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ABSTRACT 

 

The present study attempted to answer two general questions: (1) what is the relation 

between expected and actual reactions to a spider in individuals afraid of spiders? and (2) 

are inaccurate expectancies updated on the basis of experience? Behavioral and 

cognitive-behavioral learning models of fear, treatment protocols developed in relation to 

these, and recent findings from our laboratory necessitated answers to two additional 

questions: (3) does the expectation accuracy of individuals who meet DSM-IV criteria for 

diagnosis with a specific phobia differ from that of individuals who are fearful but do not 

meet criteria? and (4) does expectation accuracy vary as a function of context? Two final 

questions were obvious: (5) do the actual reactions of individuals who meet criteria for 

diagnosis differ predictably from those of fearful individuals? and (6) do reactions vary 

contextually? Student participants reported and tested a series of trial-specific 

expectancies about their reactions to a live, mechanical, or virtual tarantula over seven 

trials. Participants then completed three final trials in the presence of a live tarantula. 

Participants poorly anticipated the quality and intensity of their initial reactions, but 

expectation accuracy increased quickly. No clear tendencies for over- or under-prediction 

emerged. Participants updated expectancies in relation to prior trial expectation accuracy, 

either increasing or decreasing their predicted reactions relative to the original 

expectancy. Participants who met criteria for diagnosis with a specific phobia 

consistently anticipated and reported more intense reactions than did those who were 

fearful, but diagnostic status was not predictive of expectation accuracy. Participants in 

the live and virtual spider groups reported similar levels of fear that were greater than 
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those in the mechanical spider group. Participants in the virtual spider group more readily 

reduced the distance maintained between themselves and the spider stimulus than did 

those in the live or mechanical spider groups. Expectation accuracy did not vary 

contextually. Results are discussed in light of the theoretical models presented, with 

findings lending greater support to behavioral models of fear learning relative to 

cognitive models that postulate a substantial role for conscious processing and appraisal 

in specific fear. Practical recommendations are made to researchers and clinicians based 

on present findings.   
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INTRODUCTION AND LITERATURE REVIEW 

Overview 

The present study attempted to answer two general questions: (1) what is the 

relation between expected and actual reactions to a feared stimulus in individuals who are 

fearful? and (2) does experienced expectation accuracy influence their subsequent 

expectancies or behavior? Answers to these questions will permit us to discriminate 

behavioral from cognitive-behavioral etiological models of fear. The data will provide 

support either for cognitive models that postulate a specific role for conscious experience 

and appraisal in the development and maintenance of specific fears, or for behavioral 

models that do not. As an added bonus, the data will have direct implications for 

prevailing treatment options for specific fear. 

For a clinician asked to treat a client with a severe specific fear, the treatment 

mode of choice is obvious: exposure (e.g., Antony & Barlow, 2001). The traditional 

method of exposure treatment for specific fears is systematic desensitization (Wolpe, 

1958), often called graduated exposure therapy. Graduated exposure requires active 

construction of a fear hierarchy, whereby the client generates a list of feared encounter 

situations with the object or its stimuli and arranges them from the least to the most 

intense. The plan is simple: systematically expose the client to representative items on 

their hierarchy, moving from low-anxiety items to higher ones. This presupposes that the 

person’s self-reported predictions about the level of fear they will experience are 

accurate. Are they? The short answer is we do not really know. The better question may 

be: does it matter?  



14 

 

Cognitive models of fear assert that the efficacious part of exposure results from 

direct confrontation with evidence that one’s conscious expectations are inaccurate (see 

Telch et al., 1994 for a relevant discussion of this idea). Is there something to this? Or 

could conscious expectation be superfluous to treatment efficacy? Put another way, might 

the impact of exposure be independent of a person’s expected reaction to exposure? It is 

possible that fearful individuals have similar, if not identical, fear hierarchies if we built 

those based on actual rather than anticipated reactions. If this were the case, why should 

we bother creating an individualized fear hierarchy? We acknowledge that at least part of 

this process may increase therapeutic adherence, that is, may simply facilitate client 

agreement to move forward with treatment. It may also be that getting a client to commit 

to do something on a low level of their hierarchy is the efficacious agent itself. But, both 

of these ends could arguably be facilitated simply by telling participants: (1) research 

suggests fearful individuals are not good at predicting how they will react to the feared 

stimulus (if that were true, of course) and (2) research indicates that a particular hierarchy 

of fear reactions ranging from least to most intense exists. Manualized treatment would 

be easier to create and disseminate were the order for exposure specified by empirical 

data on actual responding across a representative list of contexts.  

In the present investigation, we assessed both expectation accuracy and the utility 

of this accuracy in statistically predicting revision of self-reported expectancies. Owing to 

the greater availability of guiding literature in relation to spider fear as compared to other 

forms of specific fears, we selected spider fear as the fear of focus. The elevated 

frequency of spider fear in the general population and in our college population in 



15 

 

particular also encouraged this decision. The procedure involved a series of seven trials 

whereby an experimenter (E) asked participants (P) to anticipate their reactions to a 

spider or spider stimulus. We did not encourage Ps to get any closer to the stimulus than 

they felt comfortable, instead asking them to bring the stimulus to the place where they 

first felt uneasy. Before each trial we asked the P to report their expectancies about how 

they thought they would react during the trial; immediately following we had the P report 

on their actual reactions. We also used objective measures to track their responding. 

Before getting into more detail about the study design and additional varying elements 

(e.g., contextual elements), it is important to step back and consider the nature of the 

constructs we are dealing with in detail. 

Expectancies 

 We use the term expectancy to refer to an individual’s predicted or anticipated 

reaction, in this case, to a spider stimulus. By our view, an expectancy is an individual’s 

verbalized prediction of a given outcome formed by an aggregate consideration of their 

past experiences with the relevant set of stimuli and associated environmental relations. 

Given that, we predict a strong positive relation between the accuracy of a person’s 

expectancies and the level of their prior experience with the relevant set of circumstances. 

That is, we view expectancies as anchored in an aggregate of previous relevant 

behavioral experience.  

Arachnophobia 

 Humans instinctively avoid certain stimuli. This avoidance is thought to be an 

adaptive response to past generational threats (Marks & Nesse, 1994). Some level of 
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anxiety and avoidance in response to aversive stimuli in the present is considered normal. 

When this anxiety and avoidance become excessive and unreasonable, terms not well 

defined by our profession, the once adaptive mechanism is said to function as a 

maladaptive response (Riskind, 2000); specific phobias are thought to function in this 

manner. Arachnophobia is defined as a fear of spiders that is persistent, excessive and 

unreasonable, provokes an immediate anxiety response, and interferes with the sufferer’s 

normal routine (American Psychiatric Association, 2000).  

Prevalence 

As many as 55% of females and 18% of males experience severe spider fear at 

some point during their lifetime (Davey, 1992). This fear can be debilitating, and those 

who suffer from it may seek treatment. More often, they construct their lives in a manner 

that permits successful avoidance of spiders and of spider-relevant stimuli.  

Behavioral vs. Cognitive-Behavioral Models of Fear Learning and Avoidance 

Prevailing etiological models of specific fear postulate a behavioral/learning 

component (e.g., Antony & Barlow, 2001). That is, prior experience with the feared 

stimulus is hypothesized to result in a conditioned/learned avoidance pattern. Traditional 

behavioral models of fear learning do not stipulate a necessary role for conscious 

experience in this process, or in the maintenance of a fear once developed; these models 

are purely descriptive. Fearful individuals are said to have developed their fear via 

classical conditioning, observational learning, rule governance, or some combination of 

the three (see e.g., Jacobs, Sisco, Hill, Malter, & Figueredo, 2012). Subsequent avoidance 

of the feared stimulus is described as having been negatively reinforced (an operant 
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conditioning process) (e.g., Levis & Brewer, 2001). Cognitive-behavioral models add a 

conscious appraisal process in their explanations of avoidant behavior. That is, the 

incongruence between predicted and experienced levels of fear is thought to play a 

decisive role in the maintenance of fear and phobias (e.g., Telch et al., 1994). Fearful and 

phobic individuals are said to over-anticipate the level of fear they will experience in the 

presence of the feared stimulus, and are therefore consistently motivated to avoid it. 

Neo-Behavioral Models of Specific Fear 

Individuals with severe specific fears typically have difficulty articulating an 

origin or start point for their fear (e.g., Jacobs & Nadel, 1999). They can readily tell you 

what they avoid, but are poor at articulating why they are avoiding it. They have 

difficulty identifying what they are afraid will happen if they were to encounter the feared 

stimuli. Put more plainly, individuals with a severe specific fear experience a strong 

affective response to the thought or idea of the feared stimulus, but cognitive 

explanations for the affective reaction are in short supply. This is precisely what we 

found during the clinical interviews we conducted with our participants.  

There is one neo-behavioral learning model in particular that considers these 

phenomena in its suggestion that the origins of severe specific fears may not be readily 

accessible to conscious awareness. Rather, the foundations for these fears are thought to 

have been laid down in the absence of a fully functioning hippocampus (Jacobs & Nadel, 

1999), and other brain structures necessary for fully articulated autobiographical memory 

(e.g., Bartsch et al., 2011). Whether the experience took place before the hippocampus 

was fully formed (i.e. in early childhood), or in times of intense acute stress that have 
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been shown to reliably impair the hippocampus, memories formed during these 

foundational events are thought to be relatively context-free. This model would explain 

the greater generalization of fear touted in clinical samples relative to fear found in 

samples of those classically conditioned to fear objects in a laboratory setting, the latter 

of which is remarkably context-specific. Importantly, this neo-behavioral descriptive 

model of fear does not necessitate a role for conscious awareness or appraisal in fear 

learning and maintenance. In fact, it asserts that many aspects of the process are likely to 

be outside of conscious awareness (i.e., without source memory for how and when the 

fear was learned). As a result, this model makes no specific prediction about whether a 

fearful individual will accurately anticipate their reactions upon encountering the object 

they fear. In fact, it leaves open the possibility that the expectation accuracy of fearful 

individuals may vary considerably, with a group-wide pattern not readily identified. This 

would not be troubling to such a model, as expectation accuracy is not hypothesized to 

play a specific role in the maintenance of fears. 

Cognitive Models of Overprediction of Fear 

Unlike behavioral models, cognitive models make a very specific prediction about 

the expectation accuracy of fearful and phobic individuals. That is, they assert that fearful 

individuals over-anticipate the level of fear they will experience in the presence of the 

feared stimulus, and are therefore consistently motivated to avoid it. Telch et al. (1994) 

discussed this directly in relation to evidence that fear, panic, and performance 

expectancies have been shown empirically to be related to the construct of avoidance 

(e.g., Craske et al., 1988; Telch et al., 1989; Valentiner, Telch, Ilai & Hehmsoth, 1993; 
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Williams, Kinney & Falbo, 1989 as cited by Telch). Consistent avoidance of the feared 

stimuli prevents fearful individuals from having the opportunity to learn their 

expectancies are inaccurate. By this view, the active component of exposure treatment is 

not simply the exposure itself, but confrontation with the observation that the exposure 

was not as bad as the client thought it would be (e.g., Telch et al., 1994). This dissonant 

experience is said to be used in a conscious updating process, whereby individuals revise 

their expectancies about future interactions with the feared stimulus based on the 

accuracy of their prior expectancies. This has come to be referred to as the match-

mismatch hypothesis, and it grows out of work by Rachman and colleagues (see 

Rachman, 1994 for a review).  

The Match-Mismatch Hypothesis  

Rachman proposed the following procedure to examine relations between 

anticipated and actual levels of fear. First, ask Ps to report expectancies of the maximum 

level of fear and probability of panic following exposure. Second, expose Ps to the 

phobic situation for a specified time. Third, immediately following the exposure, ask Ps 

to rate their maximum level of fear during exposure and report on the occurrence or non-

occurrence of panic. Finally, ask Ps to report new expectancies for the next exposure 

trial.  

Following a predetermined number of trials, the researcher classifies the Ps 

responses and assigns them to one of the following match-mismatch groups: match, 

overpredictor, or underpredictor. It is common to base the classifications on the first few 
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sets of trials, because findings suggest that accuracy levels increase over time (e.g., 

Rachman & Lopatka, 1986). 

According to Rachman’s review (1994), findings from studies using match-

mismatch procedures converge on the following: (1) anxious, fearful and phobic people 

tend to over-anticipate the intensity of their reaction to the feared stimulus or situation, 

(2) the accuracy of reported expectancies tends to increase over trials, that is, 

overprediction decreases, (3) following a previous under-prediction, people disregard the 

tendency for fear reactions to decrease with repeated exposure and increase their fear 

expectancy for the next trial, (4) following a previous over-prediction, people decrease 

their fear expectancy for the next trial (though the magnitude of the alteration is not 

usually as large as that following an under-prediction), and (5) following a matched 

prediction people disregard the tendency for reactions to decrease with repeated exposure 

and do not alter their expectancy for the next trial. Collectively these findings are now 

referred to as the match-mismatch hypothesis of specific fear. 

If that were the end of the story, of course, there would be no need for the present 

investigation. It is not the end of the story. Although published work coming from 

Rachman’s group consistently suggested characteristic over-anticipation of fear, there is 

at least one published finding that did not find this within a phobic population; in fact,  

participants in this study consistently under-anticipated their initial reactions. Telch et al. 

(1994) evaluated three predictions derived from Rachman’s work. First, that people with 

claustrophobia are more likely to over-anticipate fear and panic and underestimate their 

behavioral approach. Second, that, in this population, increased fear expectancies would 
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follow under-predictions and decreased fear expectancies would follow over-predictions. 

Third, that the congruence between reported expectancies and actual measures would 

predict subsequent reported expectancies but not measured levels of fear and panic. 

Findings supported the latter two sets of predictions. Findings did not support the initial 

prediction, however. Instead, people with claustrophobia tended to under-anticipate their 

experienced fear and panic and to overestimate their behavioral approach.  

Results of the Telch et al (1994) study were largely dismissed with the noted 

hypotheses that Ps may have noticed safety-relevant features of the setting just before 

exposure and/or that the perceived predictability of the task rendered the tendency for 

people to over-anticipate their reactions obsolete. These post-hoc explanations are 

decidedly unsatisfactory. If the observation of safety-relevant features is to account for 

the findings, the Ps must have recognized the safety-relevant features before reporting 

their first expectancy (if not you would predict over-anticipation of fear). This could not 

explain the discrepancy between predictions for the second trial, after which Ps were 

intimately acquainted with the procedure. Alternatively, if perceived predictability 

accounts for the finding that Ps in this sample under-anticipated their experienced fear, 

then predictability must not only increase the accuracy of expectancies but also 

systematically produce overly optimistic expectancy. Although this may be possible in 

theory, it is incompatible with the larger literature on the nature of phobias, and thus is 

not a parsimonious explanation of the observed findings.  

To our knowledge, no one has provided a better account for the observed 

discrepancy in findings. Following careful examination of the Telch methods, there is at 
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least one alternative hypothesis to consider: the match between the domain of assessment 

of predicted and experienced fear may be a critical factor. We will discuss different 

domains of a fearful response when we discuss the nature of fear in a later section of this 

manuscript. It is important to investigate domain-specific (e.g., behavioral, affective, etc.) 

expectation accuracy. Not doing so (soliciting fear expectancies along one domain and 

observing fear reactions along another) may render results difficult to meaningfully 

interpret; this may account in part for the disparate results of the Telch study.  

Summarized Predictions for the Two Primary Questions of Interest 

The present study attempted to answer two general questions, the first of which 

was: what is the relation between expected and actual reactions to a feared stimulus in 

individuals who are fearful? Cognitive-behavioral models of specific fears predict that 

fearful individuals systematically over-anticipate their initial reaction to the feared 

stimulus, and that expectation accuracy increases slowly with additional experience. 

Behavioral descriptive models of specific fears do not postulate a role for conscious 

awareness and thus make no specific prediction about the accuracy of self-reported 

expectancies. Rather, they conceptualize declarative expectancies and behavioral 

responses to be dissociable elements of an individual’s experience. That is, they leave 

open the possibility that expectation accuracy will be variable in relation to (a) prior 

experience with the stimulus in relevant settings (with greater experience predictive of 

greater accuracy) and (b) the nature of existing stimulus control contingencies (with 

greater inaccuracy predicted when verbal behavior is under stimulus control of a different 

set of contingencies than is overt responding). As both of these influences are specific to 
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the individual, behavioral models make no prediction about expectation accuracy within 

specifiable groups (e.g., phobic individuals). 

The second general question investigated was: are inaccurate expectancies 

updated based on experience? The intensity of actual responses is predicted to decrease 

as a function of experience, independent of expectation accuracy; all models discussed 

assert this. In contrast, the models make unique predictions regarding the relation 

between prior expectation accuracy and future predictions. Cognitive models assert that 

expectation accuracy will directly impact the updating of expectancies, as described by 

the match-mismatch hypothesis. That is, under-anticipation of a fear response should 

always be followed by an increase in expectancy for the next trial (relative to expectancy 

reported on that trial), even though experienced fear is expected to decrease over repeated 

exposures. Behavioral models postulate expectation accuracy will increase over time 

irrespective of prior expectation accuracy, provided verbal behavior is not under the 

stimulus control of markedly different contingencies than is overt responding. That is, 

expectancies will be updated based on experience, but not in the manner described by the 

match mismatch hypothesis. Because we deliberately minimized demand characteristics 

in the present experimental setting, behavioral models predict initial individual variability 

in expectation accuracy, followed by a quick increase in expectation accuracy as a 

function of experience with the relevant material.  

Spider Fear in Focused Review 

Spider fear has been heavily investigated to date. Examination of the relevant 

empirical literature and joint consideration of recent data from our laboratory necessitated 
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consideration of the following in our experimental design: (1) the relation between 

diagnostic status and fear responding, and (2) the influence of context on fear responding. 

Before we discuss those things in detail, it is important to discuss the nature of fear more 

generally. 

The Nature of Fear: Latent or Emergent Construct? 

 The prevailing conception of fear in the lay public appears to be closest to that of 

a latent variable. In daily conversation, the term fear is ascribed causal properties rather 

frequently. Why did you do that? Well, I was afraid! If fear were in fact appropriately 

conceptualized as a latent construct, you would expect fairly strong correlations among 

its indicators; that is, those measurable things said to be caused directly by our level of 

fear (e.g., racing heart rate) should be clearly and consistently related
1
. Alternatively, if 

fear were an emergent construct, we would not expect universally strong correlations 

among fear measures. Rather, we would hypothesize that people would report being 

afraid when some sufficient combination of arousal across measures of fear is reached 

(e.g., strong physiological and strong affective response in the absence of over behavioral 

or cognitive self-report reactions).  

Revised Conceptualizations of Fear 

Many studies report correlations of 0.30 or less among measures of fear anchored 

in physiological, behavioral, affective, and self-report cognitive systems (e.g., Lang, 

1968; Hugdahl as cited in Merckelbach, de Jong, Muris, & van den Hout, 1996). In fact, 

                                                 
1
 This requires indicators with sound measures of reliability, as only reliable variance can co-vary 

significantly with other reliable variance. An alternative interpretation in the face of poor correlations might 

be insufficiently reliable indicator measures. 
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Lang (1971) suggested that fear reactions are the result of three separate response 

systems that he argued are interactive but partially independent, such that individuals 

often report fear in the absence of responding in one or more of these systems. For Lang, 

the three systems are best described as verbal (self-reported fear/panic or danger/threat), 

behavioral (passive or active avoidance), and physiological (primarily activation of the 

sympathetic nervous system and increased blood flow to areas of the brain, such as the 

amygdala, thought to modulate a fear response). Le Doux (e.g., 1996, 2007) and Damasio 

(e.g., 1994, Rudrauf & Damasio, 2006) term some self-reported cognitions fear feelings. 

In an attempt to capture these various aspects of a fear response, we asked Ps to make 

domain-specific predictions (physiological, behavioral, and affective) and self-reported 

reactions of their responses to a spider stimulus.  

A Potential Role for Implicit Measures of Fear   

 Researchers have taken different approaches to the measure of specific fear. Some 

have chosen to try to find reliable implicit measures that do not rely on self-report. 

Teachman (2003) developed and tested a variant of the Implicit Association Test (IAT) to 

assess a specific fear of spiders. In a series of studies, she and her colleagues found this 

measure, which requires Ps to make classifications of spider and snake stimuli (pictures 

and words) into fear-relevant and irrelevant categories as quickly and accurately as 

possible, reliably distinguishes those with a clinically significant level of fear from 

controls. She also found the measure is sensitive to treatment effects and is therefore 

useful in measuring and following treatment gains over time.  

Spider-Fearful vs. Spider-Phobic: A Meaningful Distinction? 
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 Up to this point, we have sidestepped the question, do individuals meeting criteria 

for a specific phobia differ from those with intense fears who do not meet full criteria for 

diagnosis? Data collected in our laboratory suggest diagnostic status is a meaningful 

predictor of self-reported predictions of a fearful response, even after controlling for self-

reported intensity of fear (Burger & Jacobs, in preparation). Given that, we included both 

measures of self-reported symptom intensity and of diagnostic status as predictor 

variables in the present study. From this point forward, for the purpose of convenience, 

you may see the terms spider phobic and spider fearful referred to in-text. These terms 

distinguish individuals who present with fear symptoms and meet diagnostic criteria 

according to the DSM-IV from those who present with fear symptoms but do not meet 

full criteria for diagnosis. The reader should not misconstrue this usage as an attempt to 

unreasonably pathologize so-called phobic individuals. All of the Ps in our sample were 

non-treatment seeking, highly functioning college students. We were admittedly lenient 

in our interpretation of the interference criterion, permitting those who were bothered by 

their fear or who reported even subtle changes to their routine or behavior because of 

their fear to be considered. We did not unduly pathologize those individuals during the 

study, nor do we intend to do so here. Experimenters never referred to specific Ps as 

being phobic, nor were Ps told if they met criteria for diagnosis with a phobia. 

A Matter of Context 

Previous research coming out of our laboratory (Burger & Jacobs, in preparation) 

suggests that individuals who meet DSM-IV criteria for diagnosis with a specific phobia 

of spiders, snakes, or rats anticipate disproportionately stronger reactions to the feared 
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stimulus in a physical (live) setting (e.g., a shower, a museum, etc.) than in a 

psychological setting (e.g., reading about the stimulus in a book or seeing one in a 

movie), though even non-fearful and fearful Ps anticipate stronger reactions in physical 

settings relative to psychological ones. These same data suggest further that Ps anticipate 

greater fear in enclosed than in open settings. We argued reported expectancies in our 

study reflected internal assessments of the probability of unwanted physical contact with 

the stimulus, something shown to relate directly to fear reports in other investigations 

(discussed in the next section of this manuscript). What remained unclear is if the Ps’ 

reported expectancies to the scenarios we posed were reflective of what would actually 

happen were we to expose them to a stimulus in the manner described. Although we did 

ask if Ps had ever been exposed in that way, the majority of our sample had not. They 

were therefore reporting expectancies anchored in something other than prior experience, 

which we predict are likely to be inaccurate. One aim of the present study is to assess the 

accuracy of expectancies in physical vs. psychological settings. Spider stimuli were 

presented to fearful Ps in either a physical or a virtual setting. The stimuli were either live 

(a real tarantula) or representations (a mechanical tarantula presented in a physical setting 

or a virtual tarantula presented in a virtual setting) of a tarantula. Based on our prior data, 

we predict that Ps exposed to the live spider (physical setting) will anticipate and report 

greater fear reactions than those exposed to the virtual spider (psychological setting). In 

the present study, we added a stimulus-specific variation, introducing a mechanical spider 

into a live (physical) setting. We predict that Ps exposed to the mechanical spider 

anticipate and report fear reactions substantially less than those exposed to the live or 



28 

 

virtual tarantula. Although presented within a physical setting whereby interaction with 

the stimulus is possible, the mechanical spider is clearly not real. We argue this reduces 

the likelihood that Ps exposed to the mechanical spider will imagine themselves 

encountering a live tarantula. Exposure to a spider in a virtual setting, where both the 

stimulus and the surrounding environment are quite realistic representations of the real 

thing, is arguably more intense than exposure in one’s imagination. Finally, we predict 

that individuals meeting criteria for diagnosis with a specific phobia will more accurately 

anticipate their reactions in a virtual setting than in a live one. This hypothesis was 

derived from previous findings that expected reactions of phobic individuals to physical 

settings relative to psychological ones are disproportionately larger (more likely to be 

overpredictions?) than those of fearful and non-fearful individuals. 

Perceived Danger vs. Perceived Probability of Unwanted Physical Contact  

The most common animal phobias are of potentially harmful or disgusting small 

animals (e.g., snakes or spiders).  Fearful individuals appear to agree that spiders are 

disgusting stimuli, which they want to avoid contact at all costs (e.g., Smits, Telch, and 

Randall, 2002). Fanselow (1994) and others argued that perceived probability of 

imminent threat (threat expectancy) is the most important predictor of level of reported 

fear. Increasingly, though, clinically relevant fear of small animals is thought to reflect 

more closely a perceived probability of unwanted contact with the organism in question 

(High-contact expectancy) de Jong & Muris, 2002) than a High-threat expectancy.  

Individuals with small animal phobia anticipate a greater probability of unwanted 

organism-initiated contact and approach than do individuals without such a phobia. De 
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Jong and Muris (2002) suggested that, at least for small animal phobias, phobic levels of 

fear reflect greater contact than threat expectancies. The suggestion is that imminent 

probability of contact with the feared animal (deemed ‘disgusting’), rather than imminent 

probability of danger, drives the level of reported fear.  

Given the foregoing, perceived lack of probability of unwanted contact with a 

disgusting stimulus (Low or No-contact expectancy) appears to signify safety; reported 

fear in settings where expected probability of contact is low is less than fear reported in 

settings where expected probability of contact is high. In a previous study (Burger & 

Jacobs, in preparation), Ps predicted greater fear in exposure settings that could be 

classified as more likely to result in unwanted contact (e.g., a spider in your bed) than 

those that could be classified as less likely to result in unwanted contact (e.g., a spider at 

a convenience store). In the present study, the actual probability of unwanted contact was 

constrained by laboratory procedures. Ps were in control of how close they got to the 

spider stimulus. Perceived probability (expectancy) could differ, however, because the 

live spider did not appear to be physically constrained. We therefore predict greater 

reported and anticipated levels of fear in response to the live spider than to the virtual or 

mechanical spider. 

Predictability and Control 

 Perceived unpredictability and uncontrollability are also significant predictors of 

fear of ‘high-fear’ (e.g., snakes and spiders) organisms (Armfield, 2007). This finding is 

not without precedent. The constructs of predictability and control have long been 

suggested to influence specific fears in this way (e.g., Riskind, Kelley, Harman, Moore, 
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& Gaines, 1992,  Arntz, Lavy, van den Berg, & van Rijsoort, 1993, Armfield & Mattiske, 

1996). To the extent that Ps in the present study perceive a live spider’s behavior to be 

more unpredictable than that of a mechanical or virtual spider, we again predict live 

spider Ps to anticipate and report greater levels of fear. 

Empirically Supported Treatment 

 Although not specifically a treatment study, our proposal to have Ps report and 

test a series of expectancies about their behavior in response to spider stimuli over the 

course of several trials involves a clear component of exposure. In some ways the 

exposure encountered by Ps in the different proposed groups resembles differences in 

available treatment options (e.g., in vivo vs. virtual exposure) or different levels of 

exposure according to typically generated fear hierarchies. Because we included follow-

up exposure trials to a live spider regardless of initial group, we have the opportunity to 

examine the effects of brief exposure across groups on subsequent responding in the 

presence of a live spider. This renders at least a brief discussion of treatment options and 

treatment-relevant findings warranted.  

Systematic Desensitization 

 As mentioned above, systematic desensitization is a more traditional model of 

exposure treatment for specific phobias. Used most frequently in clinical settings, clients 

construct a fear hierarchy and then learn relaxation techniques that are incompatible with 

a fear response (see however, Lick and Boozin, 1975). The therapist then guides the 

client to use of these techniques during systematic exposure to stimuli represented on the 

fear hierarchy. This approach is clearly tailored to the individual. This results in a 
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disconnect between the way treatment is used in clinical settings and the manner in which 

it is investigated empirically. Specifically, clinical settings use individually tailored ‘fear 

hierarchies’ whereas investigations of treatment efficacy use pre-structured and fixed 

forms of exposure secondary to constraints imposed by the scientific method. The 

question of interest, of course, is whether the added individual element in treatment 

employment is necessary or beneficial. 

In Vivo vs. In Vitro Exposure, and Everything Between  

Practicing therapists are increasingly considering the use of exposure in virtual 

reality (VRE) as the treatment for specific phobias. This is, in part, because of patient 

preferences and of decreased drop-out rates (Garcia-Palacios, Botella, Hoffman, & 

Fabregat, 2007). Estimated refusal rates for VRE are at 3%, relative to refusal rates of 

about 27% for in vivo exposure. When given the option, 76% of Ps chose VRE over in 

vivo exposure. Some suggest that, relative to live settings, decreased predicted fear in 

virtual settings drives this decision.  

One might think of VRE as a lower level of the fear hierarchy established in 

traditional systematic desensitization procedures. Traditionally, mastery of lower levels 

in the hierarchy precedes in vivo exposure. This appears to maximize the efficacy of the 

exposure treatment – something missing from VRE treatment protocols. Moreover, 

adequate treatment for such problems requires exposure to multiple contexts because 

exposure treatments do not sufficiently generalize to all contexts. If the exposure consists 

of virtual contexts exclusively, then the overall treatment may insufficiently generalize to 

live physical contexts. That is, a pattern of avoidance of encounters with the phobic 



32 

 

object would continue unabated following simple VRE treatment. We would expect even 

less generalization to the degree that the virtual treatment is an unrealistic representation 

of the natural setting. An important test of these ideas involves comparing observed 

discrepancies between predicted and experienced fear in live and virtual settings.  

A number of systematic efforts at investigating the utility of VRE procedures as a 

stand-alone treatment for specific fear have appeared over the past decade. Initially, these 

were more common with a specific fear of flying than of spiders, and they have 

traditionally involved comparisons of treatment gains for program completers in relation 

to a waitlist-control. There are few studies that compare virtual to in vivo exposure 

directly, but these data are increasing. Although some report comparable improvements 

following VRE compared to in vivo exposure (e.g., Rothbaum et al., 2006, for fear of 

flying), virtual exposure has also been found inferior in direct comparisons to in vivo 

exposure (Gilroy et al., 2000, for fear of spiders). Gilroy compared computer-aided 

virtual exposure and therapist-guided live exposure to a relaxation placebo group and 

determined that gains made on self-report measures of fear during and following 

computer-guided exposure were comparable to those made by completers of the 

therapist-guided exposure. Both treatments resulted in gains that outperformed those 

found in placebo control groups. More recently, Michaliszyn and colleagues (2010) 

conducted a randomized clinical trial investigating the effects of virtual vs. in vivo 

exposure to a spider over the course of 8, 1.5 hour sessions using a waitlist-control. Both 

groups experienced self reported and approach measures treatment gains in excess of 

those found in the waitlist-control group. In vivo exposure outperformed virtual exposure 
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only in terms of production of greater change on a cognitive fear-relevant beliefs subscale 

of one of their self-report measures. The question of whether these beliefs matter 

clinically remains unanswered, and mirrors questions raised here about the utility of 

assessing Ps beliefs about what they expect to happen upon encountering the object of 

their fear.  

Toward a Unified Fear Hierarchy 

The present study proposes to move us closer to the preparation of a unified fear 

hierarchy. In the event that spider fearful and phobic individuals are poor predictors of 

their responding in the presence of the object of their fear, it makes arguably little sense 

to use their predictions as a treatment guide. If we find that Ps’ initial predictions are 

inaccurate, observed differences in rate of responding across live spider, remote-

controlled spider, and virtual spider groups become more meaningful when looking 

toward ultimate construction of a unified fear hierarchy. This, of course, would be a first 

step in that direction.  

Specific Aims 

In summary, in the present study we attempted to: (a) determine the accuracy of 

domain-specific predictions of fear and if expectation accuracy varies according to 

diagnostic status (phobic/fearful) or exposure context (live/mechanical/virtual spider 

stimulus), (b) determine if expectancies are updated based on experience and past trial 

expectation accuracy, and (c) investigate the actual domain-specific reactions of 

participants and whether these vary according to diagnostic status or exposure context. 

We examined the data produced by our Ps both during the initial exposure trials and 
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during follow-up with a live tarantula. Finally, we attempted to (d) determine the impact 

of initial exposure context on treatment-relevant gains made during follow-up with a live 

tarantula.  

Although self-report often predicts avoidance behavior accurately, it has not been 

a reliable measure of physiological fear responses (Bockstaele, 2011). The question of 

whether it is a reliable measure for overt behavioral responses (e.g., distance maintained 

between one’s self and the spider stimulus) is unclear. When looking at expectation 

accuracy within a self-report domain the ecological validity of self-reported responding is 

clearly relevant. We therefore also attempted to (e) investigate the nature of the 

relationship between self-reported and observed fear reactions.    

Specified Hypotheses 

 We predict that phobic Ps will report greater fear expectancies than fearful Ps 

regardless of group. We predict that the pattern of phobic Ps’ expectancies will be 

consistent with behavioral conceptions of expectancies and general etiological models of 

phobia proposing systematic avoidance of feared stimuli because of limited experience 

with the feared stimulus. That is, we predict initial individual variability in the context of 

generally inaccurate initial expectancy of fear. We predict expectancies to become more 

accurate with time. We do not predict systematic over-anticipation of fear at the outset. 

Based on previous empirical data we predict that Ps (at least with spider phobia) will 

report more accurate fear expectancies to a virtual spider than will Ps assigned to other 

groups.  
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We predict phobic Ps will have greater fear responses than fearful Ps regardless of 

group. We further predict that fear will be greater in the presence of a live spider relative 

to the presence of a virtual or mechanical spider. Finally, we predict those in the live 

spider group who would have already benefited from prior exposure and acclimation to 

the live spider stimulus will experience the greatest gains during follow-up. 
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METHOD 

Participants 

 Ps were 86 undergraduate students recruited from the Psychology department 

subject pool at a large Southwestern university (mean age = 19.3 years, SD = 1.6, range = 

18-30). Reflecting the disproportionate prevalence of spider fear among females, 87% 

were female. Students received course credit in exchange for their participation.  

Recruitment Method 

The Spider Questionnaire (SPQ-described below) was administered through the 

Psychology department’s mass survey. Students scoring above 15 points on this measure, 

a score suggestive of significant spider fear, were invited to participate in the experiment. 

Those wishing to do so signed up directly via the department’s experiments website to 

participate in a specific timeslot. Because students in the virtual spider group reported to 

a different location, pure random assignment of Ps was not possible. Timeslots with 

specified locations were available for sign-up according to a blocked (to ultimately 

produce an equivalent number of Ps in each of the three groups if all slots were to fill) 

randomization table created using a random number generator. Therefore, Ps were 

assigned to a live spider, mechanical spider, or virtual spider group at the time of sign-up. 

For those in the live and mechanical spider groups, our laboratory room within the 

Psychology building was the specified starting location. For those in the virtual spider 

group, the Computer Center building, which houses the virtual immersion program was 

the specified starting location. Because of increased rates of no-show at the unfamiliar 
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Computer Center location, we added a disproportionate number of virtual group slots to 

maintain roughly equivalent sample size across groups. 

Measured Sample Characteristics 

 Upon arrival, Ps completed a diagnostic clinical interview and then a series of 

questionnaires. Ps in our sample reported significant spider fear as assessed by the Fear 

of Spiders Questionnaire (FSQ, described below; mean = 72.4, SD = 23.2) and the Spider 

Questionnaire (SPQ, described below; mean = 18.4, SD = 4.3). Per the diagnostic 

interview (described below), 20 of the 86 Ps recruited (23%) met diagnostic criteria for a 

specific phobia of spiders.  

Materials 

 Spider and Spider-Stimuli. Ps in the live spider group and during follow-up 

received self-paced exposure to a live pinktoe tarantula (Avicularia avicularia), placed in 

a lidless and shallow clear rectangular Tupperware container. Although this type of 

tarantula is smaller than some others (e.g., rose hair tarantula), it was selected for its 

greater sociability and activity level because lab personnel needed to handle the tarantula 

regularly. Tarantulas were socialized for human contact during a 1-2 week period, 

depending upon their portrayed comfort level (i.e. lack of skittishness), by the senior 

author. The senior author then introduced the spider to lab members for further 

socialization. Over the course of the study, the original spider died and was replaced by a 
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similar-sized pinktoe tarantula. Both tarantulas were female
2
, and are pictured in 

Appendix A. 

 We used an Uncle Milton Remote-Controlled Tarantula for the mechanical spider 

group, pictured in Appendix B. A computer programmer, who animated it to make 

regular natural movements, purchased the software presenting and animating the virtual 

tarantula used in the virtual immersion program. Although the 3-d animated virtual 

tarantula does not lend itself easily to a 2-D representation, Appendix C pictures it in the 

immersive environment.  

 Spider Track and Platform. A custom-built motorized, guided track permitted the 

movement of a platform 75 inches along one axis. Ps sat at one end and controlled the 

movement of the platform (upon which either the mechanical spider or the Tupperware 

containing the live spider was placed) using a remote switch with three toggle positions – 

approach, stop, and retreat. The apparatus allowed each P to control the distance from the 

stimulus while keeping the P stationary; this facilitated acquisition of physiological data. 

Appendix D illustrates the track and the associated platform. The virtual track and 

platform, pictured in Appendix C with the virtual tarantula, operated at the same speed as 

the custom-built platform, via participant-manipulation of the immersive environment 

remote. The track would slowly approach the P upon their pressing and holding a button 

on the remote, and would retreat to the start position (with the spider removed) following 

release of the button. 

                                                 
2
 At least, we believe this to be the case. It is admittedly difficult to be certain with tarantulas, but females 

live longer and get larger than males and thus are frequently preferred as pets.  
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 AZ-Live Immersive Environment. AZ-LIVE is a room environment that combines 

3-D computer graphics, stereoscopic projection technology, acoustical tracking devices 

and four-channel audio to create the illusion of presence in a virtual world. The 

reconfigurable projection walls allow users to view their virtual worlds in an intimate 

cave-like enclosure, a slightly larger immersive theater or a very large flat vertical 

display. Ps in the virtual condition viewed a virtual tarantula presented in the AZ Live 

environment.  

 Physiological Recording Equipment. Galvanic skin response (skin conductance) 

and heart rate were sampled using five Ag-AgCl reusable electrodes (TSD 103, BIOPAC 

Systems, Goleta, California). An amplifier (GSR 100, BIOPAC Systems) applied a 

constant voltage to the electrodes to detect changes. The signal was amplified by a 5 

µS/V, digitized at a rate of 200 Hz and acquired with AcqKnowledge acquisition 

software (BIOPAC). 

Electrode sensors were placed just below the collarbone bilaterally to detect heart 

rate, on the index and middle finger of the non-dominant hand to detect GSR. The ground 

electrode sensor was placed on the non-dominant wrist. The sensors were attached to P’s 

skin via Velcro sticker strips, with a dab of electrode conducting paste between the sensor 

and the strip. Time-labeled graphs of skin conductance and ECG data were recorded.   

Predictive Measures 

 Self-Report Measures of Fear 

Diagnostic Clinical Interview. This was adapted from the Specific Phobias section of the 

Anxiety Disorders Interview Schedule (ADIS), with the aim of discriminating those with 
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a specific spider phobia from those without specific phobias. Criteria from the DSM-IV 

were added directly to the interview packet to facilitate interviewer decision-making, and 

the interview was further adapted to focus specifically on spider fear. Appendix E 

provides this adapted version of the ADIS. 

Spider Questionnaire (SPQ). The SPQ is a 31-item (true/false) questionnaire designed to 

assess the intensity of spider fear. Estimates of the internal consistency of the SPQ using 

the KR-20 formula range from 0.83 to 0.90 (Klorman, Weerts, Hastings, Melamed, & 

Lang, 1974), though there is evidence that internal consistency estimates drop in some 

non-phobic samples due to a lack of variance (Muris & Merckelbach, 1996).  Consistent 

with this suggestion, present sample standardized estimate of the internal consistency of 

the SPQ using the KR-20 formula was 0.75. Test-retest reliability estimates for the SPQ 

range from 0.87 to 0.94 (Fredrikson, 1983; Muris & Merckelbach, 1996).  The SPQ 

discriminates individuals with spider phobias from both individuals with snake phobias 

(Fredrikson, 1983) and control Ps (Fredrikson, 1983; Muris & Merckelbach, 1996). 

Fear of Spiders Questionnaire (FSQ). The FSQ is a self-report measure of spider fear 

comprised of 18 statements regarding spiders. Responders rate their agreement with each 

of these statements on an 8-point scale ranging from 0 (totally disagree) to 7 (totally 

agree). The total score is a sum of these ratings. Estimates of the internal consistency of 

the FSQ range from 0.88 to 0.97 (Muris & Merckelbach, 1996, Szymanski & 

O’Donohue, 1995). In a non-clinical sample, 3-week test-retest reliability was 0.91 

(Muris & Merckelbach, 1996). The FSQ differentiates individuals with and without 

spider phobia, is sensitive to the effects of treatment, and correlates significantly with 
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scores on the SPQ and with ratings during behavioral avoidance tests (Muris & 

Merckelbach, 1996, Szymanski & O’Donohue, 1995). Present sample standardized 

estimate of the internal consistency of the FSQ was 0.92. 

 Self-Report Affective Measures  

Spielberger State and Trait Anxiety Inventories (STAI). The Spielberger State and Trait 

Anxiety Inventories are standard measures of state and trait anxiety. Estimates of the 

internal consistency of the Spielberger State Anxiety Inventory (STAI-S) using the KR-

20 formula are uniformly high across samples. In independent student, working adult, 

and military recruit samples the alphas were 0.90 or higher, with a median coefficient of 

0.93 (Spielberger, Sydeman, Owen & Marsh, 1999).  Estimates of the internal 

consistency of the Spielberger Trait Anxiety Inventory (STAI-T) using the KR-20 

formula in these same samples were also uniformly high, with a median coefficient of 

0.90 (Spielberger, Sydeman, Owen & Marsh, 1999). Test-retest reliability estimates for 

the STAI-T range from 0.73 to 0.86 in college samples (Spielberger, Sydeman, Owen & 

Marsh, 1999). Test-retest reliability for the STAI-S is relatively low, with a median of 

0.33 (Spielberger, Sydeman, Owen & Marsh, 1999). This is promising because state 

anxiety fluctuates in response to environmental contingencies (and thus a valid measure 

of state anxiety should reflect that). Present sample standardized estimates of the internal 

consistency of the STAI-S and STAI-T using the KR-20 formula were 0.94 and 0.91, 

respectively. 

Beck Depression Inventory (BDI-II). The BDI-II is a 21-item self-report measure of 

symptoms associated with a diagnosis of depression such as sadness, changes in sleep 
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and appetite, and loss of interest. Nineteen of the items include a 4-point rating scale 

ranging from 0-3 representing ascending levels of severity of the sampled symptom (e.g., 

“I do not feel sad” through “I am so sad or unhappy that I can’t stand it”). Responders are 

to select only one response per item that best represents how they have felt during the 

past 2 weeks. Internal consistency estimates range from 0.92-0.93 for a psychiatric 

outpatient sample, and 0.93 for college students (as reported by Nezu et. al, 2000). Test-

retest reliability was estimated at 0.93 based on a sample of 26 outpatients completing the 

BDI-II twice, 1-week apart. Present sample standardized estimate of the internal 

consistency of the BDI-II was 0.92. 

Implicit Measure of Spider Fear Intensity 

Teachman’s Implicit Association Test (IAT). The IAT is a response-time task. 

Participants classify stimuli (either words or pictures, in this case of either spiders or 

snakes) into categories (in this case categories representing safety vs. danger) as quickly 

as possible. Response time is an index of the relative strength of automatic associations 

between the stimuli and the category. Implicit associations to one target category are 

therefore assessed relative to associations with a comparison target category. The IAT 

used here was programmed into DMDX using the same stimuli Teachman (2003) used in 

her task, according to task specifications provided to the senior author by request. In 

Teachman’s samples, this measure reliably distinguishes people with specific phobias 

from those without and is sensitive to treatment gains. 

Unfortunately in our sample the IAT did not differentiate spider phobic from 

fearful Ps, F(1,77) = 1.60, p = 0.21. This may be due in part to a greater fear of snakes 
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here in the southwest region, rendering the comparison sampling (of snakes to either 

safety or danger categories) a poor choice for the present sample. Although it is important 

to ensure that the comparison sampling stimuli are of things roughly equivalently 

dangerous to spiders, in our sample many Ps reported fear of both. Teachman excluded 

those with snake fear from her data set; we did not have that luxury. Rather, data from 

previous studies conducted in our laboratory suggest that non-phobic levels of snake fear 

are one of the most common reported fears of university students sampled.  

Measures of Trial-Specific Fear Predictions 

 Self-Report Predictions of Distance, Heart Rate, GSR, and Fear.  

At the outset of each trial, E1 asked each Ps to predict the level of fear, increase in 

heart rate, and increase in galvanic skin response (GSR) they anticipated during the 

upcoming trial, in reference to printed self-report scales provided by the experimenter. 

These scales ranged from 0 (for the person’s typical response; e.g., “beat normally” for 

heart rate) to 8 (represented a severe increase; e.g., “severe increase in heart rate”) for 

both heart rate and GSR, The scales were created specifically for use with this study. For 

fear, the scale ranged from 0 to 100, and Ps were told to think of their level of fear as a 

percentage of the worst fear they had ever experienced. Predictions of the distance Ps 

would keep between themselves and the spider stimulus were made by placing an “x” on 

the mapping sheet shown in Appendix F; this sheet is a scaled representation of the 

laboratory room and associated apparatus. 

Measures of Trial-Specific Fear Reactions 

 Self-Report Measures of Distance, Heart Rate, GSR, and Fear.  
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At the end of each trial, Ps reported level of fear, change in heart rate, and change 

in galvanic skin response (GSR) they experienced during the trial, in reference to printed 

self-report scales, created specifically for use in this study, mimicking those used for 

prediction. Ps reported on the distance kept between themselves and the spider stimulus 

by placing a new “x” on the same mapping sheet (Appendix F), in reference to their 

prediction and to the scale-representation of the room.   

 Direct Observation of Distance.  

For those in the live and mechanical spider groups, E2 referred to a measuring tape 

secured alongside the track to record the distance maintained between the P and the edge 

of the track platform. For those in the virtual spider group, the computer program 

recorded distance traveled by the virtual platform; these records were converted to 

distances maintained between the P and the spider stimulus using a scale equivalent to 

that used for the live groups.  

Procedure 

 Figure 1 provides a visual representation of the procedure used. Upon arrival to 

the laboratory, E1 reviewed an informed consent form with the P directly and answered 

any questions s/he had before securing consent. E1 then took the P through the adapted 

ADIS clinical interview (Appendix E). Following the interview, E1 brought the P to a 

computer where s/he completed electronic versions of the aforementioned questionnaires. 

During this time, E2 connected the physiological equipment (as described previously for 

Ps in either of the live conditions) to the P. Participants in the virtual condition were not 

monitored using physiological recording equipment until the later trials because the 
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equipment was restricted to the laboratory space. Upon starting the recording equipment, 

E2 started a stopwatch that continued to run until debriefing concluded. During the 

experiment, E2 made notation of stopwatch time in relation to P behavior and 

experimenter procedures for later reference when analyzing physiological recording data.  

 Immediately after completing the questionnaires, Ps completed the IAT task. E1 

then directed the P to move their chair positioned directly in front of the spider track. 

This chair had been behind those in the live and mechanical spider groups, and in another 

part of the room housing the virtual environment encountered by those in the virtual 

spider group. Up to this point, no spider stimuli had been in view. 

 E1 informed the P to would make a series of predictions regarding her response to 

a (real, mechanical, or virtual) spider, and then to bring the spider to the place where she 

first felt uneasy using the remote controlling the track platform. Participants learned to 

use the remote, were given a chance to practice, and then reminded to bring the platform 

to the place where they first felt uneasy during each trial. No spider stimuli were present 

during this phase of the experiment. 

 Once the P was demonstrably comfortable moving the platform, the first set of 

trials began. Ps completed a minimum of three trials in this set. Trials were discontinued 

for Ps who both brought the platform containing the spider stimulus to the end of the 

track and then, following directions offered by E1, reached out and touched the spider 

stimulus. Each P completed a minimum of three and a maximum of seven exposure trials 

in their assigned condition. During each of the trials, E1 gave the Ps a scaled map of the 

laboratory room (Appendix G), with the track clearly indicated. Ps reported their 
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expectancy of where they would first start to feel uneasy by placing a mark at that spot on 

the visual representation of the track. E1 then asked the P to state how fast his/her heart 

would beat at its fastest and the intensity of skin conductance or “sweaty palms” at its 

worst during the next trial. Finally, E1 asked the Ps to state (report on their expectancy) 

their level of fear at its worst during the next trial on a scale of 0-100. Appendix F 

provides referenced scales. 

 The spider stimulus was then placed on the platform at the far end of the track, 

either by E1 (live conditions) or by E1-instructed P button press (virtual condition). E1 

then instructed the P to begin moving the platform at any time, and to stop (either via 

toggle switch or release of the held button press) the advancing of the platform when s/he 

first felt uneasy. E2 recorded the stopwatch time when the P began moving the platform, 

and again when the P stopped its advance. The spider stimulus was removed from view 

immediately after the P stopped the platform (E1 removed the Tupperware contained and 

obscured it from view for the live conditions; for the virtual condition the spider stimulus 

disappeared when the platform reset to its original location). As the track was reset for 

the next trial (manually for live conditions via the toggle switch; automatically for the 

virtual condition), E1 asked the P to report the actual distance maintained between 

him/herself and the spider stimulus using the same mapping sheet. The P then rated an 

estimate of his or her actual increase in heart rate, skin conductance, and level of fear at 

their worst for the previous trial using the aforementioned scales. 

 After the first set of trials was completed, E1 instructed the P to remove the 

stickers connecting the physiological equipment from their person, as they would remove 
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a Band-Aid. Once the equipment was disconnected, E1 led Ps in the live and mechanical 

tarantula groups on a brief walk according to a pre-determined route roughly equivalent 

to the walk from the Computer Center to the departmental laboratory. Ps in the virtual 

group did not need to disconnect monitoring equipment (as they had not been monitored 

up to that point). Following completion of the initial set of trials, E1 led Ps in the virtual 

spider group to the laboratory room in the Psychology building where they completed 

their participation.  

 Upon return/arrival to the laboratory, Ps sat in front of a computer where they 

completed the IAT task again, with items occurring in a different order than they had 

previously. This permitted analysis of change in IAT measures following exposure to the 

P’s condition, as well as relaxing of the P’s physiology before E2 (re)attached the 

physiological recording equipment.  

Following the IAT, E2 attached the physiological equipment as previously 

described. Ps then completed a final set of trials in relation to the live tarantula, 

regardless of initial condition assignment. Procedures were as before, and each P 

completed all three trials. As before, if a P brought the platform containing the tarantula 

all the way up to their person, E1 offered the opportunity to reach out and touch the 

tarantula before the end of that trial. 

 After the final trial, E1 instructed the P to disconnect the physiological recording 

equipment from their person. Ps completed one final IAT while E1 left the room, 

returning the tarantula to her quarters in another room of the Psychology building. 

Following completion of the IAT, E2 commenced debriefing.  
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Just before debriefing, E2 informed the P that she needed to go get another 

individual who had participated earlier in the day, but who was late and therefore had not 

had time to participate in the debriefing procedure. This individual was actually a 

confederate of the experimenter. E2 left the room to retrieve said individual. The 

confederate entered the room shortly thereafter. After a brief pause the confederate 

attempting to engage the P in a casual discussion of the experiment, and disclosed in a 

natural way that s/he had acted more afraid during the experiment than s/he actually was. 

This was done to see if Ps would spontaneously make a similar confession, deny that they 

had done the same, or otherwise respond in a way that would help the confederate 

estimate the likelihood that the P responded in congruence with experienced levels of fear 

during the experiment. If the P asked where the experimenter went, the confederate said 

s/he was told the experimenter would be right back. 

After three minutes, E2 re-entered the room. The debriefing procedure began with 

a pair of questions designed to evaluate demand characteristics associated with this 

experiment in the absence of E1’s presence. The first question asked Ps to rate the degree 

to which they felt pressured to act a certain way (e.g., to act more afraid than they were) 

during the experiment, on a scale of 0-8 (0 = not at all, 8 = extremely). E2 briefly 

normalized such responses, but ratings were kept confidential. The second question asked 

Ps to rate, on the same scale, how much they changed their behavior in relation to such 

pressure. E2 explained both questions to the confederate and the P together, who were 

instructed to make their ratings confidentially on clipboarded-sheets handed to them by 

the E2. Following the ratings, E2 identified the confederate as such, apologized for the 
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use of deception, and explained to the P the reason for the deception. E2 dismissed the 

confederate and gave the P one final opportunity to let him or her know whether he or she 

had acted any more afraid than they were during the experiment. E2 then explained the 

purpose and hypotheses of the experiment in some detail. After debriefing, E2 thanked 

the P for his or her time and administered departmental credit for their participation 

directly on the experiments website. 

Statistical Analysis: ANOVAs with Follow-Up GLMS  

 The majority of our hypotheses were evaluated using two-way ANOVA 

procedures. Diagnostic status according to the clinical interview (phobic, fearful) and 

assigned condition (live spider, mechanical spider, virtual spider) served as the predictor 

variables for outcome measures of interest. Subsequent mixed GLM models determined 

if any of our other measured predictors were useful in accounting for variance in outcome 

beyond that accounted for by the primary predictor variables and interactions among 

them. 

 Our GLM Predictor Model Variables: Hierarchical Variance Partitioning 

 Preliminary correlation analysis revealed that participant-reported degree to which 

they were acting differently than they might otherwise in association with pressure felt to 

do so during the experiment (e.g., acting more afraid than they were; this was assessed as 

a part of the confederate procedure described previously) was related to at least some 

outcome measures of interest. To be conservative, then, this variable (called ACTING) 

received priority over all variables included in the follow-up analysis GLM. The 

remaining order of included predictor variables was as follows: condition assignment 
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(live spider, mechanical spider, virtual spider), diagnostic status (phobic, fearful), 

reported intensity of specific spider fear (FSQ followed by SPQ; FSQ was given priority 

given elevated estimates of internal consistency), state then trait anxiety (STAI), IAT 

difference in reaction time when categorizing spider stimuli into fear-congruent vs. 

incongruent categories, and finally self-reported level of depressive symptoms (BDI-II). 

Variance was partitioned hierarchically. 
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RESULTS 

Sample Characteristics by Group 

A series of one-way ANOVAs revealed no significant differences in participant 

characteristics across assigned group in self-reported fear and avoidance of spiders during 

the clinical interview [Spider Fear Rating: F(2,82) = 1.76, p = 0.18; Spider Avoidance 

Rating: F(2,82) = 0.89, p = 0.42], self-reported symptoms of depression [Beck 

Depression Inventory: F(2,79) = 0.15, p = 0.86], self-reported spider fear [Fear of Spiders 

Questionnaire: F(2,82) = 0.44, p = 0.65; Spider Questionnaire: F(2,82) = 0.17, p = 0.85], 

self-reported state and trait anxiety [Spielberger State Anxiety: F(2,82) = 0.44, p = 0.65; 

Spielberger Trait Anxiety: F(2,82) = 0.17, p = 0.85], or average difference in initial IAT 

reaction time when categorizing spider stimuli into the fear-incongruent category vs. the 

fear congruent category [F(2,76) = 0.09 p = 0.92]. This suggests findings differing 

reliably across groups are not likely to be secondary to between-group differences in 

participant characteristics. Figures 2-9 depict these data graphically.   

Relations among Measured Constructs 

 Correlational analyses were conducted for the purposes of construct validation. 

As expected, self-reported depression symptoms and measures of state and trait anxiety 

correlated significantly [state anxiety: r = 0.56, n = 82, p = 0.00; trait anxiety: r = 0.76, n 

= 82, p = 0.00]. This is encouraging given the well-documented positive relation between 

general depression and anxiety symptoms. State and trait anxiety also correlated 

positively [r = 0.75, n = 83, p = 0.00]. Similarly, our two measures of specific fear of 

spiders correlated positively [r = 0.67, n = 85, p = 0.00]. Table 1 illustrates the resulting 
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correlation matrix. Given there were no significant relations with any of these constructs 

and the average difference in IAT reaction time when categorizing spider stimuli into the 

fear-incongruent category vs. the fear congruent category, these correlations were 

removed from the Table in the interest of visual parsimony.  

Learning Trials (1-7) Results 

Expectation Accuracy 

Self-reported distance maintained between the P and the spider stimulus on the 

first trial and the measure of the actual distance maintained between the P and the spider 

stimulus on the first trial correlated positively, r = 0.80, p < 0.0001. This suggests Ps 

described their actual reactions to the stimuli with respect to distance maintained between 

themselves and the spider stimulus quite well, rendering analysis of self-reported 

expectation accuracy possible. We cannot be certain self-reported expectation accuracy 

across other domains is meaningful because independently measured heart rate and 

galvanic skin response data were unavailable for comparison to self-reported responses in 

these domains. Participants could have poor awareness of their interoceptive 

physiological responses, for example, which would render self-reported expectation 

accuracies across these domains fairly useless. It is important to keep this in mind when 

reviewing the expectation accuracy results presented here.   

Match-Mismatch Data 

Using the Telch et al. (1994) 10% criterion described previously, trial-specific 

predictions of distance, fear, heart rate, and galvanic skin response were classified as a 

match, overprediction, or underprediction. Table 2 presents these data collectively for 
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each expectancy domain (distance, fear, heart rate, galvanic skin response), as a series of 

two-way ANOVAs revealed that expectation accuracy did not differ significantly by 

either diagnosis or group. As shown in Table 2, anticipated reactions for the first trial 

were generally inaccurate, but increased rapidly during the remaining trials. Looking at 

the first trial specifically, these data are inconsistent with the match-mismatch hypothesis, 

which predicts that spider fearful individuals are more likely to over-anticipate domain-

specific fear responses to spider stimuli. Trends are not readily observed in these data, 

though there are some domain-specific reactions that were more frequently under-

anticipated than over-anticipated (e.g., anticipated distance maintained between 

themselves and the stimulus, and anticipated fear). 

Statistical Analyses of Expectation Accuracy across Domains 

A series of dependent-sample t-tests compared P self-reported expected reactions 

to their self-reported actual reactions during the first seven trials. Given this procedure 

required four independent comparisons for each trial from the same overall data set, the 

likelihood of making a Type I error was increased. We therefore used a Bonferroni 

correction to arrive at an alpha level of 0.01 for each of these significant tests
3
. By this 

method, Ps’ self-reported expectancy reactions for the first trial were significantly 

different from their self-reported actual reactions in terms of distance maintained between 

themselves and the spider stimulus [t(84) = -4.04, p = 0.00, d = 0.36
4
] and reported 

                                                 
3
 Bonferroni corrections require assessing statistical significance given an alpha level of 1/n times what it 

would be if only one hypothesis were tested. Since we tested four hypotheses for each trial (associated with 

the four self-reported sampling domains of fear: distance kept between themselves and the spider stimulus, 

fear, heart rate, and galvanic skin response), this rendered our alpha level 0.01.  
4
 Cohen’s d was calculated using original mean and standard deviation data despite this being a paired-

samples t-test. While there is some disagreement with respect to how effect sizes should be calculated in 
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galvanic skin response [t(85) = 4.16, p = 0.00, d = 0.37]. That is, expectancies were 

relatively inaccurate for the first trial. None of our postulated model predictor variables 

significantly predicted first trial expectation accuracy. This was the case for all domains 

assessed: distance [F(10,57) = 0.89, p = 0.55], fear [F(10,57) = 0.74, p = 0.69], heart rate 

[F(10,57) = 1.85, p = 0.07], and galvanic skin response [F(10,57) = 0.72, p = 0.70].   

Participants’ self-reported predicted reactions on subsequent trials and their self-reported 

actual reactions did not differ significantly, with only one exception: predicted galvanic 

skin response differed significantly from reported galvanic skin response on the second 

trial [t(84) = 3.10, p = 0.00, d = 0.08].    

Utility of Expectation Accuracy 

We now turn to examination of our prediction that Ps will update subsequent 

expectancies based on prior experience. While expectation accuracy increased over time 

at the group level, there was sufficient individual variability in expectation accuracy to 

test this hypothesis across all trials. We therefore ran a series of GLM models predicting 

change in reported expectancy (a variable calculated by finding the different between 

self-reported expectancy for the current trial and self-reported expectancy for the 

previous trial) from prior trial prediction inaccuracy (a variable calculated by finding the 

different between self-reported expectancy for the prior trial and self-reported actual 

responding on the prior trial, which therefore indicated both the degree and the direction 

of the inaccuracy). This analysis was possible for Trials 2-7, but not for Trial 1 (because 

there was no prior trial to use for comparison). At a Bonferroni adjusted alpha of 0.008, 

                                                                                                                                                 
the case of paired samples, this method is the most conservative (least likely to produce exaggerated effect 

size estimates). 
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this hypothesis was supported for all trials, regardless of response domain (distance 

maintained, self-reported fear, etc.). We report only findings specific to distance 

prediction here for two reasons: (1) the same pattern of findings was found across all self-

reported response domains, and (2) we can be more confident in our estimates of 

expectation accuracy from this domain because self-reported and independently observed 

distance maintained were highly correlated.  

Trial 1 distance expectation inaccuracy accounted for a significant amount of the 

variance observed in the change in reported distance expectancy from Trial 1 to Trial 2 

(F(1, 82) = 71.75, p < 0.0001, R² = 0.47). The amount of variance in change in 

expectancy accounted for by previous trial inaccuracy decreased with successive trials. 

This is expected given the group finding that expectation accuracy increased significantly 

by Trial 2. Regardless, Trial 6 expectation inaccuracy still significantly predicted change 

from Trial 6 to Trial 7 in reported distance expectancy (F(1, 69) = 21.49, p < 0.0001, R² 

= 0.24). That is, Ps appeared to update their reported trial-specific expectancies in 

relation to previous trial expectation accuracy.  

An additional question of interest was whether Ps trial-specific expectancies could 

be predicted simply from their responses during the previous trial, without appeal to 

reported expectancies. We will again focus specifically on distance expectancies in our 

review of the results. At a Bonferroni adjusted alpha of 0.008, Trial 2 reported distance 

expectancy was significantly predicted by Trial 1 reported distance maintained between 

the P and the spider stimulus (F(1, 82) = 178.85, p < 0.0001, R² = 0.69). The amount of 

variance in reported trial-specific expectancy accounted for by previous trial responding 



56 

 

understandably increased across learning trials, with some variability from trial to trial 

noted. By Trial 7, prior trial responding accounted for the majority of the reliable 

variance in current trial responding (F(1, 69) = 415.98, p < 0.0001, R² = 0.86). Again, 

findings across other response domains were consistent with this pattern. That is, Ps 

appeared to update their reported trial-specific expectancies on the basis of prior trial 

responding.  

The final question of interest is whether reported expectancy holds utility in 

accounting for observed responding beyond that accounted for by referencing of prior 

trial responding. To be fair, we also asked the reverse: whether prior trial responding 

holds utility in accounting for observed responding beyond that accounted for by 

referencing of prior trial reported expectancies. A model including both Trial 1 reported 

distance and Trial 1 reported distance expectancy significantly predicted Trial 2 reported 

distance maintained between the P and the spider stimulus (F(2, 81) = 71.10, p < 0.0001, 

R² = 0.64). After giving priority to Trial 1 reported responding (t = 138.56, p < 0.0001), 

however, Trial 1 reported expectancy did not account for a significant portion of the 

remaining variance in Trial 2 responding (t = 3.64, p < 0.060). When priority was 

reversed, both Trial 1 reported expectancy and Trial 1 reported distance accounted for 

significant portions of the variance in Trial 2 responding. This pattern held generally for 

distance responding across Trials 2-7, with a model including both Trial 6 reported 

distance and Trial 6 reported distance expectancy significantly predicting Trial 7 reported 

distance maintained between the P and the spider stimulus (F(2, 67) = 279.57, p < 

0.0001, R² = 0.89). Explanatory power increased as variability in expectation accuracy 
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decreased over time. As before, after giving priority to Trial 6 reported responding (t = 

553.61, p < 0.0001), however, Trial 6 reported expectancy did not account for a 

significant portion of the remaining variance in Trial 7 responding at a Bonferroni 

corrected alpha of 0.008 (t = 5.52, p < 0.022). When priority was reversed, both Trial 6 

reported expectancy and Trial 6 reported distance accounted for significant portions of 

the variance in Trial 7 responding. Importantly, this pattern held generally for all reported 

domains of a response, with expectancy occasionally adding additional explanatory 

power to a given model of trial-specific responding, but prior trial responding always 

accounting for significant portions of the observed variance regardless of causal priority 

specification. 

Directly Observed and Physiologically Measured Fear Reactions 

A two-way ANOVA showed that during the initial seven trials both diagnostic 

status (phobic/not) and group assignment (live/mechanical/virtual), but not the interaction 

between the two, accounted for significant portions of the variance in the average 

distance Ps kept between themselves and the spider stimulus, F(5,80) = 6.62, p < 0.0001, 

η² = 0.29. In general phobic Ps kept a greater distance between themselves and the 

stimulus, regardless of group, than did fearful Ps. Post hoc analysis using Tukey’s HSD 

criterion indicated that the mean distance Ps in the virtual group kept between themselves 

and the spider stimulus (M = 68.45 cm, SD = 48.56 cm) was significantly smaller than the 

mean distance Ps in the live spider (M = 113.08 cm, SD = 42.16 cm) and mechanical 

spider (M = 100.89 cm, SD = 48.67 cm) groups kept between themselves and the spider 

stimulus. There was no significant difference in the mean distance Ps in the live spider 
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and mechanical spider groups kept between themselves and the spider stimulus. Figures 

10 and 11 depict these data graphically. Table 3 displays SAS output from the GLM 

procedure used to run the ANOVA.  Mixed hierarchical GLM analysis revealed our 

model of predictor variables significantly predicted the average distance Ps kept between 

themselves and the spider stimulus during the initial 7 trials, F(10, 57) = 4.91, p < 

0.0001, η² = 0.46. Specifically, assigned group, diagnosis, and level of self-reported 

specific spider fear as measured both by the FSQ [F = 5.34, p = 0.02] and by the SPQ [F 

= 6.85, p = 0.01] were significant predictors of the average distance Ps kept between 

themselves and the spider stimulus during the initial 7 trials. None of the other predictor 

variables entered into the model (see statistical analyses sections of this manuscript for a 

review of model predictor variables and their specified order) helped us predict the 

average distance Ps maintained between themselves and the spider stimulus during the 

initial 7 trials.       

As anticipated, measured GSR data was insufficiently variant across Ps to permit 

meaningful statistical analysis. Most GSR curves were essentially flat for the duration of 

the experiment. This may be, in part, due to efforts to ensure the experiment was not 

overly stressful to Ps (e.g., they were in complete control of how close they got to the 

spider stimulus) and to difficulties showing GSR responses both in general and via the 

use of our aged recording equipment specifically. Unfortunately, we were similarly 

unable to analyze measured heart rate data secondary to excessive artifacts that 

sufficiently challenged the validity of any analyses we might attempt. The excessive 

artifacts in our data are most likely secondary to two factors: (1) an insufficient sampling 
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rate (200 Hz), and (2) excessive movement on the part of Ps despite continuous 

reminders to stay as still as possible. 

Self-Reported Fear Reactions 

A two-way ANOVA showed that during the initial 7 trials both diagnostic status 

(phobic/not) and group assignment (live/mechanical/virtual), but not an interaction 

between the two, accounted for significant portions of the variance in the average fear Ps 

reported during the first 7 trials, F(5,80) = 4.97, p = 0.00, η² = 0.24. In general, phobic Ps 

reported greater fear, regardless of group, than did fearful Ps. Post hoc analysis using 

Tukey’s HSD criterion indicated that the mean fear Ps in the mechanical spider group 

reported (M = 33.15 per cent, SD = 27.04 per cent) was significantly smaller than the 

mean fear Ps in the live spider group reported (M = 54.29 per cent, SD = 24.75 per cent). 

The difference in mean fear reported between Ps in the mechanical and virtual spider (M 

= 48.38 per cent, SD = 23.72 per cent) groups approached statistical significance (p = 

0.052). There was no significant difference in the mean fear reported by Ps in the live and 

virtual spider groups. Figures 12 and 13 depict these data graphically. Table 4 displays 

SAS output from the GLM procedure used to run the ANOVA. Mixed hierarchical GLM 

analysis revealed our model of predictor variables significantly predicted the average fear 

Ps reported during the initial 7 trials, R² = 0.35, F(10, 57) = 3.02, p = 0.00, though only 

assigned group and diagnosis were significant predictors of the average fear Ps reported 

during the initial 7 trials.  

Two-way ANOVAs showed that diagnostic status (phobic/not), group assignment 

(live/mechanical/virtual) and the interaction between the two were insufficient predictors 
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of the variance in average self-reported heart rate [F(5,80) = 1.50, p = 0.20] and average 

self-reported galvanic skin response [F(5,80) = 0.24, p = 0.95] during the initial 7 trials. 

Follow-up mixed hierarchical GLM procedures similarly rendered none of our model 

predictor variables useful in accounting for observed variance in self-reported heart rate 

and self-reported galvanic skin response.  

Relations among Domain-Specific Responses 

Table 5 reports correlations among the four domain-specific self-report measures 

of a fear response: behavioral (distance maintained between themselves and the spider 

stimulus), physiological (heart rate and skin conductance), and cognitive/affective (self-

reported fear). Although significantly and positively correlated, a convincing case could 

not be made that these are actually assessing the same thing (i.e. a single latent construct).  

Measurable Gains of Exposure 

A one-way ANOVA showed that group assignment (live/mechanical/virtual) 

accounted for a significant portion of the variance in the change in distance maintained 

between the P and the spider stimulus from the initial to the final trial, F(2,66) = 4.55, p = 

0.01, η² = 0.12. Post hoc analysis using Tukey’s HSD criterion indicated that the mean 

decrease in distance maintained between the P and the spider stimulus for Ps in the 

mechanical spider group (M = 0.24, SD = 0.66) was significantly smaller than the mean 

decrease in distance maintained between the P and the spider stimulus for Ps in the 

virtual group (M = 0.81, SD = 0.64).Since the majority of Ps exposed to the mechanical 

stimulus did not bring the stimulus completely up to their person (floor effect), this 

suggests that Ps assigned to the virtual spider group made greater treatment-like gains 



61 

 

during the initial seven trials, decreasing their maintained distance from the spider 

stimulus by more than those in the mechanical group. This pattern does not reach 

statistical significance when comparing those in the virtual spider group to those in the 

live group, though the mean decrease in maintained distance is greatest for those in the 

virtual spider group. Figure 14 depicts these data graphically. 

A one-way ANOVA showed that group assignment did not account for a 

significant portion of the variance in change in reaction time from the first administration 

of the spider IAT (pre-trials) to the second administration (post-trials), F(2,76) = 0.78, p 

= 0.46.  

More Ps assigned to the mechanical spider group touched the spider stimulus 

before the 7 trials were complete than did Ps in either the live spider or virtual spider 

groups. Table 6 summarizes these data. 

Follow-Up Trials (8-10) Results 

Expectation Accuracy 

Self-reported distance maintained between the P and the spider stimulus on the 

first follow-up trial was significantly and positively related to our measurement of the 

actual distance maintained between the P and the spider stimulus on the first trial, r = 

0.82, p < 0.0001. This suggests Ps described their actual reactions to the stimuli with 

respect to distance maintained between themselves and the spider stimulus fairly 

accurately, rendering analysis of self-reported expectation accuracy during follow-up 

possible. We cannot be certain self-reported expectation accuracy of heart rate and 

galvanic skin response is meaningful because independently measured physiological data 
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were unavailable for comparison to self-reported responses in these domains. It is 

important to keep this in mind when reviewing the expectation accuracy results presented 

here.   

Match-Mismatch Data 

Follow-up trial-specific predictions of distance, fear, heart rate, and galvanic skin 

response were classified as a match, overprediction, or underprediction using the same 

criterion described previously. Table 7 presents these data collectively for each domain of 

expectation (distance, fear, heart rate, galvanic skin response), as a series of two-way 

ANOVAs revealed that expectation accuracy did not differ significantly by either 

diagnosis or group. Generally, Ps anticipated their reactions for the first follow-up trial 

inaccurately, with expectation accuracy increasing on subsequent trials. Looking at the 

first follow-up trial specifically, these data are more consistent with the match-mismatch 

hypothesis postulating spider fearful individuals are more likely to over-predict domain-

specific fear responses to spider stimuli than were data from initial set of trials. In 

interpreting these data, it is important to remember that for Ps assigned to the live spider 

group this trial was actually the 8th trial of its kind. Again, trends are not readily 

observed, other than the trend for expectancies to become more accurate quickly 

following the initial (in this case follow-up) trial.  

Statistical Analyses of Expectation Accuracy across Domains 

A series of dependent-sample t-tests compared Ps’ self-reported anticipated 

reactions to their self-reported actual reactions during follow-up. We again used a 

Bonferroni correction to arrive at an alpha level of 0.01 for each of these significant tests. 
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By this method, Ps’ self-reported anticipated reactions for the first follow-up trial and 

their self-reported actual heart-rate reaction [t(81) = 4.63, p = 0.00, d = 0.30], galvanic 

skin response [t(81) = 4.38, p = 0.00, d = 0.27], and fear reaction [t(81) = 3.80, p = 0.00, 

d = 0.21] differed significantly. That is, Ps inaccurately anticipated their reactions on the 

first follow-up trial. None of our postulated model predictor variables significantly 

predicted first trial expectation accuracy. This was the case for all domains assessed: 

distance [F(10,57) = 0.89, p = 0.55], fear [F(10,57) = 0.74, p = 0.69], heart rate [F(10,57) 

= 1.85, p = 0.07], and galvanic skin response [F(10,57) = 0.72, p = 0.70].   

Ps’ self-reported predicted reactions on subsequent follow-up trials were not significantly 

different from their self-reported actual reactions. 

Utility of Expectation Accuracy 

As before, we ran GLM models predicting change in reported expectancy from 

prior-trial prediction inaccuracy. This analysis was possible for the second and third 

follow up trials, but not for the initial follow-up trial (because there was no prior trial to 

use for comparison). We again report only findings specific to distance prediction as: (1) 

the same pattern of findings was found across all self-reported response domains, and (2) 

we can be more confident in our estimates of expectation accuracy from this domain 

because self-reported and independently observed distance maintained were highly 

corroborative.  

Follow-up Trial 1 distance expectation inaccuracy accounted for a significant 

portion of the variance observed in the change in reported distance expectancy from 

follow-up Trial 1 to follow-up Trial 2 (F(1, 79) = 53.01, p < 0.0001, R² = 0.40). Change 
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from follow-up Trial 2 to follow-up Trial 3 in reported distance expectancy was predicted 

by follow-up Trial 2 expectation inaccuracy (F(1, 78) = 45.63, p < 0.0001, R² = 0.37). 

That is, as before Ps appeared to update their reported trial-specific expectancies in 

relation to previous trial expectation accuracy.  

We again wondered if Ps trial-specific expectancies at follow-up could be 

predicted simply from their responses during the previous follow-up trial, without appeal 

to reported expectancies. We will again focus specifically on distance expectancies in our 

review of the results. Follow-up Trial 2 reported distance expectancy was significantly 

predicted by follow-up Trial 1 reported distance maintained between the P and the spider 

stimulus (F(1, 82) = 340.41, p < 0.0001, R² = 0.81). The amount of variance in reported 

trial-specific expectancy accounted for by previous trial responding continued to increase 

across follow-up trials. By the final follow-up trial, prior trial responding accounted for 

the majority of the reliable variance in current trial responding (F(1, 78) = 524.57, p < 

0.0001, R² = 0.87). Again, findings across other response domains were consistent with 

this pattern. That is, Ps appeared to update their reported follow-up trial-specific 

expectancies based on prior trial responding.  

The final question of interest is whether reported expectancy holds utility in 

accounting for observed responding during follow-up beyond that accounted for by 

referencing of prior trial responding. Again, to be fair, we also asked the reverse: whether 

prior trial responding holds utility in accounting for observed responding beyond that 

accounted for by referencing of prior trial reported expectancies. A model including both 

follow-up Trial 1 reported distance and follow-up Trial 1 reported distance expectancy 
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significantly predicted follow-up Trial 2 reported distance maintained between the P and 

the spider stimulus (F(2, 78) = 125.76, p < 0.0001, R² = 0.76). After giving priority to 

follow-up Trial 1 reported responding (t = 249.90, p < 0.0001), however, follow-up Trial 

1 reported expectancy did not account for a significant portion of the remaining variance 

in follow-up Trial 2 responding (t = 1.69, p = 0.22). When priority was reversed, both 

follow-up Trial 1 reported expectancy and follow-up Trial 1 reported distance accounted 

for significant portions of the variance in follow-up Trial 2 responding. Importantly, this 

pattern held generally during follow-up for all reported domains of a response. 

Directly Observed and Physiologically Measured Fear Reactions 

During the final 3 (follow-up) trials, all Ps were exposed to a live tarantula 

(equivalent to group 1’s initial 7 trials).  A two-way ANOVA showed that during follow-

up, diagnostic status accounted for a significant portion of the variance in the average 

distance Ps kept between themselves and the spider stimulus, but group assignment did 

not, F(5,79) = 3.19, p = 0.01, η² = 0.17. In general, phobic Ps kept a greater distance 

between themselves and the stimulus than did fearful Ps. Mixed hierarchical GLM 

analysis revealed our model of predictor variables significantly predicted the average 

distance Ps kept between themselves and the spider stimulus during follow-up, R² = 0.31, 

F(10, 57) = 2.51, p = 0.01. Specifically, diagnosis and level of self-reported specific 

spider fear as measured both by the FSQ [F = 5.20, p = 0.03] and by the SPQ [F = 5.20, p 

= 0.03] were significant predictors of the average distance Ps kept between themselves 

and the spider stimulus during follow-up. None of the other predictor variables entered 
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into the model helped us predict the average distance Ps maintained between themselves 

and the spider stimulus during follow-up.       

As with the initial 7 trials, measured GSR data was insufficiently variant across Ps 

to permit meaningful statistical analysis. We were similarly unable to analyze measured 

heart rate data secondary to excessive artifacts that sufficiently challenged the validity of 

any analyses we might attempt.  

Self-Reported Fear Reactions 

A two-way ANOVA showed that during follow-up diagnostic status accounted 

for a significant portion of the variance in the average fear Ps reported, but group 

assignment did not, F(5,78) = 2.74, p = 0.02, η² = 0.15. In general, phobic Ps reported 

greater fear during follow-up than did fearful Ps. Mixed hierarchical GLM analysis 

revealed our model of predictor variables insufficient in predicting the average level of 

fear Ps reported during follow-up. 

Two-way ANOVAs showed that diagnostic status (phobic/not), Trial 1-7 group 

assignment (live/mechanical/virtual) and the interaction between the two were 

insufficient predictors of the variance in average self-reported heart rate [F(5,78) = 1.18, 

p = 0.33] and average self-reported galvanic skin response [F(5,78) = 0.41, p = 0.84] at 

follow-up. Follow-up mixed hierarchical GLM procedures similarly rendered none of our 

model predictor variables useful in accounting for observed variance in self-reported 

heart rate and self-reported galvanic skin response.  

Relations among Domain-Specific Responses 
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Table 8 reports correlations during follow-up among the four domain-specific 

self-report measures of a fear response: behavioral (distance maintained between 

themselves and the spider stimulus), physiological (heart rate and skin conductance), and 

cognitive/affective (self-reported fear). Again, while significantly and positively 

correlated, these do not appear to be assessing a single latent construct.  

Measurable Gains of Exposure 

A one-way ANOVA showed that group assignment (live/mechanical/virtual) 

accounted for a significant portion of the variance in the decrease in the distance 

maintained between the P and the spider stimulus from the initial to the final trial during 

follow-up, F(2,76) = 9.81, p = 0.00, η² = 0.21. Post hoc analysis using Tukey’s HSD 

criterion indicated that the mean decrease in distance maintained by Ps in the virtual 

spider group during follow-up (M = 0.57 scale units
5
, SD = 0.47 scale units) was 

significantly greater than the mean decrease in distance maintained by Ps in the live 

spider (M = 0.05 scale units, SD = 0.44 scale units) and came close to being statistically 

significantly larger (p = 0.06) than that by Ps in the mechanical spider (M = 0.30 scale 

units, SD = 0.33 scale units) groups during follow-up. This resulted in statistically 

indistinguishable distance maintained between P and spider stimulus by the final follow-

up trial across the three assigned groups. There was no significant difference in mean 

decrease in distance maintained by Ps in the live spider group and Ps in the mechanical 

and virtual spider groups during follow-up. Figure 15 depicts these data graphically.  

                                                 
5
 The self-reported distance scale was based on a map representation of the track; inches on a ruler are the 

scale units in this case, with just over 3 inches representing the full length of the track. The average change 

reported, then, represents a decrease of nearly 25% in the distance maintained between the participant and 

the spider stimulus. 
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A one-way ANOVA showed that group assignment did not account for a 

significant portion of the variance in reaction time when categorizing spider stimuli into 

safety categories during the first administration of the spider IAT, F(2,60) = 1.15, p = 

0.32. 

More Ps assigned to the virtual spider group touched the live tarantula before the 

3 follow-up trials were complete than did Ps in either the live or mechanical spider 

groups. Table 9 summarizes these data. 
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DISCUSSION 

With the exception of the IAT, which was of little use in our sample, measured 

constructs of self-reported depression symptoms, state and trait anxiety, and specific 

spider fear significantly and positively correlated. There were no significant differences 

in P characteristics across group, permitting us to analyze group-specific results with 

confidence. As expected, in general, phobic Ps reported greater fear, regardless of group, 

than did fearful Ps.  

Questionable Utility of Self-Reported Expectancies Given Avoidance 

In general, Ps in our sample did not anticipate their reaction upon initial encounter 

with a spider stimulus accurately. This was true regardless of assigned group, reported 

level of specific fear at the outset, or level of any of our other predictive measures. This 

remained true during the initial follow-up trial, which presented a new learning situation 

for two-thirds of our Ps. In other words, people are not good at anticipating how they will 

react to something they have not previously experienced. Given that fearful and phobic 

individuals reliably avoid being in the presence of the feared object (in this case, spiders), 

it makes sense that initial expectancies are inaccurate.  

Diagnostic status was not a significant predictor of expectation accuracy. This is 

inconsistent with etiological and conceptual models predicting phobic Ps are more likely 

to systematically over-anticipate their responses to the object they fear than are fearful 

Ps. No clear tendencies for over- or under-prediction emerged in our sample, but initial 

expectancies were probabilistically more likely to be under-predictions than over-

predictions across all measured domains of responding. This is clearly inconsistent with 
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the match-mismatch model and with associated cognitive-behavioral models of phobic 

fear.  

Expectation accuracy increased rapidly over trials, with Ps’ reporting relatively 

accurate expectancies by the second trial. This is somewhat inconsistent with the match-

mismatch hypothesis, which postulates a conscious updating process that, theoretically, 

takes a few trials at least. Although rapid improvement did not result in universal 

‘matches’, ‘over-‘ or ‘under-predictions’, the absolute value of the magnitude of 

differences between anticipated and actual responding decreased very quickly. Trial-

specific expectation inaccuracy reliably predicted change in expectancy on the next trial. 

That is, not surprisingly given that participants updated their expectancies according to 

their experience. Trial-specific actual responding was the best predictor of next trial 

responding, with expectancy occasionally accounting for a portion of the remaining 

variance in reported response. That is, again not surprisingly, participants updated their 

behavior according to their experience.  

Collectively these data suggest that Ps are initially poor at anticipating how they 

will react to fear-relevant stimuli, but then quickly adjust their reported expectancies in 

light of experience. The best predictor of trial-specific behavior is prior trial behavior, 

with expectancy only weakly and inconsistently adding explanatory power to models of 

actual responding. These data are not inconsistent with behavioral models of fear, which 

do not postulate a role for conscious awareness or processing in fear learning and 

memory. That is, they do not negate the possibility that unconscious processing systems 

may be at least partially responsible for updating expectancies.  
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An Alternative Interpretation of Expectation Accuracy Results: Bandura’s Self- 

Efficacy 

 Rather than a person deriving self-reported expectancies and responses from 

conscious cognitive processing of their own experience with the feared stimulus, the 

inverse may be true. Pushing a person to report a specific expectancy about the nature of 

their reaction to a feared stimulus might drive their subsequent behavior in the presence 

of such a stimulus. This may have occurred in the present study given the predictions we 

asked Ps to make were very specific (owing to our desire to measure domain-specific fear 

responses). This possibility resembles a combination of Bandura’s concept of self-

efficacy (e.g., Bandura, 1997) with the loosely defined concept of “self-fulfilling 

prophecy”. More plainly, if I say I can do something, I can and will. The present findings 

that expectation accuracy increased very quickly over time are loosely consistent with 

this view, though strictly speaking you would predict even initial trial expectancies to be 

accurate if this construct could fully account for the observed phenomena. This is not 

what we found; Ps reported inaccurate initial expectancies. Findings do not rule out the 

possibility, however, that something like self-efficacy may have influenced effortful 

components of P responses in the present design.  

 Having said that, prior trial responding was a greater predictor of present trial 

responding than was prior reported expectancy. In fact, for most trials across most 

domains of responding, expectancy did not account for additional portions of the reliable 

variance in response. When we partitioned the variance to give prior expectancy priority 

over prior responding, however, the reverse was not true. That is, prior trial responding 
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always accounted for a significant portion of the variance in domain-specific responding, 

beyond that contributed by prior trial expectancy. This suggests self-efficacy predictions 

were insufficient in accounting fully for observed reactions in this sample.  

Actual Reactions to Spider Stimuli Differ Predictably in Relation to Contextual Features 

Participants in the live and virtual spider groups reported similar levels of fear, 

while Ps in the mechanical spider group reported significantly less fear. This is consistent 

with the observation that Ps in the mechanical group were more likely to bring the spider 

stimulus all the way up to their person and touch it before completing the first 7 trials 

than were Ps in either of the other groups. It is further consistent with the prediction we 

made based on data previously collected in our laboratory – that Ps in the mechanical 

spider condition react less strongly than would those in the live or virtual spider 

conditions. The average level of fear reported by virtual and live spider Ps during the 

initial 7 trials was statistically indistinguishable. This is inconsistent with hypotheses 

presented based on the probability of unwanted contact hypothesis and previous findings 

from our laboratory. It may be that differences in uncontrolled characteristics of the 

spider stimulus are responsible for this finding. Specifically, the virtual spider was larger 

than the live tarantula. It also moved more frequently and displayed visual rearing 

behaviors that were more likely to engage defensive responses. These characteristics 

were inherent in the programming of the computer tarantula model. When unprovoked, 

live tarantulas are typically more docile. Although the pink toed tarantula is more active 

than most other tarantula species, in the present set-up the live tarantulas were much less 

likely to move.  
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Although live and virtual Ps reported statistically equivalent levels of fear during 

the initial set of trials, virtual spider Ps made greater reductions in the distance 

maintained between themselves and the spider stimulus over the course of those trials. 

That is, despite identical instruction (i.e. bring the stimulus to the place where you first 

feel uneasy), Ps in the virtual spider group appeared to push themselves more than did Ps 

in either of the other groups. As predicted, Ps in this group brought the spider stimulus 

closer to themselves than did Ps in either the live or mechanical spider groups. 

Surprisingly, Ps in the latter groups kept about the same distance between themselves and 

the spider stimulus. This is inconsistent with predictions made based on early data from 

our laboratory that Ps would keep a greater distance between themselves and the spider 

stimulus in the live spider group relative to the both of the non-live spider groups. This is 

further inconsistent with the idea that perceived probability of unwanted contact mediates 

responding, though there may not have been sufficient variability given aforementioned 

uncontrolled aspects (e.g., stimulus size and motion) to specifically implicate this 

construct. 

Revisiting the Nature of Fear: Four Posited Therapeutic Targets 

 Self-reported heart rate and skin conductance data were difficult to interpret and 

not consistently related to any of our predictor variables. Because we could not compare 

these data directly to measured physiology as planned, at least two interpretations of 

these findings are possible: (1) physiological responding is unrelated to cognitively 

experiences or self-reported level of fear and to behavioral fear responding, or (2) 

generally speaking individuals have poor awareness of their skin conductance and heart 
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rate responding in the absence of thresholds similar to those reached during a full-blown 

state of panic.  

 Although it isn’t clear what we were measuring when we asked for self-reported 

physiological responses, it is clear that self-reported fear responding across affective, 

physiological, and behavioral domains resembled what one would expect if fear were an 

emergent variable more so than if it were a latent variable (recall Tables 4 and 7 

summarizing small to moderate bivariate correlations among these variables). Put another 

way, these measures were positively correlated, but at an average rate similar to that 

reported by Lang (1968). To the degree that responding along each of these domains is 

partially independent, it may be important to target each domain separately in any 

treatment protocol. Cognitive-behavioral treatments seem to target the cognitive (self-

report) and affective domains most directly, whereas exposure treatments primarily target 

behavioral responding.    

Recommendations for Practicing Clinicians and Researchers 

Initial reported expectancies were inaccurate regardless of diagnostic status or 

assigned exposure condition. That is, people are universally poor at anticipating how they 

will react in a setting with which they do not have direct experience. Ironically, as 

clinicians we ask our clients to report their expectancies before implementing 

interventions (e.g., during diagnostic interview, during creation of a fear hierarchy, etc.). 

As researchers, we often ask for expectancies in the form of self-report when measuring 

constructs like ‘fear intensity’. Present findings render these practices inadvisable if 

alternative options exist. Luckily in our sample P self-reported actual responding (e.g., 
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self-reported distance maintained between themselves and the spider stimulus) was 

highly and significantly related to independently measured responding for available 

domains of comparison (physiological domains withstanding). This suggests that asking 

both Ps and clients to respond based on their actual experience may still be a meaningful 

practice.  

By at least some measures, Ps in the virtual spider group made more treatment-

relevant gains because of exposure than did Ps in either of the other groups. They 

decreased the distance maintained between themselves and the spider stimulus more than 

did Ps from other groups during initial, as well as follow-up trials. In fact, by the end of 

follow-up virtual-spider Ps did not keep a greater distance from the live spider than did 

live-spider Ps who had the benefit of 7 previous exposure trials to this stimulus. Virtual-

spider Ps were also the most likely to touch the live spider during follow-up than were Ps 

from the other groups (3 people vs. 0 in the mechanical group and 1 in the live group). 

Although the rate of touching was too infrequent to determine if this was a significant 

effect, probabilistically it makes little sense given there were fewer Ps in the virtual 

group.  Present findings may suggest that virtual forms of exposure are a good precursor 

to live forms, with less time needed in live exposure as a result (in the absence of use of a 

flooding procedure). Although not discussed previously, these findings may also relate to 

the idea that continued avoidance or self-distraction often occurs during exposure. 

Although we need more research to investigate distraction efforts in live as compared to 

virtual environments, it is easy to imagine that such efforts are less likely in a virtual 
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setting. That is, more exposure may actually be taking place in such settings because of 

reduced efforts to sustain avoidance via unobtrusive self-distraction. 

Building a Unified Fear Hierarchy 

Because individuals appear to poorly anticipate how they will react to a type of 

exposure they have systematically avoided, it makes little sense to ask them to create a 

hierarchy based on these predictions. What might make more sense is to build a universal 

fear hierarchy based on empirical data. Data from this study suggest that a virtual 

immersion form of exposure may be a good candidate for the bottom tier of such a 

hierarchy. Fearful individuals more readily agree to this kind of exposure than to others. 

Present data suggest further that, even in a non-treatment form (no encouragement to get 

closer with them being in complete control), individuals push their limits more readily in 

a virtual setting than they do in other settings. Although we need to investigate the 

possibility directly, Ps may also avoid self-distraction more readily in such settings. 

Finally, gains made in a virtual setting appear to prepare Ps sufficiently for live exposure, 

at least as well as those who were already exposed to the live stimulus for the same 

number of trials.  

Present Study Limitations 

 Several limitations of the present study render independent validation of these 

findings in another data set critically important. Perhaps most obviously, we did a very 

large number of statistical tests on our data, increasing the likelihood of a Type I error. 

Also, effect sizes were generally small, leaving open the possibility that there is a lot here 

we are not accounting for. Specifically, it appears responding may be more driven by 
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idiosyncratic reactions to whatever features a given individual is more impacted by than 

to general classifications of the type of setting. Qualitatively this appeared to be true for 

some Ps, who were uncommonly sensitive to any subtle movements on the part of the 

spider stimulus, whether live, mechanical, or virtual. Although they do not appear to be 

any better at predicting this at the outset (even in clinical interview individuals fearful of 

spiders initially have difficulty specifying what they fear), by the end of the experiment 

they were happy to share their hypotheses.  

On a related note, too many variables are poorly controlled or uninvestigated in 

the present design. Size of the spider stimulus, for example, is not assessed directly in the 

present study in relation to fear responding. Size and perceived size, however, reliably 

influences self-reported levels of fear and performance on the Behavioral Approach Test 

(BAT; Vasey et. al, 2011). Variations in stimulus characteristics across conditions may 

have rendered our results more difficult to interpret. In addition to stimulus size, stimulus 

movement was not equivalent across conditions. Not unlike size, Ps frequently remarked 

that movement was a critical factor.  Future investigations should constrain or match both 

stimulus size and level of stimulus movement in an effort to lend greater interpretability 

to present findings. Although it would be difficult to find mechanical or virtual versions 

of a tarantula that mirror the size of live tarantulas without resulting in a floor effect upon 

investigation, we can and intend to investigate these dimensions within condition in 

future investigations in this laboratory.  

Planned Future Research 
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Future research will aim at better identifying subtleties in spider stimulus 

characteristics that might more reliably predict individual responding. As discussed 

above, both size and movement are obvious targets for subsequent investigation. Size will 

need to be constrained within a single stimulus type. That is, we can and plan to compare 

directly the responses of individuals to larger and smaller live tarantulas in future follow-

up procedures. Movement is better targeted in a virtual setting, as we have little to no 

control over the movements of our live tarantulas. In a virtual setting, we can keep 

stimulus movement consistent. We can therefore investigate the impact of movement 

generally, and also what type of movement is more likely to evoke a fear-relevant 

response. The virtual spider used in the present study made a rearing up defensive 

motion, for example, that Ps seemed to universally respond to at the outset.  

Finally, we plan to systematically investigate which aspects of the spider stimulus 

itself are more fear provoking. Although we cannot in good conscience break apart our 

live tarantula (and were we to do so the tarantula would certainly never move again), the 

virtual tarantula lends itself to investigations that are more systematic in this regard. In a 

follow-up study, presently underway, we can vary which aspects of the spider stimulus 

are presented to Ps (e.g., legs only, body only, etc.) without altering the movements of 

those parts. Following a series of trials whereby Ps encounter all and specific parts of a 

moving virtual stimulus, Ps will complete three additional trials in the presence of a 

smaller and larger live tarantula. These data will be used to help us better interpret 

findings from the present study.  
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APPENDIX A. PICTURES OF THE LIVE TARANTULAS USED DURING THIS 

EXPERIMENT 

Pictured on the top is the original spider used with a portion of the participants in 

this sample, Susan. Pictured below is her replacement, Whitney, used with the latter 

portion of the participants in this sample. The spiders are pictured with the senior author 

and her daughter for the purpose of size representation. 
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APPENDIX B. IMAGE OF THE MECHANICAL TARANTULA USED DURING 

THIS EXPERIMENT 
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APPENDIX C. IMAGES OF THE VIRTUAL TARANTULA AND ASSOCIATED 

VIRTUAL ROOM USED DURING THIS EXPERIMENT 
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APPENDIX D. IMAGE OF THE CUSTOM-BUILT TRACK AND ASSOCIATED 

PLATFORM USED DURING THIS EXPERIMENT 
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APPENDIX E. ADAPTED ADIS CLINICAL DIAGNOSTIC INTERVIEW PACKET 

 

This was adapted from the Specific Phobia section of the ADIS. Specifically, it was 

modified to include DSM-IV criteria as a reference for the interviewer, and to incorporate 

any extra questions needed to ensure that all criteria could be adequately assessed. 

 

 

 
Clinical Interview 
Response Packet: 

 

 

Participant Unique ID: ________________________________ 

              

                  Clinical Interviewer (you): ______________________________ 

 

                    Date and Time of Clinical Interview: ______________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Requested Info via E-Mail (fill in as applicable): _______________________________ 
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SPECIFIC PHOBIA 

 

I. INITIAL INQUIRY 

 

Make separate ratings for level of fear and degree of avoidance using the following scale: 

 

       0----------1----------2----------3----------4----------5----------6---------7---------8 

No fear/                Mild Fear/           Moderate fear/          Severe fear/    Very severe fear/ 

Never avoids        Rarely avoids      Sometimes avoids     Often avoids     Always avoids 

 

 

 

Inquire for both current and past episodes: 

 

1. Currently, do you fear or feel a need to avoid such things as:  (note: remember to 

ask these separately; two questions per potential phobia) 

 

Use space for comments to record other clinically useful information (e.g., frequency 

with which feared situation arises). 

 

                                                               FEAR    AVOID     COMMENTS                                     
 

Spiders, current       _______     ________      ___________________ 

 

Spiders, past*       _______     ________      ___________________ 

 

* e.g., Was there ever a time where you reacted more strongly to spiders than you do now?  If so, when?  

Thinking back to that time, what would your fear rating have been?  Your avoidance rating?  You need 

only do the past rating if there was a time where they were once more afraid than they are now (not, for 

example, if they didn’t used to be this afraid).      

 

 

 

 

 

 

************************************************************************ 
If no evidence is found for fear/avoidance,  

END CLINICAL INTERVIEW AFTER ASKING BELOW QUESTIONS.  

To be considered potentially phobic, both fear and avoidance ratings for any given potential phobia 

MUST be above a 4 and one MUST be above a 5. 

************************************************************************ 
Do you have any severe specific fears that we have not discussed? 

If yes, of what? ___________________ 

Using scale #1, how would you rate the intensity of this fear? ________ 
 

Ask the above questions for all reported fears, but just for interest sake.  Regardless of their response we 

will not screen them for anything further at this point. 
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II. CURRENT EPISODES 

 

Now I want to ask you a series of specific questions about your typical reactions to 

spiders.  

 

1. What are you concerned will happen if you encounter a spider?  

 

______________________________________________________________ 

 

______________________________________________________________ 

 

______________________________________________________________ 

 

______________________________________________________________ 

 

 

At this point, make your judgment with respect to criterion A (remember, at this point 

you are the one who has to think the fear is excessive or unreasonable). You should be 

referencing their response to question #1 as well as their fear rating in making your 

decision:  

 

A. Marked and persistent fear that is excessive or unreasonable, cued by the presence or 

anticipation of a specific object or situation (e.g. flying, heights, animals, receiving an 

injection, seeing blood).   

 

Criterion A Met (circle one)?        Yes           No            Not Sure 

If no, ask one more question in this section and then skip to the next part of the 

experimental protocol (END CLINCAL INTERVIEW). 

 

 

2. Do you experience the anxiety nearly every time you encounter a spider? 

                                                                                             YES____    NO____ 

 

 

3. Does the anxiety occur as soon as you enter the situation or are about to enter the 

situation, or is the anxiety sometimes delayed or expected? 

 

                                                                                  IMMEDIATE____    DELAYED____ 

 

 

4a. Are you anxious about this situation because you are afraid that you will have an                                                                       

unexpected panic attack? 

                                                                                             YES____    NO____ 

If YES, 
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b. Other than times when you are exposed to a spider, have you experienced an 

unexpected rush of fear/anxiety? 

                                                                                             YES____    NO____ 

If YES, where has it occurred, and in response to what? 

 

____________________________________________________________________ 

 

____________________________________________________________________ 

 

If YES to 4a. or 4b., consider whether fear could be subsumed into panic disorder. 

 

 

5. Panic Attack Symptoms 

 

    Do you experience_________________ when you encounter a spider? 

 

       0----------1----------2----------3----------4----------5----------6---------7---------8 

    None                     Mild                     Moderate                 Severe          Very Severe 

 

a. palpitations, pounding heart,                                    i. Dizziness, unsteady feelings, 

    or accelerated heart rate         ___                               lightheadedness, or faintness   ___ 

b. Sweating                                ___                             j. Feelings of unreality or 

c. Trembling or shaking             ___                                being detached from oneself   ___ 

d. Shortness of breath or            ___                            k. Numbing and tingling             ___ 

    smothering sensations                                                  sensations 

e. Feeling of choking                ___                             l. Fear of dying                           ___ 

f. Chest pain or discomfort        ___                            m. Fear of going crazy                ___ 

g. Nausea or stomach distress    ___                            n. Fear of doing something 

h. Chills, hot flushes, or                                                   uncontrolled                            ___ 

    blushing                                 ___ 

 

At this point, make your judgment with respect to criterion B: 

 

B. Exposure to the phobic stimulus almost invariably provokes an immediate anxiety 

response, which may take the form of a situationally bound or situationally predisposed 

Panic Attack.  Note: In children, the anxiety may be expressed by crying, tantrums, 

freezing, or clinging.     

 

Criterion B Met (circle one)?        Yes           No            Not Sure 

If no, ask one more question in this section and then skip to the next part of the 

experimental protocol (END CLINCAL INTERVIEW). 
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6. Would you say that your fear of spiders is excessive/unreasonable? Yes     No  

 

Why or why not? _______________________________________________________ 

 

_______________________________________________________________________ 

 

_______________________________________________________________________ 

At this point, make your judgment with respect to criterion C: 

 

C. The person recognizes that the fear is excessive or unreasonable.  Note: In children, 

this feature may be absent.     

 

Criterion C Met (circle one)?        Yes           No            Not Sure 

If no, ask one more question in this section and then skip to the next part of the 

experimental protocol (END CLINCAL INTERVIEW). 

 

 

7. You indicated at the beginning of our interview that you (sometimes, often, 

always) avoid spiders.  Is that right?  Yes      No 

 

In the event that you were unable to avoid a spider, what would you do?   

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 

At this point, make your judgment with respect to criterion D: 

 

D. The phobic situation(s) is avoided or else endured with intense anxiety or distress.     

 

Criterion D Met (circle one)?        Yes           No            Not Sure  
If no, ask one more question in this section and then skip to the next part of the 

experimental protocol (END CLINCAL INTERVIEW). 

 

 

8. In what ways, if any, has this fear interfered with your life (e.g., daily routine, job, 

social activities)?; How much are you bothered by this fear? 

________________________________________________________________________ 

 

________________________________________________________________________ 

 

________________________________________________________________________ 
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After asking the questions above, have the participant rate the interference and the 

distress the fear causes them on the following scale.  Refer to the printed scale so that 

they can reference it when making their ratings.   

 

Rate interference: __________         Rate distress: __________ 

 

       0----------1----------2----------3----------4----------5----------6---------7---------8 

    None                     Mild                     Moderate                 Severe          Very Severe 

At this point, make your judgment with respect to criterion E: 

 

E. The avoidance, anxious anticipation, or distress in the feared situation(s) interferes 

significantly with the person’s normal routine, occupational (or academic) functioning, or 

social activities or relationships, or there is marked distress about having the phobia.     

 

Criterion E Met (circle one)?        Yes           No            Not Sure 

If no, ask one more question in this section and then skip to the next part of the 

experimental protocol (END CLINCAL INTERVIEW). 

 

 

8a. When did the anxiety about spiders begin to be a problem in that it caused a lot 

of distress or interference with your life? (Note: if patient is vague in date of onset, 

attempt to ascertain more specific information, e.g., by linking onset to objective life 

events.) 

 

________________________________________________________________________ 

 

________________________________________________________________________ 

 

Date of Onset__________ Month__________ Year 

 

At this point, make your judgment with respect to criterion F (I know they are all over 18, 

so this is not grounds for exclusion but would be nice info to have): 

 

F. In individuals under age 18 years, the duration is at least six months.     

 

Criterion F Met (circle one)?        Yes           No            Not Sure 

Either way, proceed with this section.   

 

 

b. Can you recall anything that might have led to this fear?_____________________ 

 

________________________________________________________________________ 
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________________________________________________________________________ 

 

At this point, make your judgment with respect to criterion G, asking any necessary 

clarification questions (take notes in notes section as appropriate) in order to do so: 

 

G. The anxiety, Panic Attacks, or phobic avoidance associated with the specific object or 

situation are not better accounted for by another mental disorder, such as Obsessive-

Compulsive Disorder (e.g. fear of dirt in someone with an obsession about 

contamination), Posttraumatic Stress Disorder (e.g., avoidance of stimuli associated with 

a sever stressor), Separation Anxiety Disorder (e.g., avoidance of school), Social Phobia 

(e.g., avoidance of social situations because of fear of embarrassment), Panic Disorder 

With Agoraphobia, or Agoraphobia Without History of Panic Disorder.        

 

Criterion G Met (circle one)?        Yes           No            Not Sure 

 

 

NOTES (i.e. clarification questions asked, responses, notes to Sarah and David, etc.): 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 
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Specific Fear: Spiders   

 

Meets Criteria for Diagnosis (circle one):    Yes      No       Not Sure 

 

Summary of Evaluator’s Clinical Impressions:_______________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 

 

______________________________________________________________________ 
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APPENDIX F. SCALED MAPPING SHEET OF THE EXPERIMENTAL ROOM 

These sheets were used by both live and virtual participants to report predicted 

and actual distance maintained between themselves and the spider stimulus. 
 

Unique ID: ___________________________ 

 

Trial #: ___________ 

 

 

 

Measure    Prediction         Actual 

Heart Rate 

GSR 

Fear 
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Table 1. Correlation Matrix Revealing Relations among Constructs Assessed. 

 

Correlations 

 
BDI FSQ SPQ 

STATE 

ANXIETY 

TRAIT 

ANXIETY 

BDI Pearson 

Correlation 

1 .200 -.058 .562
**

 .764
**

 

Sig. (2-tailed)  .072 .607 .000 .000 

N 82 82 82 82 82 

FSQ Pearson 

Correlation 

.200 1 .673
**

 .271
*
 .238

*
 

Sig. (2-tailed) .072  .000 .013 .028 

N 82 85 85 83 85 

SPQ Pearson 

Correlation 

-.058 .673
**

 1 .132 .027 

Sig. (2-tailed) .607 .000  .233 .805 

N 82 85 85 83 85 

STATE 

ANXIETY 

Pearson 

Correlation 

.562
**

 .271
*
 .132 1 .749

**
 

Sig. (2-tailed) .000 .013 .233  .000 

N 82 83 83 83 83 

TRAIT 

ANXIETY 

Pearson 

Correlation 

.764
**

 .238
*
 .027 .749

**
 1 

Sig. (2-tailed) .000 .028 .805 .000  

N 82 85 85 83 85 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 2. Match-Mismatch Data for Predictions during the First 7 Trials. 

 

Trial #: 1 2 3 4 5 6 7 

# of distance 

prediction 

matchers 

31 54 58 66 71 66 71 

# of distance 

prediction 

overpredictors 

12 13 9 9 4 9 4 

# of distance 

prediction 

underpredictors 

41 18 19 11 11 11 10 

# of fear 

prediction 

matchers 

53 70 78 77 79 75 78 

# of fear 

prediction 

overpredictors 

12 9 1 3 3 3 4 

# of fear 

prediction 

underpredictors 

21 7 7 6 4 8 3 

# of heart rate 

prediction 

matchers 

24 37 40 53 46 49 48 

# of heart rate 

prediction 

overpredictors 

29 24 19 21 20 13 13 

# of heart rate 

prediction 

underpredictors 

33 25 27 12 20 23 22 

# of GSR 

prediction 

matchers 

32 53 57 63 65 61 63 

# of GSR 

prediction 

overpredictors 

39 25 17 17 14 11 13 

# of GSR 

prediction 

underpredictors 

15 8 12 6 7 13 7 
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Table 3. The GLM Procedure: Average Distance Participants Kept Between Themselves 

and the Spider Stimulus during the First 7 Trials.         

 

                                 
                                            Sum of                                             
    Source                      DF         Squares     Mean Square    F Value    Pr > F        

                                                                                                 

    Model                        5      9467.64531      1893.52906       6.62    <.0001        

                                                                                                 

    Error                       80     22876.73668       285.95921                             

                                                                                                 

    Corrected Total             85     32344.38200                                             

                                                                                                 

                                                                                                 

                 R-Square     Coeff Var      Root MSE    AVEDISTTRIALS Mean                    

                                                                                                 

                 0.292714      45.05140      16.91033              37.53563                    

                                                                                                 

                                                                                                 

    Source                      DF       Type I SS     Mean Square    F Value    Pr > F        

                                                                                                 

    DIAGNOSIS                1     4077.642438     4077.642438      14.26    0.0003        

    GROUP                    2     4494.796516     2247.398258       7.86    0.0008        

    DIAGNOSIS*GROUP          2      895.206358      447.603179       1.57    0.2154 
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Table 4. The GLM Procedure: Average Fear Reported during the First 7 Trials.         

  

                                              Sum of                                             

    Source                      DF         Squares     Mean Square    F Value    Pr > F        

                                                                                                 

    Model                        5     14241.31675      2848.26335       4.97    0.0005        

                                                                                                 

    Error                       80     45885.67187       573.57090                             

                                                                                                 

    Corrected Total             85     60126.98863                                             

                                                                                                 

                                                                                                 

                R-Square     Coeff Var      Root MSE    AVESRFEARTRIALS Mean                   

                                                                                                 

                0.236854      53.06933      23.94934                45.12841                   

                                                                                               

                                                                                                 

    Source                      DF       Type I SS     Mean Square    F Value    Pr > F        

                                                                                                 

    DIAGNOSIS                1     6641.903062     6641.903062      11.58    0.0010        

    GROUP                    2     7102.449830     3551.224915       6.19    0.0032        

    DIAGNOSIS*GROUP          2      496.963861      248.481930       0.43    0.6499   

 

 

 



96 

 

Table 5. Correlational Data for Self-Reported Domain-Specific Responding during the 

First 7 Trials. 

 

 

Correlations 

 

AVERAGE 

SELF-

REPORTED 

DISTANCE 

KEPT 

BETWEEN 

PARTICIPA

NT AND 

SPIDER 

STIMULUS 

AVERAGE 

SELF-

REPORTED 

FEAR 

AVERAGE 

SELF-

REPORTED 

GSR 

AVERAGE 

SELF-

REPORTED 

HEART 

RATE 

AVERAGE SELF-

REPORTED 

DISTANCE KEPT 

BETWEEN 

PARTICIPANT AND 

SPIDER STIMULUS 

Pearson 

Correlation 

1 .640
**
 .233

*
 .442

**
 

Sig. (2-tailed)  .000 .031 .000 

N 86 86 86 86 

AVERAGE SELF-

REPORTED FEAR 

Pearson 

Correlation 

.640
**
 1 .353

**
 .771

**
 

Sig. (2-tailed) .000  .001 .000 

N 86 86 86 86 

AVERAGE SELF-

REPORTED GSR 

Pearson 

Correlation 

.233
*
 .353

**
 1 .464

**
 

Sig. (2-tailed) .031 .001  .000 

N 86 86 86 86 

AVERAGE SELF-

REPORTED HEART 

RATE 

Pearson 

Correlation 

.442
**
 .771

**
 .464

**
 1 

Sig. (2-tailed) .000 .000 .000  

N 86 86 86 86 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 6. Number of Participants Who Touched the Spider Stimulus during the First 7 

Trials, Across Assigned Group. 

 

 

NUMBER OF PARTICIPANTS WHO TOUCHED THE SPIDER STIMULUS OVER  

THE COURSE OF 7 TRIALS, BY ASSIGNED GROUP 

 

GROUP 

LIVE SPIDER MECHANICAL SPIDER VIRTUAL SPIDER 

DIAGNOSIS DIAGNOSIS DIAGNOSIS 

FEARFUL PHOBIC FEARFUL PHOBIC FEARFUL PHOBIC 

Count Count Count Count Count Count 

DID THE PERSON 

TOUCH THE SPIDER? 

NO 21 7 12 7 18 6 

YES 2 0 11 0 1 0 
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Table 7. Match-Mismatch Data for Predictions during Follow-Up. 

 

Trial #: 8 9 10 

# of distance 

prediction 

matchers 

49 64 66 

# of distance 

prediction 

overpredictors 

14 10 5 

# of distance 

prediction 

underpredictors 

20 9 11 

# of fear 

prediction 

matchers 

68 78 76 

# of fear 

prediction 

overpredictors 

12 3 6 

# of fear 

prediction 

underpredictors 

4 5 3 

# of heart rate 

prediction 

matchers 

32 34 48 

# of heart rate 

prediction 

overpredictors 

41 32 23 

# of heart rate 

prediction 

underpredictors 

11 18 13 

# of GSR 

prediction 

matchers 

46 60 67 

# of GSR 

prediction 

overpredictors 

33 15 14 

# of GSR 

prediction 

underpredictors 

5 9 3 
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Table 8. Correlational Data for Self-Reported Domain-Specific Responding during  

Follow-Up. 

 

Correlations 

 

AVERAGE 

SELF-

REPORTED 

DISTANCE 

AT 

FOLLOW-

UP 

AVERAGE 

SELF-

REPORTED 

HEART 

RATE AT 

FOLLOW-

UP 

AVERAGE 

SELF-

REPORTED 

FEAR AT 

FOLLOW-

UP 

AVERAGE 

SELF-

REPORTED 

GSR AT 

FOLLOW-

UP 

AVERAGE SELF-

REPORTED 

DISTANCE AT 

FOLLOW-UP 

Pearson 

Correlation 

1 .527
**
 .647

**
 .239

*
 

Sig. (2-tailed)  .000 .000 .030 

N 82 82 82 82 

AVERAGE SELF-

REPORTED HEART 

RATE AT FOLLOW-

UP 

Pearson 

Correlation 

.527
**
 1 .756

**
 .493

**
 

Sig. (2-tailed) .000  .000 .000 

N 82 84 84 84 

AVERAGE SELF-

REPORTED FEAR AT 

FOLLOW-UP 

Pearson 

Correlation 

.647
**
 .756

**
 1 .326

**
 

Sig. (2-tailed) .000 .000  .002 

N 82 84 84 84 

AVERAGE SELF-

REPORTED GSR AT 

FOLLOW-UP 

Pearson 

Correlation 

.239
*
 .493

**
 .326

**
 1 

Sig. (2-tailed) .030 .000 .002  

N 82 84 84 84 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 9. Number of Participants Who Touched the Spider Stimulus during Follow-Up, 

Across Assigned Group. 

 

NUMBER OF PARTICIPANTS WHO TOUCHED THE SPIDER STIMULUS DURING FOLLOW-UP, 

BY ASSIGNED GROUP 

 

GROUP 

LIVE SPIDER MECHANICAL SPIDER VIRTUAL SPIDER 

DIAGNOSIS DIAGNOSIS DIAGNOSIS 

FEARFU

L PHOBIC FEARFUL PHOBIC FEARFUL PHOBIC 

Count Count Count Count Count Count 

DID THE PARTICIPANT 

TOUCH THE SPIDER 

AT FOLLOW-UP? 

NO 22 7 23 7 17 5 

YES 1 0 0 0 3 0 
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Figure 1. Visual Model of the Procedure. 

 

 
86 fearful undergraduates (mean age 19.3, SD 1.6 yrs) 

diagnostic interview 
(20 phobic, 66 fearful) 

present ratings; computer-based questionnaires: SPQ, FSQ, STAI, BDI-II 

IAT 1 or 2 

live spider group 
(7 phobic, 23 

fearful) 

 

 

( 

mechanical 
spider group 

(7 phobic, 23 
fearful) 

 

virtual spider 
group 

(6 phobic, 20 
fearful) 

 

7 trials, live spider 7 trials, mechanical 
spider 

 

7 trials, virtual spider 

short walk, specified 
route 

short walk from 
CCIT to Psych  

 
IAT 2 or 1 

7 trials, live spider 

IAT 3 

debriefing 

consent procedure 
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Figure 2. Rated Spider Fear during the Clinical Interview, Across Assigned Group. 
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Figure 3. Rated Spider Avoidance during the Clinical Interview, Across Assigned Group. 
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Figure 4. Self-Reported Depression Symptoms, Across Assigned Group. 
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Figure 5. Self-Reported Spider Fear as Measured by the Fear of Spiders Questionnaire 

(FSQ), Across Assigned Group. 
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Figure 6. Self-Reported Spider Fear as Measured by the Spider Questionnaire (SPQ), 

Across Assigned Group. 
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Figure 7. Self-Reported State Anxiety, Across Assigned Group. 
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Figure 8. Self-Reported Trait Anxiety, Across Assigned Group. 
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Figure 9. Difference in Average IAT Reaction Time when Categorizing into Fear-

Incongruent vs. Fear-Congruent Categories, Across Assigned Group. 
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Figure 10. Average Distance Maintained between the Participant and the Spider Stimulus 

during the First 7 Trials, Across Assigned Group. 
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Figure 11. Estimated Marginal Means of Average Distance Maintained between the 

Participant and the Spider Stimulus during the First 7 Trials, Across Assigned Group. 
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Figure 12. Average Fear Reported during the First 7 Trials, Across Assigned Group. 
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Figure 13. Estimated Marginal Means of Average Fear Reported during the First 7 Trials, 

Across Assigned Group. 
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Figure 14. Decrease in Distance Maintained Between the Participant and the Spider 

Stimulus Over 7 Trials, Across Assigned Group. 
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Figure 15. Decrease in Distance Maintained Between the Participant and the Spider 

Stimulus during Follow-Up, Across Assigned Group. 
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