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Preface

This dissertation is comprised of two studies, conducted sequentially and reported independently.  The studies represent two steps in a program of research to investigate schematic processing among individuals with anxiety disorders.  The first study, “Implicit associations for fear-relevant stimuli among individuals with snake and spider fears”, conducted in collaboration with Aiden Gregg and Sheila Woody, is currently in press with Journal of Abnormal Psychology.  Study 2, “Schematic processing among individuals with spider phobia: Change in implicit fear associations following treatment”, extends the findings from Study 1 by using a clinical population and examining changes in automatic processing over the course of exposure therapy for spider phobia.

This line of research is designed to examine the general cognitive model of anxiety disorders, which predicts a range of information processing biases that stem from a ”maladaptive schema” or cognitive framework.  The model has provoked extensive research into certain cognitive biases, such as attention and judgment biases, but many aspects of the model have not been thoroughly tested or have produced mixed findings that are difficult to interpret.  In particular, few studies have attempted to verify the existence of the proposed schemata among persons with anxiety problems.  Methodological difficulties in assessing cognitive structures (which schema theoretically represent) and ambiguity in the construct of schema have created challenges to defining and operationalizing schema across areas of psychopathology research.  Notwithstanding these difficulties, schemata are important to investigate because the construct has guided theoretical advances (e.g., highly specific cognitive models for particular anxiety disorders) and treatment approaches (e.g., ‘schema-focused therapy”).  Despite widespread adaptation of the principles of cognitive theories of emotional dysregulation, the model has not been adequately tested.  

Popular terminology associated with cognitive models, such as ‘schema’, has changed across time and across disciplines within psychology.  However, the basic premise remains that a cognitive framework automatically guides multiple components of information processing and that this framework resides as associative structures in memory that are integral to the maintenance and perhaps even etiology of psychopathology.  This model needs to be thoroughly tested with an emphasis on establishing evidence for schematic processing, which is the focus of the two studies described here.   

Most efforts at evaluating schema have occurred in the area of depression, in which the findings are mixed, partly due to inconsistent measurement strategies for examining cognitive structural relations.  Although the cognitive model has been influential in the area of anxiety disorders, research on schema has been relatively sparse.  Riskind and his colleagues have examined a ‘looming maladaptive style’, which describes a tendency among anxious individuals to infer rapidly rising threat, even when there is no objective danger (e.g., Riskind, 1997).  They suggest this tendency may reflect a fear schema that is unique to anxiety disorders, and their initial self-report assessments of looming maladaptive style are promising.  It will be interesting to see how this self-reported processing bias will map onto the automatic, schematic processing it is intended to reflect.

The current series of studies investigates automatic cognitive processing in specific animal fears as an initial step to evaluate schematic processing in anxiety disorders.  Specific animal fears were selected for three reasons.  First, this is a commonly occurring problem, in which sufferers typically have few, if any, additional complicating mental health problems such as depression.  Second, highly effective brief treatments are available for specific phobias, making it feasible to study changes over the course of therapy in a relatively short space of time.  Third, evaluating automatic cognitive processing in specific animal fears is a rigorous test of the cognitive model because this anxiety problem has fewer cognitive and meta-cognitive characteristics than other disorders of anxiety.  Consequently, specific phobias represent a relatively simple case of the type of cognitive processing biases likely to be observed among individuals with pathological anxiety.

This series of studies investigates automatic processing by evaluating implicit fear associations, using the Implicit Association Test (IAT).  Implicit associations or attitudes are thought to reflect simple associations in memory that automatically affect responding, thus corresponding to many of the features ascribed to schema.  The first study investigated whether self-reported snake and spider fears were associated with particular implicit attitudes toward the feared stimulus, as an initial test of implicit attitude measurement (using the IAT) in psychopathology research.  The second study extended these findings to evaluate the clinical utility of implicit attitude measurement by examining whether implicit fear associations change over the course of successful brief treatment. 
Study 1:

Implicit Associations for Fear-Relevant Stimuli 

Among Individuals with Snake and Spider Fears

Abstract

This study investigated an implicit measure of cognitive processing, the Implicit Association Test (IAT), as a measure of fear-related automatic associations.  Sixty-seven students with snake or spider fears completed four IAT tasks in which they classified pictures of snakes and spiders along with descriptive words indicating valence, fear, danger or disgust.  Results indicated that all four tasks discriminated between fear groups in terms of their implicit associations, and fear-specific effects were significant even after controlling for the impact of valence evaluation.  Findings are discussed in terms of applications of the IAT methodology to examine cognitive processing and schemata in anxiety and potential uses for assessing anxiety disorders.

Implicit Associations for Fear-Relevant Stimuli Among Individuals with Snake and Spider Fears

With the expanding popularity of cognitive theories of emotional disorders, investigators have tried to determine how cognitive processes are implicated in the onset and maintenance of emotional dysregulation.  In particular, researchers over the last two decades have increasingly focused on information-processing differences among individuals suffering from anxiety.  The general cognitive model of anxiety posits that maladaptive schemata influence information processing to make the individual more attentive to potentially threatening cues, more likely to interpret ambiguous cues as threatening, and more likely to recall cues relevant to the fear schema (e.g., Beck, 1976; Beck & Emery with Greenberg, 1985).  Although researchers have made substantial progress in clarifying the nature of some cognitive processes, such as attentional and encoding biases, there remains great difficulty in characterizing other processes, such as memory effects.  These complexities have made it difficult to form a coherent picture of the cognitive functioning of anxious persons.  

In one review of the literature on memory biases, MacLeod and Rutherford (1998) concluded that anxiety is frequently associated with implicit bias (i.e., emotional influences on memory in the absence of conscious or explicit recall of the precipitating information), but they found little compelling evidence for anxiety-related explicit bias, which involves a conscious effort to remember information.  Other reviewers disagree, arguing that the findings are simply too confusing to draw any conclusions (e.g., Dalgleish & Watts, 1990), or even that “there is actually very little evidence to support the presence of an implicit memory bias among either high trait anxiety individuals or clinically anxious individuals” (Russo, Fox, & Bowles, 1999, p. 439).  

The incongruent results found for memory biases are problematic given that the cognitive model is centered on the organizing influences of basic cognitive structures in memory (i.e., schemata).  Further, without a clear understanding of memory effects, it is difficult to interpret the more consistently observed biases in attention and judgment.  Most tests of memory bias have used paradigms that examine bias in recall or recognition of fear-relevant items.  Although this represents one important aspect of biased information processing in memory, these paradigms are not able to evaluate more basic, underlying biases in memory structure (such as automatic associations in memory) that more closely reflect anxious schemata.  Recall that schemata, which lie at the heart of the cognitive model, are generally conceived of as mental templates or cognitive structures in memory that automatically guide the way we perceive and interpret our experience (e.g., Fiske & Taylor, 1991; Myers, 1994).  Thus, investigating memory biases that seem to occur at this very basic, structural level in memory (akin to schematic processing) may help to clarify the nature of fearful associations and enable more comprehensive evaluation of the cognitive model of anxiety. 

The information processing work testing for biases among spider phobia has tended to focus on attentional biases, using the modified Stroop task.  There have been some interesting applications of other cognitive methodologies, such as writing of situation-specific scripts (Wenzel & Holt, 2000), abstract anticipatory memory for threatening imagery scripts (Kindt, Brosschot, & Boiten, 1999), and thought suppression studies (Muris, Merckelbach, Horselenberg, Sijsenaar, & Leeuw, 1997; Zeitlin, Netten, & Hodder, 1995), but a coherent picture of phobia-specific processing has not yet emerged from these efforts.  

The Stroop research has produced somewhat more consistent results, though the parameters of the interference effect are unclear.  In one study, Watts and colleagues (Watts, McKenna, Sharrock, & Trezise, 1986) found that individuals with spider phobia were significantly slower at color naming of words associated with spiders compared to normal controls, but there were no differences on naming of general threat words.  Similarly, in an unmasked version of the Stroop task, spider phobics showed retarded color naming of spider words, relative to either neutral or emotional words (Thorpe & Salkovskis, 1997).  However, Thorpe and Salkovskis did not find evidence of a pre-attentive bias toward threat (1997). Thus, it remains unclear whether the cognitive biases in specific phobia occur automatically, or only following strategic processing, and it is uncertain whether long-term memory biases are implicated in the distorted processing of specific phobics.  The current study expands research in this field by extending the information processing anxiety research, and specific phobia work in particular, to these new domains. 

A new paradigm has been developed that may be useful for examining memory structures related to fear.  The Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998) is a measure that has been used to reflect automatic or unconscious attitudes primarily related to social prejudice, such as gender stereotypes (Rudman, Greenwald, & McGhee, 1996) and racial evaluations (Dasgupta, McGhee, Greenwald, & Banaji, 2000; McGhee, Greenwald, & Banaji, 1996; Ottaway, Hayden, & Oakes, in press; Rudman, Greenwald, Mellott, & Schwartz, 1999).  It has adequate test-retest reliability (e.g., Bosson, Swann, & Pennebaker, 2000), shows expected differences across groups (e.g., Greenwald et al., 1998), and relates to other forms of implicit (e.g., Cunningham, Preacher, & Banaji, in press) and explicit bias (e.g., Nosek, Banaji, & Greenwald, in press).  

Although implicit attitude is a well-established construct in social cognition research, the IAT has yet to be applied to psychopathology research.  Clinical researchers (particularly those from a cognitive tradition) would be more likely to think of the same construct as automatic associations in memory.  Specifically, the IAT uses reaction time tasks to measure automatic memory-based associations without requiring conscious introspection.  Processing speed is assumed to be an indirect measure of the individual’s degree of association between two concepts.  The speed with which an individual can link two concepts purportedly reflects how strongly associated those concepts are in memory.  Implicit attitudes are generally considered to be a construct related to, but distinguishable from, explicit attitudes (Blair, in press; Greenwald et al., 1998).  As evident from the many applications of the IAT in social cognition work, in some cases, implicit and self-report measures are related to one another, but in other cases they do not converge.  The idea is not that implicit and explicit attitudes are orthogonal; rather, they reflect different levels of analysis that permit a unique view of cognitive processing.  

The basic task of the IAT involves participants classifying words or pictures into superordinate categories (categories which are at a more general level). For example, participants would choose whether photographs of petunias, pansies, flies and mosquitoes belong to the superordinate category “flowers” or the superordinate category “insects”.  However, the categories of “flowers” and “insects” are simultaneously paired with descriptive categories, such as “good” and “bad”.  Participants generally categorize the stimuli faster when the paired categories are matched (matched in the sense that they are congruent with the way they associate or evaluate those categories in memory), than when they are mismatched.  The dependent variable in the IAT is the difference in average response time between matched and mismatched classifications, which is interpreted as the degree of automatic association between the paired categories.  To continue our example, when the category “flower” is paired with the category “good” and the category “insect” is paired with the category “bad”, participants are expected to classify photographs of pansies and mosquitoes more quickly than during those trials when “flower” is paired with “bad” and “insect” with “good”.  In both cases, pansies and mosquitoes are the stimuli being classified, but the superordinate categories involve category pairings that match common societal evaluations of flowers as good and insects as bad versus mismatched category pairings.  More details of the IAT design and the measurement of speed of association are described below.

Implicit associations are thought to represent automatic structures in memory and thus appear to share many of the qualities ascribed to schemata.  The current study presents an attempt to evaluate whether fearful individuals will show implicit fear associations consistent with a schema perspective on fear.  Specifically, this study was designed to determine whether self-reported fears of specific animals would be related to implicit memory associations for these feared animals, as measured by the IAT.  In this initial evaluation of the IAT’s utility in psychopathology research, we used participants who were extremely afraid of either snakes or spiders (but unafraid of the other animal).  These groups effectively served as controls for one another, given that spiders and snakes both represent evolutionarily “prepared” fears (Seligman, 1971) and share a comparably negative evaluation.  The need for a comparable fear control group is based on the relative nature of the IAT; latency (reaction time) to classify stimuli with one set of category associations is always compared to latency to classify stimuli with another set of category associations.  Thus, the most appropriate comparison group within the IAT for a specific animal fear is a category that is seen as comparably negative and threatening within the general population. 

Following from debate in the literature regarding the content specificity of biases in anxious responding (e.g., see Lavy, van Oppen, & van den Hout, 1994; Lundh, Czyzykow, & Öst, 1997), several categories of fear judgments were used in this exploration of the generality of fear-related implicit associations.  Participants were asked to categorize pictures of snakes and spiders into their superordinate animal categories in conjunction with words relevant to the following four sets of opposing descriptive categories: Bad-Good, Afraid-Unafraid, Danger-Safety, and Disgusting-Appealing.  The Bad-Good comparison was included to assess the influence of valence evaluation on the other fear-relevant memory associations. The Afraid-Unafraid and Danger-Safety comparisons were included to assess automatic subjective fear and threat associations, and the Disgusting-Appealing comparison was included given recent debate concerning the role of disgust in snake and spider fears (Sawchuk, Lohr, Lee, & Tolin, 1999; Thorpe & Salkovskis, 1998; Woody & Teachman, 2000). 

Our central question concerned whether the IAT measures of automatic associations would show significantly different reaction times as a function of fear group.  We hypothesized that the Snake/Spider IAT tasks would effectively discriminate between individuals who were afraid of snakes as opposed to spiders.  We expected that both fear groups would show evidence of automatic fear-relevant associations, but that the pattern of associations would be opposite for the two groups, because the associations in memory should be opposing.  Specifically, spider-fearful individuals would more quickly associate spiders with negative descriptors, whereas snake-fearful individuals would more quickly associate snakes with negative concepts.  We included four different IAT tasks (valence evaluation, fear, danger, and disgust) to determine which evaluative or semantic qualities related to the fear response would be evident at the level of basic associations.  Moreover, in order to test whether the IAT could capture automatic associations related specifically to fearful responding, we assessed whether the fear, danger, and disgust IAT tasks would continue to discriminate the fear groups after controlling for the effects of valence evaluation.  

Method

Participants

Approximately 1,000 Yale University undergraduates were pre-screened on the nine-item animal subscale of the Fear Survey Schedule-III (Wolpe & Lang, 1964), which required participants to rate their level of fear toward particular animals on a five-point Likert-type scale.  The goal was to select participants who were highly fearful of snakes but reported low fear of spiders, or who were highly fearful of spiders but reported low fear of snakes.  Students who differed in their reported fear of snakes and spiders by at least three points (e.g., fear level of 4 for one animal and 1 for the other) were contacted and invited to participate in the study.  Compensation involved either money ($7) or partial course credit.  Sixty-seven college-aged participants (30 snake-fearful, 7 male; 37 spider-fearful, 12 male) were included in the final analyses.  The gender ratio in this study approximates the prevalence rates found for specific phobias in the general population. 

To reduce the possibility of response bias on self-report measures, participants were not informed as to why they were selected (i.e., their particular snake/spider fear pattern).  They were simply invited to participate in a study of information processing and animal fears.  In addition, the pre-screening measure asked students to rate their fear level toward a variety of animals (not only snakes and spiders), and there was a delay of several weeks between completion of the pre-screening measure and the initial phone contact from an experimenter.  

Materials

Questionnaires.  Participants completed two established measures of specific animal fears.  The Snake Questionnaire (SNAQ; Klorman, Weerts, Hastings, Melamed, & Lang, 1974) is a 30-item, true-false measure in which participants rate their feelings toward snakes and their avoidance and escape behaviors.  Similarly, the Fear of Spiders Questionnaire (FSQ; Szymanski & O’Donohue, 1995) is an 18-item Likert-type measure (on a 7-point scale) that asks questions about participants’ avoidance and fear of harm from spiders.  

Implicit Association Tests.  The Implicit Association Test is a task in which individuals classify words or pictures into superordinate categories.  Two sets of category pairs are presented simultaneously; one pair represents the target categories of interest (in this case, spiders and snakes), and a second represents descriptive categories (such as good and bad).  During the test, participants see four category labels on the screen simultaneously: a target and descriptor category paired on one side of the screen (e.g., spiders and bad), and the opposite target and descriptor category paired on the other side of the screen (e.g., snakes and good).  Stimuli representing any of these four categories can appear in the center of the screen on a classification trial, and the task is for participants to indicate on which side of the screen each stimulus belongs (i.e., what category it fits into).  Thus, participants classify stimuli from the four concepts using just two responses (right or left side of screen), with each side assigned to two of the four concepts.  Word stimuli are used for the descriptor categories and pictorial stimuli of snakes and spiders are used for the target categories (selection of stimuli is discussed below).  Equal numbers of stimuli from each of the four categories appear during each IAT task, so that participants classify both words and pictures in all four of the snake/spider IAT tasks.

Stimuli are expected to be classified more quickly when the target and descriptor category pairings match the individual’s automatic associations with the target (snake/spider) categories, versus when the target and descriptor category pairings are mismatched.  For example, the present study focuses on individuals’ fearful associations for snakes and spiders.  A person who has negative automatic associations for snakes is expected to classify a picture of a snake relatively quickly when the target category “snake” appears on the screen alongside a negative descriptor category, such as “danger”, because of the match to this person’s automatic associations.  However, this same “anti-snake” person should classify a picture of a snake relatively slowly when the category “snake” appears on the screen paired with the descriptor “safety” because this is incongruent with the person's automatic negative associations with snakes.  In each case, the person’s implicit associations to one target category are assessed relative to his or her associations to the other target category; in essence, the IAT measures the relative strength of the paired associations.  So, in the present study, automatic associations with snakes are measured relative to automatic associations with spiders.

Figure 1 illustrates how a computer screen might appear during a critical classification trial.  In this pairing, the target category “snake” and the descriptor category “danger” have been paired on the left side, and “spider” and “safety” categories have been paired on the right.  In the example presented in Figure 1, the correct response is to classify the stimulus into the spider category on the right side of the screen using the right-sided key.  An incorrect response would be followed by feedback that the classification was inaccurate, before immediately proceeding to the next classification trial.  

In a subsequent set of classifications, snake would be paired with safety and spider would be paired with danger.  Thus, participants classify the pictorial and word stimuli when the target animal categories are paired with associatively matched descriptor categories and again when the categories are paired with mismatched descriptor categories.  The measure of interest is the difference between latency of responding when matching categories (e.g., snake/danger) are paired versus response latency when mismatching categories (e.g., snake/safety) are paired.  The hypothetical trial shown in Figure 1 should match the automatic associations for snake-fearful participants because, for these participants, the association of snakes with danger and spiders with safety is a better match than the association of snakes with safety and spiders with danger.  In contrast, the trial should be a mismatched association for spider-fearful participants because the opposite pattern of associations reflects their automatic negative associations with spiders.  Thus, snake-fearful participants would be expected to complete the hypothetical classification trial in Figure 1 faster than spider-fearful participants do because the category pairings more closely match the negative snake associations.  

	Insert Figure 1 about here


Figure 1 illustrates a trial in which participants are asked to categorize a spider picture.  The process would be identical if a word had appeared in the center of the screen to be classified.  For example, imagine that the photograph in Figure 1 was replaced by the word “lethal”.  Participants would categorize this stimulus into the category “danger” using the same method used for the photographs.  Before the target and descriptor categories are paired (as shown in Figure 1), participants practiced categorizing photographs into the “spider” and “snake” categories and words into the opposing descriptor categories (e.g., danger-safety) in separate practice trials. 

All participants completed four Snake/Spider IAT tasks, each lasting approximately three to four minutes.  There were two critical trial blocks in each IAT task – one block of trials where the sets of target and descriptor categories were matched (e.g., snake plus disgusting and spider plus appealing for a snake-fearful participant) and one block in which the sets of target and descriptor categories were mismatched (e.g., snake plus appealing and spider plus disgusting for the same snake-fearful participant).  As the above example demonstrates, whether target plus descriptor category pairs were congruent (matched) or incongruent (mismatched) depended on whether the participant was snake- versus spider-fearful.  Each critical block consisted of 48 classification trials.  Of these, the first 12 were practice trials, and the remaining 36 constituted the experimental data. 

IAT stimuli.  The investigators generated a large selection of words to serve as potential stimuli for each of the following descriptive constructs: Danger, Safety, Disgusting, Appealing, Afraid, Unafraid, Bad, and Good.  These stimuli were approximately matched for length and then pre-rated on seven-point Likert-type scales by a group of students (N = 21) for ease of categorization.  Ease of categorization was selected, rather than word familiarity, because researchers have established that the implicit attitudes demonstrated with the IAT cannot be explained by differential familiarity with the word stimuli used to represent the target categories (Dasgupta et al., in press; Ottaway et al., in press).  The best three items for each descriptor category were chosen.  Table 1 displays the final selection of descriptors with their associated stimuli.

	Insert Table 1 about here


Snakes and spiders were selected for the relative target categories because they can be effectively compared as both are common specific animal fears.  In our pilot work, we established that the stimuli used to represent the snake and spider categories were evaluated equally negatively and were matched for level of fearfulness and disgust.  In this way, we could be confident that the snake and spider categories were generally comparable to one another in terms of their negative valence and fear-evoking appearance.  The purpose of this pre-testing was to minimize alternative explanations for differential responding to the animal categories due to potential differences in their perceived likeability.  To generate stimuli, photographs of snakes and spiders were downloaded from various websites.  A broad range of animal photos were downloaded to reflect the variety of different species within an animal group (e.g., spiders of different colors and degree of hairiness).  The same group of 21 students who pre-rated the word stimuli rated each photograph on seven-point Likert-type scales for ease of categorization, as well as for the degree of fear, disgust, and pleasantness evoked.  For the snake and spider categories, the three items that were best matched on all of the above characteristics were selected. This insured that differences in IAT reaction times between the fear groups could not be attributed to difficulties in classifying the stimuli or to differentially threatening or negative items.  All photos used in the IAT tasks were standardized to a height of 10 cm, with the width varying between 8-16 cm (to maximize clarity of the object).  All were high resolution and in full color.  Thus, for each descriptor category, three words were used as stimuli, and for each target category (snake or spider), three pictures were used as stimuli.  Pictorial stimuli are available from the first author on request.

There were a number of reasons why we chose to use pictorial rather than text-based representations of animals.  First, there has been disagreement in the literature about the importance of physical versus semantic content of threatening stimuli (McNally, 1995; MacLeod & McLaughlin, 1995).  Some researchers have found an equal bias toward pictures and words of phobic stimuli (Kindt & Brosschot, 1997), while others have found no effect for words and question the external validity of written stimuli (Rapee, McCallum, Melville, Ravenscroft, & Rodney, 1994).  Second, Marks (1987) notes that while fear responses are frequently elicited by pictorial phobic stimuli, a fear reaction to phobia-relevant words alone is rare.  Third, our pilot work suggested pictures might yield more robust results.  Therefore, based on their more reliable provocation of anxiety, pictorial animal stimuli were used as target stimuli for all tasks.

Apparatus

The experiment was conducted on IBM-matched desktop computers and programmed using Inquisit (Draine, 1999) running in either Windows 95 or Windows NT.  Participants sat approximately 24 in. from a 17 in. high resolution monitor and gave responses for the left-side categories by pushing the "A" key with their left forefinger and responses for the right-side categories by pushing the "5" key (on the numeric keypad) with their right forefinger.

Procedure

The order of tasks was randomized in each set of IAT tasks.  Additionally, within each IAT task, the order in which the associatively matched versus mismatched blocks appeared was counterbalanced.  Furthermore, we counterbalanced the order in which the IAT tasks versus the explicit questionnaires were completed, the order that the explicit snake and spider fear questionnaires were completed, and the order in which participants completed the sets of IAT tasks.  To minimize the effects of fatigue, there was a five-minute break between the sets of IAT tasks during which participants had an opportunity to rest and read magazines.

Given the novelty of the task, all participants initially completed an unrelated practice IAT task (categorizing green versus white objects) to familiarize them with the procedure.  Participants were told that they would be completing a series of classification tasks during which they were to place words and pictures into categories that appeared on different sides of the screen.  They were further instructed that the classification was completed by pressing one of two computer keys (and the experimenter demonstrated the process), and they were told that this was a response time task so they should try to proceed as quickly and as accurately as possible.  To encourage accurate responding, error messages were flashed on the screen following incorrect classifications.  In addition, error rate and average response times were displayed at the end of each task.  The purpose of providing error feedback was to maintain motivation throughout the task.  Since participants were instructed to classify the stimuli as quickly and as accurately as possible, the error feedback helped to sustain this goal.  Further, given that the dependent measure involves comparison of response times for the matched and mismatched conditions, it was desirable to make the speed and accuracy goals salient across both conditions.

Results

Data Reduction

Prior to conducting the planned analyses, distributions of the IAT latency data were examined to check for outliers.  Unusually slow responding on a trial (i.e., slow classification of the stimulus) typically indicates momentary inattention, while abnormally fast responding generally reflects anticipatory responding (in advance of actual perception of the stimulus).  Accordingly, response latencies less than 300 ms or greater than 3000 ms were counted as errors and recoded as 300 or 3000 ms.  These values reflect the standard cutoff times established by Greenwald et al. (1998), and are designed to be inclusive of individual trial data, so that variability in response time can be accommodated without including data that likely reflect inadequate performance on the task.  In addition, participants’ data were deleted if the error rates (i.e., % of stimuli classified incorrectly) on the critical IAT blocks were greater than 20%.  As a result of these checks, data from four participants were omitted.  The remaining trial latency data were reciprocally transformed (1000 / latency in ms) before being averaged over each block.  Analyses were conducted using these transformed data (which can be interpreted as number of items per second) because this conversion stabilizes latency variance and normalizes the distribution.  Given that the pattern of results is the same for both the untransformed and transformed data, we report only the transformed data here.  Further details on this transformation are provided in Greenwald et al. (1998).  

Questionnaires

Comparisons between our sample and those of previously published studies provide assurance that the fearful groups were strongly (and comparably) fearful, even though they were not formally diagnosed as phobic.  Specifically, on the SNAQ, the snake-fearful group scored approximately two standard deviations above the normal college student sample described by Klorman et al. (1974; our means were 15.7 ( 5.9 and 5.6 ( 3.9, respectively for the snake and spider fearful groups), and around the 95th percentile of samples reported by both Klieger (1987) and Klorman et al. (1974).  In a Swedish sample of snake and spider phobics (using a translation of the SNAQ), the mean score on the SNAQ for their snake phobic sample was 24.44 ( 2.95, and for the spider phobic group, the mean was 8.06 ( 6.07 (Fredrikson, 1983).  Our snake phobic group mean is at a lower level than their phobic group, but this may be a consequence of using the translated version of the SNAQ, because our means are comparable to English samples.  The finding that our spider fear group performs at an equivalent level on the SNAQ as was found in the Swedish sample suggests that similar relative fear differences exist in the two samples.  

On the FSQ, the spider-fearful group scored approximately one standard deviation below the mean of spider phobics in the Muris and Merckelbach (1996) study.  Specifically, our sample means were 68.3 ( 23.7 (spider-fearful) and 31.9 ( 14.3 (snake-fearful), while their mean for spider phobics was 89.1 ( 19.6.  Although it is not possible to directly evaluate magnitude of fear across our spider- and snake-fearful groups, the comparable findings across studies using the same questionnaires indicate that they are similar high-fear groups.  In addition, SNAQ scores were significantly higher for the snake-fearful group than for the spider-fearful group (t(66) = 8.46, p < .0001, d
 = 2.08), and the reverse pattern was found for the FSQ (t(66) = -7.39, p < .0001, d = 1.81).  

Given the importance of determining that our participants were appropriately classified in their respective animal-fear groups, we also conducted the analyses reported below after removing two participants whose SNAQ and FSQ profiles did not match their pre-screening profile (i.e., they were not clearly in the snake- or spider-fear cluster).  The results were not different in any way, so we report results for the full sample here.

IAT Effects: Snake/Spider Tasks

To determine whether the IAT measures of automatic associations would capture differences in responding to specific-fear stimuli, repeated measures analyses of variance were conducted for each of the four Snake/Spider IAT tasks.  The IAT critical blocks (average transformed response latencies for matched versus mismatched blocks) served as a within-subjects factor, and fear group (snake-fearful versus spider-fearful) served as a between-subjects factor.  A significant interaction term indicates that snake- versus spider-fearful groups showed differentially prolonged response latencies in a given categorization task.  A crossover interaction was predicted because a matched trial for a snake-fearful participant was a mismatched trial for a spider-fearful participant, and vice-versa.  

As expected, there were no significant main effects (all p >.05, because the fear groups showed opposing response patterns), but each of the IAT tasks showed a significant interaction: Bad/Good (F(1, 65) = 26.64, p < .0001, f 
 = .64), Afraid/Unafraid (F(1, 64) = 43.15, p < .0001, f = .82), Danger/Safety (F(1, 65) = 29.70, p < .0001, f = .67), and Disgusting/Appealing (F(1, 64) = 13.80, p = .0004, f = .46).  These results clearly indicate that response latencies, reflecting automatic associations, effectively discriminate among individuals with specific animal fears when using the double-dissociation design of the IAT (with snake- and spider–fearful participants serving as controls for one another).

For easier visual inspection, the response latencies in ms (i.e., untransformed data) and standard error bars are shown in Figure 2.  Because difference scores were used, positive latencies reflect more negative associations for snakes, and negative latencies reflect relatively more negative associations for spiders.  As indicated on the graph, all four IAT tasks resulted in the predicted reverse pattern of responding, whereby the snake-fearful group responded more quickly when snake stimuli were paired with negative descriptors (relative to spider stimuli), and the spider-fearful group responded more quickly when spider stimuli were paired with negative descriptors (relative to snake stimuli).  In addition, the raw means and standard deviations of IAT latencies for each IAT set of category pairings (i.e., before the difference score was calculated) by fear group are included in Table 2.

	Insert Figure 2 and Table 2 about here


Effect of Valence Evaluation

Valence-based associations are of theoretical significance in many domains of study, but we were primarily interested in fear-specific implicit associations.  Although our findings clearly demonstrate that the different fear groups had different automatic associations for snakes and spiders, we conducted further analyses to control for the degree to which the Bad/Good judgment might more parsimoniously account for the other categorical judgments.  Separate analyses of covariance for each of the fear-specific IAT tasks were conducted to determine if the Bad/Good IAT would account for the remaining IAT effects.  As expected, the two fear-related IAT tasks continued to show a significant interaction even after valence was accounted for: Afraid/Unafraid (F(1, 63) = 29.89, p < .0001, f = .69) and Danger/Safety (F(1, 64) = 10.86, p = .002, f = .41).  However, the strength of the Disgusting/Appealing effect weakened somewhat in this analysis (F(1, 63) = 3.59, p = .06, f = .25 ).  These results demonstrate that the semantic, fear-emotive associations capture individual differences above and beyond the simple effects of negative evaluation.

Prediction of Fear Group Membership

To further evaluate the degree to which automatic fear-related associations would distinguish membership in the fear groups, logistic regressions were calculated for each of the four Snake/Spider IAT tasks with fear group membership as the dichotomous dependent variable.  Results indicated that all four IATs effectively explained fear group membership.  The Bad/Good IAT task produced 82% concordant fear group classifications (Wald's (2 (1, N = 67) = 14.18, p = .0002, b = -5.40, odds ratio = .005, CI.95 = b + 2.35); Afraid/Unafraid resulted in 88% (Wald’s (2 (1, N = 66) = 16.55, p < .0001, b = -6.71, odds ratio = .001, CI.95 = b + 2.71); Danger/Safety correctly classified 84% (Wald’s (2 (1, N = 67) = 15.37, p < .0001, b = -5.19, odds ratio = .006, CI.95 = b + 2.17), and the Disgusting/Appealing task produced 73% concordant classifications (Wald’s (2 (1, N = 66) = 9.89, p = .002, b = -3.80, odds ratio = .022, CI.95 = b + 1.99).  Most impressively, when the four IAT tasks were averaged together and that combined variable was entered into a logistic regression, 92% of participants were correctly classified as either snake- or spider-fearful (Wald’s (2 (1, N = 67) = 17.17, p < .0001, b = -12.24, odds ratio < .001, CI.95 = b + 4.85).  
Convergent Validity: Relation to Self-Report Measures

We were interested in determining how the explicit and implicit measures of specific animal fears would relate to one another, so we examined correlations between each of the IAT tasks and the animal fear questionnaires.  To make the questionnaire measures comparable to the implicit measures, which are relative (i.e., associations for snakes relative to associations for spiders), a relative self-report index was formed by calculating the difference between standardized scores on the snake fear questionnaire (SNAQ) and the spider fear questionnaire (FSQ).  The results indicate moderate to strong positive correlations between not only each of the separate IAT tasks but also between the explicit measure and each implicit task (see Table 3).  As would be expected for different modalities of fear responding, these data suggest that self-report and implicit measures of specific animal fears are meaningfully related, but not entirely overlapping, providing preliminary support for the convergent validity of the IAT.
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Discussion

The present study was designed to examine the presence of implicit fear associations among snake- and spider-fearful individuals using the Implicit Association Test (IAT), which has previously been used to examine unconscious social attitudes and beliefs.  Results convincingly indicate that individuals with specific animal fears show automatic associations with pictorial stimuli of feared animals that are consistent with a schema-based conceptualization of anxiety disorders.  Furthermore, these implicit associations were robust across multiple semantic categorizations (valence evaluation, fear, danger, and disgust), and the fear-specific effects remained strong even when the impact of valence was controlled.  Logistic regression further established that implicit association tests were highly predictive of fear group membership, and moderate relations between the IAT and self-report measures of specific animal fears demonstrated convergent validity.  These findings suggest that assessing automatic associations can potentially elucidate implicit cognitive processing among anxious individuals, and more broadly, can increase our understanding of how information processing is involved in emotional dysregulation.  

As predicted by the cognitive theory of anxiety, associations related to fear-provoking stimuli appear to be represented at an automatic level, and those representations relate to self-reported fear.  While these results need to be replicated, the results support the notion that fear processing is instantiated in basic cognitive structures in memory, thus showing that the IAT may be a useful tool for investigating broader questions about schema theory in anxiety disorders.  To the extent that measuring implicit fearful associations in memory approximates anxious schemata, more direct tests of cognitive theories of anxiety may be feasible, addressing some of the gaps in this literature.  

One tentative hypothesis about the meaning of the IAT results is that associatively matched pairings are more quickly categorized because they involve concepts that are strongly elaborated or accessible within the same schema.  Because these concepts are closely linked in memory and associations between them have been repeatedly reinforced, it is easy for the individual to access this connected information and process congruent stimuli.  In contrast, associatively mismatched pairings take longer to categorize because they require the individual to override these highly connected associations to perform the categorization task.  From this standpoint, not only are the mismatched pairings difficult to access because they are not part of the same organized set of information, but also because they actively contradict the established automatic associations.  This hypothesis follows from the assumption that reaction time can be used to assess ease of cognitive processing, which in this case reflects the extent that a concept or association is accessible in memory.  Reaction time is commonly used to index accessibility in social cognition research (e.g., Fazio, Sanbonmatsu, Powell, & Kardes, 1986), and this approach maps nicely onto the clinical domain to reflect accessibility of schematic fear associations.    

The IAT is a relatively new tool, which carries with it a number of clear advantages for use in anxiety research but also a number of unresolved questions.  A primary advantage of the IAT in assessing implicit associations related to threat cues is its within-subject design.  This essentially controls for the influence of state anxiety by presenting the feared stimulus in both of the conditions being compared - the mismatched category pairings where slower responding is expected, and the matched category pairings where faster responding is anticipated.  The reason state anxiety is an issue is that many information processing tasks are potentially affected by state anxiety.  Specifically, many of the paradigms used to evaluate cognitive biases involve stimuli that are designed to be threatening or anxiety-provoking for fearful participants.  Consequently, it has been difficult to tease apart whether performance differences on these tasks result from cognitive processing differences, or simply from the influence of anxious arousal.  Although the effects of state anxiety are interesting, the cognitive model is more ambitious, attempting to explain the genesis of states of anxiety rather than to simply describe the effects of those states.  

An additional methodological advantage is that even though IAT participants can easily identify the stimuli being classified as well as the purpose of the task, this awareness does not seem to enable participants to control their responses on the measure (Greenwald et al., 1998).  Thus, this procedure appears to dramatically reduce the impact of self-presentation concerns.  This feature of the IAT is particularly valuable because admitting to fear is perceived as undesirable in some subcultures.  In addition, the elegance of the within-subject IAT design means that attentional biases to, and cognitive avoidance of, threat-relevant information is controlled across the two conditions being compared.  As a result of this design, many of the confounds frequently cited against cognitive measures of fear (the influence of state anxiety in particular) are controlled because the potentially confounding factors exert identical effects in both the associatively matched and mismatched category pairings (because the same threat-relevant stimuli appear in both).  

One of the unresolved questions about the IAT relates to the constraints on the relative categories being compared.  Because the IAT effects reflect difference scores (the mismatched category pairings minus the matched category pairings), evaluating automatic associations with one category (e.g., snakes) cannot be understood independently of the participants’ associations with the comparison category (e.g., spiders).  It is for this reason that it was important to compare snake and spider fearful participants in this first application of the IAT to fear research.  As a next step, it will be interesting for future research to examine how non-fearful participants perform on these tasks, as we expect them to show no strong preference for either snakes or spiders (given that both animals are typically disliked in the general population).  It will be interesting to test this empirically and also to extend the findings from the present study that uses an analogue high-fear sample to a clinical sample with specific phobias.  Ongoing research in our lab is addressing these questions.  In addition, social psychologists are currently working on more sophisticated variations on the IAT that do not have the same stringent requirements for a contrary, relative category, so the task may become more flexible with these developments (Blair, Ma, & Lenton, in press; Nosek & Banaji, 2000).  

The flexibility of the IAT may permit investigation into the question of the generality of the processing biases associated with anxious schemata.  While the present study examined constructs related to fear, disgust, and danger, it may be possible in future work to tap even more specific concepts related to an individual's fear representation, including one’s self-concept as fearful or one's view of the stimulus as unpredictable.  These questions may shed some light on the prominent sex differences in some types of phobia.  Evaluation at this level of specificity has proven difficult in the past (e.g., see Lundh et al., 1997), but may be possible with the IAT given its relatively large effect sizes, which may permit more sensitive assessment of individual differences.  Although more work is needed to determine whether various fear-relevant constructs are meaningfully distinct from one another, the results from the present study suggest that automatic associations show some generalization, corresponding not only to fear, but also to related constructs, such as danger and disgust.

Examining the effects of schema in anxiety disorders is interesting not only from a theoretical perspective.  There are also potential implications for identifying cognitive vulnerability factors, assessing outcome, and predicting relapse.  One implication of the imperfect correspondence between self-report measures and implicit fear-related associations in this study is that implicit fear responding may provide an indication of schematic associations in memory that the individual cannot consciously access.  Particularly as they relate to disorders more serious than specific phobia, measurement of such schematic associations may provide clinicians with another tool for examining the degree to which a client’s underlying structures in memory may place them at risk for developing a problem such as panic disorder or experiencing relapse following treatment.  

The confusing literature on information processing in anxiety disorders, particularly related to memory biases, cannot be settled with a single study.  We still have far more questions than answers about the implications of implicit fear-related associations.  Nonetheless, this initial application of the IAT to address questions related to psychopathology suggests that automatic associations to threat-relevant stimuli can reliably discriminate between fear groups.  Furthermore, the evaluation of cognitive structures in memory that are consistent with a schema perspective on fear may help to more closely align cognitive theories of anxiety with basic research in other areas of psychology, broadening our understanding of information processing in psychopathology.
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Table 1

Descriptor Categories and Associated Subordinate Stimuli for IAT Tasks
	Descriptor Category Labels
	Stimuli to be classified

	Danger
	Threatened
	Harm
	Lethal

	Safety
	Protected
	Secure
	Home

	Disgusting
	Gross
	Repulsive
	Sickening

	Appealing
	Tasty
	Attractive
	Tempting

	Afraid
	Scared
	Frightened
	Alarmed

	Unafraid
	Calm
	Relaxed
	Tranquil

	Bad
	Awful
	Terrible
	Evil

	Good
	Great
	Wonderful
	Nice


Table 2

Means and Standard Deviations of IAT Latencies for IAT Category Pairings 

	
	
	
	Spider-fearful Group
	Snake-fearful Group

	IAT Category Pairings
	
	Mean
	SD
	Mean
	SD

	Danger + Spider
	and
	Safety + Snake
	641.21
	133.05
	707.24
	203.34

	Danger + Snake
	and
	Safety + Spider
	718.74
	156.55
	601.33
	106.15

	Disgusting+ Spider
	and
	Appealing+ Snake
	651.48
	158.24
	681.41
	204.91

	Disgusting+ Snake
	and
	Appealing+ Spider
	690.51
	136.82
	594.17
	109.26

	Afraid + Spider
	and
	Unafraid + Snake
	646.19
	144.23
	723.85
	174.81

	Afraid + Snake
	and
	Unafraid + Spider
	735.68
	193.46
	587.87
	98.32

	Bad + Spider
	and
	Good + Snake
	613.49
	129.64
	632.37
	147.09

	Bad + Snake
	and
	Good + Spider
	671.04
	145.22
	550.19
	88.24


Table 3

Correlations Between Implicit Snake/Spider IAT Tasks and Self-Report Fear Measures

	

	Bad vs. 
Good IAT
	Afraid vs. Unafraid IAT
	Danger vs. Safety IAT
	Disgusting vs. Appealing IAT

	Fear Questionnaires
	.58***
	.67***
	.66***
	.50***

	Bad vs. Good IAT
	
	.41**
	.58***
	.46***

	Afraid vs. Unafraid IAT
	
	
	.59***
	.47***

	Danger vs. Safety IAT
	
	
	
	.54***


** p < .01  *** p < .001

Notes: N ranges from 65 to 67 due to missing data for particular correlations.

The fear questionnaires variable is the difference score between the standardized snake fear questionnaire (SNAQ) and spider fear questionnaire (FSQ).  The use of a difference score renders the explicit variable comparable to the implicit measures that are relative in nature (i.e., attitudes toward snakes relative to spiders).

Figure Caption

Figure 1.  Schematic depiction of the Implicit Association Test procedure.

Figure 2.  Relative attitude index: Mean latency and standard error for Snake-Spider IAT tasks by fear group.
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Note:  Participants classify the stimulus using either the right or left key.  The correct classification of the spider picture is on the right key in this example.  This classification trial would represent an associatively matched pairing for a snake-fearful individual (because snakes are associated with danger) and an associatively mismatched pairing for a spider-fearful individual (because these individuals do not associate spiders with safety).  
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Note. Response latencies are calculated by subtracting the mean reaction time on associatively matched trials from the mean reaction time on mismatched trials.  Positive response latencies reflect more negative associations with snakes, indicating that the snake-fearful group responded more quickly when snake stimuli were paired with negative descriptors (relative to spider stimuli).  In contrast, negative response latencies reflect relatively more negative associations with spiders, indicating that the spider-fearful group responded more quickly when spider stimuli were paired with negative descriptors (relative to snake stimuli).  

Study 2:

Schematic Processing Among Individuals with Spider Phobia:

Change in Implicit Fear Associations Following Treatment

Abstract

This study evaluates the cognitive model of anxiety by investigating changes over treatment of automatic associations in memory as an index of schematic processing.  Spider phobics (n=31) and healthy controls (n= 30) completed a series of fear-based Implicit Association Tests (IATs), which are reaction time measures that tap implicit attitudes without requiring conscious introspection.  The specific tasks involved classifying pictures of snakes and spiders along with four different semantic categorizations (Good vs. Bad, Afraid vs. Unafraid, Danger vs. Safe, and Disgusting vs. Appealing).  Participants also completed behavioral, physiological and self-report spider fear measures.  Phobics were assessed before and after exposure treatment and at two-month follow-up, and controls’ assessments were matched for time.   Results supported the validity of clinical applications for implicit fear associations, including the ability of the IAT to predict phobic avoidance, and group by treatment interactions indicated the treatment sensitivity of the fear- and disgust-specific IAT tasks. 

Schematic Processing Among Individuals with Spider Phobia:

Change in Implicit Fear Associations Following Treatment

Cognitive models of anxiety and fear posit that maladaptive schemata influence information processing to make the individual more attentive to potentially threatening cues and more likely to interpret ambiguous cues as threatening and to recall cues relevant to the fear schema (Beck, 1976; Beck, & Emery with Greenberg, 1985).  Key elements of this theory have been supported, such as robust findings for attentional and judgment biases among currently anxious and fearful individuals (see (Mathews & MacLeod, 1994; MacLeod & Rutherford, 1998).  However, other predictions have received mixed support, such as inconsistent evidence for implicit and explicit memory biases (see excellent reviews by McNally, 1996 and Williams, Watts, MacLeod, & Mathews, 1997).  Also, there has been little work in the anxiety field investigating the presence or malleability of fear schema, the cognitive framework or meaning structure that guides biased processing.  By evaluating implicit associations, a domain commonly explored in social cognition research, we hope to more directly examine this piece of the model.  The current study investigates implicit fear associations among individuals with spider phobia as an approach to evaluate fear-related schema.  The purpose of this investigation is to test the prediction from cognitive theorists that schema processing should change over the course of therapy.  To this end, the question of whether implicit fear associations can be modified as a consequence of fear reduction following treatment is considered.   

There are a number of reasons to predict schema change (as reflected by implicit fear associations) following treatment for spider phobics.  Although somewhat contested and not yet fully tested, the general cognitive model predicts such change on a theoretical level.  In addition, the reasoning behind mechanisms of schema change in normal populations suggests that similar processes should result from cognitive behavioral therapy.  Furthermore, there is at least some evidence of cognitive change on information processing measures following exposure therapy for spider phobics.  Finally, we consider the main argument against schema change (that schemata should demonstrate trait-like stability), which comes from the depression field.  This argument will likely have limited relevance in anxiety, particularly specific phobia, because it is not commonly associated with comorbid depression.  

Change Predicted by Schema Theories
The primary reason to expect change in schematic processing following treatment derives from the general cognitive theory of emotional dysregulation.  Schema-based theories imply that improvement in symptoms should be associated with, and perhaps even proceeded by, changes in the putative maladaptive schema (e.g., Young, 1999).  For example, a recent formulation of the most prominent cognitive model of anxiety, the schema perspective on fear (Beck & Clark, 1997), asserts that the goal in treating anxiety is to deactivate the more automatic primal threat mode and strengthen more constructive reflective modes of thinking.  In other words, treatment is intended to modify the maladaptive schemata, which will lead to less cognitive bias and reduced anxious symptoms and avoidance.  Further, successful treatment should be associated with measurable changes in automatic processing, given that fear schemata are presumed to give rise to information processing biases. 

Additional support for the hypothesis that schema should change after treatment follows from theories of schema modification in normal populations.  Rumelhart and Norman (1978) proposed three possible modes of learning in a schema-based system, including 1) “learning accretion”, akin to fact learning, 2) “learning tuning”, whereby schemata evolve in line with a person’s actual experience, and 3) “learning restructuring”, in which a new schema is patterned on existing schemata.  It appears that these modes map onto different components of cognitive behavioral therapy (CBT) used to treat anxiety problems, with the first mode paralleling the didactic part of treatment, the second mode being analogous to cognitive restructuring techniques where clients evaluate evidence supporting and contradicting their beliefs, and the third mode mapping onto exposure treatment where clients form new associations to their feared object.  Thus, it seems plausible that similar change processes could occur among normal and clinical populations, given the appropriate new learning conditions. 

To rigorously test these theoretical predictions of schema change in emotional disorders, the treatment should produce differences in information processing measures that reflect changes in cognitive functioning, and which cannot be explained by a reduction in state anxiety.  This requirement is necessary, because following treatment it is expected that both cognitive functioning and state anxiety have been altered.  Yet these changes need to be teased apart to support cognitive theory’s prediction of schema change.  To this end, using a paradigm that is not influenced by state affect strengthens support for the cognitive model.  

Change in Measures of Cognitive Processing

The modified Stroop task has been used most frequently to examine evidence of cognitive change over the course of treatment among individuals with spider phobia.  The Stroop is a reaction time task that measures the latency to name a word attribute, such as ink color, for threat-relevant versus neutral words, based on the assumption that threat words will be named more slowly because of interference caused by the semantic content of the words.  The difference in response time is usually interpreted as evidence of attentional bias (though this has been disputed; see Dalgleish, 1990 and Williams et al., 1997).  The tendency to show preferential attention toward threat-relevant information has been widely demonstrated in anxiety (see Eysenck, 1992), and this bias is expected to occur as a consequence of a fear schema that predisposes the anxious individual to be hypervigilant for any sign of perceived danger.  Cognitive theory would predict that this threat bias would diminish following treatment.  

Overall, there is reasonable support indicating that cognitive bias specific to spider fear can change following fear reduction (as shown by the Stroop), but the cause of the observed changes is unknown (Thorpe & Salkovskis, 1997b; van den Hout, Tenney, Huygens, & de Jong, 1997; Watts, McKenna, Sharrock, & Trezise, 1986).  Specifically, there is concern that the changes in many of the Stroop studies are due to practice effects, rather than fear reduction.  For example, Thorpe and Salkovskis (1997b) found that the control and treated phobic groups both showed the same reduction in response latencies to stimuli on a spider-word Stroop test, suggesting that repeated testing may account for the changes.  However, Kindt and Brosschot (1999) found that the Stroop bias for threat was stable among spider phobics following a three-week test-retest interval, suggesting that practice effects did not occur.  These mixed findings suggest to us that changes on information processing tasks are plausible following treatment (compatible with our prediction of schema change), but it is not yet clear whether change in cognitive functioning or simply practice is responsible for the reduced bias observed on modified Stroop tasks.  

Predicting Schema Stability

An argument against predicting schema change following treatment comes from the depression field.  Some depression theorists expect little change after treatment because schema is viewed as a cognitive vulnerability factor that is an immutable trait, which presents a constant level of risk regardless of when it is measured (see discussion in Persons & Miranda, 1992).  However, this view is not unanimous in the depression field, with some theorists allowing “for the possibility that the negative cognitive styles hypothesized to confer vulnerability to depression do not possess trait-like stability and, in fact, may change over time as a function of intervening life experiences, the occurrence of depressive episodes themselves, and therapeutic interventions” (Alloy, 1999, p. 131).  Evidence demonstrating that cognitive processing biases remain during periods of remission has been mixed (see Gotlib & Hammen, 1992; Teasdale & Barnard, 1993), in part due to methodological difficulties in evaluating schema.  In response to these mixed findings, some depression theorists have relaxed the expectation of rigid, immutable cognitive structures.  

Elements of the schema stability debate may be specific to depression because it is a more episodic disorder than most anxiety problems.  A theory of cognitive vulnerability for depression needs to explain why individuals who seem recovered nonetheless relapse at a later point.  In contrast, although relapse rates are certainly a problem in anxiety disorders, the rates of recurrence are not as high as they are in depression.  For example, relapse has been studied extensively in panic disorder, with results indicating high maintenance of treatment gains.  Beck and his colleagues (Beck, Sokol, Clark, Berchick, & Wright, 1992) showed that 87% of clients who had received cognitive therapy were panic free at one-year follow-up, and Clark et al. (1994) reported similar results at 15 months follow-up.  In comparison, approximately 80% of previously depressed clients ultimately experience another episode (Judd, 1997).  In considering how to apply the depression research to anxiety, we expect that schema modification for anxiety disorders should occur following fear reduction given the assumption that new learning could alter cognitive structures.  In line with the concerns in depression, it seems reasonable that when maladaptive schemata have not been modified in treatment, these individuals will remain vulnerable to relapse.  However, this caveat does not imply that successful treatment will not alter schema for most clients. 

To test the prediction that schema processing will change following treatment, it is necessary to operationalize the schema construct in such a way that change on this measure can reflect modification of cognitive structures in memory (a popular characterization of schema).  This has proven a difficult challenge, but rigorous evaluation of the cognitive model requires such a test to clarify whether mixed results from previous studies are due to methodological factors, or should be interpreted as questionable support for the theory.  In the current study, change in implicit spider-fear associations is measured over the course of exposure therapy as one approach to test schema processing.  Accordingly, to test our primary question of schema change, a complimentary secondary question is to consider whether assessing implicit associations is a valid measure of automatic fear processing.   Along these lines, previous tests of fear schema are considered as well as the challenges of evaluating emotion schemata in light of the ways examining implicit associations can meet these challenges.

Recent attempts to evaluate fear and anxiety schemata have produced interesting results.  Notably, Riskind and colleagues (e.g., Riskind, 2001) propose a “looming maladaptive style”, which refers to the “internal generation of expectations, or mental scenarios, that involve rapidly rising risk” (p. 837).  They suggest that this processing style constitutes a unique cognitive risk factor for anxiety disorders which functions as a danger schema for processing threat-related information (Riskind, 1997).  Evidence that this cognitive style may be implicated in spider phobia comes from a study in which phobic participants exhibited a bias to imagine spiders as rapidly approaching and more likely to approach them than a non-feared animal such as rabbits (Riskind, Kelley, Harman, Moore, & Gaines, 1992).  The initial assessments of looming maladaptive style using a questionnaire are promising, and suggest that assessing cognitive structures more directly may also yield interesting results that permit focused tests of schematic processing.  

Direct assessment of schema processing in psychopathology has proven difficult because of both theoretical and methodological barriers.  For instance, cognitive theory has been characterized as relying on concepts that are too vague and imprecise to allow valid experimentation (e.g., Coyne & Gotlib, 1983; Teasdale & Barnard, 1993).  At the same time, a number of design factors limit our understanding of schematic processing.  Criticisms that fall within this category include how to define and operationalize the schema construct, the weaknesses of using self-report measures compared to automatic processing paradigms, and the confounding influence of mood state.  To respond to these criticisms, Segal (1988) argued that more demanding tests are required to demonstrate schematic functioning, and he encouraged researchers to focus on tests that emphasize the functional aspects of interrelations among schematic elements.  

The interrelations referred to by Segal are intended to reflect cognitive structure, which is itself an abstract term.  We rely on the definition offered by Posner and Warren (1972):  “When we say a structure exists in memory we are really saying that one item will activate another in a quite direct and simple way even perhaps when the subject does not intend for it to occur.  If we had methods to tap structure uninfluenced by conscious search, we might reflect the structure of memory more simply” (p. 34).  This approach recognizes the potential relationship between automaticity and structure (e.g., Bargh, 1982), which applies to schema research in that schemata are thought to exert an automatic influence on cognitive processes.  Thus, evaluation of responding that is less vulnerable to controlled, strategic processes may minimize some of the confounds of self-report measures, such as concern with social desirability (Ferguson, Rule, & Carlson, 1983).  An automatic processing measure is used in the current study to permit more direct evaluation of the purported structural aspects of schemata.  

This approach also circumvents some of the concerns that paper and pencil measures of schematic processes can only provide a descriptive definition of schema, rather than the evidence necessary to demonstrate cognitive structure (Segal, 1988).  For example, using an automatic processing paradigm responds to criticisms in the depression field that indirect paper and pencil measures reflect the relative fluctuation of negative verbalizations associated with the depressed episode, rather than the depressive schema itself (Coyne & Gotlib, 1986).  Also, the cognitive model proposes that maladaptive schema underlie the commonly observed cognitive biases in currently anxious and depressed individuals.  Consequently, Segal and Shaw (1986) noted the tautology of relying on negative self-report measures to validate the schema construct, given that its operation is intended to explain these self-reports.    

Using measures of automatic processing seems likely to help illuminate schematic structural relations, but this approach alone is probably insufficient.  As Blaney (1986) noted in his discussion of depression research, on many schema measures, the effects of depressed mood may mimic the effects of an organized cognitive structure.  Thus, automatic cognitive processes need to be assessed while controlling for mood effects to distinguish between the response effects of mood versus the effects of cognitive structures associated with mood (Higgins, 1981; Segal, 1988).  This is also a concern for information processing paradigms in anxiety research where presentation of threat-relevant stimuli evokes state anxiety.  

The Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998) may be one approach to assess the cognitive structures in memory referred to in schema theories.  Specifically, applying implicit association measurement to the fear domain may enable tests of automatic structural relations that control for the effects of current mood.  The IAT measures implicit attitudes without requiring conscious introspection.  Given that implicit attitudes are thought to represent simple, automatic structures in memory, measurement of implicit attitudes appears to share many of the qualities ascribed to schemata.  Additionally, this methodology minimizes the influence of self-presentational concerns and conscious control (Greenwald et al., 1998), and typifies the relationship between automaticity and structure outlined by Posner and Warren (1972).  Further, the IAT uses a within-subject design, so the influence of mood state is controlled because the anxiety-evoking stimuli are present in both conditions being compared.  

The task works by comparing response times to classify stimuli when constructs are paired so that they match a person’s automatic associations in memory versus when they are paired so that they contradict the person’s automatic associations.  This design is particularly nice for schema research, which has had difficulty teasing apart structural relations (which the measures want to reflect) from the influence of increased accessibility due to negative affect (Segal, 1988). The expectation is that accessibility differences on the IAT will remain even once the effects of mood are controlled because the within-subject design entails contrasting the organization of constructs that are assumed to be related with constructs not assumed to be related structurally.  

The IAT has been used increasingly in social cognition research, particularly in evaluations of social prejudice, such as gender stereotypes and racial evaluations (e.g., Dasgupta, McGhee, Greenwald, & Banaji, 2000; Rudman, Greenwald, Mellott, & Schwartz, 1999).  A review of the psychometric properties of the instrument (see Greenwald and Nosek, in press) indicates adequate test-retest reliability (Bosson, 2000), and the IAT shows expected differences across groups (Greenwald et al., 1998) and relates to other forms of implicit (Cunningham, Preacher, & Banaji, in press) and explicit bias (Nosek, Banaji, & Greenwald, in press).  The task uses reaction time to reflect the ease with which concepts are associated in memory.  Implicit attitudes, reflecting strength of association, are often indexed by reaction time in social cognition research (Fazio, 2001).  Implicit attitudes can correspond to explicit attitudes, but they can also differ in cases where automatic associations occurring outside awareness do not match a person’s conscious evaluations of an object.  Thus, assessing implicit attitudes can provide novel information that a person may not be able or willing to self-report.  In applying this approach to anxiety research, implicit fear attitudes toward spiders can be interpreted as a person’s automatic associations with spiders, or the ease with which a person can complete the IAT when the concept spider is paired with a concept like afraid. 

In an earlier study, we evaluated whether fearful individuals would show implicit fear attitudes that were consistent with a schema perspective on fear (Teachman, Gregg, & Woody, in press).  In particular, the study was designed to determine whether self-reported fears of particular animals would be associated with specific implicit attitudes toward the feared stimulus, as measured by the IAT.  In this initial evaluation of the IAT’s utility for psychopathology research, participants who were extremely afraid of either snakes or spiders (but unafraid of the other animal) were used.  These groups effectively served as controls for one another, given that spiders and snakes both theoretically represent evolutionarily prepared fears (Seligman, 1971), and share a comparably negative societal evaluation.  Results indicated that the IAT response latencies effectively discriminated among individuals with specific animal fears and were robust across multiple semantic categorizations (e.g., afraid, dangerous).  

Building from these initial findings, the current study tests the prediction that schema will change following fear reduction by using a population of spider phobics to examine the treatment sensitivity of implicit fear associations.  A simple phobia may initially seem an unusual vehicle to investigate automatic cognitive processing, given that it is frequently described and effectively treated in strongly behavioral terms.  Yet, for these reasons, evaluating implicit fear attitudes within this clinical population presents a particularly rigorous test of cognitive theories of anxiety disorders.  Even in specific phobias, researchers predict that cognitive biases along with avoidance help to maintain pathological anxiety (see review by Merckelbach, de Jong, Muris, & van den Hout, 1996).  

To establish the validity of the IAT to test implicit fear attitudes (reflecting fear schema), the automatic associations will need to effectively distinguish between phobics and healthy controls.  Further, evidence of the specificity of spider fear associations will be required because general measures of automatic fear will have little theoretical specificity.  Similarly, some convergence across other measures of spider fear is expected, such as traditional behavioral and self-report measures (though incongruence across fear responding is a marker of anxiety research; e.g., Lang, 1985), and divergence from more general measures of fear or negative evaluation.  Further, if assessing automatic associations is to be theoretically informative (and have practical use), then implicit fear attitudes need to explain clinical phenomena above and beyond what can be learned from currently available measures.  

To assess the malleability of schematic processing, the current study evaluated whether implicit fear associations among spider phobics change following treatment, and whether such changes are consistent with behavioral, self-report and physiological measures of fear.  Implicit associations were measured using the IAT, which compares response time to classify stimuli when categories are paired to match the spider phobics’ fear schema (i.e., spider is paired with negative attributes and snake is paired with positive attributes) to response time when categories are paired so that they contradict the spider phobics’ fear schema (i.e., spider is paired with positive attributes and snake is paired with negative attributes).  The IAT is a relative measure, which is why spiders are compared to snakes for each classification trial (see Measures section below).  Participants completed four IAT tasks, categorizing snake and spider pictures in conjunction with words representing the following four sets of opposing attribute categories: Bad-Good (to control for simple valence evaluation), Afraid-Unafraid (to assess cognitions about fear-relevant affect), Danger-Safe (to assess fear-relevant beliefs), and Disgusting-Appealing (given recent debate about the importance of disgust in snake and spider fears; (Sawchuk, Lohr, Lee, & Tolin, 1999; Thorpe & Salkovskis, 1998; Woody, 2000).  The expectation was that spider phobics would classify stimuli faster when category pairings match (versus contradict) their fear schema due to the greater ease of association of these constructs.  

If recent formulations of cognitive theory are correct, then to the extent that implicit attitudes reflect schematic processing, a change in automatic associations following treatment for phobics but no change over time for healthy controls (who have no dysfunctional fear schema to modify) should occur.  Prior to treatment, spider phobics were hypothesized to categorize stimuli more readily when spiders were linked with negative attributes, matching the fear schema that is believed to predispose these individuals to threat interpretations.  However, following treatment, the IAT differences in response latency should be significantly reduced, corresponding to fear reduction on traditional self-report measures of fear and avoidance of spiders.  Changes in implicit fear attitudes were compared to changes across multiple fear response modalities to examine the relation of automatic processing to clinical fear.  In addition, changes in these fear measures were assessed two months following the end of treatment to address stability of the fear reduction and evaluate potential return of fear.  

Method

Design


 Overview.  Multiple measures of fear at pre- and post-test and at follow-up were obtained from a sample of individuals with spider phobia.  In addition, a normal control group with similar gender distribution was tested twice.  As in the Teachman et al. study (in press), IAT tasks involved categorizing snake versus spiders and attitudes of Danger/Safety, Disgusting/Appealing, Afraid/Unafraid, and Bad/Good.  Fear measures also included a behavioral assessment during which participants were asked to approach a spider in a cage.  Heart rate and self-report of subjective anxiety and disgust levels were assessed as participants approached the spider.  In addition, spider fear was evaluated separately using self-report questionnaires.  


Table 1 summarizes the timeline and general protocol for the study.  All participants were initially screened by telephone to establish their eligibility for the phobic or control group.  Participants who met criteria and provided informed consent then completed the pre-treatment assessment where multi-modal measures of fear were obtained.  The phobic participants subsequently received an individual session of idiographic assessment of their phobic concerns and three weekly 90-minute group sessions of fear reduction
.  Following the final session, the phobic group repeated the same assessment procedure as had been administered before treatment.  The control participants completed the same assessment procedures as the phobic group (and on the same timeline), but treatment was obviously omitted.  Finally, the phobic participants returned two months following the end of treatment to repeat the assessment procedures to determine how well the fear reduction had been maintained.  

	Insert Table 1 about here


Participants

The participants who completed the spider phobia treatment groups were recruited from the Yale campus and the surrounding communities by posting signs and advertisements in local papers.  Individuals who responded to a notice offering monetary compensation and free fear reduction treatment in exchange for participation in a research study were scheduled for a phone-screening interview.  Spider phobic participants met criteria for spider phobia based on the Structured Clinical Interview for DSM-IV (SCID-IV; First, Spitzer, Gibbon, & Williams, 1997).  The specific phobia section of this interview was conducted during a telephone interview by a trained research assistant, and confirmed by the principal investigator during an individualized assessment interview.  

In addition to exhibiting extreme fear and avoidance toward spiders, participants were required to be over 17 years old and not suffering from current major depression or psychosis, as evaluated by the appropriate sections of the SCID-IV during the phone interview.  Current major depression was an exclusion criterion because of concerns about biased responding on the implicit association measures of fear (based on evidence that depression affects cognitive processing differently than fear does; e.g., Eysenck, 1992).  In addition, participants had to be willing to make a three-month commitment to the study to complete the three weeks of treatment and the subsequent two-month follow-up assessment.  

A further exclusion criterion was that the spider phobic participants could not have an extreme fear of snakes, as indicated by self-report during the initial phone screen.  This unusual criterion was necessary to insure a fair test of the implicit association measures, which compare relative attitudes toward snakes versus spiders.  Approximately 20-25% of potential participants were excluded because of this criterion.  This recruitment procedure resulted in 31 phobic participants who completed the program (mean age = 32.60, SD = 10.68, range = 18-55).  Not surprisingly, the group reflected the disproportionate prevalence of spider phobia among females; 84% were female.  Four additional phobic participants did not complete the treatment program, dropping out after the first session.  In one case, the participant unexpectedly moved to another city, but the other participants provided no reason.  This rate of attrition is within the expected range for a study of this nature, and these participants were excluded from analyses because they did not receive treatment.  Additionally, two participants completed the treatment program, but did not return for the follow-up assessment, so their data were included in all analyses except those involving follow-up data.  

Participants in the non-phobic control group were recruited either from signs posted in the community and on campus (offering payment for participation in the study) or from the Yale University psychology participant pool (in exchange for partial course credit).  Potential participants were screened with the same telephone interview as was used for the phobic group.  To qualify for the study, control group participants could not report an extreme fear of either snakes or spiders and could not meet diagnostic criteria for current depression or psychosis.  This recruitment procedure resulted in a predominantly female (77%) sample of 30 non-phobic participants (mean age = 24.00, SD = 9.44, range = 17-56).  One additional participant from the control group was omitted from the study because she did not return for the post-test assessment.

All participants received either $7 or partial course credit as compensation for each assessment.   

Measures

Questionnaires.  Participants completed two questionnaires about spider fear.  The Fear of Spiders Questionnaire (FSQ; Szymanski & O'Donohue, 1995) is an 18-item endorsement measure that assesses participants’ avoidance and fear of harm from spiders, such as degree of agreement with the statement, “If I came across a spider now, I would leave the room.”  The Spider Phobia Questionnaire (SPQ; Klorman, Weerts, Hastings, Melamed, & Lang, 1974) is a 31-item true/false measure that describes a range of situations involving interactions with spiders, such as, “I avoid going to parks or on camping trips because there may be spiders about.”  The FSQ and SPQ were combined for analyses to enhance reliability.  At the initial evaluation, the correlation between the FSQ and SPQ was r = .65 for the phobic group and r = .50 for the control group.  

Implicit Association Tests.  The Implicit Association Test is a response time task in which individuals classify words or pictures into superordinate categories to index the relative strength of their automatic associations to target constructs.  In the present study, to assess automatic associations to spiders and snakes, two sets of category pairs were presented simultaneously.  One pair was always spiders and snakes (the target categories), and this was matched with a second descriptive category pair (either good and bad, danger and safety, disgusting and appealing, or afraid and unafraid) that was simultaneously displayed.  Participants saw four category labels on the computer screen concurrently: a target and descriptor category paired on one side of the screen (e.g., spiders and disgusting), and the opposite target and descriptor category paired on the other side of the screen (e.g., snakes and appealing).  Stimuli representing one of these four categories appear in the center of the screen on each classification trial, and the task is for participants to indicate on which side of the screen each stimulus belongs (i.e., what category it fits into) by a left or right key response.  Thus, participants classify stimuli from the four concepts using just two responses, because each side of the screen is assigned to two of the four concepts.  

Figure 1 illustrates how a computer screen might appear during a classification trial.  In this trial, the target category “snake” and the descriptor category “danger” have been paired on the left side, and “spider” and “safety” categories have been paired on the right.  The correct response in this case is to classify the stimulus into the spider category on the right side of the screen using the right-sided key.  (The procedure was identical for both the word and pictorial stimuli.)  An incorrect response would be followed by feedback that the classification was inaccurate, before immediately proceeding to the next classification trial.  After a series of trials with these category pairings, the categories would be switched, so that the snake category would be paired with safety and spider would be paired with danger.  

Accordingly, participants classified the pictorial and word stimuli when the target animal categories were paired with associatively matched categories and again when the categories were paired with mismatched categories.  A matched category pairing for spider phobic participants occurs when spider is paired with a negative descriptor (and snake with a positive descriptor), and a mismatched category pairing occurs when spider is paired with a positive descriptor  (and snake with a negative descriptor).  The dependent variable is the difference between latency of responding when matching categories (e.g., spider/danger) are paired versus response latency when mismatching categories (e.g., spider/safety) are paired.  Thus, phobic participants were expected to be significantly slower at classifying stimuli when spider is matched with a positive descriptor, but no differences were expected for control participants, because they reported no extreme fear of either snakes or spiders. 

	Insert Figure 1 about here


The idea behind the task is that stimuli are classified more quickly when the target and descriptor category pairings match the individual’s automatic associations with the target categories (snake/spider), versus when the target and descriptor category pairings are mismatched.  Consequently, as spider phobic participants were expected to have negative automatic associations for spiders, they should classify a picture of a spider relatively quickly when the target category “spider” appears on the screen alongside a negative descriptor category, such as “danger”, because of the match to their automatic associations.  However, the same spider phobic participants should classify a picture of a spider relatively slowly when the category “spider” appears on the screen paired with the descriptor category “safety” because this is hypothesized to be incongruent with their automatic negative associations with spiders.  In each case, implicit associations to one target category are assessed relative to associations to the other target category.  So, in the present study, automatic associations with snakes are measured relative to automatic associations with spiders.  

Word stimuli were used for the descriptor categories and pictorial stimuli of snakes and spiders were used for the target categories.  Based on pre-testing, three words were used to represent each of the descriptor categories, such as “lethal” to represent the category “danger”, and “tempting” to reflect the category “appealing”.  The stimuli were approximately matched for length and ease of categorization on the basis of pilot data.  Similarly, three photos of snakes and spiders were used to represent the target categories.  Snakes were selected as the relative target category to compare to spiders because both are common specific animal fears, and in our pilot work, we established that the snake and spider stimuli were evaluated equally negatively and were matched for level of fearfulness and disgust.  (For more details on the selection of the snake category and the word and pictorial stimuli, see Teachman et al., in press).  Equal numbers of stimuli from each of the four categories (snake, spider and two descriptors) appeared during each IAT task, so that participants classified both words and pictures in all four of the snake/spider IAT tasks.
In addition to the four Snake/Spider IAT tasks, two control tasks were included to determine that any change observed over treatment in the phobic group was due to spider-specific fear reduction, rather than more general changes or testing effects given the repeated measures nature of the study design.  A task comparing attitudes toward Fruit versus Garbage (paired with the attribute categories “Bad vs. Good”) was included to control for the effects of practicing the IAT tasks.  Because participants completed the Snake/Spider tasks at several points in time, we wanted a basic evaluative task that would be unrelated to the attitudes of interest to measure practice effects.  

Furthermore, the Snake/Spider tasks were intended to measure fearful attitudes toward spiders specifically, rather than fear responding more generally.  Thus, we included a task expected to elicit fear for all participants, regardless of their spider fear status.  Including a more general fear-related task would increase confidence that change on the Snake/Spider tasks was due to a change in spider fear, rather than changes in fear more broadly.  To this end, we included a task comparing associations toward Fire versus Other Elements (paired with the attribute categories ‘Afraid vs. Unafraid’).  Pictures of fruit, garbage, fire and various natural elements (such as sky and water) were downloaded from assorted websites and rated by an independent sample of participants to match the snake and spider pictures for appropriate levels of negative valence and fearfulness.  The same word stimuli used in the Afraid/Unafraid and Bad/Good tasks for the Snake/Spider IATs were used in the control tasks.

All participants completed the four Snake/Spider IAT tasks and the two control tasks, each lasting approximately three to four minutes.  In each IAT task, there were two critical trial blocks: one block of trials where the sets of target and descriptor categories were matched (e.g., spider plus disgusting and snake plus appealing for a spider phobic participant) and one block in which the sets of target and descriptor categories were mismatched (e.g., spider plus appealing and snake plus disgusting for the same spider phobic participant).  Based on standard IAT design, and following the methodology used in Teachman et al. (in press), each critical block consisted of 48 classification trials; the first 12 were practice trials, and the remaining 36 constituted the experimental data. 

The IATs were completed on IBM-matched desktop computers and programmed using Inquisit (Draine, 1999) running in either Windows 95 or Windows NT.  Participants gave responses for the left-side categories by pushing the "A" key with their left forefinger and responses for the right-side categories by pushing the "5" key (on the numeric keypad) with their right forefinger.

Behavioral Avoidance Task (BAT).  This task measures the extent of fear experienced, and the degree of avoidance, in response to a fear-evoking spider.  A completely harmless but frightening-looking spider was placed in a cage at one end of a room.  Participants were asked to enter the room and approach the spider as close as possible, ultimately touching the spider.  Participants were explicitly told that they could escape this task at any point.  At several steps throughout the task, the experimenter prompted participants to verbally report their current anxiety and disgust levels on a 0-100 scale where 100 represented extreme emotion.  To avoid influencing participants’ sense of safety, the therapist did not conduct the BATs following treatment
.  As soon as participants indicated that they did not want to continue further in their approach to the spider (or when they touched the spider), final ratings of anxiety and disgust were obtained, and the participant left the room.


The spider used in the task was a Honduran Curly tarantula that was 10.5 cm (or 4”) long with her legs outstretched.  Her body, which is very hairy, is about 5 cm (or 2”) long.  She is a particularly useful stimulus for a measure of behavioral avoidance because she is very scary-looking, but she is not dangerous and moves relatively slowly.  
Physiological Measure.  During the BAT, the participant’s heart rate was measured with an ambulatory heart rate monitor.  Specifically, heart rate was recorded standing outside the door before entering to see the spider, at 10 ft away from the spider aquarium, standing right next to the aquarium, and finally at the participant’s last step completed.  These measurement points matched the assessment points for emotional responses (anxiety and disgust) gathered during the BAT.  A Polar Beat Heart Rate Monitor was used, consisting of an electrode belt that participants strapped around their chest from which heart rate signals were transmitted to a wrist receiver on a watch.  A reliability study of the Polar monitors indicated that the correlation coefficient and standard deviation of the heart rates registered by the monitors were 0.97 (+ 3-4 beats minute) when compared to ECG measurements (Lewis, 1992).  

Procedure

During the informed consent procedure, participants were instructed that we were interested in different kinds of emotional reactions to spiders.  The first assessment procedure involved all participants completing the following measures: the six IAT tasks (four Snake/Spider tasks and two control tasks), the Behavioral Avoidance Task with heart rate monitoring, and the spider fear questionnaires.  The order of completion of the IAT tasks, the BAT and the questionnaires was counterbalanced.  As well, the order of tasks was randomized in each set of IAT tasks.  In addition, within each IAT task, the order in which the associatively matched versus mismatched blocks appeared was counterbalanced.  Furthermore, all participants initially completed an unrelated practice IAT task (categorizing green versus white objects) to familiarize them with the procedure.  

Participants were instructed that the IAT was a response time task during which they were to place words and pictures into categories that appeared on different sides of the screen by pressing one of two computer keys.  They were asked to proceed as quickly and as accurately as possible.  Error feedback after each incorrect classification trial and accuracy data at the end of each block was provided (e.g., participants were told the percentage of stimuli they had classified correctly after each block).  In addition, participants were told that they would know in advance what categories of words or pictures would appear on the computer screen, so they would know whether a task involved classifying pictures of spiders or not.  This instruction was provided to reduce anticipatory anxiety among phobic participants who had a strong fear reaction to the photos of spiders used in the IAT tasks.  Following the pre-test session, participants were thanked for their time and provided with either course credit or payment.  For the control group, a follow-up session was scheduled while the phobic group immediately began their fear reduction sessions.

Once the phobic individuals had completed the three 90-minute sessions, they completed a post-treatment assessment that followed identical procedures to the pre-treatment assessment.  The normal control group also returned after two weeks for their second assessment (to match the phobic group for time between repeated assessments), which was the same as the initial one.  Finally, the spider phobic group returned to the lab one last time to evaluate the status of their fear of spiders two months following the termination of treatment, again completing the identical procedures.

Therapist.  The therapist for all 11 treatment groups was an advanced graduate student in clinical psychology (the author).  The therapist was trained and supervised (using audiotapes of sessions) by a licensed clinical psychologist specializing in the treatment of anxiety disorders, and supervision was maintained throughout the study.  A trained research assistant participated in the treatment groups as a note-taker and modeled interactions with the spider.  Different assistants were used for various groups but all were graduate students who were familiar with the principles of cognitive behavior therapy. 

Treatment.  The treatment protocol was based on Mastery of Your Specific Phobia: Therapist Guide (Antony, 1997).  The protocol was modified to fit a weekly, three-session group format given recent evidence that spider phobia can be effectively treated with a short, intensive exposure program (Arntz, Lavy, van den Berg, & van Rijsoort, 1993; Öst, 1996).  Groups varied in size from two to six persons (mean group size was 3.7, SD = 1.0).  The treatment involved gradual in vivo exposure based on a hierarchy of tasks that were progressively more fear evoking.  Participants were simultaneously encouraged to counter their maladaptive beliefs, such as that spiders are dangerous or that anxiety is intolerable or unmanageable.  

In the first session, participants learned the cognitive behavioral model of anxiety, discussed the role of avoidance in maintaining fear, and consented to exposure treatment based on a rationale of the role of habituation in fear reduction.  Participants then began to engage with live spiders, typically starting with a small spider in a cage at the opposite end of the room.  Over the course of three sessions, the level of engagement increased at the participants’ own pace, typically to the point where participants would allow spiders to crawl on their hands, and in some cases, even on their face.  At the end of each session, progress was summarized and a plan for between-session practice exposures was set for the week.  Subsequent sessions began with a review of these between-session exposure assignments.  Finally, at the end of the program, participants learned strategies to maintain treatment gains.  

Results

Data Reduction

Prior to conducting the planned analyses, distributions of the IAT latency data were examined to check for outliers, and response latencies less than 300 ms or greater than 3000 ms were counted as errors and recoded as 300 or 3000 ms, respectively.  Data were also deleted if the error rates (i.e., % of stimuli classified incorrectly) on the critical IAT blocks were greater than 30%
.  As a result of these checks, data from the control IAT tasks for three participants were omitted.  These data management procedures (recoding and error rate cutoff) are standard practice for IAT data; further details are provided in Greenwald et al., 1998).   

Sample Descriptives

The measures of spider fear showed marked differences between the phobic and control groups, as expected.  On the FSQ and SPQ, our spider phobic group was comparable to the phobic sample in the Muris and Merckelbach (1996) study (our sample: FSQ mean = 84.93 ( 13.68, SPQ mean = 19.69 ( 4.75; Muris & Merckelbach: FSQ mean = 89.1 ( 19.6, SPQ mean = 23.2 ( 2.9).  To simplify analyses and to increase the reliability of the questionnaire measure, the spider fear questionnaires were combined.  The FSQ and SPQ questionnaires were each divided by the standard deviation for the phobic and control groups separately at each time point, and the two questionnaires were averaged.  This combined questionnaire variable significantly differentiated the phobic and control groups at pre-test (t(58) = 10.30, p < .0001, d = 2.70).
Additionally, phobic participants were significantly more avoidant of the spider during the BAT (t(59) = 6.94, p < .0001, d = 1.81), and reported more anxiety and disgust at the last step of the BAT (t(58) = 6.86, p < .0001, d = 1.80 and t(58) = 3.59, p < .001, d = .94, respectively).  Heart rate at the last completed BAT step is the only variable that did not significantly differentiate the groups at the initial assessment (t(58) = .74, p > .10, d = .19).  Means and standard deviations for each fear measure are listed in Table 2.
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Validity of Implicit Fear Associations 


Before addressing the central question of the treatment sensitivity of the IAT (reflecting schema change), it was first necessary to investigate the validity of clinical applications for implicit fear associations to determine if the IAT was a reasonable measure to examine automatic fear processing.  Group differences on the IAT tasks were explored to look at criterion-related validity; the fear-specificity of the Snake/Spider tasks was examined to assess content validity; relations across fear measures were evaluated to establish convergent and discriminant validity, and the incremental validity of the implicit fear associations was investigated by looking at how well the IAT predicted behavior beyond the predictive power of questionnaires.

Criterion-Related Validity.  The Snake/Spider IAT tasks significantly distinguished between the phobic and control groups at the first evaluation (Afraid/Unafraid: t(58) = 3.23, p = .002, d = .85, Disgusting/Appealing: t(58) = 2.54, p = .01, d = .67, Bad/Good: t(58) = 2.19, p = .03, d = .57), with the exception of the Danger/Safety IAT (t(58) = 1.75, p = .09, d = .46), which showed a trend in that direction.  As expected, the control IAT tasks did not differentiate the phobic and control participants, providing support for the specificity of the IAT spider fear measures.  There were no significant differences across groups for a task that controlled for the effect of general valence and practice (i.e., Fruit/Garbage paired with Bad/Good; t(57) = .50, p > .10, d = .13).  Similarly, a task that controlled for general fear evaluation (Fire/Other Elements paired with Afraid/Unafraid) did not show differences between groups (t(56) = .68, p > .10, d = .18), providing discriminant validity for the measurement of spider-specific fear attitudes.  
In order to examine the degree to which results from the IAT would correctly classify participants with regard to diagnostic status, logistic regressions were calculated for each of the four Snake/Spider IAT tasks and for a combined IAT variable (averaging the four tasks) with fear group membership as the dichotomous dependent variable.  The Bad/Good IAT task produced 66% concordant fear group classifications (Wald's (2 (1, N = 60) = 4.19, p = .04, b = -.61, odds ratio = .54, CI.95 = b + .59); Afraid/Unafraid resulted in 71% concordant classifications (Wald’s (2 (1, N = 60) = 7.48, p = .006, b = -.98, odds ratio = .377, CI.95 = b + .72); Danger/Safety correctly classified 60% (Wald’s (2 (1, N = 60) = 2.87, p = .09, b = -.47, odds ratio = .624, CI.95 = b + .56); and Disgusting/Appealing task produced 68% concordant classifications (Wald’s (2 (1, N = 60) = 4.99, p = .03, b = -.83, odds ratio = .438, CI.95 = b + .74).  Further, using the combined IAT variable, 79% of participants were correctly classified (Wald’s (2 (1, N = 60) = 9.17, p = .002, b = -.01, odds ratio < .001, CI.95 = b + .008).  Thus, comparable to the behavioral and self-report fear measures described above, the IAT also effectively classified participants according to their clinical fear status.  
Content Validity.  To investigate whether fear-emotive associations would capture individual differences above and beyond the simple effects of negative evaluation, separate analyses of covariance for each of the fear-specific IAT tasks were conducted controlling for the Bad/Good IAT effects. Specifically, the Bad/Good IAT latency effect was entered as the covariate in ANCOVAs with fear group as the independent variable explaining variance in the three fear-relevant IAT latency effects at pre-test (Afraid/Unafraid IAT, Disgusting/Appealing and Danger/Safety).  Results demonstrated that the phobic and control groups remained significantly different after accounting for general valence on the Afraid/Unafraid IAT (F(1, 59) = 10.10, p = .002, f = .42).  In addition, although the effect was weakened, the groups showed marginally significant different results for the Disgusting/Appealing task (F(1, 59) = 3.62, p = .06, f = .25) after accounting for the Bad/Good IAT.  The Danger/Safety IAT effect, which was weak on its own, was no longer significant (F(1, 59) = 1.00, p > .10, f = .13) after accounting for valence.  Overall, findings indicate that most of the fear-specific IATs discriminated between groups even when the effects of valence were controlled.  This lends support to the content validity of fear-specific implicit attitudes because positive/negative affective associations cannot simply explain the results.  

Convergent and Discriminant Validity.  To evaluate the relations among the different fear measures, correlation coefficients between the Snake/Spider IAT tasks and the behavioral, self-report, and physiological measures of fear were calculated for the whole sample at the initial evaluation (see Table 3).  The overall pattern of relationships indicated moderate positive correlations among the IAT tasks (as indicated in the upper left triangle of the table marked by the dotted lines), supporting the convergent validity of the measures.  The absence of a relationship between the Afraid/Unafraid IAT and both the Bad/Good and Danger/Safety IATs is somewhat surprising.  It is not clear whether this result represents a meaningful distinction between valence- versus fear-specific implicit associations, as the ANCOVA from the previous section suggests that the Danger/Safety IAT may principally reflect a general hedonic evaluation like the Bad/Good IAT (though this does not explain the positive correlations with the Disgusting/Appealing task).  

Variable relations were found between the IAT tasks and the behavioral, self-report, and physiological measures of fear (as detailed in the upper rectangle in Table 3), which is not surprising given the incongruence across different modalities of fear responding typical of the anxiety literature (Lang, 1985).  Importantly, the Fruit/Garbage and Fire/Other Elements control IAT tasks did not relate to the behavioral, self-report, or physiological fear measures, offering support for the discriminant validity of the spider fear IAT tasks.  In general, the pattern of correlations suggests variable, moderate relationships across fear measures (with the exception of heart rate which showed no association to the other measures), providing reasonable support for the convergent validity of the IAT. These relationships are noteworthy because they do not take advantage of any shared method variance, given the widely discrepant assessment methods.
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Incremental Validity.  Behavior is arguably the most important indicator of clinical functioning (rather than simply answers on a questionnaire) because of the disruption caused by phobic avoidance.  Accordingly, the clinical utility of the IAT would be enhanced if automatic associations were found to predict behavioral avoidance above and beyond the effects of explicit measures.  To investigate whether implicit and explicit measures contribute unique variance in explaining phobic behavior, a hierarchical regression was conducted for the phobic group with the last step completed in the BAT at pre-test as the criterion variable.  The explicit (fear questionnaires) measure was entered first into the model, followed by the implicit measure as a predictor.  The combined IAT variable (averaging the four Snake/Spider IAT tasks) was used as the predictor variable, matching the combined questionnaire variable for the explicit measure and increasing the reliability of the variables.  

As expected, the first step with the fear questionnaires entered alone was significant (model: F = 19.27, R2 = .42, Adj. R2 = .39; fear questionnaires: b = -2.02, SE b = .46, beta = -.65, p < .001).  More importantly, the overall model with both predictors entered was significant (F = 12.60, R2 = .49, Adj. R2 = .45), and both the IAT and spider fear questionnaires were significant predictors (fear questionnaires: b = -1.85, SE b = .45, beta = -.59, p < .001; combined IAT: b = -.007, SE b = .004, beta = -.28, p = .06).  These findings suggest that implicit fear associations uniquely predict clinical behavior beyond standard questionnaire measures. 

Effectiveness of Treatment 

Change on Traditional Behavioral and Questionnaire Measures.  To examine the effectiveness of the treatment for spider phobia, repeated measures ANOVAs were calculated for the traditional measures of spider fear, with a two-level between-groups variable (phobic versus control group) and a two-level within-subjects variable (pre- versus post-treatment).  A significant interaction was expected, such that fear responding would decrease following treatment for the phobic group but not for the control group.  As predicted, significant group by treatment interactions were found on the spider fear questionnaires (F(1, 58) = 41.96, p <.0001, f = .85), avoidance during the BAT (F(1, 59) = 65.04, p <.0001, f = 1.05), and heart rate during the BAT (F(1, 58) = 8.40, p <.01, f = .38).  Self-reported anxiety and disgust during the BAT showed a trend for interactions (F(1, 58) = 3.21, p =.08, f = .23  and F(1, 58) = 2.80, p <.10, f = .21, respectively).


To further specify treatment effectiveness, simple effects showing change from pre- to post-test for just the phobic group were examined.  Paired samples t-tests indicated significant improvement across all variables related to fear: spider questionnaires (t(29) = 12.87, p < .0001, d = 4.78), avoidance (t(30) = -8.65, p < .0001, d = 3.16), heart rate (t(29) = 3.78, p < .001, d = 1.40), and self-reported anxiety (t(29) = 3.65, p = .01, d = 1.35).  Self-reported disgust during the BAT, which has not typically been examined in fear treatment studies, showed a much weaker decline (t(29) = 1.87, p = .07, d = .69).
Examination of the two-month follow-up assessment indicated that treatment gains were maintained for all measures except heart rate during the BAT.  Comparison of scores from immediately post-treatment to two months later for the phobic group indicated no significant return of fear for behavioral avoidance (t(29) = .72, p > .10, d = .28) or self-reported disgust (t(29) = -.84, p > .10, d = .33).  The participants showed significant improvement on the spider fear questionnaires (t(29) = 5.34, p < .0001, d = 2.14) and self-reported anxiety during the BAT (t(29) = 2.35, p = .03, d = .50), indicating that further treatment gains had accrued at follow-up.  The only variable that indicated a return of fear at follow-up was heart rate (t(29) = -3.94, p < .001, d = 1.58), which had not significantly differentiated the groups at pre-test but had demonstrated treatment gains for the phobic group from pre- to post-test.  Overall, there was clear evidence that fear reduction had occurred over the course of treatment for the phobic group, and these gains were maintained at follow-up.  

Change on Implicit Fear Associations.  Our central question concerned the treatment sensitivity of the implicit fear associations.  Mixed model analyses of variance were used to examine this question, with between-groups (phobic versus control) and within-subjects (pre- versus post-treatment) effects.  There were significant main effects for the repeated measure for the Afraid/Unafraid (t(58) = 3.22, p = .02, d= .85) and Disgusting/Appealing IATs (t(58) = 2.01, p < .05, d= .53), and a marginally significant effect on the Bad/Good IAT (t(58) = 1.82, p = .07, d= .48).  There was no main effect for the Danger/Safety IAT (t(58) = .20, p > .10, d = .05).  Main effects for group indicated significant group differences on all four Snake/Spider IAT tasks: Afraid/Unafraid (t(58) = 2.47, p = .02, d= .65), Disgusting/Appealing (t(58) = 2.08, p = .04, d= .55), Bad/Good (t(58) = 3.72, p < .001, d= .98), and Danger/Safety (t(58) = 2.29, p = .03, d= .60).   

The primary tests of change over the course of treatment were the group by treatment interactions.  As with the behavioral and questionnaire measures, a significant interaction was expected, such that implicit fear responding would decrease following treatment for the phobic group but not for the control group.  As predicted, significant group by treatment interactions were found on the Disgusting/Appealing (F(1, 58) = 4.54, p = .04, f = .28) and Afraid/Unafraid (F(1, 58) = 6.14, p = .02, f = .33) IATs, though not for the Bad/Good (F(1, 58) = .02, p >.10, f = .02) or Danger/Safety (F(1, 58) = .11, p >.10, f = .04) tasks.  For easier visual inspection, see Figure 2, depicting the mean latency difference score and standard error for each group by treatment interaction for the four Snake/Spider IAT tasks.  
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Post hoc tests to further evaluate the Disgusting/Appealing and Afraid/Unafraid group by treatment interactions revealed an identical pattern on the two tasks.  As expected, the phobic group showed a significant treatment effect (Disgusting/Appealing: t(29) = 2.65, p = .01, d = .98, Afraid/Unafraid: t(29) = 3.46, p = .002, d = 1.28), while the control group showed no significant change from pre to post-test (Disgusting/Appealing: t(29) = .00, p > .10, d = .00, Afraid/Unafraid: t(29) = .66, p > .10, d = .24).  Further establishing the treatment sensitivity, significant differences were found between the groups at pre-test (Disgusting/Appealing: t(59) = 2.54, p = .01, d = .67, Afraid/Unafraid: t(59) = 3.23, p = .002, d = .85), but not at post-test (Disgusting/Appealing: t(59) = .00, p > .10, d = .00, Afraid/Unafraid: t(59) = .20, p > .10, d = .05).  


Similar to the behavioral and questionnaire measures of fear, the implicit associations on the Disgusting/Appealing and Afraid/Unafraid IATs showed no significant change from post-treatment to the follow-up assessment (t(29) = -.50, d = .19, and t(29) = -1.11, d = .41, ps > .10, respectively).  In addition, confidence in the treatment sensitivity of the Afraid/Unafraid and Disgusting/Appealing implicit associations is further strengthened by the finding that no significant interaction was found on the control IAT tasks: Fruit/Garbage (F(1, 57) = 1.05, p >.10, f = .14) and Fire/Other Elements (F(1, 56) = .41, p >.10, f = .09), indicating that neither practice effects nor changes in general fear or valence explain the treatment effects on the spider-specific IAT tasks.  

Correlates of Change.  To investigate how treatment gains on the IATs relate to treatment gains on questionnaire and behavioral measures of fear, residual gain scores
 were calculated using the following equation suggested by Manning and Du Bois (1962): residual gain = z2 – r12z1 (where z1 is the standardized pre-test measure, z2 is the standardized post-test measure, and r12 is the correlation between the pre- and post-test administrations).  Pre- and post-test scores were standardized to the pre-test mean and standard deviation.  Correlations were then calculated for the phobic group between residual gains on the Afraid/Unafraid and Disgusting/Appealing IATs and residual gains on the behavioral and questionnaire indicators of fear.  These variables were selected because each showed change from pre- to post-test following treatment.  Results indicated that the IAT treatment gains were moderately correlated with one another, but they showed variable relations to other fear measures of treatment improvement.  Correlation coefficients showed small to moderate associations between improvement on the IAT tasks and on self-reported anxiety, but no relation to improvement on questionnaires or behavioral avoidance.  (See Table 4.)  This pattern of incongruence is typical of results in this area of research, where different channels of fear responses do not necessarily correspond.  
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Discussion

This study evaluated the prediction that schematic processing among individuals with spider phobia would change over the course of treatment.  Additionally, this study extended our earlier work (Teachman et al., 2001), further investigating the validity of the Implicit Association Test (IAT) as an index of implicit fear attitudes.   Results indicated that fear-related implicit associations did change over the course of treatment, consistent with the prediction of schema change in the cognitive model.  In general, automatic associations (thought to reflect schematic connections) differentiated the spider phobic and control groups before treatment, and implicit associations explained phobic avoidance even when accounting for the effects of explicit measures, suggesting incremental validity for implicit processing to explain clinical outcomes.  Further, implicit spider fear associations with the constructs Afraid/Unafraid and Disgusting/Appealing changed over the course of exposure therapy for treated phobics, but not for normal controls.  This change was consistent with changes in other measures of behavioral and self-report fear (at the group level), establishing the IAT’s treatment sensitivity, and these fear reductions were maintained at two-month follow-up.  However, implicit associations with the constructs Bad/Good and Danger/Safety did not show the expected group by treatment interactions, suggesting that the treatment sensitivity is relatively specific.  Overall, this study strengthens the cognitive model, providing initial evidence that schema processing changes over treatment, as indicated by implicit associations.  

Given that the Implicit Association Test (IAT) is a new tool in psychopathology research, a series of analyses were conducted to establish the validity of the IAT as a measure of clinically relevant implicit fear associations.  Although one cannot know the degree to which these associations actually reflect schemata, it is possible to examine whether the results follow patterns predicted based on cognitive theory.  In general, results support the psychometric properties of the methodology, suggesting that the IAT is a useful measure of automatic fear processing.  Specifically, the implicit fear associations distinguished between the phobic and control groups at pre-test, establishing criterion validity of the measure (though the Danger/Safety IAT effect was relatively weak), and the control IAT tasks did not, showing discriminant validity.  Similarly, most fear-specific IAT tasks discriminated between groups even when the effects of valence were controlled, lending support to the content validity of fear-specific implicit associations (but again, the Danger/Safety task did not).  A similar pattern was found in evaluating the convergent validity of the IAT measures.  Overall, there were moderate positive correlations among the IAT tasks, but no association between the Bad/Good or Danger/Safety IATs and the Afraid/Unafraid IAT.  Finally, small to moderate relations between the IAT and the behavioral and self-report fear measures were found, which is not surprising given the typical incongruence found across different modalities of fear responding and the lack of shared method variance.  

On the whole, these validity checks support the findings from Teachman et al. (in press), indicating the robustness of the results.  Across both studies, similar results were found for the classification of fear group membership, the spider-fear content specificity of the implicit associations, and the relations to other measures of fear responding.  Further, it seems likely that methodological variations can explain any small differences found between the studies.  For example, the earlier study differentiated between snake- and spider-fearful participants, mapping directly onto the IAT’s relative categories, whereas the present study compared spider phobics to non-fearful controls.  Similarly, in the earlier study, a relative measure of self-reported snake and spider fear was obtained, matching the relative nature of the IAT, whereas this study focused on spider fear alone.  This measurement difference can also plausibly explain the finding in the present study where the behavioral and self-report measures (which only assess spider fear) are somewhat more highly related to one another than to implicit fear associations (which contrast snake and spider fear).  Future tests that use relative assessment across the different fear channels (e.g., heart rate while approaching a snake versus a spider) could evaluate this interpretation. 

Across analyses a surprising pattern of results emerged, such that strong implicit associations and treatment effects were found for the automatic spider associations with Afraid/Unafraid and Disgusting/Appealing, but not with Danger/Safety and Bad/Good.  Given that the Bad/Good IAT task is expected to show hedonic evaluation, rather than fear-specific associations, strong effects were not expected with this task, which was included largely to control for valence evaluation.  However, the absence of implicit effects for associations with the concept danger is unexpected, given that the cognitive model is premised on the idea that the fear schema predisposes the anxious individual to make threat interpretations.  Perhaps the simplest explanation for this unpredicted finding is that small sample size or a minor methodological variation in the Danger and Bad tasks accounts for the null results
.  

An additional methodological explanation is that the relative nature of the IAT task accounts for the Danger and Bad findings because associations with spiders as bad or dangerous were always evaluated relative to associations with snakes.  It may be that snakes and spiders are considered equally dangerous and bad, regardless of phobic status, because of popular misconceptions about the lethality of both these animals.  Thus, phobic responding might better be distinguished by the emotional responses (i.e., implicit associations to afraid and disgust).  Future tests that look at danger associations with spiders, using a relative category other than snake, could evaluate this explanation.  Alternatively, a new technique, known as the Go/No-go Association Task (GNAT), that does not require a relative comparison category would allow for tests of spider fear alone (Nosek & Banaji, 2000).  In addition, tests that vary the stimuli used to represent Danger/Safety and Bad/Good and use larger samples can address the role of design factors in these results.   

Alternatively, it may be that the IAT has the potential to elucidate the specific automatic associations that phobic individuals have about the feared object.  This study examined group differences based on popular fear associations predicted by cognitive theory (i.e., fear, disgust, danger, bad), but it may be that the dominant fear associations differ across individuals with the same specific phobia.  Thus, the discrepant results for the Danger IAT may have occurred because semantic distinctions between Afraid and Disgusting versus Danger differ meaningfully within spider phobics’ fear schemata.  The advantage of the IAT is its flexibility, which allows detailed specification of associations.


Some research supports the idea of variable meanings of “danger” associations within phobic samples.  Using a questionnaire measure of spider phobic beliefs, Thorpe and Salkovskis (1997a) found that fear of harm cognitions were rated very highly; along with disgust cognitions and other distorted beliefs.  Interestingly, many of the harm items that were most strongly endorsed reflect fear of harm from the anxiety reaction, such as “I would make a fool of myself”, rather than harm caused by the spider itself.  Thus, IAT associations linking spider and danger may not capture the central harm cognitions of phobics, which appear to relate to automatic associations between danger and the anxiety response.  Further supporting this interpretation, McNally and Steketee (1985) reported that the majority of their participants feared panic (and its consequences) following an unavoidable encounter with a feared animal, whereas fewer than half of the sample reported fear that the animal would attack.  

Additionally, theorists such as Davey and his colleagues propose that spider phobics’ harm cognitions relate to fear of contamination rather than physical danger from the spider (Davey, 1993; Matchett & Davey, 1991).  This suggestion is consistent with Thorpe and Salkovskis' (1997a) findings of prominent disgust cognitions and our results indicating treatment sensitivity on the Disgusting/Appealing IAT.  Given these various meanings of danger, it will be helpful in future studies to examine multiple associations with harm and danger.  If the IAT proves to be a reliable measure of highly specific fear associations, it may be a valuable tool to evaluate the degree to which fear of harm, contamination, disgust, or fear of intense emotion are each a part of the phobic response.  To the extent this differs across individuals, it may suggest that distinct interventions will be required to reduce a given client’s fear associations.  

A further possibility is that the exposure sessions emphasize emotional change by focusing on emotion habituation (i.e., anxiety diminishes over the course of the exposure), so more change occurs on the implicit associations about emotions than on the evaluative (bad) or belief (danger) associations.  Although cognitive restructuring was certainly an element of the treatment protocol followed in this study, it played a less prominent role than the behavioral approaches because of the (very brief) group format.  Consequently, the exposure therapy may have produced cognitive change in the sense that cognitive associations about emotional responses were modified (i.e., the Afraid and Disgusting IATs changed), but not the type of cognitive belief-based change that would be expected from a more focused cognitive therapy.  To test this interpretation, a future study that targets cognitive interventions can tease apart whether belief-based associations change more with a strictly cognitive treatment, leaving emotion-based associations less impacted.  This would have interesting implications for the generalizability of fear associations, suggesting that structural elements can potentially be changed in relative isolation.  Such isolated changes would not be predicted by popular theoretical discussions of fear networks that propose spreading activation across different elements of the network of fear responding (see Lang’s bio-informational theory, 1979; 1985, later elaborated by Foa and Kozak, 1986). 

The discrepancy across the different implicit fear attitudes is compatible with the frequently observed discordance on fear response modalities.  This discordance was also found in the present study where individual treatment gains across fear measures were only variably related (e.g., a given participant may have reported reduced fear following treatment while showing no change on avoidance).  Given that fear is comprised of multiple response systems that can operate independently, it becomes important to evaluate a range of fear modalities to understand the complexity of the phenomenon.  For example, the current study found a surprising pattern of results for the heart rate measure, which did not match any of the other fear measures.  Heart rate did not differentiate the groups before treatment, but the phobics’ heart rate dropped at post-test, then returned to pre-test level at the follow-up assessment two months later.  One possibility is that heart rate is reflecting arousal based on familiarity and comfort with the experimental setting, rather than fear specifically.  This would explain why there were no group differences at pre-test (when both groups would experience “unfamiliarity” arousal), yet the phobics would be lower at post-test because of their comfort following many hours at the clinic.  Presumably this comfort would decrease following time away from the clinic, explaining the return to baseline at the follow-up assessment.  An argument against this hypothesis is that the treatment and testing rooms were different, likely minimizing context familiarity.  The relationship between arousal based on familiarity versus fear remains to be determined, but it raises interesting questions about whether discordant fear measures are evaluating the same construct. 

By using an automatic processing paradigm that reflects simple associations and controls for state anxiety effects, this study attempted to more directly assess fear schema than was possible with previous methodologies.  However, it is difficult to measure a concept as abstract as schema.  While schema theories frequently refer to “cognitive structures”, as if they exist structurally and have a life and force of their own, this turn of phrase is used for ease of communication, and reflects an unsophisticated explanation of a hypothetical construct (Young, 1999).  We have tried to be as concrete as possible by explaining how cognitive structure was conceptualized in this study, and emphasizing the ways that implicit fear attitudes meet these criteria, but recognize that in using the IAT to reflect schema, one cannot conclude with certainty that schematic functioning is being captured.  

Research intended to test self-schema has been criticized because the methodologies used do not tease apart biased responding that occurs because of mood-dependent construct availability or accessibility, rather than different cognitive frameworks (see Higgins & King, 1981; Segal, 1988).  The current study also cannot definitively parse apart the influence of these factors on the observed implicit biases.  However, evidence that the IAT reflects some underlying long-term learning (and not just current availability) comes from the sensitivity of the IAT to individual differences.  This suggests that effects cannot simply be attributed to environmental cues or shared socialization experiences.  Further, whether the implicit fear attitudes should rightly be labeled schema or simply constitute evidence of an automatic processing bias, the results nonetheless provide support for the value of information processing in explaining clinical phenomena, a sometimes contentious issue (e.g., Thorpe & Salkovskis, 1997b).  

An open question concerns the clinical implications that follow from the finding that implicit fear attitudes can explain phobic behavior above and beyond self-report measures.  This may imply that fear schemata are uniquely related to clinical outcomes.  For example, we hypothesize that individuals who do not show reduced implicit fear attitudes following treatment (but do show change on other fear measures, such as self-report) will be most likely to experience a return of fear because their residual automatic fear associations will render them more vulnerable to relapse.  A further untested question concerns whether incremental treatment gains would ensue from more directly addressing schema modification in treatment at the level of basic associations.  If the aim is to alter automatic biases, the intervention strategy may be to repeatedly reinforce more adaptive automatic associations.  In contrast, if the goal is to shift strategic biases, then the current practice of raising a client’s awareness of his or her thought patterns and challenging systematic, negative thoughts might be more helpful.  

Why did automatic associations, purportedly reflecting schema, change in the current study?  One possibility is that the process of repeated exposures essentially created new associations, such that frequent schema-inconsistent pairings resulted in new learning that modified structural connections.  To empirically evaluate the mechanisms underlying the impact of treatment interventions on schematic change will require longitudinal tracking of schemata over the course of treatment.  This model has been employed by Muran and colleagues (Muran, Segal, & Samstag, 1994) looking at distressing self-scenarios to index self-schema.  A latent growth curve design relating symptom reduction to changes on information processing measures holds promise for linking cognitive change to treatment outcomes.  Also, using longitudinal designs with ongoing assessments can address the uncertainty about the role of cognitive vulnerability in both onset of a disorder and subsequent relapse.   

Overall, results from this study provide preliminary evidence related to two predictions from cognitive theories that have previously been difficult to evaluate.  First, the findings of implicit fear attitudes suggest that basic associations in memory analogous to schema do exist, and the content is specific to spider fear.  A next step will be to clarify how this schema-like processing relates to other information processing measures, given that the theory predicts that fear schema drives cognitive biases involving attention and judgment.  Second, the treatment sensitivity of the implicit fear associations suggests that schema can change over the course of therapy.  This implies that fear schemata can be modified by experience, rather than being immutable or trait-like, as has been proposed in the depression field.  It will be interesting to determine whether implicit depression attitudes will show similar changes following treatment (as the fear attitudes did) given disagreement about whether one should expect parallel stability in the schemata of these disorders.  The treatment sensitivity of the implicit fear attitudes also suggests that exposure therapy can affect implicit processing.  

The Implicit Association Test was used in an attempt to bring anxiety research closer to evaluating cognitive structures in memory, and in consequence, to evaluating cognitive theories of emotional dysregulation.  Many open questions remain about how evidence of schematic processing will inform both the theoretical conceptualization and treatment of anxiety disorders.  However, this initial assessment of the treatment sensitivity of fear schema in a phobic sample speaks to the clinical utility of implicit fear attitudes, and provides empirical support to help bridge cognitive theory, information processing research, and treatment outcome.  
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Table 1  

Timeline and General Protocol

	Timeline:
	
	Week 1
	Week1
	Week 1-3
	Week 3
	Week 12

	Protocol:
	Phone Screen
	Pre-test Assessment
	Pre-treatment Interview
	Fear Reduction

Sessions 1-3
	Post-Test Assessment
	Follow-up Assessment

	Phobic Group
	+
	+
	+
	+
	+
	+



	Control Group
	+
	+
	--
	(time matched to phobic group)


	+
	--


Table 2  

Descriptive Statistics for the Phobic and Control Groups

	
	
	Phobic Group
	
	Control Group
	

	Fear Measure
	Time point
	M
	SD
	M
	SD

	SPQ Questionnaire
	Pre-test
	19.69
	4.75
	2.97
	1.74

	
	Post-test
	11.95
	3.77
	5.40
	3.38

	
	Follow-up
	11.13
	5.06
	
	

	FSQ Questionnaire
	Pre-test
	84.93
	13.68
	26.34
	6.77

	
	Post-test
	44.63
	15.09
	26.83
	10.35

	
	Follow-up
	42.10
	15.50
	
	

	Behavioral Avoidance
	Pre-test
	7.29
	2.97
	11.30
	1.12

	
	Post-test
	10.94
	1.59
	11.43
	1.14

	
	Follow-up
	10.83
	1.67
	
	

	Self-reported Anxiety
	Pre-test
	66.07
	27.51
	24.33
	18.79

	
	Post-test
	46.48
	23.11
	16.67
	19.89

	
	Follow-up
	37.24
	26.00
	
	

	Self-reported Disgust
	Pre-test
	35.00
	32.78
	11.77
	13.38

	
	Post-test
	23.87
	27.01
	11.77
	20.43

	
	Follow-up
	23.14
	28.43
	
	

	Heart Rate
	Pre-test
	89.63
	12.66
	87.37
	11.01

	
	Post-test
	79.13
	12.57
	86.67
	10.99

	
	Follow-up
	88.86
	12.81
	
	


Note.  SPQ = Spider Phobia Questionnaire, FSQ = Fear of Spiders Questionnaire, Behavioral Avoidance = last step completed on the BAT (from 0-12; so higher numbers indicate closer approach to the spider, and a task completion score without avoidance is 12), Self-reported Anxiety and Disgust = emotion levels reported (from 0-100) at the last step completed on the BAT.

Table 3  

Correlations among Fear Measures for the Full Sample

	Fear Measure

N ≈ 60*
	Disgust IAT
	Danger IAT
	Bad IAT
	BAT Avoidance
	BAT Anxiety
	BAT Disgust
	BAT

Heart Rate
	FSQ/SPQ
	Fruit/ Garbage IAT
	Fire/Other Elements IAT

	Afraid IAT
	.34
	.08
	.07
	-.35
	.14
	.03
	.18
	.34
	.13
	.13

	Disgust IAT
	
	.41
	.35
	-.34
	.03
	.42
	-.12
	.22
	.07
	-.19

	Danger IAT
	
	
	.39
	-.23
	.14
	.19
	-.12
	.16
	-.03
	-.19

	Bad IAT
	
	
	
	-.32
	.28
	.40
	-.04
	.29
	.17
	-.28

	BAT Avoidance
	
	
	
	
	-.46
	-.39
	-.04
	-.77
	-.00
	.16

	BAT Anxiety
	
	
	
	
	
	.55
	.09
	.62
	-.13
	-.11

	BAT Disgust
	
	
	
	
	
	
	.04
	.52
	.05
	-.11

	BAT Heart Rate
	
	
	
	
	
	
	
	.10
	.08
	-.00

	FSQ/SPQ
	
	
	
	
	
	
	
	
	.04
	.01

	Fruit/Garbage IAT
	
	
	
	
	
	
	
	
	
	.32


Note: r=.28 is the cutoff for p<.05 with this sample size.  BAT refers to behavioral avoidance test.  IAT refers to implicit association test.  Full names of the IAT tasks were Afraid/Unafraid, Disgusting/Appealing, Danger/Safety, and Bad/Good.  FSQ/SPQ refers to the combined questionnaires Fear of Spiders Questionnaire and Spider Phobia Questionnaire.  

*Sample size varies from 59-61 in this table, depending on missing data for a given correlation.

Table 4

Correlations between Residual Gain Scores for IAT and Outcome Variables for Phobic Participants

	Residual Gain Score
	Afraid/

Unafraid IAT
	BAT Avoidance
	BAT Anxiety
	FSQ/SPQ

	Disgusting/Appealing IAT
	.44
	.07
	.21
	.09

	Afraid/Unafraid IAT
	
	.14
	.33
	.09

	BAT Avoidance
	
	
	-.13
	-.31

	BAT Anxiety
	
	
	
	.00


Note: r=.44 is the cutoff for p<.05 with this sample size (n=30).  BAT refers to behavioral avoidance test.  IAT refers to implicit association test.  FSQ/SPQ refers to the combined questionnaires Fear of Spiders Questionnaire and Spider Phobia Questionnaire.  Note that BAT Avoidance (degree of approach toward the spider) is scored in the opposite direction from the other measures.
Figure Caption

Figure 1.  Schematic Depiction of the Implicit Association Test Procedure.

Figure 2.  Group by Treatment Interactions for the Snake/Spider IAT Tasks (Mean Latency Difference Score and Standard Error Bars).
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Note:  Participants classify the stimulus using either the right or left key.  The correct classification of the spider picture is on the right key in this example.  This classification trial would represent an associatively mismatched pairing for a spider-phobic individual (as these individuals do not associate spiders with safety).  
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� Teachman, B.A., Gregg, A.P., & Woody, S.R. (in press). Implicit associations for fear-relevant stimuli among individuals with snake and spider fears. Journal of Abnormal Psychology.


� The effect size d is described in Rosenthal and Rosnow (1991) and is commonly used for t-tests to index the magnitude of an effect independent of sample size.  As recommended by Cohen (1988), a magnitude of d between .2 and .5 reflects a small effect, .5 to .8 reflects a medium effect, and above .8 reflects a large effect.





� The effect size f is described in Rosenthal and Rosnow (1991) and is commonly used for ANOVA to index the magnitude of an effect independent of sample size.  As recommended by Cohen (1988), a magnitude of f between .1 and .25 reflects a small effect, .25 to .4 reflects a medium effect, and above .4 reflects a large effect.





� When group members missed a session, an individual make-up session with the therapist was scheduled to insure that comparable exposure time was provided to all participants.  Consequently, the timing of sessions was somewhat irregular for a few participants and group size varied but there was no reason to expect this factor to influence implicit associations with spiders.


 


� Due to scheduling conflicts, there were a few isolated occasions when the therapist was the only person available to conduct the BAT for the phobic participant.  In these instances, all efforts were made to reduce demand characteristics and safety effects.





� In � ADDIN ENRfu ��Teachman et al. (in press)� a more conservative cutoff rate of 20% was used given the homogeneity of the college student participants, and their probable facility with computer tasks.  As the current study used a more heterogeneous community sample, the 30% cutoff rate seemed more appropriate given that participants’ likely had less experience with computer tasks, which conceivably contributes to higher error rates.  





� According to Manning and DuBois (1962), residual gain is the deviation of final scores from the regression line of final on initial scores.  The problem with relying on a crude gain (difference) score is that it requires that initial and final measures be obtained in identical interval scales, but it is not clear that this actually occurs.  Also, most measures do not have a true zero point and show equivalence of units through a relatively limited range of values.  Further, the reliability of a crude gain score may be significantly affected by the relative size of the variances of pre- and post-test, and correlation of crude gain with initial status is spuriously reduced in magnitude by chance measurement error.  Thus, Manning and DuBois suggest that if the intent is to investigate correlates of change (versus amount of improvement), then residuals represent the portion of the final score not predicted from initial status.  





�Based on the effect sizes found for the group by treatment interactions for the Afraid and Disgusting IAT, the power to find an interaction effect with this sample size was .64.   
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