention phase Reappraise condition trials 
(left panel), Exposure and Reappraisal Plus Exposure condition trials (middle 
panel) and Control condition trials (right panel). 

 
The Test phase (Day 8) procedure was identical to the Learning phase, with the 

exception that at end of session, participants were not instructed to try to remember what 

the photos looked like and were debriefed.  Thus, there was an initial unpaired 

presentation, paralleling learning phase habituation, with 6 unreinforced (no UCS) 

presentation trials each of CS type (as per Figure 1.2, left panel). Self-reported SAM 

valence and arousal ratings followed trial 4 of each CS type.  There was then a Re-

conditioning phase, paralleling the learning phase conditioning, with 8 presentations each 

of CS+ and CS- (as per Figure 1.2, right panel), followed by one unreinforced 
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presentation each of CS+ and CS-.  Self-reported SAM valence and arousal ratings 

followed the unreinforced trial.  

 

Physiological Data Reduction 

Due to equipment failures, power outages, and personnel error there was data loss 

for some of the dependent measures for one of the three study phases for a given 

participant.  For the Learning phase, data for 1 participant was unavailable for SCR, 

corrugator, and SAM ratings.  For the Intervention phase, data for 2 participants was 

unavailable for SCR, orbicularis and SAM ratings, and for 3 participants for the 

corrugator measure.  For the Test phase, 1 participant’s data was unavailable for SCR (3 

additional participants for the Re-conditioning phase only), 2 participants’ data for the 

corrugator measure (3 additional participants for the Re-conditioning phase only), 1 

participant’s data for the SAM ratings (3 additional participants for the Re-conditioning 

phase), and 5 participants’ data for the orbicularis measure. 

SC and fEMG data were processed offline.  The SC signal was smoothed over a 

100ms window. Conditioning of the fEMG data included band-pass filtering over a range 

of 15-500 Hz for the corrugator channel and orbicularis channel using the Hamming 

window (1001 coefficients; Hamming, 1977), signal rectification, and for the orbicularis 

signal waveform smoothing over a moving window of 12 points.  Recordings were 

visually inspected along with experimenter notes of participants yawning, sneezing or 

coughing and data points during these incidents were excluded. 
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SCR responses to images were defined as the change score over the 10-second 

image presentation with a 1-3 second onset and peaking between 0.5-9 seconds.  Trials 

with negative or flat (>.005 micro siemens) SCR slopes were counted as an SCR of zero.  

No participants were excluded from analysis on the basis of their SCR responses during 

the conditioning trials of the Learning phase as the 7 participants with no SCR responses 

to the conditioning Learning trials all showed some SCR activity during the conditioning 

trials of the Test phase, suggesting that lack of SCR responses during the Learning phase 

did not index SCR non-responders as an individual characteristic.  In an attempt to 

eliminate contaminating effects of high between-subjects variability in overall response 

magnitude, outliers defined as 3 SDs from the group mean for each trial (overall mean for 

the Learning phase and by condition for the Intervention and Test phases) were excluded 

(2.0% of trials for the Learning phase, 3.4% for the Intervention phase, and 3.0 % for the 

Test phase). The data were square root transformed to reduce skew and kurtosis.  

Within subject change scores for each trial were obtained for corrugator data by 

subtracting the mean muscle activity for the 4-second baseline period from the mean 

muscle activity from seconds 0-4. Outliers defined as change scores exceeding 3 SDs 

from the group mean (overall mean for the Learning phase and by condition for the 

Intervention and Test phases) change score were excluded (2.4% of trials for the 

Learning phase, 3.2% for the Intervention phase, and 2.5% for the Test phase). Since the 

data was not consistently skewed but kurtosis was high, an arctangent transformation was 

employed, which corrected the data to a normal distribution. 
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Startle reflexes were defined as positive peak-to-peak orbicularis activity within a 

150ms time window after the CS+ noise blast onset (i.e., during the Learning and Test 

phases).  Valid startle responses were defined as those changes in orbicularis activity that 

exceeded mean orbicularis levels during that phase for CS- at picture offset by 2 SD.  

Trials in which orbicularis data did not meet this criterion (non-responses) were dropped 

from analysis (4.6% of trials for responders).  When 50% or more of the trials for a 

participant for a given phase met the criterion for non-response, the participant was 

considered a non-responder and excluded from analysis (11.7% of participants from the 

Learning phase, 12.4% from the Test phase). In an attempt to eliminate contaminating 

effects of high between-subjects variability in overall response magnitude outliers 

defined as 3 SDs from the group mean for each trial (overall mean for the Learning phase 

and by condition for the Intervention and Test phases) were excluded (2.1% of trials from 

the Learning phase and 2.7% from the Test phase). The data were square root 

transformed to reduce skew and kurtosis.  

Expectancy ratings (1-4): In an attempt to eliminate contaminating effects of 

outliers, defined as 3 SDs from the group mean for each trial (overall mean for the 

Learning phase and by condition for the Intervention and Test phases), were excluded 

(0.93% of trials for the Learning phase, 1.6% of trials for the Intervention phase, and 

2.1% of trials for the Test phase). 

SAM (1-9): In an attempt to eliminate contaminating effects of outliers, defined 

as 3 SDs from the group mean for each SAM rating dimension (overall mean for the 
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Learning phase and by condition for the Test phase), were excluded (0% for the Learning 

phase and 0.5% for valence Test phase and 1% for arousal Test phase). 

 Snake and Spider Questionnaires and ERQ Questionnaire (Reappraisal subscale) 

scores were normally distributed and no outliers were removed. 
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RESULTS AND DISCUSSION 

Learning Phase Results 

Habituation. 

It was hypothesized that during habituation there would be no self-report or 

physiological differences by conditioned stimulus type (given conditioning had not yet 

taken place).  Habituation was expected to result in lower UCS expectancy ratings and 

decreased physiological activity as trials progressed.  To test these hypotheses, separate 2 

(CS type: CS+, CS-) X 6 (trial order: 1-6) within-subject X 2 (counterbalance: spider 

CS+/snake CS-, snake CS+/spider CS-) between subject repeated measures General 

Linear Models (GLMs) on dependent measures of expectancy, SCR, and corrugator 

activity were performed (computed using the Statistical Package for Social Sciences 16.0, 

Graduate Student Version for Mac). Mean SAM valence and arousal ratings during 

habituation (following presentation 4 of each picture) were compared using a 2 (CS type: 

CS+, CS-) within subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider 

CS-) between subjects repeated measures GLM.  In all of the following figures, error bars 

represent standard error of the mean unless otherwise indicated. 

In general, results were consistent with hypotheses.  There were no main effects 

of CS type for UCS expectancy ratings (see Figure 2.1), SCR (Figure 2.2), corrugator 

(Figure 2.3), or arousal or valence ratings (Figure 2.4).  There were main effects of trial 

order, where participants expected the UCS less as trials progressed (F (1, 83) =84.1, p 

<.001; see Figure 2.1), and demonstrated less SCR responses over time (F (1, 77) 
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=136.2, p <.001, see Figure 2.2).  However, corrugator activity changed compared to 

baseline levels in a quadratic fashion (F (1,76) =11.9, p=.001, see Figure 2.3).

FIGURE 2.1. Mean expectancy rating for 
each habituation trial during the Learning 
phase by CS type.  

 

 
FIGURE 2.2. Mean square root transformed 
SCR for each habituation trial during the 
Learning phase by CS type. 

 

 
FIGURE 2.3. Mean arctangent transformed 
corrugator difference score (picture – 
baseline) for each habituation trial during 
the Learning phase by CS type.  
 
 
 
 

 

 
FIGURE 2.4. Mean SAM ratings for 
arousal (reverse scored so that up is greater 
arousal) and valence measured during 
Learning phase habituation trial 4 by CS 
type. 

Unexpectedly, the snake and spider images turned out to have inherent 

differences, as indicated by significant CS type X counterbalance interactions.  

Participants showed greater UCS expectancy with the snake than the spider picture (F (1, 
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83) =35.4, p<.001, see Figure 2.5), greater SCR activity to the snake than the spider 

picture (F (1, 77) =4.21, p<.05, see Figure 2.6), and inconsistent with these two results, 

participants showed greater corrugator activity while viewing the spider picture than the 

snake picture (F (1, 76) =10.6, p<.005, see Figure 2.7). There were no significant 

differences by picture for SAM ratings of arousal or valence.  Given the images are 

counterbalanced by CS+ and CS- pairings, these reported differences should not bias 

results, but do increase variability. 

 

 
FIGURE 2.5. Mean habituation trial 
expectancy rating for spider and snake 
images by CS type during the Learning 
phase.   
 

 
FIGURE 2.6. Mean habituation trial square 
root transformed SCR for spider and snake 
images by CS type during the Learning 
phase. 

   
 
 
 
FIGURE 2.7 (right). Mean habituation trial 
arctangent transformed corrugator 
difference score (picture – baseline) for 
spider and snake images by CS type during 
the Learning phase.  
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Conditioning. 

It was hypothesized that during conditioning there would be self-report and 

physiological differences by conditioned stimulus type.  The CS+, compared to the CS-, 

was expected to result in increased UCS expectancy ratings, greater mean SCRs, greater 

corrugator activity, and higher self-reported arousal and valence.  These differences by 

CS type were expected to increase as trials progressed.  To test these hypotheses, separate 

2 (CS type: CS+, CS-) X 8 (trial order: 1-8) within-subject X 2 (counterbalance: spider 

CS+/snake CS-, snake CS+/spider CS-) between subjects repeated measures GLMs on 

dependent measures of expectancy, SCR, and corrugator EMG were performed.  Mean 

SAM valence and arousal ratings following conditioning were compared using a 2 (CS 

type: CS+, CS-) within subject X 2 (counterbalance: spider CS+/snake CS-, snake 

CS+/spider CS-) between subjects repeated measures GLM.   

As expected, conditioning resulted in significant CS type X time interactions.  

Participants expected the UCS more for the CS+ than the CS- and this difference 

increased over time (F (1, 84) = 842, p<.001; see Figure 3.1).  Similarly, SCRs were 

increasingly greater for the CS+ than the CS- over time (F (1, 78) = 31.7, p<.001; see 

Figure 3.2).   Opposite to predictions, participants showed greater corrugator activity 

while viewing the CS- compared to when viewing the CS+ (F (1, 72) = 3.82, p=.055; see 

Figure 3.3).  There were no significant differences by CS type (t(93)’s<1.1, p>.2) for 

SAM ratings, although means were in the expected direction.  However, comparing 

ratings during conditioning with those during habituation, self-reported emotion SAM 

ratings for arousal and valence indicated greater arousal (F (1, 91) = 65.0, p<.001) and 
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increased negative valence (F (1, 91) = 14.4, p<.001) over time, respectively (see Figure 

3.4). 

 
FIGURE 3.1. Mean expectancy rating for 
each conditioning trial during the Learning 
phase by CS type.  
 

 
FIGURE 3.2. Mean square root transformed 
SCR for each conditioning trial during the 
Learning phase by CS type.  

 

 
FIGURE 3.3. Mean arctangent transformed 
corrugator difference score (picture – 
baseline) for each conditioning trial during 
the Learning phase by CS type.  
 

  
FIGURE 3.4. Mean difference score 
(conditioning - habituation) for SAM 
ratings of arousal (reverse scored so that up 
is greater arousal) and valence by CS type 
measured following Learning phase 
conditioning trials. Greater difference is 
more arousing/negative. 

 
Unexpectedly, and consistent with biases evident during habituation, the snake 

and spider differences were maintained, as indicated by significant CS type X 

counterbalance interactions.  Participants with the snake as the CS- rated the snake as 

slightly more expectant for the noise than when the spider was the CS- (F (1, 84) = 3.86, 
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p=.053; see Figure 3.5), and there was a greater difference between CS+ and CS- SCRs 

when the CS+ was the snake and CS- was the spider (F (1, 78) = 6.45, p=.013; see Figure 

3.6).  Surprisingly, corrugator results showed that when the spider was the CS- it resulted 

in greater corrugator activity than when the spider was the CS+ (F (1,91) = 4.43, p<.05).

 
FIGURE 3.5. Mean conditioning trial 
expectancy rating for spider and snake 
images by CS type during the Learning 
phase.   
 
 

FIGURE 3.6. Mean conditioning trial 
square root transformed SCR for spider and 
snake images by CS type during the 
Learning phase.   

 
 
 
FIGURE 3.7 (right). Mean conditioning 
trial arctangent transformed corrugator 
difference score (picture – baseline) for 
spider and snake images by CS type during 
the Learning phase.  

 

Learning Phase Discussion 

In general, fear conditioning was successful.  Participants learned to anticipate 

that the UCS preceded the CS+ and not the CS-.  Arousal, as measured by mean SCR, 

was greater for the CS+ than the CS-.  Compared to ratings during habituation, 
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conditioning resulted in greater self-reported arousal and negativity to both the CS+ and 

CS-.  However, there was no difference in the self-reported arousal and negativity to CS+ 

as compared to the CS-.   

There were two unexpected findings relating to inherent response differences 

towards the snake and spider images.  First, participants incorrectly anticipated that the 

snake would be paired with UCS more than the spider image.  Similarly, mean SCRs 

were greater for snake than the spider picture.  The bias toward greater anticipation of a 

negative event being associated with the more physiologically arousing stimulus is very 

interesting and raises the question of whether physiological arousal can bias self-reported 

expectancy, whether self-reported expectancy can bias arousal, or whether there is a third 

variable involved.  Fortunately, the tendency for greater arousal and UCS anticipation 

with the snake as compared to the spider image did not overwhelm fear conditioning and 

CS type differences were as expected for UCS expectancy, SCR and somewhat for self-

reported arousal and valence. 

Second, during habituation, participants showed greater corrugator activity while 

viewing the spider image, compared to while viewing the snake image.  During 

conditioning, the greatest corrugator activity occurred when the spider was the CS-.  It is 

possible that the greater corrugator activity to the spider image relates to spiders arousing 

a strong disgust response (manifesting in increased corrugator muscle activity) in some 

individuals that is largely independent from fear (e.g., Smits, Telch, & Randall, 2002).  A 

disgust response might have predominated over any fear response when the spider was 

the CS-, resulting in higher corrugator activity.  When the spider image was the CS+, 
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disgust responses might have been dampened due to greater relative focus on the 

potential of being paired with the UCS.  Unfortunately, whatever the reason for the 

overall greater corrugator activity to the CS- during conditioning, corrugator activity did 

not effectively index fear learning and as such, it was excluded from further analyses.  

 

Intervention Phase Results 

There were two goals for analysis for the Intervention phase, during which the 

CS+ was not paired with the UCS.  The first was to confirm that there were lasting CS 

type differences from the Learning Conditioning phase.  It was hypothesized learning 

would take place during the Intervention phase such that UCS expectancy and SCRs 

would decrease for both CS types, but would remain greater for the CS+unpaired as 

compared to the CS-.  The second goal was to determine the impact of condition on UCS 

expectancy and SCRs.  For those in the Control group, who were exposed to nature 

scenes unrelated to conditioning, UCS expectancy and SCRs were not expected to differ 

by image type (please note that the text and figures that follow will use the convention of 

referring to the nature scenes as CS+unpaired and CS-, even though these scenes were not 

paired with the UCS).  In general, there were no specific predictions in relation to the 

effect of condition on UCS expectancy.  The Control condition was expected to result in 

lower mean SCRs compared to participants in the other conditions, given that they 

viewed neutral nature scenes.  The Reappraise condition was expected to result in lower 

mean SCRs than both exposure groups because participants in the Reappraise group 

viewed words that represented the conditioned stimuli.  It was hypothesized that the 
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Reappraisal Plus Exposure group would show lower SCRs than the Exposure group.  

Research on reappraisal during online viewing of film clips (e.g., Gross, 1998b) has not 

shown significant SCR differences between reappraise and watch groups.  However, an 

unpublished study by Delgado et al. (2004), as cited in Delgado, Olsson and Phelps 

(2006), examined the effects of a reappraisal strategy during fear acquisition through 

classical conditioning.  Using a fear conditioning paradigm with two colored squares 

(CS+ and CS-) as stimuli, participants were instructed to either “attend” to their natural 

feelings or think of something calming in nature that was specific to the color of the 

square (i.e., upon seeing a blue square, a ‘‘reappraise’’ CS+ trial, participants would think 

of the ocean).  Participants demonstrated decreased SCRs on trials where they were 

instructed to “reappraise” versus ‘‘attend’’ for the CS+ trials.  However, in this study 

strategy engagement took place during fear acquisition with a within subject instruction 

comparison. 

Emotion regulation studies typically compare the effects of engagement in a 

reappraisal strategy while viewing an emotion-eliciting stimulus with a control condition 

that involves uninstructed (or “just watch”) viewing of the stimulus.  The Intervention 

phase Reappraisal Plus Exposure condition parallels the reappraisal group in typical 

emotion regulation studies, and the Exposure condition parallels the uninstructed or 

watch group.  Accordingly, for the Intervention phase, planned orthogonal contrasts to 

examine the effect of condition were performed as follows Contrast 1: Control versus 

Reappraisal Plus Exposure, Reappraise, Exposure (3, -1, -1, -1), Contrast 2: Reappraise 

versus Reappraisal Plus Exposure, Exposure (0, 2, -1, -1), and Contrast 3:  Reappraisal 



 

 

59 

Plus Exposure versus Exposure (0, 0, 1, -1).  Contrast 3 was expected to demonstrate 

results similar to other emotion regulation studies on reappraisal. 

Before testing the hypotheses, a manipulation check was done to determine if 

random assignment to conditions resulted in no dependent measure group differences by 

condition during the Learning Conditioning phase.  For expectancy ratings there were no 

differences by condition.  For SCRs, during conditioning there was a marginal interaction 

of CS type by condition, F (3, 72)=.41, p=.074, driven by condition differences to the 

CS+ (F (3, 76)=2.89, p<.05) where the Exposure group displayed the highest mean SCR.  

For emotion-modulated startle, there was a significant condition by trial number 

interaction, quadratic (F (3, 49)=3.03, p<.05), where participants later grouped into the 

Reappraise and Reappraisal Plus Exposure group showed greater startle habituation over 

time.  There was no condition main effect. These failures of randomization will be noted 

when relevant. 

To test hypotheses and determine the impact of online fear inhibition training, 

separate 2 (CS type: CS+, CS-) X 12 (trial order: 1-12) within-subject X 2 

(counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 4 (condition: Control, 

Exposure, Reappraise, Reappraisal Plus Exposure) between subject repeated measures 

GLMs on dependent measures of expectancy and SCR were performed.  Further 

analyses, collapsing over non-significant factors, were performed where appropriate. 

Considering the first goal, consistent with predictions and conditioning, 

participants expected the UCS more with the CS+ unpaired than the CS- (F (1,75) = 46.8, p 

<.001) and they expected the UCS less over time (F (1, 75) =20.2, p <.001; see Figure 



 

 

60 

4.1).  As Figure 4.2 shows, participants’ SCRs were also greater for the CS+ unpaired than 

the CS- (F(1,57) = 9.33, p <.005) and reduced over the course of the trials (F (1, 57) 

=17.9, p <.001).  

  
FIGURE 4.1. Mean expectancy rating for 
each Intervention trial by CS type.  

 
FIGURE 4.2. Mean square root transformed 
SCR for each Intervention trial by CS type.  

 

In relation to the second goal, participants’ anticipation of the UCS overall did not 

differ by condition.  However, there was a significant interaction of CS type X condition 

(F (3, 75) = 2.80, p<.05).  This was driven by participants in the Control condition 

expecting the UCS less for the CS+ unpaired (t(89)= 16.6, p<.001) and more for the CS- 

(t(89)= 16.1, p<.001) than participants in the other three conditions (interaction for 

contrast F(1,91)= 7.61, p<.01; see Figure 4.3), as predicted.  Given that expectancy 

ratings were found to reduce over trials on average (F(1, 75) =20.2, p <.001), planned 

contrasts by condition were performed on Trial 1, in order to test for initial expectancy 

differences.  As Figure 4.4 shows, the Exposure group reported greater initial UCS 

expectancy ratings than the Reappraisal Plus Exposure group (t(89)=-3.15, p<.005).  In 

addition, there was a trial number by condition interaction, F(3, 75) = 2.99, p<.05 (see 

Figure 4.4).  This was because the Reappraisal Plus Exposure group showed relatively 
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consistent expectancy ratings over trials, whereas the Exposure group expectancy ratings 

decreased as trials progressed (F(1, 32) =6.05, p<.01, linear; note: Contrast 1: Control 

versus Reappraisal Plus Exposure, Reappraise, Exposure and Contrast 2: Reappraise  

versus Reappraisal Plus Exposure, Exposure X trial number were not significant F (1, 

79) <1). Interestingly, there is also a 3 three-way CS type X time X contrast interaction, 

F(1,32) = 5.51, p<.05, between the Reappraisal Plus Exposure and Exposure groups, as 

shown in Figure 4.5.  The Exposure group expectancy ratings decreased over time for 

CS+ unpaired and CS- trials.  In contrast, for the Reappraisal Plus Exposure group, CS+ 

unpaired trials show relatively unchanged expectancy of the UCS over time while the CS- 

trials showed a decreased expectancy over time. 

  
FIGURE 4.3. Mean Intervention phase 
expectancy rating by condition by CS type. 

  
FIGURE 4.4. Mean expectancy rating for 
each trial of the Intervention phase by 
condition. 

 
 
FIGURE 4.5 (right). Mean 
expectancy ratings for each trial 
of the Intervention phase by CS 
type for Reappraisal Plus 
Exposure and Exposure 
conditions. 
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As can be see in Figure 4.6, SCRs showed a main effect of condition (F (3, 

57)=6.70, p=.001), where, as predicted, the Control group’s SCRs were significantly 

smaller than were those of participants in the other groups (F (1, 63) = 14.4, p<.001), and 

the Reappraise group showed significantly smaller SCRs (F (1, 46) = 4.03, p=.051) than 

the Exposure and Reappraisal Plus Exposure groups.  There was no significant 

difference between the Exposure and the Reappraisal Plus Exposure groups for SCRs 

overall, or for the CS+ unpaired in particular (Fs<1). Given that SCRs reduced over time (F 

(1, 57) =17.9, p <.001), planned contrasts by condition were performed on Trial 1 to test 

for initial response differences.  For Trial 1 (see Figure 4.7), Control group SCRs were 

found to be significantly less than those for participants in the other groups (main effect, 

F (3, 74) = 6.127, p=.001; direct contrast, p<.001). There was a nonsignificant trend 

toward lower SCRs for the Reappraise versus the Exposure and Reappraisal Plus 

Exposure groups (F(1, 60) =2.77, p=.101), and no significant difference between the 

Exposure and the Reappraisal Plus Exposure groups (F<1).  Consistent with expectancy 

results, the Control group SCRs were not different by CS type, unlike the greater SCRs to 

the CS+ unpaired, as compared to the CS-, for the other three conditions (F (1, 88)=5.98, 

p<.05; see Figure 4.6).  There was also an interaction of Trial number X condition (F(3, 

57) = 5.52, p<.005; see Figure 4.7), where SCRs for the Control condition were flat 

across trials and SCRs for participants in the other conditions reduced as trials progressed 

(F(1,63) =9.18, p<.005).  Also SCRs for the Reappraise condition were flatter over time 

after the first trial than those of the Reappraisal Plus Exposure and Exposure groups 

(F(1,46) = 5.17, p<.05), the latter of which were not different from one another (F<1). 
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FIGURE 4.6. Mean Intervention phase 
square root transformed SCR by CS type by 
condition. 
 

 
FIGURE 4.7. Mean square root transformed 
SCR for each trial of the Intervention phase 
by condition. 

 

Intervention Phase Discussion 

Consistent with predictions and conditioning, participants’ demonstrated greater 

anticipation for the noise blast (UCS) to follow CS+unpaired, and greater physiological 

arousal, as indexed by mean skin conductance responses (SCRs) for CS+unpaired, as 

compared to the CS-.   An expected exception was the lack of stimulus type difference in 

both expectancy and SCRs for participants in the Control group who were exposed to two 

different nature scenes unrelated to the fear conditioning.  As trials progressed, 

participants demonstrated less anticipation of the UCS and lower average SCRs.  This is 

consistent with extinction learning, or learning of a new “safe” context.   

In relation to the second goal, participants’ expectancies of the UCS overall did 

not differ by condition.  However, engaging in reappraisal during exposure versus 

exposure alone resulted in different expectancies over time.  The Exposure group showed 

a higher expectation of occurrence of the UCS, initially, for both the CS+unpaired and the 

CS-, than did participants in the Reappraisal Plus Exposure condition, and demonstrated 
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sizable reductions in anticipation of the UCS over subsequent trials.  In contrast, those in 

the Reappraisal Plus Exposure condition had significantly lower expectations of the 

UCS, initially, that remained relatively consistent for the CS+unpaired over subsequent 

trials, and reduced somewhat for the CS-.  The end result was similar expectancy ratings 

by the end of the Intervention phase for both groups.  Interestingly, the pattern of 

expectancy ratings over time supports top down versus bottom up processing.  Those 

reappraising during exposure initially did not show high anticipation of the UCS for 

either the CS+unpaired or the CS-.  This indicates that engagement in the strategy may have 

resulted in a contextual shift towards a “safe” context almost immediately.  In contrast, 

those in the Exposure condition ended at a similar UCS anticipation level by the end of 

the training session, but it took approximately half of the training trials for the Exposure 

group to reach equivalent mean expectancy ratings, suggesting that it took time for them 

to reach a comparable “safe” context view, presumably from a more bottom up process 

based on repetitive experience.  It is worth noting that, in both cases, expectancy ratings 

remained greater for CS+unpaired than CS- for the duration of the intervention session.   

Interestingly, the Reappraise group’s average UCS expectancy rating was 

midway between the two exposure groups, and was not significantly different from either 

of them.  This could be because those in the Reappraise condition didn’t see the images, 

which led to greater uncertainty, reflected as non-significantly greater expectancy as 

compared to the Reappraisal Plus Exposure group.  However, the Reappraise group had 

similar, if not greater, CS+ unpaired versus CS- expectancy ratings, which should have been 

less differentiated if greater uncertainty was the cause.  It is worth mentioning that the 
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Control group can be thought to have learned about a “safe context” that was separate 

from the fear conditioned stimuli, which would result in a general testing room safe 

context.  

The group differences in expectancy ratings over time are particularly interesting 

because all groups were told that the noise blast “may follow” one of the images.  Thus, 

based on the explicit information given, no anticipation differences by condition would 

be expected.  Accordingly, the difference in expectancy over time for the Exposure and 

Reappraisal Plus Exposure groups may have resulted from the act of strategy 

engagement altering belief.  Alternatively, it could be argued that the initially greater 

UCS anticipation for the Exposure group as compared to the Reappraisal Plus Exposure 

group occurred because there was relatively greater contextual overlap between the 

Learning and Intervention phases for this group.  Based on this point of view, one might 

expect lower expectancy ratings initially for the Reappraise and Control conditions, as 

compared to the Reappraisal Plus Exposure group.  However, the lack of lower 

expectancy ratings for the Reappraise and Control conditions could be because 

uncertainty is elevated, as suggested earlier.  In future work, measuring expectancy as 

well as confidence judgments for the UCS expectancy ratings may allow for the 

separation of expectancy and uncertainty. 

Overall, indexing the effects of engagement in emotion regulation strategies on 

anticipation of a negative event as employed within the present study was a fruitful 

endeavor.  Results are consistent with the interpretation that cognitive reappraisal alters 

UCS expectancy in a top down manner.  In relation to previous work on reappraisal, the 
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significantly reduced UCS anticipation for the first trial for the Reappraisal plus 

Exposure group versus the Exposure group is consistent with emotion regulation studies 

(e.g., Gross, 1998b) that demonstrate more positive self-report when reappraising while 

viewing stimuli, as compared to conditions in which participants watch without engaging 

in any emotion regulation strategy.  

Considering physiological arousal, as indexed by average SCR, results show that 

SCRs reduce over time, indicating physiological habituation, and/or learning that the 

context was safe.  In terms of condition effects, SCRs seem to reflect the degree of 

condition similarity to the original condition in which fear learning occurred and, 

compared to expectancy ratings, are less impacted by instructions.  As expected, the 

Control group SCRs were found to be significantly smaller than those for participants in 

the other groups, and the Reappraise group showed significantly smaller SCRs than the 

Exposure and Reappraisal plus Exposure groups.  

There was also an interaction of trial number with condition, where SCRs for the 

Control condition were flat across trials.  In contrast, SCRs for participants in the other 

conditions reduced as trials progressed. SCRs for the Reappraise condition were flatter 

over time than those of the Reappraisal plus Exposure and Exposure groups, the latter of 

which were not different from one another.  The differences found between the Control 

condition and the other three conditions confirm expectations.  The overall lower SCRs 

for the Reappraise group as compared to the Exposure and the Reappraisal Plus 

Exposure groups also confirms predictions and is consistent with the fact that those in the 

Reappraise group imagined, rather than viewed, the CS images. 
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There were no significant differences in SCRs between the Exposure and 

Reappraisal Plus Exposure groups. This differs from the findings of Delgado (et al., 

2004, as cited in Delgado et al., 2006), where during fear acquisition participants 

demonstrated decreased SCRs on CS+ trials when they were instructed to “reappraise” 

versus ‘‘attend’’, but is similar to findings reported by Gross (1998b), comparing 

reappraisal and watch conditions while viewing an aversive film.  

In sum, the mixed finding of initially lower anticipation of the UCS for the 

Reappraisal Plus Exposure condition as compared to the Exposure condition, which is 

not reflected in the SCR measure, is interesting, and also consistent with results from 

other studies.  For example, Gross (1998b) found a difference in self-reported 

experienced emotion, without a skin conductance level difference, when comparing two 

conditions comparable to those of the present study.  

 

Test Phase Unpaired Presentation Results 

There were two goals for analysis of the Unpaired presentation trials, where the 

CS+ was not paired (i.e., CS+unpaired) with the UCS.  The first goal was to test whether 

there were lasting CS type differences from the Learning Conditioning phase.  It was 

hypothesized that UCS expectancy, SCRs and self-reported valence and arousal levels 

would remain greater for the CS+unpaired, as compared to the CS-.  The second goal was to 

determine the impact of condition on these measures. There were no specific a priori 

predictions in relation the effect of condition on UCS expectancy.  Those in the Control 

group, who were exposed to nature scenes unrelated to conditioning during the 
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Intervention phase, were expected to have the greatest mean SCRs and higher self-

reported arousal and valence, as compared to the other groups because they had no 

stimuli-specific fear inhibition training.  No other predictions regarding the impact of 

group membership on SCRs were made.  

In this phase, orthogonal planned contrasts for condition were performed as 

follows, Contrast 1: Control versus Reappraisal Plus Exposure, Reappraise, Exposure (3, 

-1, -1, -1), Contrast 2: Reappraisal Plus Exposure versus Reappraise, Exposure (0, 2, -1, 

-1), and Contrast 3:  Reappraise versus Exposure (0, 0, 1, -1).  The contrasts differ from 

the Intervention phase because Foa and Kozak’s (1986) theory posits that high 

physiological arousal (during exposure) is beneficial and arousal, as indexed by SCR, in 

the present study was comparatively quite low for the Reappraise as opposed to the 

Exposure condition during the Intervention phase.  Thus, Foa and Kozak’s theory 

suggests that the Reappraise group should show greater arousal than the Exposure group.  

Further, the combination of Reappraisal Plus Exposure may be expected to be less 

effective than the Reappraise or Exposure conditions because reappraising during 

exposure could interfere with attending to physiological cues of habituation.   

To investigate these goals, separate 2 (CS type: CS+unpaired, CS-) X 6 (trial order: 

1-6) within-subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) 

X 4 (condition: Control, Exposure, Reappraise, Reappraisal Plus Exposure) between 

subject repeated measures GLMs on the dependent measures of expectancy and SCR 

were performed. Mean SAM valence and arousal ratings following presentation 4 of the 

pictures were compared using separate 2 (CS type: CS+unpaired, CS-) within X 2 
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(Counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 4 (Condition: Control, 

Reappraise, Exposure, Reappraisal + Exposure) between subjects repeated measures 

GLMs. Further analyses collapsing over non-significant factors were performed where 

appropriate.  

Figure 5.1 illustrates that participants showed greater UCS expectancy for the 

CS+unpaired than the CS- (F (1, 81) =42.8, p<.001), and SCRs were greater for the 

CS+unpaired than the CS- (F (1,65) = 16.1, p <.001) (see Figure 5.2). There were no 

differences by CS type for arousal or valence self-report ratings (see Figure 5.3). 

 
FIGURE 5.1. Mean expectancy rating for 
each unpaired Test phase trial by CS type. 

  
FIGURE 5.2. Mean square root transformed 
SCR for each unpaired Test phase trial by 
CS type. 
 

 
 
FIGURE 5.3 (right). Mean SAM arousal 
(reversed scored so higher is greater 
arousal) and valence ratings by CS type 
measured during trial 4 of the unpaired Test 
phase.  

 
 

Also, consistent with biases evident during habituation, the snake and spider 

image differences were maintained, as indicated by significant CS type X counterbalance 
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interactions.  Participants rated the snake as slightly more expectant for the noise than the 

spider (F (1, 84) = 3.86, p=.053, see Figure 5.4), and SCRs to the CS+unpaired for those in 

the CS+ snake/CS-spider group were greater than those in the CS+ spider/CS- snake 

group (F(1, 65) = 6.06, p<.05, see Figure 5.5).  

  
FIGURE 5.4. Mean Unpaired Test phase 
expectancy ratings for spider and snake 
images by CS type. 

 
FIGURE 5.5. Mean Unpaired Test phase 
square root transformed SCRs for spider 
and snake images by CS type.  
  

 
There was a main effect for expectancy by condition (F (3, 89) = 3.40, p<.05), 

where those in the Control condition expected the UCS significantly more than those in 

the other three conditions (p<.01; see Figure 5.6).  For Trial 1 (see Figure 5.6), planned 

contrasts show that the Control group’s UCS expectancy ratings were marginally greater 

than those for the other three conditions (p=.060), and the Reappraisal Plus Exposure 

group reported lower UCS expectations than the Reappraise or Exposure groups (p<.05; 

overall condition effect: F(3,84) = 2.64, p=.055). 
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FIGURE 5.6 (right). Mean 
expectancy rating for each 
Unpaired Test phase trial by 
condition. 

 
 

As can be seen in Figure 5.7, SCRs show a significant main effect for condition 

on Trial 1 (F(3, 77) = 3.05, p<.05), where the Reappraise group demonstrated a lower 

mean SCR than the Exposure group (p<.01).  In contrast, those in the Reappraise 

condition reported (SAM ratings) greater arousal than participants in the Exposure 

condition (t(89)=-2.09, p<.05) (see Figure 5.8), which is the opposite pattern of that seen 

for the SCR results, demonstrating a double dissociation between self-report and SCR 

results by condition.  Given that a positive relationship between SCR and self-reported 

arousal is usually found in emotional picture perception studies, a correlation was 

performed between these two variables in order to determine whether participants with 

higher SCR rated themselves as having higher arousal.  Overall, participants with greater 

SCR responses to the pictures rated them as more arousing (r(90)= -.208, p<.05, one-

tailed). The SCR findings should be viewed with caution because the manipulation check 

demonstrated that for SCRs during conditioning there was a marginal interaction of CS 

type by condition, F(3, 72)=2.41, p=.074, driven by a CS+ condition difference (F (3, 

76)=2.89, p<.05), with the Exposure group displaying the highest SCRs.  Given that a 

direct contrast was made between the Reappraise and Exposure groups, it is possible that 



 

 

72 

the difference by condition is influenced by differences unrelated to the Intervention 

phase. Replication of this finding is needed before any confident conclusions can be 

drawn. 

 

 FIGURE 5.7. Mean square root 
transformed SCR for each Unpaired Test 
phase trial by condition. 

 
 
FIGURE 5.8. Mean SAM arousal ratings 
(reverse scored so higher and greater 
arousal) by condition measured following 
trial 4 of the Unpaired Test phase.  

 
Interestingly, participants in the Reappraise condition who rated themselves (at 

the end of the Intervention phase) as imagining the images more vividly during the 

Intervention phase, showed lower mean SCRs during Unpaired presentation in the Test 

phase (r(23)= -.425, p<.05).   

 

Test Phase Unpaired Presentation Discussion 

During Unpaired presentation trials, participants showed greater UCS expectancy 

for the CS+unpaired than the CS- and SCRs were greater for the CS+unpaired than the CS-. 

This demonstrates that fear inhibition training during the Intervention phase did not 

eliminate the effects of fear conditioning.  Similar to the Learning phase, there were no 

differences by CS type for arousal or valence self-report ratings.  Also consistent with 
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biases evident during the Learning phase, participants rated a slightly higher expectancy 

for the snake image to be paired with the UCS than for the spider image. In addition, 

SCRs to the CS+unpaired for those in the CS+ snake/CS-spider group were greater than 

those in the CS+ spider/CS- snake group.   

The most important finding for this phase is that those in the Control condition 

expected the UCS significantly more than those in the other three conditions. This is 

consistent with the hypothesis that exposure, engagement in cognitive reappraisal alone, 

and engagement in cognitive reappraisal in combination with exposure serve to reduce 

future expectancy of an aversive event (i.e., the UCS).  Moreover, engagement in 

cognitive reappraisal during exposure appears to be the most helpful in reducing future 

anticipation of an aversive event, as found for Trial 1, in which the Reappraisal Plus 

Exposure group reported significantly lower UCS expectations than the Reappraise and 

Exposure groups.  This finding is important because anxiety is the state of diffuse arousal 

following the anticipation of a real or imagined threat.  Reduction of anticipation of 

negative events may be as, if not more, important than the reduction of fear toward the 

event.   This may be of particular importance in light of the avoidant nature of persons 

with anxiety disorders (e.g., Valentiner et al., 1993).  Moreover, given the neural 

activation overlap between anticipation of aversion and response to aversion (Nitschke, 

2006), anticipating a feared event may serve to strengthen fear learning.  This possibility 

emphasizes the importance of reducing anticipation of feared events in treatment because 

pathological fear may return over time due to anticipation alone.  
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In terms of physiological arousal, contrary to predictions, those in the Control 

group, who were exposed to nature scenes unrelated to conditioning during the 

Intervention phase, did not have larger mean SCRs than those in the other groups.  In 

addition, the Control group did not show predicted higher self-reported (SAM) arousal 

and valence, as compared to the other groups.  One reason for this may be that during the 

Intervention phase the Control group’s nature scenes were neutral in content, versus the 

generally aversive nature of the conditioned stimuli.  As a result, the Control condition 

may have, unintentionally, received a more pleasant context, albeit unrelated to the 

conditioned stimuli.  Thus, the Control group may have not only learned about a “safe 

context” that was separate from the fear conditioned stimuli, but the stimuli selected may 

have improved, rather than maintain as equal, the general room safety contextual effects. 

Foa and Kozak’s (1986) theory posits that high arousal is needed during fear 

inhibition training for effective long-term benefits.  Based on this theory, the Reappraisal 

Plus Exposure and Exposure groups should have demonstrated the lower SCRs as 

compared to the Reappraise and Control groups during Unpaired presentation in the Test 

phase.  Contrary to this prediction, results showed the Reappraise group to have 

significantly lower physiological arousal than the Exposure group, as measured by SCR.  

Thus, the present SCR findings challenge Foa and Kozak’s theory.  However, as noted in 

the results section, this finding should also be interpreted with caution because the 

manipulation check demonstrated that, for SCRs during conditioning, there was 

difference in SCRs to CS+, where the Exposure group displayed higher SCRs.  

Replication of the presently observed arousal differences by condition is needed before 
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any confident conclusions can be made. Startle probe modulation assessed at different 

times during both CS+unpaired and CS- trials may be a more sensitive measure to use in 

conjunction with SCR, in order to better understand the meaning of present SCR findings 

from the Unpaired presentation trials in the Test phase. 

In contrast to SCR results, self-reported (SAM) arousal was greater for those in 

the Reappraise condition, compared to participants in the Exposure condition.  The fact 

that there is a positive relationship between SCR and self-reported arousal across groups 

suggests that it is not the case that participants are insensitive their to physiological 

arousal levels, but that something about reappraisal results in participants having less 

belief in its effectiveness as compared to exposure, resulting in a dissociation between 

physiological and self-reported arousal across conditions. Interestingly, the more vividly 

(by self-report) that participants in the Reappraise condition imagined the images during 

the Intervention phase, the lower their average SCR during Unpaired presentation in the 

Test phase.  This could suggest that imagined exposure plays a role in the effectiveness of 

the Reappraise condition in reducing arousal.  However, if this were true then one would 

expect the Exposure condition to be accompanied by lower SCRs during the Test phase.  

An alternative explanation is that those who rated imagining the images vividly were 

more engaged in the task and thereby garnered more fear inhibition. 

In sum, results most clearly demonstrate that cognitive reappraisal can influence 

anticipation of an aversive event.  Results relating to SCR and self-reported arousal are 

inconclusive. 
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Test Phase Re-Conditioning Results 

The primary goal for analysis of data from the Re-Conditioning presentation 

trials, where the CS+ was re-paired with the UCS, was to determine whether fear 

inhibition training during the Intervention phase had any impact on expectancy of fear 

and/or self-report or physiological indexes of fear.  In general, it was predicted that UCS 

expectancy, SCRs, and self-reported valence and arousal levels would become 

increasingly greater for the CS+ as compared to the CS-.  There were no specific 

predictions in relation to the effect of condition on UCS expectancy, self-reported 

emotion or the physiological indices of SCR and emotion-modulated startle.  

To determine the impact of the Re-conditioning experience, separate 2 (CS type: 

CS+, CS-) X 8 (trial order: 1-8) within-subject X 2 (counterbalance: spider CS+/snake 

CS-, snake CS+/spider CS-) X 4 (condition: Control, Exposure, Reappraise, Reappraisal 

Plus Exposure) between subjects repeated measures GLMs on dependent measures of 

expectancy and SCR were performed. Mean SAM valence and arousal ratings following 

the last presentation of the pictures were compared separately using 2 (CS type: CS+, CS-

) within-subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 4 

(condition: Control, Exposure, Reappraise, Reappraisal Plus Exposure) between subjects 

repeated measures GLMs.  Startle response magnitude, as measured by orbicularis 

response to the UCS, was analyzed for condition differences by a 8 (trial order: 1-8) 

within-subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 4 

(condition: Control, Exposure, Reappraise, Reappraisal Plus Exposure) between subjects 
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repeated measures GLM.  Orthogonal planned contrasts by condition were the same as 

for analyses of the Unpaired presentation data.  

As predicted, and shown in Figure 6.1, participants expected the UCS following 

the CS+ increasingly more over time than was true for their expectation of the UCS 

following the CS- ( F (1, 81) =329, p<.001).   Figure 6.2 shows that SCRs were greater 

for the CS+ than for the CS- (F (1,65) = 16.1, p <.001).  For self-report SAM ratings, the 

CS+ was rated as more arousing (F (1, 83) = 4.08, p<.05) and more negative (F (1, 83) = 

4.80, p<.05) than the CS-, as shown in Figure 6.3. 

  
FIGURE 6.1. Mean expectancy rating for 
each Test phase Re-conditioning trial by CS 
type. 

 FIGURE 6.2. Mean square root 
transformed SCR for each Test phase Re-
conditioning trial by CS type.

 
 
 
FIGURE 6.3 (right). Mean SAM 
arousal (reverse scored so greater 
number is higher arousal) and valence 
ratings by CS type measured 
following Test phase Re-conditioning 
trials. 



 

 

78 

Across all trials, those in the Control condition expected the UCS significantly 

more than those in the other three conditions (t (87) = -2.25, p<.05) (see Figure 6.4).  

There were no significant effects by condition for SCR.  As shown in Figure 6.5, the 

Control condition showed significantly greater startle (orbicularis) response to the UCS 

than did the other conditions (main effect: F (3, 48) = 3.33, p <.05, Control versus Other 

conditions, p<0.005; there were no significant differences across other planned contrasts, 

p’s>.25). 

  
FIGURE 6.4. Mean Test phase Re-
conditioning expectancy ratings by 
condition. 
 

 
FIGURE 6.5. Mean square root transformed 
orbicularis response to the UCS on each 
Test phase Re-conditioning trial.  

 

For self-reported (SAM) emotion, participants in the Control group rated the CS+ 

more arousing and CS- less arousing than those in the other groups (as indicated by a CS 

type X planned contrast interaction, F (1,87) = 5.56, p<.05).  Comparing ratings during 

Re-conditioning with Unpaired exposure in the Test phase (see Figure 6.6), the Control 

group rated the CS+ as significantly more arousing than did those in the other groups (F 

(1,89) = 6.42, p<.05), and the Reappraisal Plus Exposure group rated the CS+ as 

significantly more arousing (F (1,62) = 3.92, p=.051) than did those in the Exposure and 
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Reappraise groups.  In regard to valence ratings (see Figure 6.7), those in the Exposure 

group, as compared to those in the Reappraise group, rated the CS+ (F (1, 42) = 5.72, 

p<.05) and the CS- (F (1, 42) =4.97, p<.05) as significantly more negative during Re-

conditioning than during Unpaired exposure.

    
FIGURE 6.6. Mean differential arousal 
(reverse scored) rating in Test phase (Re-
conditioning-unpaired) by condition and CS 
type.  

 
FIGURE 6.7. Mean differential valence 
ratings in Test phase (Re-conditioning-
unpaired) by condition and CS type. 

 
 

Test Phase Re-Conditioning Discussion 

One advantage of using a fear-conditioning paradigm is that there can be a re-

pairing of the UCS with the CS+ to determine the impact of being re-exposed to the 

unconditioned fear.  This is informative because it allows examination of whether the fear 

inhibition training has any residual effect under such circumstances.  As expected, once 

the UCS was re-paired with the CS+, participants quickly expected the UCS to follow the 

CS+ and not the CS-, SCRs were greater for the CS+ than for the CS-, and participants 

reported that the CS+ was more arousing and more negative than the CS-. 
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Results show that those in the Control condition anticipated the UCS significantly 

more than those in the other three conditions.  This is interesting because it suggests that 

exposure, engagement in cognitive reappraisal alone, and engagement in cognitive 

reappraisal in combination with exposure all retard the expectancy of the re-association 

of the CS+ and the UCS.  

Importantly, the Control condition also showed significantly greater emotion-

modulated startle to the UCS than was true in the other three conditions.  Emotion-

modulated startle is a robust phenomenon whereby defensive eye blinks are enhanced 

when the aversive motivational system is engaged (Lang, 1995; Bradley, Cuthbert, & 

Lang, 1999).  Thus, the present finding suggests that exposure, cognitive reappraisal, and 

the combination of the two, may serve to disengage the aversive motivational system.  

Consistent with this view, participants in the Control condition rated the CS+ as more 

arousing than did those in the other groups. 

Comparing self-report arousal and valence ratings during Re-conditioning with 

Unpaired exposure in the Test phase, the Reappraisal Plus Exposure group participants 

rated the CS+ as significantly more arousing than did those in the Exposure and 

Reappraise groups.  The Reappraise group had elevated self-reported (SAM) arousal 

during the Unpaired exposure phase, which might explain the lack of higher self-reported 

arousal in the Re-conditioning phase for this group.  However, the Exposure group and 

the Reappraisal Plus Exposure group did not significantly differ during Unpaired 

presentation and, if anything, the Exposure group had nominally lower arousal at this 

time.  Accordingly, for some reason, the Reappraisal Plus Exposure group found re-
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pairing with the UCS to be differentially more subjectively (SAM ratings) arousing than 

did the Exposure group.  In terms of valence ratings, those in the Exposure group rated 

the CS+ and the CS- as significantly more negative during Re-conditioning than during 

Unpaired exposure as compared to those in the Reappraise group. In fact, the Reappraise 

group barely rated the images as any more negative during Re-conditioning as compared 

to when the UCS was not presented.  There were no significant effects by condition for 

SCR. 

In sum, results further demonstrate that cognitive reappraisal can influence 

anticipation of an aversive event.  Moreover, they suggest that cognitive reappraisal alone 

or in combination with exposure can, like exposure, alter the context in which aversive 

stimuli are viewed.  Based on the startle modulation data, it can be conjectured that 

cognitive reappraisal may help to disengage from an aversive motivational system. 

 

Individual Difference Measures 

Non-clinical High and Low Anxious Participants: Results 

The SNAQ (snake) and SPQ (spider) questionnaires (see Klorman et al., 1974) were used 

to index participants’ non-clinical (snake and spider phobics were excluded from the 

study) fear towards the stimuli.  Collapsing across all participants, those whose score was 

greater than the mean (x=7.72) on the snake questionnaire were categorized as High 

Anxious (see Table 2 for more information).  The SNAQ questionnaire alone was used to 

index anxiety to the stimuli as the snake stimulus image activated fear more readily than 

the spider image, as indexed by greater mean expectancy ratings for the UCS and greater 
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mean SCRs over the course of the study.  SNAQ and SPQ scores were positively 

correlated (r(94)=.587, p<.001) across all participants. 

 

TABLE 2: Characteristics by High and Low Anxious group. 

 

It was hypothesized that High Anxious individuals would show greater 

anticipation of the UCS than Low Anxious individuals, based on the fact that persons with 

anxiety disorders tend to over-predict the possibility of danger occurrence relating to 

feared stimuli (e.g., Valentiner et al., 1993).  No other predictions were made. 

 

Learning Phase: Habituation. 

To determine the impact of High versus Low Anxious group membership on habituation, 

separate 2 (CS type: CS+, CS-) X 6 (trial order: 1-6) within-subject X 2 (counterbalance: 

spider CS+/snake CS-, snake CS+/spider CS-) X 2 (Anxious: High, Low) between subject 

repeated measures GLMs on the dependent measures of expectancy and SCR were 

performed. Mean SAM valence and arousal ratings during habituation (following 

presentation 4 of each picture) were compared by group using a 2 (CS type: CS+, CS-) 

within subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 2 

(Anxious: High, Low) between subjects repeated measures GLM.   

Group Mean SNAQ Total N Condition
(S.D.) Control Reappraise+Exposure Reappraise Exposure

High Anxious 13.3 (5.11) 44 11 9 10 14
Low Anxious 2.80 (2.02) 50 16 13 14 7



 

 

83 

Results show that, compared to the Low Anxious group, the High Anxious group 

had greater expectation of the UCS (F(1, 83) = 7.63, p<.01; see Figure 7.1), and tended 

to rate the images as more negative (F(1, 89) = 3.73, p=.057; see Figure 7.3).  In 

addition, the snake and spider images showed differential effects by Anxious group 

(F(1,83) = 5.74, p<.05, see Figure 7.2), where High Anxious participants showed 

differentially greater UCS expectancy for the snake than the spider image, and rated the 

snake picture as more negative, compared to their valence ratings for the spider picture 

F(1,89)=4.95, p<.05, as compared to the Low Anxious group (see Figure 7.3). 

   

FIGURE 7.1. Mean expectancy rating by 
trial number for the Learning habitation 
phase for High and Low Anxious groups. 

  
FIGURE 7.2. Mean expectancy ratings for 
spider and snake images by CS type during 
Learning phase habituation trial 4 for High 
and Low Anxious groups. 

 

 
FIGURE 7.3. Mean SAM valence ratings for spider and snake images by CS type 
during habituation trials for High and Low Anxious groups.  
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Learning Phase: Conditioning. 

To determine whether there is a differential effect of conditioning by Anxious 

group, separate 2 (CS type: CS+, CS-) X 8 (trial order: 1-8) within-subject X 2 

(counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 2 Anxious (High, Low) 

between subjects repeated measures GLMs on dependent measures of expectancy and 

SCR were performed.  To determine whether mean startle is different by group, a 8 (trial 

order: 1-8) within-subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider 

CS-) X 2 Anxious (High, Low) between subjects repeated measures GLM were computed 

on orbicularis response to the stimulus.  Mean SAM valence and arousal ratings 

following conditioning were compared using separate 2 (CS type: CS+, CS-) within 

subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 2 Anxious 

(High, Low) between subjects repeated measures GLM. 

It was found that participants in the High Anxious group rated higher UCS 

expectancies as compared to the Low Anxious group, F(1,82)=9.86, p<.005.  As can be 

seen in Figure 7.4, the source of this difference becomes apparent when examining the 

significant CS type X Trial Number X Anxious interaction, F (1, 82)= 5.43, p<.05, 

quadratic, where participants in the High Anxious group continue to rate differentially 

higher UCS expectancies for the CS- over time as compared to the Low Anxious group. In 

addition, those in the High Anxious group rated both the CS+ and CS- as more negative 

(F (1, 89) = 7.17, p<.01; see Figure 7.5), and they tended to rate each image as more 

arousing (F(1,89)=3.50, p=.065; see Figure 7.6) than did the Low Anxious group.  There 

were no other significant effects by group.  No significant differences were found for 
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SCR or orbicularis, suggesting that during habituation and conditioning, only self-report, 

but not physiological differences, were present. 

  
FIGURE 7.4. Mean expectancy rating by 
trial number for the Learning conditioning 
phase for High and Low Anxious groups by 
CS type. 
 

  
FIGURE 7.5. Mean SAM valence ratings 
measured following the Learning 
conditioning phase for High and Low 
Anxious groups by CS type.

 
FIGURE 7.6 (right). Mean SAM 
arousal (reverse scored) ratings 
measured following for the Learning 
conditioning phase for High and Low 
Anxious groups by CS type. 

 

Intervention Phase 

To determine the impact of conditioning from the Learning phase, as well as the 

implications of the condition manipulation on the Anxious groups, separate 2 (CS type: 

CS+, CS-) X 12 (trial order: 1-12) within-subject X 2 (counterbalance: spider CS+/snake 

CS-, snake CS+/spider CS-) X 4 (condition: Control, Exposure, Reappraise, Reappraisal 

Plus Exposure) between subjects repeated measures GLMs on dependent measures of 
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expectancy and SCR were performed.  Further analyses collapsing over non-significant 

factors were performed where appropriate. 

Consistent with results in the Learning phase, High Anxious participants tended to 

expect the UCS to follow picture offset more (F(1,67)=2.68, p=.11) than did Low 

Anxious participants.  The groups differed in their rating of the stimuli as a function of 

time (F(1,67) = 5.48, p<.05, cubic), whereby the High Anxious group demonstrated 

higher expectations for the UCS to follow the CS+unpaired for a longer duration than the 

Low Anxious group (F (1,67)=6.60, p<.05, cubic), as can be seen in Figure 8.1.  

Consistent with this belief, High Anxious participants’ SCRs reduced less over time than 

for those in the Low Anxious group (F(1,49) = 6.39, p<.05, linear).  More specifically, 

the SCRs to the CS+ unpaired (see Figure 8.2) for those in the High Anxious group drop 

significantly less over time than SCRs for the Low Anxious group, whereas for the CS- 

the slopes are more similar by group (F(1,49) = 4.57, p<.05; see Figure 8.3).  

 

 
FIGURE 8.1. Mean expectancy rating for 
each Intervention phase trial for High and 
Low Anxious groups by CS type. 

  
FIGURE 8.2. Mean SCR to the CS+ for 
each Intervention phase trial for High and 
Low Anxious groups. 
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FIGURE 8.3 (right). Mean SCR to 
the CS- for each Intervention phase 
trial for High and Low Anxious 
groups. 

 
 
There were also differences across conditions by Anxious group.  There was a 

significant difference in expectancy rating for Anxious group by condition over time 

(F(3,67)=3.00, p<.05, linear) driven by the Reappraisal Plus Exposure and Control 

conditions.  In the Reappraisal Plus Exposure condition, High Anxious participants’ 

expectancy ratings did not decrease over time as they did for the Low Anxious group, F(1, 

16)= 4.29, p=.055, (see Figure 8.4) and this group difference in slope was greater for the 

CS- than the CS+ unpaired (F(1, 16)=5.98, p<.05, quadratic).  Further, within the Control 

condition (see Figure 8.5), the High Anxious group showed a slower reduction in 

expectancy ratings as compared with the Low Anxious group (F (1, 24)=4.71, p<.05, 

cubic).  This latter finding may indicate that the slower reduction in expectancy found 

with the High Anxious group as compared to the Low Anxious group is not specific to 

feared stimuli.

 
FIGURE 8.4 (right). Mean expectancy 
rating for each Intervention phase trial for 
High and Low Anxious groups for the 
Reappraise Plus Exposure condition.  
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FIGURE 8.5. Mean expectancy rating for 
each Intervention phase trial for High and 
Low Anxious groups for the Control 
condition. 

 
Despite an absence of differences by Anxious group for SCR during the Learning 

phase, substantial differences by Anxious group are seen for SCR by condition during the 

Intervention phase (F (3,49)=4.60, p<.01, see Figure 8.6). 

 
FIGURE 8.6. Mean square root transformed SCR for the Intervention  
phase for High and Low Anxious groups by condition.  

 
The Anxious group X condition effect was driven by the Reappraisal Plus 

Exposure condition, where the High Anxious group had greater SCRs (F(1,15)= 6.41, 

p<.05), and showed less SCR reduction over time (F(1,15)= 4.87, p<.05, linear) than the 

Low Anxious group.  Moreover, SCRs to the CS+ unpaired for the High Anxious group 

increased over time while SCRs to the CS+ unpaired decreased over time for the Low 

Anxious group (F(1,15) =10.0, p<.01; see Figure 8.7).   In contrast, there are no SCR 

differences by Anxious group for the Exposure condition.  This is interesting given only 
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instructions differed by group.  Moreover, the Low Anxious participants show significant 

reductions in SCRs when engaging in reappraisal during exposure (Reappraisal Plus 

Exposure condition) as compared to Exposure (F(1, 16) =5.22, p<.05), consistent with 

the findings of Delgado and colleagues (2004; as cited by Delgado et al., 2006).  In 

contrast, the High Anxious group tended to show the opposite pattern (F(1,21) =3.19, 

p=.089) of increased SCRs in the Reappraisal Plus Exposure condition as compared to 

the Exposure condition. As a manipulation check, SCRs were examined by Anxious 

group during habituation and conditioning, for those who were randomly placed in the 

Reappraisal Plus Exposure and Exposure conditions.  There were no mean SCR 

differences for High and Low Anxious groups during habituation (F’s<2, p’s>.2) or 

conditioning (F’s<1.1, p>.3) for either condition.  Thus, the instructional manipulation 

affected SCRs differentially by Anxious group. 

 
 

FIGURE 8.7. Mean square root transformed SCR for each Intervention phase trial 
by CS type for High and Low Anxious groups for the Reappraise Plus Exposure 
condition. 

 
Test Phase: Unpaired Presentation. 

To determine whether the long-term (5 day) impact of the Intervention phase on 

fear responses differed by Anxious group, separate 2 (CS type: CS+, CS-) X 6 (trial order: 
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1-6) within-subject X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) 

X 4 (condition: Control, Exposure, Reappraise, Reappraisal Plus Exposure) X 2 

(Anxious: High, Low) between subjects repeated measures GLMs on dependent measures 

of expectancy and SCR were performed.  Mean SAM valence and arousal ratings 

following presentation 4 of the pictures were compared using separate 2 (CS type: CS+, 

CS-) within X 2 (counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 4 

(Condition: Control, Reappraise, Exposure, Reappraisal Plus Exposure) X 2 (Anxious: 

High, Low) between subjects repeated measures GLMs.  Further analyses collapsing over 

non-significant factors were performed where appropriate.  

In terms of expectancy, as shown in Figure 9.1, High Anxious participants 

demonstrated less reductions in UCS expectancy as trials progressed than those in the 

Low Anxious group (F (1, 73) = 7.09, p=.01; linear).  There were no overall differences 

for SCR or SAM ratings by Anxious group.  However, in splitting the data by High and 

Low Anxious group, somewhat different patterns exist as a function of CS type (see 

Figure 9.2).  The Low Anxious participants show a main effect for CS type (F(1,35)=6.48, 

p<.05), where SCRs are greater for the CS+ unpaired than the CS-.  For the High Anxious 

participants, there is only a non-significant trend toward CS type differences 

(F(1,30)=3.42, p=.074).  This suggests that the High Anxious group may be experiencing 

a more undifferentiated arousal to both the CS+ unpaired and CS-. 
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FIGURE 9.1. Mean expectancy rating for 
each Test phase unpaired trial for High and 
Low Anxious groups. 

 
FIGURE 9.2. Mean SCR to the CS+ and 
CS- for the unpaired Test phase for High 
and Low Anxious groups. 

 
In terms of condition effects, uniquely in the Reappraisal Plus Exposure 

condition, the High Anxious participants rated the images as more arousing than the Low 

Anxious participants (F(1,20) =4.99, p<.05; see Figure 9.3). 

 
 

 
FIGURE 9.3. Mean SAM arousal (reverse scored) rating measured following trial 
4 of the unpaired Test phase for High and Low Anxious groups by condition. 
 

 

Test Phase: Re-Conditioning. 

To determine the impact of the Re-conditioning experience by Anxious group, 

separate 2 (CS type: CS+, CS-) X 8 (trial order: 1-8) within subject X 2 (counterbalance: 

spider CS+/snake CS-, snake CS+/spider CS-) X 4 (condition: Control, Exposure, 

Reappraise, Reappraisal Plus Exposure) X 2 (Anxious: High, Low) between subjects 
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repeated measures GLMs on dependent measures of expectancy and SCR were 

performed.  To determine whether startle response magnitude, as measured by orbicularis 

response to the UCS, differed by Anxious group, a 8 (trial order: 1-8) within-subject X 2 

(counterbalance: spider CS+/snake CS-, snake CS+/spider CS-) X 4 (condition: Control, 

Exposure, Reappraise, Reappraisal Plus Exposure) X 2 (Anxious: High, Low) between 

subjects repeated measures GLM was computed.  Mean SAM valence and arousal ratings 

following the last presentation of the pictures were compared separately using 2 (CS 

type: CS+, CS-) within-subject X 2 (counterbalance: spider CS+/snake CS-, snake 

CS+/spider CS-) X 4 (condition: Control, Exposure, Reappraise, Reappraisal Plus 

Exposure) X 2 (Anxious: High, Low) between subjects repeated measures GLMs. 

Participants in the High Anxious group expected the UCS more than participants 

in the Low Anxious group (F(1,81)=7.08, p<.01, see Figure 9.4).  Participants in the High 

Anxious group also rated the images as more negative (F(1, 75)= 7.59, p<.01; see Figure 

9.5) and more arousing (F(1,75)=5.03, p<.05; see Figure 9.6) than did the Low Anxious 

group.  In addition, participants in the High Anxious group rated both the CS+ and the 

CS- as equally negative and arousing, whereas for the Low Anxious group the CS- was 

rated as less negative and less arousing (F(1, 75)=6.62, p<.05, F(1,75)=4.33, p<.05, 

respectively). There were no overall, or by condition, differences for SCR or orbicularis 

by Anxious group. 
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FIGURE 9.4. Mean expectancy rating for each Test phase Re-conditioning trial 
for High and Low Anxious groups. 
 

  
FIGURE 9.5. Mean SAM valence rating by 
CS type for the Re-conditioning Test phase 
for High and Low Anxious groups. 

  
FIGURE 9.6. Mean SAM arousal rating 
(reverse scored) by CS type for the Re-
conditioning Test phase for High and Low 
Anxious groups. 

 
 
Non-clinical High and Low Anxious Participants: Discussion 

Results confirm and expand on predictions related to UCS expectations.  

Compared to the Low Anxious group, the High Anxious group anticipated the aversive 

event (UCS pairing) to a significantly greater degree during all phases of the study.  

Importantly, the greater anticipation of the UCS was driven by a lower degree of learning 

about the safe context, as compared to the Low Anxious group.  To illustrate, during 

habituation, the High Anxious participants tended not to habituate as quickly as Low 

Anxious participants.  During conditioning the greater UCS expectancies for the High 

Anxious group, as compared to the Low Anxious group, were driven by differentially 
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higher UCS expectancies for the CS- over time.  Consistent with this finding, in the 

Intervention phase, High Anxious participants demonstrated higher expectations for the 

UCS to follow the CS+ unpaired for a longer duration than the Low Anxious group, and 

needed more extinction trials to reach similar anticipation levels.  Similarly, during the 

Unpaired presentation Test phase High Anxious participants demonstrated less reduction 

in UCS expectancy as trials progressed than those in the Low Anxious group.  Taken 

together, the results strongly suggest that individuals higher in self-reported anxiety 

levels to snakes anticipate an aversive event being paired with snakes and spiders to such 

a degree that they are slow to learn when the context is safe.   

Self-reported SAM valence and arousal results fit well with the anticipation 

results.  During habituation, High Anxious participants rated the images as more negative, 

and during conditioning the High Anxious group rated both the CS+ and CS- as more 

negative and they tended to rate them as more arousing than the Low Anxious group.  

Interestingly, physiological arousal levels, as measured by SCR, did not differ by group 

membership during the Learning phase, nor did emotion-modulated startle.  Thus, during 

habituation and conditioning only self-report, but not physiological differences, were 

present.   

Unlike results obtained during the Learning phase, in the Intervention phase High 

Anxious participants’ SCRs, particularly for the CS+unpaired, dropped significantly less 

over time than did SCRs for the Low Anxious group.  During the Unpaired test phase 

mean SCRs did not differ by group, but the degree of CS type differentiation did.  Low 

Anxious participants showed significantly greater SCRs for the CS+unpaired than the CS-.  
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In contrast, the High Anxious participants demonstrated only a trend towards CS type 

differences.  Consistent with this finding, during the Re-conditioning trials in the Test 

phase, participants in the High Anxious group rated both the CS+ and the CS- as equally 

negative and arousing, whereas for the Low Anxious group the CS- was rated as less 

negative and less arousing.  

Considered together, results are consistent with the interpretation that participants 

in the High Anxious group, compared to the Low Anxious participants, are less 

differentiated in their CS+ versus CS- UCS expectancy ratings, less differentiated in their 

CS+ versus CS- SCRs, and less differentiated in their self-reported (SAM) arousal and 

valence.  Thus, the High Anxious group is not responding adaptively with higher 

expectancies for the CS+, but maladaptively, in that they show elevated fear and 

expectations of harm from the CS-.  Moreover, across trials, there is slower learning of 

the safe context, as indicated by the general pattern of slower habituation (e.g., less SCR 

reduction over time during the Intervention phase) and less reduction in UCS expectancy 

over time for the CS+ unpaired and for the CS- generally.  These findings are important 

because, based on work like Nitschke’s (2006) showing an overlap of neural region 

activation during anticipation and occurrence of an aversive event, it is possible that the 

manner in which the High Anxious group relates to the stimuli could facilitate 

development of a phobia in the future. 

There were also differences across fear inhibition training experiences (i.e., 

conditions) by Anxious group.  During the Intervention phase, unlike the Low Anxious 

group, the High Anxious participants in the Reappraisal Plus Exposure condition did not 



 

 

96 

decrease their expectancy ratings over time, and this was particularly the case for the CS-.  

Similarly, within the Control condition, the High Anxious group showed a slower 

reduction in expectancy ratings as compared with the Low Anxious group.  This latter 

finding may indicate that the slower reduction in expectancy found with the High 

Anxious group as compared to the Low Anxious group is not specific to feared stimuli.  

Despite an absence of differences by Anxious group for SCRs during the Learning 

phase, during the Intervention phase significant differences by Anxious group were seen 

in SCRs for those in the Reappraisal Plus Exposure condition, where the High Anxious 

group had greater mean SCRs and less SCR reduction over time than the Low Anxious 

group.  Moreover, SCRs to the CS+ unpaired for the High Anxious group increased over 

time while SCRs to the CS+ unpaired decreased over time for the Low Anxious group.   In 

contrast, there were no differences by Anxious group for the Exposure condition.  This is 

interesting given that only instructions differed by group.  Moreover, the Low Anxious 

participants showed significant reductions in SCRs when engaging in reappraisal during 

exposure (Reappraisal Plus Exposure condition) as compared to exposure alone.  This 

finding is congruent with that of Delgado and colleagues (2004; as cited by Delgado et 

al., 2006), who found a lower mean SCR to the CS+ when participants were engaged in 

reappraisal, as compared to watch trials, during fear acquisition.  In contrast to the 

present findings for the Low Anxious group, the High Anxious group tended to show the 

opposite pattern of increased SCRs in the Reappraisal Plus Exposure versus Exposure 

condition.  Delgado and colleagues’ stimuli were colored patches, which are unlikely to 

be fearful to participants.  Thus, a lower mean SCR may not be found for reappraise, as 
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opposed to watch trials, when stimuli elicit a higher degree of fear.  One explanation for 

this is that, with higher fear levels, participants can be more engaged with the stimuli by 

using a strategy, whereas watching highly arousing stimuli without a strategy may result 

in a tendency to disengage from these stimuli.  Given the small sample size per group in 

this study (n’s ~ 10), further investigation into the effects of reappraisal on high and low 

fear-eliciting stimuli is warranted.  Five days later, the only difference between High and 

Low Anxious groups in the Reappraisal Plus Exposure condition was that High Anxious 

participants rated the images as more arousing than did the Low Anxious participants 

during the Unpaired presentation Test phase. 

 It should be noted that often in fear conditioning studies results are presented as 

CS+ and CS- difference scores.  The above results demonstrate important differences in 

CS- responding that would have been obfuscated if CS type differences were reported. 

Moreover, the present results indicate that interventions do not only impact response to 

the CS+, but also those to the CS-.  Thus, analysis by CS type may be preferable.  

 
 
The Impact of a Habitual Reappraisal Style: Results 

Based on the assumption that habitual reappraisal strategy use is a skill that 

develops with time, and that the ERQ assesses habitual strategy use, participants who 

score higher on the ERQ reappraise subtest were hypothesized to have lower expectancy 

ratings, smaller SCRs to the stimuli, faster reduction in expectancy ratings, and faster 

reduction in SCRs to the stimuli during the Intervention phase.  For participants in the 

present study, the ERQ reappraise subtest scores for the Reappraise group had a mean of 
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30.9 (S.D.= 5.4, range= 20-42) and the Reappraisal Plus Exposure group had a mean of 

30.6 (S.D.= 4.6, range= 22-38).  To test for differences across trials, given that SCRs do 

not occur at every trial and have wide within- and between-individual variability, 

participants were median split into Habitual (those who scored above the median on the 

measure indicating habitual reappraisal) and Non-Habitual (those who scored below the 

median on the measure indicating non-habitual reappraisal) Reappraiser groups (see 

Table 3).  

 
TABLE 3: Characteristics by High and Non-Habitual Reappraiser groups. 

 
   

Intervention phase. 

ERQ Reappraiser groups were compared by separate 2 (CS type: CS+, CS-) X 12 

(Trial Number: 1-12) within subject X 2 (counterbalance: CS+snake/CS-spider, 

CS+spider/CS-snake) X 2 (ERQ: Non-Habitual, Habitual) between subjects repeated 

measures GLMs for expectancy ratings and SCR for participants in the Reappraise and 

the Reappraisal Plus Exposure conditions.  

For the Reappraise condition expectancy ratings, the Trial Number X 

Reappraiser group interaction was not significant (F<1).  However, as shown in Figure 

10.1, there was a nonsignificant trend toward a main effect, where Habitual Reappraisers 

tended to rate the UCS as less likely to follow the images (F(1,21)=3.04, p=.096) than 

the Non-Habitual Reappraisers participants.  For SCRs, the Trial Number X ERQ 

Group Mean Score Total N                                     Condition
(S.D.) Reappraise+Exposure Reappraise

Non-Habitual reappraisers 27.2 (3.5) 25 11 14
Habitual reappraisers 34.9 (2.5) 21 11 10
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Reappraiser group interaction was significant, F(1,21)=14.6, p<.005, cubic, as was a CS 

type X Trial Number X ERQ Reappraiser group interaction F (1, 21)=9.36, p<.01.  

However, as can be seen in Figure 10.2, the interaction of group and trial number was 

primarily driven by Trial 1, for which Habitual Reappraisers demonstrated higher SCRs 

than the Non-Habitual Reappraisers.  Those in the Reappraisal Plus Exposure condition 

showed no significant differences by ERQ Reappraiser group. 

  
FIGURE 10.1. Mean expectancy rating for each Intervention phase trial for the 
CS+ (Left panel) and CS- (Right panel) by Habitual reappraiser and Non-
Habitual reappraiser groups in the Reappraise condition. 

 

  
FIGURE 10.2.  Mean square root transformed SCR for each Intervention phase 
trial for the CS+ (Left panel) and CS- (Right panel) by Habitual reappraiser and 
Non-Habitual reappraiser groups in the Reappraise condition. 
 
 
Given there were no significant differences by ERQ Reappraiser group for the 

Reappraisal Plus Exposure condition in the Intervention phase, this condition was not 
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investigated further.  In contrast, the Reappraise condition in some ways was more 

tasking and may have necessitated better reappraisal skill to work effectively.  This is 

because in this condition, participants only saw the word ‘snake’ and ‘spider,’ from 

which they were asked to imagine the stimuli and then reappraise.  Thus, unlike the 

Reappraisal Plus Exposure condition, there is no exposure to the stimuli except for that 

created by the participant through imagination.  It is possible that Habitual Reappraisers 

are better able to consider and reappraise stimuli than those who score low on the 

subscale.  If so, the Habitual Reappraisers may have been more engaged with the stimuli 

and reappraising more effectively than Non-Habitual Reappraisers, which could have 

resulted in an absence of SCR differences (the higher variability in the Habitual 

Reappraisers SCRs, see Figure 10.2, suggests that something different may be occurring 

with this group).  This possibility, taken together with the results in the Intervention 

phase that hint at some ERQ group differences, suggests that the Test phase may produce 

differences in the direction of greater fear inhibition for Habitual as compared to the 

Non-Habitual Reappraisers in the Reappraise condition. 

 

Test Phase 

Unpaired Presentation. 

For the Test phase of Unpaired presentation for the Reappraise condition, 

Habitual and Non-Habitual Reappraisers were compared on expectancy ratings and SCR 

by separate 2 (CS type: CS+, CS-) X 6 (Trial Number: 1-12) within subject X 2 

(counterbalance: CS+snake/CS-spider, CS+spider/CS-snake) X 2 (ERQ: Habitual, Non-
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Habitual Reappraisers) between subjects repeated measures GLMs. Self-reported (SAM) 

arousal and valence were also analyzed with separate 2 (CS type: CS+, CS-) within 

subject X 2 (counterbalance: CS+snake/CS-spider, CS+spider/CS-snake) X 2 (ERQ: 

Non-Habitual, Habitual) between subjects repeated measures GLMs. 

Habitual Reappraisers non-significantly tended to expect the UCS less than the 

Non-Habitual Reappraisers (F(1,19)=3.77, p=.067; see Figure 10.3).  For SCR, there 

was a linear interaction of CS type X Trial number X ERQ group (F(1,14)=4.51, 

p=.052), where for the CS- (F(1,17)=7.19, p<.05) the Habitual Reappraisers SCRs 

reduced more over time as compared to the Non-Habitual Reappraisers (see Figure 10.4). 

There were no group differences for self-reported valence or arousal. 

 

 
 
FIGURE 10.3. Mean expectancy rating for each Unpaired Test phase trial for the CS+ 
(Left panel) and CS- (Right panel) by Habitual Reappraiser and Non-Habitual 
Reappraiser group in the Reappraise condition. 
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FIGURE 10.4. Mean square root transformed SCR for each Unpaired Test phase trial for 
the CS+ (Left panel) and CS- (Right panel) by Habitual Reappraiser and Non-Habitual 
Reappraiser group in the Reappraise condition. 
 
 
Re-conditioning. 

Habitual and Non-Habitual Reappraisers were compared on SCRs and expectancy 

ratings by separate 2 (CS type: CS+, CS-) X 8 (Trial Number: 1-8) within subject X 2 

(counterbalance: CS+snake/CS-spider, CS+spider/CS-snake) X 2 (ERQ: Non-Habitual, 

Habitual) between subjects repeated measures GLMs for the Reappraise condition. Self-

reported (SAM) arousal and valence were also analyzed with separate 2 (CS type: CS+, 

CS-) within subject X 2 (counterbalance: CS+snake/CS-spider, CS+spider/CS-snake) X 2 

(ERQ: Non-Habitual, Habitual) between subjects repeated measures GLMs. 

Once the UCS was re-presented, the Habitual Reappraisers showed a SCR 

rebound, exceeding that of the Non-Habitual Reappraisers (see Figure 10.5), resulting in 

a quadratic interaction of Trial number X Reappraiser group (F(1,13)=6.97, p<.05).  In 

addition, the Habitual Reappraisers’ expectancy ratings also rebounded in expectancy to 

exceed that of the Non-Habitual Reappraisers after the UCS was reintroduced (see 

Figure 10.6), as indicated by a trial number X Reappraiser group difference for 
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expectancy (F(1,19)=11.4, p<.005).  There were no group differences for self-reported 

valence or arousal. 

  
FIGURE 10.5. Mean square root 
transformed SCR for each Re-conditioning 
Test phase trial by Habitual Reappraisers 
and Non-Habitual Reappraisers in the 
Reappraise condition. 

  
FIGURE 10.6. Mean expectancy ratings for 
each Re-conditioning Test phase trial by 
Habitual Reappraisers and Non-Habitual 
Reappraisers in the Reappraise condition. 

 
To test if lower SCRs and/or expectancy ratings occur with higher trait reappraisal 

(as measured by the ERQ), Pearson correlation coefficients were computed on ERQ 

Reappraise subtest scores for participants in the Reappraise condition for the measures 

that showed trends towards Non-Habitual, Habitual Reappraiser group mean differences 

in a given phase.  As can be seen in Table 4, results show one significant correlation (r=-

.422, p<.05) where higher UCS expectancy for the CS+unpaired during the Unpaired 

presentation Test phase correlated with lower (non-habitual) ERQ Reappraise scores.   

TABLE 4. Pearson correlations between ERQ Reappraise subtest and dependent 
measures that analyses show trends toward Habitual Reappraisers and Non-
Habitual Reappraisers mean group differences in the Reappraise condition (p 
value in brackets, two-tailed test).  

Dependent Measure ERQ Reappraise score 
Intervention Phase   
Mean Expectancy CS+ -.296 (.17) 
Mean Expectancy CS- -.166 (.45) 
Test Unpaired Phase   
Mean Expectancy CS+ -.422 (.045) 
Mean Expectancy CS- -.206 (.35) 
Mean SCR CS+ -.188(.59) 
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The Impact of a Habitual Reappraisal Style: Discussion 

Results indicate that self-reported high levels of habitual reappraisal, as measured 

by the ERQ, might have predictive validity when reappraising while imagining in the 

stimuli (i.e., Reappraise condition), but not when reappraising while viewing the stimuli 

(i.e., Reappraisal Plus Exposure condition).  This may be because more reappraising 

demand is placed on the participants who have to both imagine the stimuli and engage in 

a strategy to make the images subjectively less negative.   

For those in the Reappraise condition, during the Intervention phase participants 

who scored as habitual reappraisers on the ERQ tended to anticipate the UCS as less 

likely to follow the images than the non-habitual participants.  However, Habitual 

Reappraisers also demonstrated higher SCRs than the Non-Habitual Reappraisers for 

Trial 1.  The reason for this higher mean SCR is not clear.  As reported previously (see p. 

72 of this manuscript), it was found that participants in the Reappraise condition who 

rated themselves as creating vivid images during the Intervention phase demonstrated 

lower mean SCRs during the Unpaired presentation Test phase.   Thus, it might be 

posited that Habitual Reappraisers were better able to imagine and engage themselves 

with the stimuli during the Intervention phase, resulting in higher SCRs for this group 

during Trial 1 as compared to the Non-Habitual Reappraisers.  However, the lack of a 

relationship (r(23)=.00) between self-reported ERQ reappraisal and imagination ratings 

during the Intervention phase does not support this interpretation.  Further investigation 

into this matter is needed to resolve this discrepancy. 
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Five days later, the lower UCS anticipation by Habitual, as compared to Non-

Habitual, Reappraisers was maintained until the UCS was re-paired, which resulted in an 

expectancy rebound.  SCRs to the CS- during the Unpaired Test phase reduced more over 

time for the Habitual Reappraisers as compared to the Non-Habitual Reappraisers.  

Similar to the anticipation ratings, once the UCS was re-presented, the Habitual 

Reappraisers showed a SCR rebound, exceeding the Non-Habitual Reappraisers.  This 

rebound may be considered to be adaptive, given that it prepares Habitual Reappraisers 

to better anticipate and respond to danger. 

Consideration of the results of the ERQ group difference and correlational 

analyses suggests that the ERQ Reappraisal subscale may be helpful at broadly 

differentiating participants by habitual Reappraisal use, but that specific gradients may 

not result in meaningfully different outcomes.  However, the sample size in these 

analyses is quite small (N=24) and limits any strong conclusions.  

In short, reappraisal efforts for those in the Reappraise condition tended to be 

more effective at reducing SCRs and expectancy ratings five days later during the 

Unpaired presentation Test phase for Habitual, as compared to Non-Habitual, 

Reappraisers as indexed by the ERQ Reappraisal subscale.  Once the UCS was repaired, 

the Habitual, as compared to Non-Habitual, Reappraisers showed a rebound in 

expectancy and SCRs.  Overall, these results suggest more adaptive responding for those 

scoring as habitual reappraisers, congruent with other work on reappraisal showing health 

and interpersonal functioning benefits (e.g., Garnefski & Kraaij, 2006; Gross & John, 

2003).  Further work in this area is recommended. 
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GENERAL DISCUSSION 

Online strategy engagement effects: Expectancy 

The first central aim of this dissertation study involved comparing self-report 

UCS expectancy ratings of participants engaged in cognitive reappraisal during exposure 

with that of participants undergoing exposure training to previously fear conditioned 

stimuli.  During the Intervention phase, participants’ expectancies of the UCS, overall, 

did not differ by condition.  However, engaging in reappraisal during exposure versus 

exposure alone resulted in different expectancies over time, the pattern of which supports 

a top down versus bottom up processing view.  The Exposure group showed higher 

expectation of the UCS initially, for both the CS+unpaired and the CS-, than did participants 

in the Reappraisal Plus Exposure condition, and demonstrated sizable reductions in 

anticipation of the UCS.  In contrast, those in the Reappraisal Plus Exposure condition 

had significantly lower expectations of the UCS early on that remained relatively 

consistent for the CS+unpaired over time, and reduced somewhat for the CS-.  The end 

result was similar expectancy ratings by the end of the Intervention phase for both 

groups.  The initially low anticipation of the UCS for those reappraising during exposure 

indicates that engagement in the strategy may have resulted in a contextual shift toward a 

“safe” context almost immediately.  In contrast, those in the Exposure condition took half 

of the training trials to reach equivalent mean expectancy ratings to those of the 

Reappraisal Plus Exposure condition, suggesting that it took them some time and a 

number trials to reach a comparable “safe” context view, presumably from a more bottom 

up process based on experience.   
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These differences in expectancy ratings over time are particularly interesting 

because both groups were told that the noise blast “may follow” one of the images.  Thus, 

based on the explicit information given, no anticipation differences would be expected.  

Accordingly, the difference in expectancy over time for the Exposure and Reappraise 

plus Exposure groups may have resulted from the act of strategy engagement altering 

belief.  Alternatively, it could be argued that the initially greater UCS anticipation for the 

Exposure group, as compared to the Reappraise plus Exposure group, may be because 

there is greater contextual overlap between the Learning and Intervention phases for this 

group.  Further research is needed to differentiate between these two possibilities.  

 

Emotion profiles 

The second central aim of this dissertation study involved comparing emotion 

profiles of participants engaged in cognitive reappraisal, exposure training, and a 

combination of the two, while imagining or viewing previously fear conditioned stimuli, 

to better understand the effect of the online fear inhibition training experience (i.e., the 

Intervention phase).  This aim relates most closely to current investigations on emotion 

regulation, as it compares the online impact of cognitive reappraisal with other conditions 

of interest.  Given that the corrugator measure did not seem to be indexing fear 

conditioning, the only measure available for this purpose during the Intervention phase 

was SCR (in future studies also measuring self-reported emotion is may be useful).  

Results demonstrated that SCRs reduced over time for all groups, indicating 

physiological habituation and/or learning that the context was safe.  In terms of condition 
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effects, SCRs seem to most strongly reflect the degree of similarity to the fear learning.  

As expected, the Control group SCRs were found to be significantly lower than those for 

participants in the other groups, and the Reappraise group showed significantly lower 

SCRs than the Exposure and Reappraisal Plus Exposure groups.  Unlike the findings of 

Delgado (2004; as cited in Delgado, Olsson & Phelps, 2006), where during fear 

acquisition participants demonstrated decreased SCRs on CS+ trials when they were 

instructed to “reappraise” versus ‘‘attend,’’ there were no significant differences in SCRs 

between the Exposure and Reappraisal Plus Exposure groups.  

 Comparisons between SCRs for the Exposure and Reappraisal Plus Exposure 

groups are informed by examining results from participants grouped as High and Low 

Anxious based on self-reported fear to snakes.  The Low Anxious participants showed 

significant reductions in SCRs when engaging in reappraisal during exposure as 

compared to exposure alone.  This finding is congruent with that of Delgado and 

colleagues (2004; as cited by Delgado et al., 2006).  In contrast to the Low Anxious 

group, the High Anxious group tended to show the opposite pattern of increased SCRs in 

the Reappraisal Plus Exposure condition versus Exposure condition.   An explanation for 

this finding may be that Delgado and colleagues’ stimuli were colored patches, which are 

unlikely to be (independent from the UCS) fearful to participants.  Thus, lower mean 

SCR may be found for reappraise as opposed to watch conditions when stimuli elicit a 

low degree of fear.  With higher fear levels, participants can be more engaged with the 

stimuli by using a strategy, whereas watching highly arousing stimuli without a strategy 

may result in a tendency to disengage from the stimuli.  Given the low sample size per 



 

 

109 

group (n’s ~ 10), further investigation into the effects of reappraisal on high and low fear-

eliciting stimuli is warranted.   

 
Long-term effect of online fear inhibition training: Expectancy 

The third and forth aims of this dissertation related to comparing the long-term 

(i.e., after a 5 day delay) effect of online fear reduction training involving cognitive 

reappraisal, exposure training, and a combination of the two, as compared to a control 

condition, by assessing self-report UCS expectancy ratings and emotion profiles of 

participants while viewing stimuli that previously underwent discriminative fear 

conditioning.  

The anticipation of an aversive event during trials where the CS+ was not paired 

with the UCS was dependent upon condition membership.  Those in the Control 

condition were found to anticipate the UCS significantly more than those in the other 

three conditions.  This is consistent with the interpretation that exposure, engagement in 

cognitive reappraisal alone, and engagement in cognitive reappraisal in combination with 

exposure all serve to reduce future expectancy of an aversive event (i.e., the UCS).  

Moreover, the engagement in cognitive reappraisal during exposure appears to be the 

most helpful in reducing future anticipation of an aversive event, as found for Trial 1, 

where the Reappraisal Plus Exposure group reported significantly lower UCS 

expectations than the Reappraise or Exposure groups.  Interestingly, even when the UCS 

was re-paired with the CS+, those in the Control condition anticipated the UCS 

significantly more than those in the other three conditions.  This suggests that exposure, 

engagement in cognitive reappraisal alone, and engagement in cognitive reappraisal in 
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combination with exposure retard the expectancy of the re-association of the CS+ and the 

UCS.  These findings are important because anxiety is the state of diffuse arousal 

following the anticipation of a real or imagined threat.  Thus, reduction of anticipation of 

a negative event may be as, if not more, important than reduction of fear towards the 

event.   This could be particularly the case for persons with anxiety disorders, given the 

avoidant nature of such individuals (e.g., Valentiner et al., 1993).   

In this study, anticipation results for participants who were categorized as non-

clinically high or low anxious regarding snakes (based on the SNAQ), demonstrated that 

the High Anxious group, compared to the Low Anxious group, anticipated the aversive 

event (UCS pairing) to a significantly greater degree during all phases of the study.  

Importantly, greater anticipation of the UCS was driven by a lower degree of learning 

about the safe context, as compared to results obtained for the Low Anxious group.  

Participants in the High Anxious group, compared to the Low Anxious participants, were 

less differentiated between CS+ and CS- in their UCS expectancy ratings, less 

differentiated between CS+ and CS- SCRs, and less differentiated based on self-reported 

arousal and valence.  Thus, the High Anxious group was not responding adaptively with 

higher expectancies for the CS+, but maladaptively, in that they show elevated fear and 

expectations of harm for the CS-.  Moreover, for the High Anxious group, across trials 

there was slower learning of a safe context, as indicated by the general pattern of slower 

habituation (e.g., less SCR reduction over time during the Intervention phase) and less 

reduction in UCS expectancy over time when the CS+ was not reinforced and for the CS- 

generally. 
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Recent research demonstrating the neural activation overlap between anticipation 

of aversion and response to aversion (Nitschke, 2006) suggests that anticipating a feared 

event may serve to strengthen fear learning.  This possibility emphasizes the importance 

of reducing anticipation of feared events in treatment because pathological fear may 

return over time due to anticipation alone.  In fact, based on the present finding of greater 

anticipation of an aversive event with a group of participants without clinical levels of 

fear, it is possible that the manner in which the High Anxious group relates to the stimuli 

could increase the probability of developing a phobia in the future.   

Important to learning how to reduce high levels of anticipation for an aversive 

event in an adaptive manner, the present study found that self-reported high levels of 

habitual reappraisal (as measured by the ERQ) was related to less anticipation of the UCS 

for participants in the Reappraise condition during strategy engagement than was true for 

participants who did not report high levels of habitual reappraisal.  Moreover, lower UCS 

anticipation by habitual reappraisers was maintained for least five days until the UCS was 

re-paired, which then resulted in an expectancy rebound. This rebound can be considered 

adaptive, given that it prepares the participants to better anticipate and respond to danger.  

These results suggest that practicing reappraisal may be effective at reducing anticipation 

of an aversive event and result in more adaptive responding for those scoring as high 

reappraisers.  These findings are congruent with other work on reappraisal benefiting 

health and interpersonal functioning (e.g., Garnefski & Kraaij, 2006; Gross & John, 

2003).  
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In sum, this study demonstrates that cognitive reappraisal can reduce anticipation 

of an aversive event during strategy engagement and up to at least five days later.  This 

may have important implications for treatment of individuals with anxiety disorders and 

suggests that cognitive reappraisal may be an effective tool for reducing anticipation of 

an aversive event.   

 

Emotion Profiles 

Results for the long-term effect of fear reduction training on emotion profiles of 

participants viewing fear conditioned stimuli were less straightforward and generally 

inconclusive.  First, inconsistent with predictions, those who were exposed to nature 

scenes unrelated to conditioning during the Intervention phase (i.e., the Control 

condition) did not have larger mean SCRs and did not show predicted higher self-

reported arousal and valence than those in the other conditions.  As proposed earlier, one 

reason for this may be that during the Intervention phase the Control group’s nature 

scenes were neutral in content, versus the general aversive nature of the conditioned 

stimuli.  As a result, the control condition participants may have, unintentionally, 

received a more pleasant context, albeit unrelated to the conditioned stimuli.  Thus, the 

control group may have not only learned about a “safe context” that was separate from 

the fear conditioned stimuli, but the stimuli selected may have improved, rather than 

maintain equal, the general room safety contextual effects.  In the future, a more 

appropriate control group may be provided by conditions involving the viewing the 

words, “snake” and “spider” with a watch instruction. 
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Second, Foa and Kozak’s (1986) emotion processing theory suggests that higher 

fear activation during fear inhibition training (i.e., exposure) should result in greater fear 

reduction in the future.  Given that the Reappraisal Plus Exposure and Exposure groups 

did not show differential arousal during the Intervention phase, no differential prediction 

was made between these two conditions.  However, it follows that the Reappraise group 

should show greater arousal than the Exposure group during the Test phase for this 

reason.  Consistent with this expectation, self-reported arousal was greater for those in 

the Reappraise condition, compared to participants in the Exposure condition.  However, 

SCR findings challenge the idea that high arousal is needed for effective fear inhibition 

training as the Reappraise group demonstrated a lower mean SCR than the Exposure 

group.  The fact that there was a positive relationship between SCR and self-reported 

arousal, collapsing participants across groups, suggests that it is not that participants are 

insensitive to their physiological arousal levels, but that something about reappraisal may 

result in greater impact on physiological arousal than on self-reported arousal. Consistent 

with this interpretation, the Reappraisal Plus Exposure group found re-pairing with the 

UCS to be more subjectively arousing than the Exposure group.  Further investigation 

into the impact of cognitive reappraisal on arousal is needed.  

Interestingly, in contrast to the self-reported arousal that is perhaps unaided by 

cognitive reappraisal, valence ratings during repairing of the UCS with CS+, as compared 

to those during Unpaired exposure, were significantly less negative for participants in the 

Reappraisal group as compared to those in the Exposure group.  In fact, the reappraisal 

group barely rated the images as more negative than when the UCS was not presented.  
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One relatively parsimonious explanation for the self-report findings is that 

engagement in cognitive reappraisal helped participants to place the images in a more 

positive context.  This contextual shift may have resulted in less negative valence ratings, 

and less affective bias toward aversive events occurring (thus resulting in lower UCS 

expectancy ratings), but did not influence self-reported arousal per se.   

Moreover, previous research has shown emotion-modulated startle to be 

influenced by valence when arousal is high.  In the present study, when the CS+ was re-

paired with the UCS, emotion-modulated startle to the UCS was measured.  Results for 

the Control condition showed significantly greater emotion-modulated startle than was 

observed in the other three conditions.  Given that defensive eye blinks are enhanced 

when the aversive motivational system is engaged (Lang, 1995; Bradley, Cuthbert, & 

Lang, 1999), this finding suggests that exposure, cognitive reappraisal and the 

combination of the two, may serve to disengage the aversive motivational system.  

Consistent with this view, participants in the Control condition rated the CS+ as more 

arousing than did those in the other groups. 

In sum, results suggest that cognitive reappraisal alone or in combination with 

exposure can, like exposure, alter the context in which aversive stimuli are viewed.  

Based on the startle modulation data, cognitive reappraisal may help to disengage from 

an aversive motivational system. These results are particularly impressive given that the 

Learning and Test phases were identical, hence maximizing the contextual overlap.  In 

contrast, the Intervention phase differed from the others in instructions and number of 

trials, and participants were not asked to provide SAM ratings.  This suggests that, if 
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anything, the present results may underestimate the power of safe context since the fear-

conditioning context was more strongly reinstated during the Test phase. 

 

Other point of interest 

There were unexpected findings relating to inherent response differences toward 

the snake and spider images that are worth further discussion.  First, participants 

anticipated that the snake would be paired with UCS more than the spider image.  This 

occurred during initial habituation, but also during conditioning and to a similar degree 

one week later during stimulus viewing without the UCS.  Similarly, mean SCRs were 

greater for the snake picture than the spider picture across these phases of the study.  This 

bias towards greater anticipation of a negative event with the more physiologically 

arousing stimulus is very interesting and raises the question of whether physiological 

arousal can bias self-reported expectancy or whether self-reported expectancy can bias 

arousal.  Further, it is remarkable that the bias toward greater anticipation of an aversive 

event was not updated with experience with the stimuli and UCS contingencies.  For 

example, regression analyses relating the snake and spider image on SCRs showed that 

the effect of image type was almost identical during initial encounters (snake = b*spider 

+c; for Learning phase habituation: snake = .880*spider +.082; conditioning: snake = 

.635* spider +.117) and a week later (Test phase unpaired presentation: snake = .870* 

spider +.071 and Re-conditioning: snake = .801* spider +.069).  The inflexibility of this 

bias raises the question of whether persons with greater fears toward a stimulus are 

similarly biased in a manner inflexible to present day contingencies. 
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 Based on the increase in variability due to the differential influence of the snake 

and the spider image, selecting two snake pictures, one of which is paired to the UCS 

would be advisable in future work.  Phelps and colleagues, who are an influential 

research group investigating fear conditioning with humans, have avoided such 

difficulties by using colored squares as CS.  Although affording better control, such 

stimuli involve other challenges.  For example, in an fMRI study by LaBar and 

colleagues (1998) using color patches as stimuli, extinction resulted so quickly when 

using 100% reinforcement schedules that in future work the Phelps laboratory group 

changed the reinforcement schedule to an intermittent one, such as 30% (e.g., Phelps et 

al., 2004).  In contrast, within the present study extinction did not happen too quickly.  In 

fact, the CS+ and CS- still showed significant response differences almost one week 

following extinction training.  However, the CS type difference was driven by when the 

snake image was the CS+.  This suggests that the participants were more biologically 

prepared to fear the snake than the spider image (see Öhman et al., 1975 for a discussion 

on biologically prepared stimuli). 

 Other advantages of using real world stimuli are that they afford a richer situation 

for reappraisal strategy engagement and permit determination of the impact of pre-

existing fears relating to the stimuli.  Relating to this was the differential impact of 

reappraising during exposure versus exposure alone for participants low and high in 

anxiety towards the stimuli.  It may be that by using highly artificial stimuli results of 

emotion regulation studies will not transfer to real life situations. Accordingly, although 



 

 

117 

stimuli more relevant real life fears may add increased variability, the gains in terms of 

understanding may be well worth this cost. 
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CHAPTER 2 

INTRODUCTION 
 

 The “fight or flight” response system involves coordinated physiological, 

behavioral, and experiential components that prepare us to respond to uncertainty, 

novelty, and threat.  Components of this fight or flight response system are 

sympathetically mediated excitatory circuits, which, when not under threat (as is typical 

in our relatively safe modern world), are tonically inhibited via top-down modulation 

from the prefrontal cortex (Amat et al., 2005).   

 Thayer and Brosschot (2005) state that “ psychopathological states such as 

anxiety… are associated with prefrontal hypoactivity and a lack of inhibitory neural 

processes as reflected in poor habituation to novel neutral stimuli, a pre-attentive bias for 

threat information, deficits in working memory and executive function, and poor 

affective information processing and regulation (Thayer and Friedman, 2004)” (p.1051-

1052).  Importantly for the present discussion, Thayer and Brosschot (2005) posit that 

these inhibitory functions can be indexed by measures of cardiac vagal control, since both 

the heart and sympathoexcitatory subcortical threat circuits and are under tonic inhibitory 

control by the prefrontal cortex.  Supporting this idea is evidence that medial prefrontal 

activity positively correlates with vagally mediated heart rate variability (Lane, Reiman, 

Ahern & Thayer, 2001).  Following on work by Porges (1994), Thayer and Brosschot 

suggest that high cardiac vagal control, as indexed by measures such as heart rate 

variability (HRV), can serve to index emotion regulation ability in the sense that it 

signifies physiological flexibility.  This flexibility can allow the individual to better 
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selectively attend to aspects of situations, and also enables more adaptive responses.  

Conversely, they suggest that low cardiac vagal control is related to poor regulation.  

Support for the view that high cardiac vagal control may index emotion regulatory 

ability comes from a study by Ruiz-Padial and colleagues (2003) relating HRV to 

emotion-modulated startle magnitude while viewing emotional and neutral images.  

Emotion-modulated startle is a robust phenomenon whereby defensive eye blinks (as 

measured by orbicularis occuli facial EMG), are enhanced when the aversive 

motivational system is engaged (Lang, 1995; Bradley et al., 1999).  In the study by Ruiz-

Padial and colleagues, female participants viewed pleasant, neutral, and unpleasant 

pictures while exposed to acoustic startle stimuli.  Resting HRV was inversely related to 

both between- and within-trial emotion-modulated startle magnitude.  In addition, 

subjects with the highest HRV showed the most differentiated emotion-modulated startle 

effects, whereas those with the lowest HRV showed significantly increased startle 

response to not only negative, but also neutral images.  Thus, individuals with low HRV 

reacted to neutral, harmless stimuli as if they were averse.  Ruiz-Padial and colleagues 

(2003) argue that these findings are consistent with the notion that the prefrontal cortex 

tonically inhibits amygdala output. 

Individuals with anxiety disorders have been shown to have lower cardiac vagal 

control (e.g., Friedman & Thayer, 1998; Thayer, Friedman, & Borkovec, 1996), 

implicating less flexibility in attentional selection and less flexibility to respond to 

situations adaptively.  For example, in a study of worry (Thayer et al., 1996), a cardinal 

symptom of generalized anxiety disorder (GAD), baseline measures of heart period 
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variability were collected for a GAD group and a healthy control group.  GAD 

participants had shorter cardiac interbeat intervals (IBIs) and lower cardiac high-

frequency spectral power across baseline, relaxation, and worry phases of the study, as 

compared to the control group.  Further, heart period variability measures calculated 

during the worry phase were all lower compared to those obtained during the baseline 

phase in both groups, indicative of lower cardiac vagal control.  This led the authors to 

suggest that worry served to deplete physiological regulating resources.  Thayer and 

colleagues (1996) suggest that, considered together, these results indicate a regulating 

deficiency in those with GAD that is furthered by worry. 

The findings reviewed above support the view that high cardiac vagal control may 

index emotion regulatory ability.  The present chapter aims to test the hypothesis that 

individuals with higher vagal tone should recovery more quickly from emotional or 

physiologically demanding situations.  This was examined by investigating whether 

resting logRSA relates to habituation to two aversive images (snake, spider) and recovery 

during discriminative fear conditioning, both on the day that baseline RSA was measured 

and one week later.  In this study, habituation and recovery were indexed by changes in 

physiological arousal to these images, as indexed by SCRs.  Theory predicts a steeper 

decrease (Trial number effect) in SCRs for the High RSA as compared to the Low RSA 

participants.  
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METHODS 

Participants 

Identical to Chapter 1.  

 

Procedure 

Identical to Chapter 1.  Resting heart rate was measured for 4 minutes before the 

Learning phase and 4 minutes before the Test phase that occurred one week later.  

 

Physiological Data Reduction 

Due to equipment failures, power outages, and personnel error there was data loss 

for one of the dependent measures for one of the three study phases for a given 

participant.  For the Learning and Test phase, data for 1 participant was unavailable for 

SCR.  

SC and heart rate data were processed offline (see Chapter 1 for SCR data 

reduction).  The EKG series was resampled at 500Hz.  Inter-beat intervals (IBI) for each 

4-minute baseline-recording period were derived from the raw EKG waveform by an 

automated peak detection algorithm, and then screened and corrected for artifacts by 

visual inspection.  Log-transformed heart period variability in the high frequency band 

(.12-.4 Hz) was extracted using CMET, version 2.32 software.  The output, LogRSA, is 

an index of vagal influence on cardiac chronotropy.  

SCRs do not occur at every trial and have wide within- and between-individual 

variability.  Thus, the square root transformed raw scores for Learning phase baseline 
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SCRs were compared for each trial by groups of participants with High (n=46, mean, 

range: 7.33, 6.53-8.63) versus Low (n= 47, mean, range: 5.62, 1.50-6.50) resting baseline 

logRSA (measured before the study began).  
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RESULTS  

Learning Phase. 

A 2 (CS type: CS+, CS-) X 6/7 (Trial Number: 1-6 for habituation, and 1-7 for 

conditioning) within subject X 2 (counterbalance: CS+snake/CS-spider, CS+spider/CS-

snake) X 2 (RSA: High, Low) between subjects repeated measures GLM was used to test 

the theory.  Given the strong predictions following from Thayer and Brosschot’s (2005) 

theory, nonsignificant trends relating to hypotheses will be discussed and viewed in the 

spirit of hypothesis testing.   

During habituation the Low RSA group had a nonsignificant trend toward a 

greater negative slope over the course of the trials, as compared to the High RSA group 

(RSA X Trial number, F(1,74)=3.68, p=.059, linear; see Figure 11.1), in contrast to 

theory predictions.  Importantly though, this trend toward a slope difference was driven 

by a nonsignificant trend toward greater SCRs to the stimuli for the Low RSA group as 

compared to the High RSA group (F (1,74)=3.49, p=.066), suggesting that Low RSA 

participants tended to be more aroused in general by the stimuli than the High RSA 

participants.  There was also a slope difference by RSA group for conditioning trials 

(F(1,74)=5.08, p<.05, linear), which is qualified by a nonsignificant trend toward a CS 

type X Trial number X RSA group interaction (F(1,74) = 3.37, p=.071, quadratic).  The 

Low RSA group trended toward a greater negative slope over the course of the trials in 

general, as compared to the High RSA group, and a comparatively greater slope 

difference for the CS- than the CS+.  Given the trend toward lower mean SCR was 

evident for habituation and conditioning trials for High versus Low RSA participants, a 
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correlational analysis was performed to determine whether log RSA predicts the mean 

magnitude of SCRs.  This analysis showed no significant relationships between log RSA 

and mean SCR to the CS+ (r(87)=-.058, p>.2) or CS- (r(89)=-.046, p>.2) during the 

conditioning trials in the Learning phase. 

  
FIGURE 11.1. Mean square root transformed SCR for each habituation and conditioning 
Learning phase trial by Low and High baseline resting RSA group.  Left panel is for CS+ 
and the right panel for the CS-. 
 

Given the trend toward lower overall SCRs for the High RSA group as compared 

to the Low RSA group, another way to test Thayer and Brosschot’s (2005) theory is by 

comparing the differential increase in SCRs from habituation to conditioning (for the 

CS+ difference = first trial following UCS presentation– last trial before UCS 

presentation, and CS – difference =second conditioning trial – last habituation trial)1.  As 

can be seen in Figure 11.2, the High RSA group showed a trend toward less of an 

increase in SCR in response to the CS+/UCS pairing for the CS+ (F(1, 87)=3.79, 

p=.055) and less of an increase in SCR in response to the CS+/UCS pairing for CS- (F(1, 

89)=8.33, p=.005) as compared to the Low RSA group.  

                                                
1 This difference in subtraction is due to the semi-random presentation of stimuli.  Some 
participants would have the UCS paired with the CS+ before their first CS- conditioning 
trial and others before their second CS- conditioning trial.  
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FIGURE 11.2. Mean square root transformed SCR difference for first 
conditioning trial –last habituation trial for Low and High baseline resting RSA 
groups. 

 
This trend toward reactivity for not only the CS+, but also the CS- for the Low 

RSA group is reminiscent of the increased anticipation and low CS type differentiation 

during the Unpaired Test phase for participants higher in anxiety as indexed by the 

SNAQ.  However, there was no significant relationship (r(90)=-.116, p>.2) between 

logRSA and self-reported anxiety level toward the stimuli. 

 

Test Phase. 

To test the predictive value of the High and Low RSA Learning phase baseline 

groupings, they were used to compare SCRs 8 days later during the Test Unpaired 

presentation trials and Re-conditioning trials using a 2 (CS type: CS+, CS-) X 6/7 (Trial 

Number: 1-6 for habituation, and 1-7 for conditioning) within subject X 2 

(counterbalance: CS+snake/CS-spider, CS+spider/CS-snake) X 2 (RSA: High, Low) 

between subjects repeated measures GLM.  As shown in Figure 11.3, there was a CS type 
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X trial number X RSA group interaction during the Unpaired presentation trials 

(F(1,68)=7.15, p<.01, cubic) where, for the CS-, the High RSA group showed a greater 

initial drop in SCR across trials as compared to the Low RSA group.  During the Re-

conditioning trials, Low RSA participants showed greater reactivity to the CS+/UCS 

pairing (F(1,64)=4.55, p<.05), as shown by increases in SCR that took more trials to 

reduce as compared to High RSA participants.  Unlike in the Learning phase, there was 

no differential increase in SCR responses from habituation to conditioning (F<1).  

  
FIGURE 11.3. Mean square root transformed SCRs for each unpaired and Re-
conditioning Test phase trial by Low and High baseline resting RSA.  Left panel is for 
CS+ and the right panel for the CS-. 
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DISCUSSION  

Ruiz-Padial and colleagues (2003) found that while viewing pleasant, neutral, and 

unpleasant pictures, within-trial emotion-modulated startle magnitude was inversely 

related to participants resting HRV.  In addition, they found that participants with the 

highest HRV showed the most differentiated emotion-modulated startle effects, whereas 

those with the lowest HRV showed significantly increased startle response to not only 

negative, but also neutral images.  Results from the present study show similar patterns to 

the results of Ruiz-Padial and colleagues.  The present study demonstrated trends towards 

reduced within-trial arousal, as measured by SCR, and less SCR reactivity to the 

CS+/UCS pairing for the High RSA participants as compared to the Low RSA 

participants during the Learning phase. There was also the consistent finding during the 

Learning phase of greater reactivity to the CS- for the Low RSA group, as compared to 

High RSA group, suggesting less differentiated arousal.  The present study also 

demonstrated trends consistent with these results 8 days later.  The fact that baseline RSA 

was highly correlated when measured one week apart (r(83)=.859) suggests that RSA is a 

stable trait.  However, differences in logRSA did not account for much variability in SCR 

(R2=.003 for CS+ and R2=.002 for CS- during the conditioning trials in the Learning 

phase), and results in general represent trends rather than strongly significant findings. 

Unlike previous work (e.g., Friedman & Thayer, 1998; Thayer et al., 1996) 

demonstrating that individuals with GAD have lower cardiac vagal control than control 

participants, in this study there was no significant relationship between baseline logRSA 

and anxiety level toward the stimuli, as indexed by the SNAQ.  There are two likely 
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explanations.  First, participants in the present study had sub-clinical fears toward the 

stimuli.  Individuals with fear relating to the snakes and spiders that meet criteria for 

clinical significance may show impaired cardiac vagal control.  Second, even if fear 

levels relating to snakes and spiders were at phobic levels, such individuals may not show 

lower baseline RSA than non-phobics because fears of snakes and spiders are unlikely to 

be as consistently activated in daily life as the concerns that plague GAD suffers, and 

accordingly, may not result in chronically reduced cardiac vagal control.  Despite the lack 

of baseline RSA differences by self-reported anxiety towards snakes, individuals with 

higher fear of snakes would be expected to show relatively lower cardiac vagal control 

during exposure to the images as compared to individuals with lower snake relevant 

fears.  

In sum, results reported in this chapter trend toward supporting Thayer and 

Brosschot’s (2005) theory that higher cardiac vagal control is a resiliency factor that 

reduces physiological reactivity. 
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APPENDIX A 
 
Learning Phase and Test Phase Standardized Instructions 
 
During today’s visit you will see a picture of a snake and a spider, one after the other. 
One of the pictures may be followed by the loud noise you have just heard. During the 
experiment, we would like to know when you expect the loud noise.  At the beginning, 
you will not know whether to expect it or not, but you may learn as you go along.  So, 
when you see a picture, we want you to tell us if you think that the noise will come after 
it or not.    
 
To tell us if you expect the noise after you see a picture, press the space bar the amount of 
times that best describes your expectation: 
Pressing it 1 time means:                              
NO, it WILL NOT come 
Pressing it 2 times means:  
MAYBE, it MIGHT come        
Pressing it 3 times means: 
YES, PROBABLY it WILL come           
Pressing it 4 times means:  
YES, DEFINITELY it WILL come 
 
Here’s an example of what to do: A picture is shown to you.  You quickly decide that the 
noise will PROBABLY come sometime after it.  In this case, you would press the space 
bar 3 times to indicate that you think that PROBABLY the noise will come.  On the other 
hand, if you decide that you DO NOT think that the noise will come, then you would 
press the space bar only once to indicate NO, the noise WILL NOT come. 
 
In addition, after viewing a picture, sometimes you will be asked to rate your emotional 
experience on two separate scales.                                 
 
(SAM self report rating instructions explained here) 
 
Let's practice using both scales with some other pictures. 
(Two images to practice ratings were presented here.  The screen before image onset 
looks as follows) 
 
Get ready to rate how much you expect to hear the loud noise.                                                      
Press SPACE BAR                     
1 time: NO, it WILL NOT                               
2 times: MAYBE, it MIGHT                                      
3 times: YES, PROBABLY it WILL                          
4 times: YES, DEFINITELY it WILL                         
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Please ask the experimenter any questions you may have. 
 
For the next few minutes we would like you to relax.  Because of the sensors, please try 
to remain still as possible.                                       
 
As we begin, THINGS TO REMEMBER: 
1. Each time you see a picture, you must quickly decide if you think that the noise is 
going to come or not. 
2. In the first seconds of picture presentation, you must press the space bar either one, 
two, three, or four times, depending on your expectation.  
3. Sometimes after viewing a picture you will rate your emotional experience. 
Note: Before each trial you will be reminded of the instructions.  Your responses will not 
affect whether the noise comes.  Be sure to watch the pictures for their entire 
presentation. Just so you know, there are often long pauses between pictures. Please try to 
remain still and look at the blank screen too.  
 
Let's begin. 
 
 
Intervention Phase standardized instructions  
In bold are the components that change by condition. 
 
Exposure Condition 
During today’s visit you will see a picture of a snake and a spider, one after the other. 
One of the pictures may be followed by the loud noise. Like during your last visit, we 
would like to know when you expect the loud noise.  We want you to tell us if you think 
that the noise will come after it or not.    
 
To tell us if you expect the noise after you see a picture, press the space bar the amount 
of times that best describes your expectation: 
Pressing it 1 time means:                              
NO, it WILL NOT come 
Pressing it 2 times means:  
MAYBE, it MIGHT come        
Pressing it 3 times means: 
YES, PROBABLY it WILL come           
Pressing it 4 times means:  
YES, DEFINITELY it WILL come 
 
Please ask the experimenter any questions you may have. 
 
Because of the sensors, please try to remain still as possible.                                                  
 
THINGS TO REMEMBER: 
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1. Each time you see a picture, you must quickly decide if you think that the noise is 
going to come or not. 
2. In the first seconds of picture presentation, you must press the space bar either one, 
two, three, or four times, depending on your expectation.  
Note: Before each trial you will be reminded of the instructions.  Your responses will not 
affect whether the noise comes.  Be sure to watch the pictures for their entire 
presentation. Just so you know, there are often long pauses between pictures. Please try 
to remain still and look at the blank screen too.  
 
Control Condition 
During today’s visit you will see a picture of a tree and a mountain, one after the other. 
One of the pictures may be followed by the loud noise. Like during your last visit, we 
would like to know when you expect the loud noise.  We want you to tell us if you think 
that the noise will come after it or not.    
 
To tell us if you expect the noise after you see a picture, press the space bar the amount 
of times that best describes your expectation: 
Pressing it 1 time means:                              
NO, it WILL NOT come 
Pressing it 2 times means:  
MAYBE, it MIGHT come        
Pressing it 3 times means: 
YES, PROBABLY it WILL come           
Pressing it 4 times means:  
YES, DEFINITELY it WILL come 
 
 Please ask the experimenter any questions you may have. 
 
Because of the sensors, please try to remain still as possible.                                                  
 
THINGS TO REMEMBER: 
1. Each time you see a picture, you must quickly decide if you think that the noise is 
going to come or not. 
2. In the first seconds of picture presentation, you must press the space bar either one, 
two, three, or four times, depending on your expectation.  
Note: Before each trial you will be reminded of the instructions.  Your responses will not 
affect whether the noise comes.  Be sure to watch the pictures for their entire 
presentation. Just so you know, there are often long pauses between pictures. Please try 
to remain still and look at the blank screen too.  
 
Reappraise Condition 
During today’s visit you will see the words ‘snake’ and ‘spider’, one after the other. 
The words will be used to represent the pictures shown during your previous visit. 
So when you see the words, try to imagine each picture as best as you can.  One of 
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the words may may be followed by the loud noise. Like during your last visit, we would 
like to know when you expect the loud noise.  We want you to tell us if you think that the 
noise will come after it or not.    
 
To tell us if you expect the noise after you see a word, press the space bar the amount of 
times that best describes your expectation: 
Pressing it 1 time means:                              
NO, it WILL NOT come 
Pressing it 2 times means:  
MAYBE, it MIGHT come        
Pressing it 3 times means: 
YES, PROBABLY it WILL come           
Pressing it 4 times means:  
YES, DEFINITELY it WILL come 
 
Importantly, we would also like you to try to reduce your emotional reaction to 
pictures the words represent. In doing so, we would like you to try to imagine the 
picture as clearly as you can when you see each word. While imagining the pictures, 
reinterpret them so that you have as little emotional reaction to them as possible.  
Because the goal is to reduce how you feel about these pictures, be sure to imagine 
them as best as you can.                
 
For example, you could imagine that the picture is of your pet spider or snake, that 
you work with insects professionally (i.e., you are an entomologist), that the pictures 
are actually of a fake plastic snake or spider, or another strategy you come up with.  
Use one that you think will be the most likely to reduce your emotional reaction to 
the pictures. Discuss what strategy you would like to use with the experimenter.  
Together decide what it will be.  Be consistent and use your chosen strategy every 
time you see each word. 
 
Please ask the experimenter any questions you may have. 
 
Because of the sensors, please try to remain still as possible.                                                  
 
THINGS TO REMEMBER: 
1. Each time you see the picture, snake or spider, you must quickly decide if you think 
that the noise is going to come or not. 
2. In the first seconds of word presentation, you must press the space bar either one, two, 
three, or four times, depending on your expectation.  
3. Then as quickly as possible engage in the strategy you have selected to reduce 
your emotional reaction to the picture the word represents. 
Note: Before each trial you will be reminded of the instructions.  Your responses will not 
affect whether the noise comes.  Be sure to watch the words for their entire presentation. 
Just so you know, there are often long pauses between words. Please try to remain still 
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and look at the blank screen too.  
 
Reappraise Plus Exposure Condition 
During today’s visit you will see a picture of a snake and spider, one after the other.  
One of the pictures may be followed by the loud noise. Like during your last visit, we 
would like to know when you expect the loud noise.  We want you to tell us if you think 
that the noise will come after it or not.    
 
To tell us if you expect the noise after you see a picture, press the space bar the amount 
of times that best describes your expectation: 
Pressing it 1 time means:                              
NO, it WILL NOT come 
Pressing it 2 times means:  
MAYBE, it MIGHT come        
Pressing it 3 times means: 
YES, PROBABLY it WILL come           
Pressing it 4 times means:  
YES, DEFINITELY it WILL come 
 
Importantly, we would also like you to try to reduce your emotional reaction to both 
pictures. In doing so, we would like you to try to reinterpret the pictures so that you 
have as little emotional reaction to them as possible.                
 
For example, you could imagine that the picture is of your pet spider or snake, that 
you work with insects professionally (i.e., you are an entomologist), that the pictures 
are actually of a fake plastic snake or spider, or another strategy you come up with.  
Use one that you think will be the most likely to reduce your emotional reaction to 
the pictures. Discuss what strategy you would like to use with the experimenter.  
Together decide what it will be.  Be consistent and use your chosen strategy every 
time you see each picture. 
 
Please ask the experimenter any questions you may have. 
 
Because of the sensors, please try to remain still as possible.                                                  
 
THINGS TO REMEMBER: 
1. Each time you see a picture you must quickly decide if you think that the noise is 
going to come or not. 
2. In the first seconds of picture presentation, you must press the space bar either one, 
two, three, or four times, depending on your expectation.  
3. Then as quickly as possible engage in the strategy you have selected to reduce 
your emotional reaction to the picture. 
Note: Before each trial you will be reminded of the instructions.  Your responses will not 
affect whether the noise comes.  Be sure to watch the pictures for their entire 
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presentation. Just so you know, there are often long pauses between pictures. Please try 
to remain still and look at the blank screen too.  
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