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Abstract

There is increasing evidence that spiders are not feared because of harmful outcome expectancies but because of disgust

and contamination-relevant outcome expectancies. This study investigated the relative strength of contamination- and

harm-relevant UCS expectancies and covariation bias in spider phobia. High (n ¼ 25) and low (n ¼ 24) spider fearful

individuals saw a series of slides comprising spiders, pitbulls, maggots, and rabbits. Slides were randomly paired with either

a harm-relevant outcome (electrical shock), a contamination-related outcome (drinking of a distasting fluid), or nothing.

Spider fearful individuals displayed a contamination-relevant UCS expectancy bias associated with spiders, whereas

controls displayed a harm-relevant expectancy bias. There was no evidence for a (differential) postexperimental

covariation bias; thus the biased expectancies were not robust against refutation. The present findings add to the evidence

that contamination ideation is critically involved in spider phobia.

r 2006 Elsevier Ltd. All rights reserved.
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A phobic stimulus can be conceptualised as a danger signal (e.g., Reiss, 1980, 1991), a predictor that
something terrifying will occur following encounters with the phobic stimulus (e.g., ‘‘the spider will kill me’’
Arntz, Lavy, van den Berg, & van Rijsoort, 1993). One explanation for the persistence of this type of danger
expectancies could be that phobic individuals tend to overestimate the predictive relationship between phobic
stimuli (CS) and aversive outcomes (UCS) (UCS expectancy bias; Davey, 1992). In line with this, several
studies using various methodological approaches, and focusing on various fears (e.g., spider phobia, snake
phobia, panic disorder, flight phobia), consistently showed that high fear individuals reported inflated
expectancies of aversive outcomes following the presentation of fear-relevant stimuli (e.g., de Jong &
Merckelbach, 2000; Diamond, Matchett, & Davey, 1995; McNally & Heatherton, 1993; Wiedemann, Pauli, &
Dengler, 2001), whereas such inflated expectancies have been found to be absent in successfully treated
individuals (Van Overveld, de Jong, Huijding, & Peters, 2006).
e front matter r 2006 Elsevier Ltd. All rights reserved.
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The tendency in high fear individuals towards expecting phobic stimuli to be followed by aversive outcomes
(i.e., UCS expectancy bias) will logically motivate these people to avoid (and/or escape from) encounters with
phobic stimuli. Accordingly, it has been found that danger expectancies were predictive of subsequent
avoidance behaviour (e.g., Jones & Menzies, 2000; Whittal & Goetsch, 1997). Sustaining the causative role of
danger expectancies, it has been shown that experimentally induced threat expectancies contribute to
behavioural avoidance (Boston & Sharpe, 2005). In its turn, avoidance of encounters with phobic stimuli will
hinder extinction of fear, as such behaviours deprive fearful individuals from corrective experiences.
Interestingly, there is also evidence that even when people cannot avoid or escape potentially correcting
encounters with phobic stimuli, strong prior expectancies may be relatively immune to corrective information.
That is, a series of illusory correlation (IC) experiments provided evidence to suggest that high fear individuals
continue to expect aversive outcomes on fear-relevant trials despite the fact that in a typical IC experiment, the
objective contingencies between the various categories of stimuli (e.g., slides of spiders, weapons, or flowers)
and outcomes (e.g., shock, siren, or nothing) are objectively random (e.g., 1/3) (e.g., de Jong, Merckelbach, &
Arntz, 1991; de Jong & Merckelbach, 2000; Pauli, Montoya, & Martz, 2001).

Moreover, it has been found that high fear individuals also post-experimentally tend to overestimate the
veridical covariation between feared stimuli and aversive outcomes (Cavanagh & Davey, 2000; Davey &
Dixon, 1996; de Jong, Merckelbach, & Arntz, 1995; Tomarken, Mineka, & Cook, 1989; Tomarken, Sutton, &
Mineka, 1995). This a posteriori overestimation of the actual CS-UCS contingency has been termed
covariation bias (Tomarken et al., 1989). Underlining the clinical significance of this type of associative bias,
(residual) post-treatment covariation bias was found to be a powerful predictor of the return of fear following
successful exposure treatment (de Jong, van den Hout, & Merckelbach, 1995).

Thus far, studies on fear-relevant UCS expectancy bias and covariation bias primarily focused on harm/
pain-relevant outcome associations. This approach logically followed from the conceptualisation of small
animal phobias (such as spider phobia) in terms of a predator-defense model (e.g., Öhman, Dimberg, & Öst,
1985). However, there is increasing evidence that small animal phobias might be more efficiently
conceptualised in terms of a disease-avoidance model (Matchett & Davey, 1991; de Jong & Muris, 2002).
Following this model, fears of low-predation fear-relevant animals arise from people’s tendency to associate
these animals with outcomes indicating contamination or disease rather than with outcomes related to the
animals’ predatory properties (e.g., injuries that would result from being bitten) (e.g., Davey, 1994). In line
with this, Davey and colleagues recently showed that in the context of a hypothetical conditioning experiment
nonselected individuals selectively associated low predation animals (e.g., maggot, cockroach) with a
contamination-relevant UCS (drinking a nauseating fluid), whereas participants typically expected a harm-
relevant UCS (electrical shock) following predatory animals (e.g., lion) (Davey, Cavanagh, & Lamb, 2003).

As a first exploration of the role of harm/pain-relevant versus contamination-relevant UCS representations
in small animal phobias, van Overveld and colleagues recently exposed high and low spider fearful individuals
to a similar ‘thought-experiment’ procedure, thereby adding spiders as a separate category of animals in the
experimental design (Van Overveld, de Jong, & Peters, 2006). Participants’ a priori expectancies showed that
spiders were associated with both types of aversive UCSs, but significantly stronger so in the high fear group.
Interestingly, the expectancy bias toward contamination-relevant consequences was the single best predictor
of spider fear. Hence these findings provide preliminary support for the idea that contamination rather than
harm/pain-relevant preoccupations are critically involved in spider fear (cf. de Jong & Muris, 2002) and are
thus consistent with a disease-avoidance conceptualisation of spider fear. Note in passing that a disease-
avoidance conceptualization of spider distress does not dispute that fear is the dominant response to spiders
(e.g., Sawchuk, Lohr, Westendorf, Meunier, & Tolin, 2002), but implies that the focus of fear involves the
probability of unwanted contact with a potential ‘‘contaminant’’ rather than the probability of being bitten
and getting injured (e.g., Huijding & de Jong, in press).

The present study was designed to further corroborate the preliminary findings concerning the role of
contamination-relevant outcome expectancies in fear of spiders. Therefore, the first aim of this study was to
test the robustness of these earlier findings and to see whether a similar pattern of outcome expectancies would
emerge during actual encounters with spider stimuli. Following this, the present study investigated spider
fearful individuals’ outcome expectancies when being involved in an actual illusory correlation experiment,
rather than in an imaginary experiment as was used by Van Overveld et al. (2006). The second aim of the study
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was to explore whether initial spider-harm/pain and spider-contamination expectancies vary with respect to
their sensitivity to corrective experiences. More specifically, we examined to what extent differential outcome
expectancies are maintained after extensive experience indicating random pairings of stimuli and outcomes.
The relative (in)sensitivity to disconfirming information may provide important clues with respect to the
strength (importance) of contamination-relevant and harm/pain-relevant UCS representations in spider
phobia. As a third issue we tested the relationship between contamination and harm-related associative biases
and phobic avoidance behaviour, in an attempt to explore further the relative importance of contamination
versus harm/pain-related preoccupations in spider fear.

To test whether inflated associative biases in high fearful individuals (if present) are specific for spiders or
represent a generally enhanced harm and/or contamination-relevant UCS expectancy bias, we included two
additional categories of fear-relevant animals in the design. More specifically, in accordance with the study of
Van Overveld et al. (2006) we included a category of low-predation contamination-relevant animals (maggots)
and a category of high-predation harm/pain-relevant animals (pit bull terriers) (see also Davey et al., 2003).
This particular design also allowed to see whether we could replicate the basic findings of Davey et al. (2003)
that people generally expect predatory animals (pit bull) to be followed by harm-relevant outcomes (shock),
and low-predatory animals (maggot) by contamination-relevant outcomes (drinking a nauseating fluid).
Moreover, it provided the opportunity to test the important issue to what extent these initial selective
associations are resistant to corrective information, and whether people also display a bias to retrospectively
overestimate the actual contingency between a particular type of animal and a particular type of outcome (i.e.,
covariation bias).

Methods

Participants: Participants were 25 highly spider fearful and 24 explicitly nonfearful women. They were
selected from a larger sample of 1st year psychology students of the University of Groningen (N ¼ 435) on the
basis of their scores on the fear of spiders questionnaire (FSQ; Szymanski & O’Donohue, 1995; Muris &
Merckelbach, 1996). From those who initially indicated to be willing to participate in further research, we
approached 26 women from the 10% highest scoring individuals and 26 women from the 10% lowest scoring
individuals. Eventually 1 high fear and 2 low fear individuals refused to participate in the present experiment.
Mean scores on the FSQ was 5.2 (SD ¼ 8.3) for the low fear group and 77.2 (SD ¼ 21.8) for the high fear
group [t(47) ¼ 15.1, po.001]. The FSQ scores of the high fear group were similar to those reported for
treatment seeking samples (e.g., de Jong & Merckelbach, 2000) and slightly higher than the scores that are
reported for other analogue groups (e.g., Tolin, Lohr, Sawchuk, & Lee (1997); de Jong, Peters, &
Vanderhallen, 2002). Participants received course credits for their participation in the present experiment.

Apparatus and stimulus materials

Illusory correlation paradigm: Four categories of slides were used in the present illusory correlation design:
six different slides depicting a prototypical safe animal (i.e., rabbits), six slides depicting a prototypical low-
predation, disgusting animal (i.e., maggots), six slides depicting a fierce, harm-related animal (i.e., pit bulls),
and six slides depicting spiders.1 The slides were projected onto a white screen (80� 120 cm), approx. 3m in
front of the participants. A computer-controlled beamer was used for stimulus presentation. Three types of
outcomes occurred during the experiment. A 500ms electrical shock was used as a symbolic representation of
harm-relevant outcomes; drinking 5ml tween-20 solution (i.e., polysorbate 20, an innocent but bad tasting
fluid; e.g., Baeyens, Crombez, De Houwer, & Eelen, 1996) at a concentration of 5ml/liter water was used as a
symbolic representation of contamination-relevant outcomes; whereas ‘‘nothing’’ was used as a safe outcome.
Electrical shocks (ac) were delivered from a Psylab shock generator (0–10mA) and administered to the middle
finger of the nondominant hand via two electrodes (2mm diameter). The tween-20 solution was distributed via
1The spider slides that were used in the present study were the same as were used in previous covariation bias research in our lab (e.g., de

Jong et al., 1995). None of the spiders were depicted as especially disgusting or physically threatening/fierce. Slides (*.jpg) can be obtained

from the first author.
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a dispenser that had to be pressed two times to fill a 10ml measuring glass with 5ml of the solution. A pilot
study using unselected participants (N ¼ 52) confirmed that drinking 5ml of this solution (in the context of a
hypothetical conditioning experiment) was strongly associated with disgust (mean VAS rating on a scale
ranging from not disgusting at all ¼ 0 to extremely disgusting ¼ 100 was 66.5 [SD ¼ 27.2]).

Participants indicated their outcome expectancies on a trial by trial basis after each slide presentation via a
response box that was connected to a personal computer (Pauli, Montoya, & Martz, 1996). In addition,
participants rated post-experimentally the covariation estimates for all stimulus/outcome combinations on
VASs. We measured on-line expectancies as well as post-experimental covariation estimates since previous
research revealed dissociations between both indices of associative bias. For example, post-experimental
covariation bias has been found even when inflated on-line expectancies were already extinguished, suggesting
that covariation bias is not simply a continuation of a pre-experimental expectancy bias (e.g., Amin &
Lovibond, 1997).

Behavioral approach task (BAT): The BAT is a widely used instrument to assess the degree of avoidance for
specific stimuli such as spiders (Arntz et al., 1993; de Jong, Vorage, van den Hout, 2000). Participants had to
approach a medium-sized common house spider (Tegenaria atrica) in eight steps, from looking at a spider in a
closed jar to having a spider walk on their hands. The steps increased in difficulty and participants were
informed that they could stop at any point. Participants’ score was calculated by summing the amount of
actual steps taken on the BAT scale ranging from 0 ( ¼ distance to spider is 3m) to 8 ( ¼ spider on hand).
Thus, high BAT-scores represent low avoidance of spiders.

Procedure

During the experiment, participants were seated in front of a table in a sound attenuated room. A one-way
screen separated the experimental and the registration room. Before the experiment proper, shock intensity
level was determined using a shock work-up procedure. Electrical current was increased stepwise until the
participants indicated that the shock was definitely uncomfortable but not painful. Following the procedure
that was also used in previous studies on covariation bias (e.g., Tomarken et al., 1989), participants were
instructed that it was their task to determine the relationship between categories of slides and outcomes. They
were explained that after the extensive series of slides they would be invited to complete a questionnaire
concerning the relationship between slides and outcomes. In addition, they were explained that they had to
indicate outcome expectancies on a trial-by-trial bias (cf. de Jong et al., 1995). Therefore, they were instructed
to indicate their outcome expectancy after each slide by pressing the corresponding button on the response box
(cf. Pauli, Wiedemann, & Montoya, 1998). It was stressed that their choice had no influence on the actual
outcomes. They were informed that after indicating their outcome expectancy via pressing the response box,
one of three possible instructions/ messages would occur on the screen: (i) refill the measuring glass and drink
the fluid; (ii) press the button to administer an electrical shock; (iii) nothing will happen. To familiarize
participants with this procedure as well as with the respective outcomes, they were invited to (i) push the
‘‘shock’’ button one time before the experiment started (thereby administering themselves a shock after a
500ms delay), and (ii) to fill one glass and drink the solution before the experiment proper.

During the experiment, the outcome-relevant instructions were followed after a fixed 6 s interval (a time
interval that pilot work has shown to be sufficient to execute the various outcome-relevant instructions) by a
message on the screen that instructed participants to press a button to continue the experiment. Intertrial
intervals ranged from 5 to 15 s. Across all trials, each stimulus-outcome combination occurred equally often.
Thus, the conditional probability of any outcome given the prior occurrence of any category of slide was 1/3,
the probability of occurrence of each type of slide was 1/4, and that of each outcome 1/3. Stimulus–outcome
combinations were randomly distributed across trials, with the restriction that on two successive trials no
identical stimulus–outcome combinations occurred. To cancel out order effects, six different sequences were
used that were balanced across groups. Participants were exposed to 72 slides of 6-s duration. At the end of the
experiment, participants were asked to estimate the occurrence of each outcome given the prior occurrence of
each slide type. For these covariation estimates, 100-mm visual analogue scales (VASs) were used ranging
from 0% to 100%. For each outcome, the 4 pertinent VASs were presented on the same sheet. The order of
VASs was fixed. Finally, participants underwent the BAT.
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Data reduction

Initial expectancies: To investigate initial expectancies, for both groups the percentage of participants was
computed that indicated to expect a shock, the fluid, or nothing on the first trial of each class of slides.

On-line expectancies: For each type of slides, the percentage of trials was computed on which participants
indicated to expect a particular outcome (i.e., harm-relevant, disgust-relevant, and safe outcomes), in blocks of
6 trials (displaying this particular slide). Following the procedure of Van Overveld, de Jong, Huijding et al.
(2006) we then computed difference scores by subtracting the expectation of nothing from the expectation of
an aversive consequence (harm-relevant: expectation of shock minus expectation of nothing; contamination-
relevant: expectation of fluid minus expectation of nothing) to facilitate subsequent analyses and retain
optimal power.

Post-experimental reported contingency estimates: Similar to the on-line expectancies, we first computed
difference scores by subtracting the expectation of nothing from the expectation of an aversive consequence
(harm-relevant: expectation of shock minus expectation of nothing; contamination-relevant: expectation of
fluid minus expectation of nothing) to facilitate subsequent analyses.

Results

BAT

Mean BAT scores were 4.1 (SD ¼ 1.9) and 7.6 (SD ¼ 0.7) for the high and low fear groups, respectively
[t(47) ¼ 8.3, po.001].

Initial outcome expectancies

Pitbulls, maggots, and rabbits: Initial outcome expectancies as a function of animal type are displayed in
Fig. 1. In line with the predictions, sign tests indicated that: (i) participants more often expected the
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Fig. 1. Percentage of participants expecting a particular outcome (harm-relevant, contamination-relevant, or nothing) during the first

trial, for each category of stimuli (pitibull, maggot, rabbit).
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contamination-relevant fluid after the first maggot slide (45%) than after both the first pit bull (14%) and the
first rabbit (14%) slides, p’so.001, whereas the percentage of participants expecting the fluid outcome
following the first maggot was significantly higher than chance [w2(1) ¼ 2.95, po.05]; (ii) participants more
often expected the harm-relevant shock after the first pit bull slide (49%) than after both the maggot (14%)
and rabbit (18%) slides, p’so.005, whereas the percentage of participants expecting the shock outcome
following the first pit bull was also significantly higher than chance [w2(1) ¼ 5.40, po.05]; (iii) participants
more often expected the safe outcome (nothing) after the first rabbit slide (68%) than after both the maggot
(41%) and pit bull (38%) slides, p’so.05, whereas the percentage of participants expecting the safe outcome
following the first rabbit was significantly higher than chance [w2(1) ¼ 25.51, po.05]; (iv) participants more
often expected the fluid than shock after the first maggot slide (p ¼ .005), more often expected the shock than
fluid after the first dog slide (p ¼ .002), whereas no differences were evident for the first rabbit slide in this
respect (p4.1). Meanwhile, it should be noted that the number of participants expecting the fluid following the
maggot did not differ from the number of individuals indicating to expect nothing (p4.2); in a similar vein it
appeared that the number of participants expecting a shock following the dog slide did not significantly differ
from the number of participants indicating to expect nothing (p4.1). (iv) Finally, indicating that the pattern
of differential outcome expectancies for nonfeared animals is similar for high and low spider fearful
individuals, Mann–Whitney U tests indicated that the initial outcome expectancies (i.e., fluid, shock, or
nothing) for maggots, pitbulls, or rabbits, did not significantly differ between high and low spider fearful
individuals (p’s4.1).

Spiders: For both the high and low fear groups, outcome expectancies on the first spider trial are depicted in
Fig. 2. High fear individuals more often expected the contamination-relevant fluid outcome during the first
spider slide than low fear individuals [w2(1) ¼ 5.4, p ¼ .02]. There was no difference between the high and low
fear group with respect to the percentage of individuals expecting a shock outcome during the first spider trial
[w2(1) ¼ 0.9, p ¼ .32]. In line with previous research, the percentage of individuals expecting that the first
spider would not be followed by an aversive outcome (i.e., neutral/safe outcome) tended to be smaller in the
high fear group than in the low fear group [w2(1) ¼ �1.6, p ¼ .06].
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Fig. 2. Percentage of participants expecting a particular outcome (harm-relevant, contamination-relevant, or nothing) during the first

spider slide as a function of spider fear (high vs. low).
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Within group comparisons indicated that for the high fear group participants’ pattern of outcome
expectancies deviated significantly from an equal distribution across the three types of outcomes [w2(2) ¼ 7.28,
po.05]. The percentage of individuals expecting the safe outcome (nothing) was significantly lower than could
be expected on the basis of chance (i.e., 33,3%) [w2(1) ¼ 7.22, po.05]. Put differently, high fearful individuals
were shown to be generally characterized by a tendency to expect aversive rather than safe outcomes on the
first spider trial. The percentage of individuals expecting the fluid outcome was marginally higher than could
be expected on the basis of chance [w2(1) ¼ 2.4, p ¼ .06], whereas the percentage of individuals expecting shock
was not significantly different from 33.3% [w2(1) ¼ 1.3, p ¼ .13]. Comparisons between outcomes indicated
that high fearful individuals more often expected shock (p ¼ .02), or fluid (p ¼ .01) than nothing after the first
spider slide (see also Fig. 2), whereas no significant difference was evident between the number of individuals
expecting the fluid or shock outcome (p4.9).

Also for the low fear individuals the pattern of outcome expectancies deviated significantly from an equal
distribution across the three types of outcomes [w2(2) ¼ 7.00, po.05]. In contrast to the high fearful group, the
percentage of low fearful individuals expecting the safe outcome (nothing) was not significantly different from
the percentage that could be expected on the basis of chance [w2(1) ¼ 0.75, p ¼ .38]. The percentage of
individuals expecting the aversive contamination-relevant outcome was lower than could be expected on the
basis of chance [w2(1) ¼ 3.00, po.05]. Meanwhile, the percentage of individuals expecting shock was found to
be significantly higher than 33.3% [w2(1) ¼ 6.75, po.05]. Comparisons between outcomes indicated that low
fearful individuals more often expected the shock than the fluid outcome after the first spider slide (p ¼ .031),
and showed a nonsignificant tendency to expect more often a shock than nothing (p ¼ .11). There was no
difference between the number of low fear individuals expecting nothing or fluid (p4.7).

On-line outcome expectancies

Pitbulls, maggots, and rabbits: On-line outcome expectancies are shown in Table 1. A 3 Animal (pit bull,
maggot, rabbit)� 2 Outcome (shock minus nothing, fluid minus nothing)� 3 Block� 2 Group (high vs. low
fear) revealed that in general participants more often expected the safe than the aversive outcome, as was
evidenced by the finding that the intercept was significantly smaller than zero [F(1,47) ¼ 30.10, po.05,
Z2 ¼ .39] (see also Table 1). There was a significant main effect of Animal indicating that this tendency varied
across the three types of animals [F(2,46) ¼ 6.80, po.05, Z2 ¼ .23]. Simple contrasts showed that participants
less often expected a safe outcome on maggot than on rabbit trials [F(1,47) ¼ 13.88, po.05, Z2 ¼ .23], and less
often on pit bull than on rabbit trials [F(1,47) ¼ 7.52, Z2 ¼ .14], whereas there was a marginally significant
tendency indicating that individuals generally expected less often a safe outcome on maggot than on pit bull
trials [F(1,47) ¼ 3.59, p ¼ .06, Z2 ¼ .07]. There was a nonsignificant tendency indicating that in general people
more often expected the fluid than the shock outcome [F(1,47) ¼ 2.93, p ¼ .09, Z2 ¼ .06].

The Animal by Outcome interaction did not reach significance [F(2,46) ¼ 1.82, p ¼ .17, Z2 ¼ .07], thus there
is no convincing evidence indicating that that during the experiment participants generally expected pitbulls to
be followed by shock and maggots by the fluid. Meanwhile, the strength of the predicted pattern of differential
outcome expectancies varied over blocks of trials, as was evidenced by a significant Animal by Outcome by
Table 1

Mean on-line outcome expectancies as a function of block of trials

Pit bull Maggot Rabbit Spider

Shock Fluid Nothing Shock Fluid Nothing Shock Fluid Nothing Shock Fluid Nothing

Block

1 .24 .37 .39 .22 .43 .35 .23 .18 .59 .29 .33 .38

2 .34 .22 .44 .32 .33 .35 .21 .24 .55 .36 .21 .43

3 .32 .25 .43 .26 .37 .37 .24 .28 .48 .34 .27 .39

Meana .30 .28* .42* .27* .38 .35 .23* .23* .54* .33 .27* .40*

*Denotes a significant difference from chance level (po.05).
aTo test whether for each of the animals the various outcome expectancies actually deviated from chance level (.333), mean expectancies

were subjected to one sample t-tests.
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Block interaction [F(4,44) ¼ 3.9, po.05, Z2 ¼ .26]. Subsequent analyses indicated that for the first block, the
Animal by Outcome interaction was significant [F(2,46) ¼ 6.76, po.05, Z2 ¼ .23]. In line with predictions, the
differential outcome expectancies between rabbit and maggot trials were most pronounced for the
expectancies of the fluid outcomes (see also Table 1) [F(1,47) ¼ 11.64, po.05 Z2 ¼ .20]. Unexpectedly, the
differential outcome expectancies between rabbit and pit bull trials was very similar, indicating that the
difference between the outcome expectancies between pitbulls and rabbits was also most pronounced for the
fluid outcomes [F(1,47) ¼ 7.67, po.05, Z2 ¼ .14]. Accordingly, the pattern of outcome expectancies was very
similar for pit bull and maggot trials [F(1,47) ¼ 1.08, p ¼ .30, Z2 ¼ .02]. For the second and third block the
Animal by Outcome interaction did not reach the conventional level of significance, [F(2,46) ¼ 3.10, p ¼ .06
Z2 ¼ .12] and [F(2,46) ¼ 1.67, p ¼ .20 Z2 ¼ .07], respectively. So the differential outcome expectancies
appeared to have been readily extinguished during the experiment. None of the effects differed between
groups, so the pattern appeared independent of spider fear.

To test whether for each of the animals the various outcome expectancies actually deviated from chance
level (.333), mean expectancies were subjected to one sample t-tests. The results are summarised in Table 1.
Most important for the present context, the percentage of trials on which participants indicated to expect a
safe outcome on trials depicting the safe animal (rabbit) was significantly higher than chance level, whereas for
both aversive outcomes this percentage was significantly below chance level. Yet, nor the expectancies of fluid
outcomes on maggot trials nor the expectancies of shock outcomes on pit bull trials was significantly different
from chance (see Table 1).

Spiders: A 2 Outcome (shock minus nothing vs. fluid minus nothing)� 3 Block� 2 Group (high vs. low
fear) ANOVA, revealed that in general participants more often expected the safe than the aversive outcome as
was evidenced by the finding that the intercept was significantly smaller than zero [F(1,47) ¼ 6.68, po.05,
Z2 ¼ .12] (see also Table 1). There was no main effect of Group indicating that this effect was similar for both
groups [F(1,47) ¼ .01; Z2o.01]. In addition, there was no significant main effect of Outcome [F(1,47) ¼ 2.47,
p ¼ .12, Z2 ¼ .05], nor a Group by Outcome interaction [F(1,47) ¼ 0.38; Z2o.01], indicating that irrespective
of phobic fear, participants expected both types of aversive outcomes equally often to occur following spider
slides. None of the other effects reached significance. To examine whether the outcome expectancies for spider
trials deviated from chance (33 1/3%), mean outcome expectancies were subjected to one-sample t-tests. The
mean percentage of trials on which participants indicated to expect the safe outcome was significantly higher
than 33 1/3% [t(48) ¼ 2.61, po.05], whereas for fluid outcomes the percentage was significantly below 33 1/3
[t(48) ¼ �3.23, po.05]. The percentage of trials on which people indicated to expect a shock outcome was on
chance level [t(48) ¼ �0.23] (see also Table 1).

Post-experimental reported contingency estimates

Pitbulls, maggots, and rabbits: For both groups, the post-experimental reported contingency estimates are
shown in Table 2. A 3 Animal (pit bull, maggot, rabbit)� 2 Outcome (harm minus nothing, fluid minus
nothing)� 2 Group (high vs. low fear) ANOVA showed a significant main effect of Animal [F(2,46) ¼ 10.32,
po.05, Z2 ¼ .31], indicating that there was a difference between the animals to which they were associated with
either of the aversive consequences. This is displayed in Fig. 1, which shows that participants associated
aversive consequences relatively strongly with pitbulls and maggots compared to rabbits. Although the pattern
of covariation estimates was similar for both groups, a significant Animal by Group interaction
[F(2,46) ¼ 4.50, po.05, Z2 ¼ .17] evidenced that the differential pattern of covariation estimates was most
Table 2

Mean (SD) post-experimental covariation estimates for high and low spider fearful individuals

Outcome Pit bull Maggot Rabbit Spider

High Low High Low High Low High Low

Shock 49 (17) 49 (22) 44 (19) 44 (20) 32 (19) 34 (18) 43 (22) 48 (16)

Fluid 47 (24) 41 (18) 53 (21) 47 (25) 35 (23) 43 (22) 39 (23) 43 (17)

None 33 (15) 44 (17) 37 (15) 36 (22) 61 (23) 46 (17) 41 (24) 46 (18)
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pronounced for the high fear group (see Table 2). The main effect of Outcome did not approach significance
[F(1,47) ¼ 0.78, Z2 ¼ .02] indicating that people do not generally associate the various animals with one of the
aversive outcomes. As can be seen in Table 2, the pattern of findings seems to suggest that in line with the
predictions, participants display selective pit bull-shock and maggot-fluid associations. However, the Animal
by Outcome interaction did not approach the conventional level of significance [F(2,46) ¼ 2.41, p ¼ .10,
Z2 ¼ .10]. Meanwhile, planned comparisons indicated that with respect to pitbulls and maggots the
covariation estimates were significantly higher for aversive than for safe outcomes (p’so.005), whereas, in
contrast, for rabbits estimates were higher for safe than for aversive outcomes (po.01).

Spiders: For both high and low spider fearful individuals, postexperimental covariation estimates for spiders
are shown in Table 2. A 2 Outcome (shock minus nothing vs. fluid minus nothing)� 2 Group (high vs. low
fear) ANOVA indicated that in general participants did not display a relatively strong association between
spiders and aversive outcomes as was evidenced by the finding that the intercept did not differ from zero
[F(1,47) ¼ 0.01, Z2o.01]. There was no significant main effect of Group [F(1,47) ¼ .01; Z2o.01], so this
pattern was similar for high and low fearful individuals. Moreover the pattern was similar for both types of
outcomes as there was neither a significant main effect of Outcome [F(1,47) ¼ 1.55, p ¼ .22, Z2 ¼ .03], nor a
significant Outcome by Group interaction [F(1,47) ¼ 0.00, Z2o.01]. Thus neither high nor low fearful
individuals displayed a bias to post-experimentally overassociate the covariation between spider slides and
harm or contamination-relevant outcomes.

Relationship between initial, on-line, and post-experimental spider/outcome associations and fear of spiders

A backward regression analysis was used to study the relative contributions of harm and contamination-
related selective associations in predicting phobic avoidance behaviour. In the major analysis BAT-scores were
used as the dependent variable, whereas initial and on-line outcome (harm and contamination) expectancies,
as well as post-experimental reported harm-relevant and contamination-relevant covariation estimates were
used as the predictor variables. The first equation (including all predictor variables) showed that initial
disgust-relevant outcome expectancy was the only variable with significant independent predicting properties
for individuals’ level of approach behaviour [b ¼ �.43; p ¼ .04,] (the negative b-value indicates that
individuals who expected a disgust-relevant outcome following the first spider slide displayed less approach
behaviour). In addition, initial disgust-relevant outcome expectancy was the only variable that remained in the
final equation, indicating that initial disgust expectancy was also the only variable that had unique predicting
properties regarding individuals’ level of approach behaviour.

A similar regression analysis with the FSQ as the dependent variable provided similar results. The first
equation showed that initial disgust-relevant outcome expectancy was the only variable with significant
independent predicting properties for individuals’ level of self-reported spider fear; in addition, initial disgust-
relevant outcome expectancy was the only variable that remained in the final equation, indicating that only
initial disgust expectancy had unique predicting properties regarding individuals’ level of self-reported spider
fear [b ¼ .49; p ¼ .02].

Discussion

The major aim of the present study was to investigate the relative strength of contamination- and harm/
pain-relevant associative biases in spider phobia, and to see whether these associative biases are specific for
spiders or represent a more generally enhanced tendency to (over)associate particular animals with harm and/
or contamination related outcomes. The main results can be summarised as follows: (i) spider fearful
individuals were characterized by a spider-specific contamination-relevant initial UCS expectancy bias; (ii)
consistent with a disease-avoidance conceptualisation of spider fear this initial contamination-relevant
outcome expectancy bias was found to be the single best predictor of phobic avoidance behaviour; (iii)
individuals’ initial outcome expectancies appeared highly sensitive to disconfirming information and neither
low nor high fearful participants showed a post-experimental bias to overestimate the covariation between
spiders and harm- and/or contamination-relevant outcomes; (iv) meanwhile, irrespective of prior fear
participants did show a post-experimental covariation bias between pitbulls/maggots and aversive outcomes;
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yet there was no convincing evidence to indicate that this covariation bias was outcome specific as was found
for the initial outcome expectancies.

Differential initial aversive outcome associations and fear of spiders

The major aim of the present study was to explore the role of harm- vs. contamination-relevant outcome
expectancies and covariation bias in spider phobia. Using the thought experiment procedure that was
originally designed by McNally and Heatherton (1993), Van Overveld et al. (2006) recently showed that spider
fearful individuals are characterized by a bias to a priori expect harm-relevant as well as contamination-
relevant UCSs following spider slides. Meanwhile, a relatively strong a priori expectancy of a contamination-
relevant outcome following spider slides differentiated best between high and low spider fearful individuals.

In line with these preliminary findings, the present experiment revealed that both high and low fearful
individuals more often expected a harm-relevant (shock) than a safe (nothing) outcome after the first spider
slide, whereas only high fearful individuals also more often expected a contamination-relevant than a harm-
relevant (or safe) UCS following the first spider slide. Hence the present study underlines the robustness of the
earlier findings of Van Overveld et al. (2006), and further corroborates these preliminary findings by showing
that similar contamination-relevant outcome expectancies emerge when using an in vivo rather than an in
vitro approach implying actual encounters with spider stimuli.

Interestingly, the high and low fearful group not only differed with respect to their initial danger
expectancies but also with respect to their initial safety expectancies. The finding that the percentage of
participants expecting that the first spider slide would be followed by the safe (nothing) outcome was
marginally lower in the high fear group suggests that fearful individuals not only overestimate the occurrence
of aversive, contamination related outcomes, but also underestimate safety upon confrontation with their
phobic stimulus. Such an underestimation of safety may be an additional mechanism operating in a way to
maintain phobic fear and avoidance. Future research is necessary to see whether this finding represents a
robust phenomenon.

Consistent with the relative importance of contamination-relevant outcome expectancies in spider fear,
initial contamination-relevant outcome expectancy for spider slides was the single best predictor of
individuals’ avoidance behaviour (i.e., BAT). This finding is in accordance with earlier research of Van
Overveld et al. (2006), and in line with previous work using a vignette approach (de Jong & Muris, 2002)
showing that the disgust-evoking status of spiders was the single best predictor of spider phobia, whereas the
independent contribution of the perceived probability of harm from spiders was found to be negligible.
Together, these findings underline the relative importance of disgust and contamination-relevant outcome
associations in the context of spider phobia. Apparently, irrespective of prior fear people generally associate
spiders with harm-relevant outcomes, whereas typically high fearful individuals are (also) characterized by
inflated contamination-relevant outcome associations related to spider stimuli.

It should be acknowledged that there may be a differential salience for the contamination-relevant outcome
(i.e., the fluid) and the harm/pain related outcome (electric shock) due to the number of pre-exposures to the
shock in order to establish individual tolerance levels. Such a differential salience may have influenced
participants’ pattern of outcome expectancies. However, since people generally tend to overassociate the
contingency between salient stimuli (e.g., Hamilton & Gifford, 1976), this would have biased fearful
participants to overestimate the spider-shock rather than the spider-solution association. So it seems not very
likely that the relatively strong tendency of fearful individuals to expect the contamination-relevant outcome
following the first spider slide can be attributed to this potential differential salience between outcomes. It
might actually have resulted in an underestimation of the spider–contamination association.

The results of the present study support the idea that the contamination-relevant associative bias in high
fearful individuals reflects a bias that is specific for spiders rather than a generally enhanced bias to
overassociate contamination-relevant outcomes with (disgust-relevant) animals in general. Only with respect
to the contamination-relevant expectancies on spider trials differences emerged between high and low fearful
individuals, whereas no between group differences were evident with respect to any of the other animal-
(contamination-relevant) outcome associations. Meanwhile, irrespective of spider fear, participants did show a
general tendency towards expecting physically harmful rather than contamination-relevant outcomes
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associated with pitbulls (predatory animals), and with expecting contamination-relevant outcomes rather than
harm-relevant outcomes associated with maggots (low-predation fear-relevant animal). Hence this pattern of
findings corroborate earlier evidence indicating that various groups of animals are differentially associated
with harm versus disgust related UCS expectancies (e.g., Davey et al., 2003; Van Overveld et al., 2006), and
cast further doubt on the possibility that participants’ pattern of UCS expectancies merely reflect an
artefactual salience asymmetry between both types of aversive outcomes.

Sensitivity to corrective information

The on-line expectancy data revealed that the initial outcome expectancies are sensitive to corrective
information. Participants’ initial outcome expectancies on spider trials were readily corrected during the
random stimulus–outcome pairings. For neither high nor low spider fearful individuals a differential pattern
of on-line expectancies on spider trials emerged. In a similar vein, the differential outcome expectancies on the
maggot, pit bull, and rabbit trials were strongly influenced by the random stimulus–outcome pairings.
Although the pattern of mean on-line expectancies was similar to that of the initial expectancies, the pattern of
differential aversive outcome expectancies was clearly attenuated and did no longer reach the conventional
level of significance. Thus although participants entered the experiment with a differential expectancy bias,
this bias appeared not particularly robust against refutation.

In a similar vein, participants’ post-experimental covariation estimates for spider trials were close to the
veridical covariation and no evidence emerged to indicate that spider fear was related to harm- or
contamination-relevant covariation bias. These findings seem to indicate that individuals’ biased spider-
relevant a priori outcome expectancies are highly sensitive to corrective information. Similarly, post-
experimentally there was no longer evidence for differential associative biases to selectively overassociate
maggots with a contamination-relevant UCS, and pitbulls with a harm-relevant UCS. Meanwhile,
participants did show a bias to overassociate both types of aversive (fear-relevant) animals with aversive
outcomes compared to rabbits. Yet, this bias was similar for both types of outcomes (i.e., harm-relevant vs.
contamination-relevant). Hence this general covariation bias seems to reflect a rather general (or crude)
tendency to retrospectively overestimate the covariation between aversive stimuli and aversive outcomes, that
acts independently of the particular aspects or dimensions (e.g., ‘‘contamination’’ or ‘‘pain’’) that constitutes
the aversiveness of a particular type of outcome.

The failure of the biased initial outcome expectancies on maggot, rabbit, and pit bull trials to survive
disconfirmation might be due to the fact that the present participants represented an unselected sample with
respect to fear of maggots and/or fear of pitbulls. It might well be that biased initial expectancies only survive
extensive random stimulus–outcome pairings when stimuli are motivationally salient (e.g., highly feared).
Consistent with such an explanation it has been shown in previous research that spider fearful individuals
displayed inflated initial UCS expectancies for both weapons (or electrical outlets) and spiders, whereas
postexperimentally these individuals only reported inflated covariation estimates for spiders but not for
weapons/outlets (e.g., de Jong & Merckelbach, 2000; de Jong et al., 1995; Kennedy, Rapee, & Mazurski,
1997). Relatedly, the fact that the maggot and pit bull stimuli were not motivationally salient for the present
participants (e.g., not highly feared) may also account for the present finding that a considerable percentage of
participants indicated to expect a safe outcome on the first maggot and pit bull trials, whereas only a negligible
percentage of high fearful individuals indicated to expect nothing on the first spider trial.

At first sight this explanation seems at odds with the findings with respect to the on-line and post-
experimental covariation estimates pertaining to spider trials. However, there may be other reasons that may
explain the absence of a spider-relevant covariation bias in spider fearful individuals. That is, the present
experimental design differed in several important respects from the covariation bias paradigm that was
originally designed by Tomarken et al. (1989). First, participants in the present study not only rated post-
experimental covariation estimates but also indicated their on-line expectancies on a trial by trial basis. Hence
it might be that the on-line judgment task has influenced the bias to retrospectively overestimate the
covariation between spider-stimuli and aversive outcomes. However, the previous finding that individuals who
were instructed to keep a running estimate during serially presented stimuli reported a stronger post-
experimental illusory correlation between salient stimuli than individuals who merely had to report post-
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experimental covariation estimates (Arkes & Harkness, 1983; exp 7), renders this possibility not very likely. In
addition, several previous studies measuring on-line expectancies were successful in showing post-experimental
covariation bias (e.g., de Jong et al., 1995; Pauli, Wiedemann, Dengler, & Kühlkamp, 2001). However, further
experiments including both a condition with and without participants reporting on-line expectancies is
necessary to settle this issue more definitely.

Second, in the present study the aversive outcomes were administered by the participants themselves via
drinking a glass of the distasting solution and via pressing a button to activate the shock generator instead of
passively experiencing the outcomes as was the case in all previous studies. We eventually decided to using a
self-administration procedure since a computer-controlled administration of the disgust-relevant outcome
(e.g., via computerised injection of the fluid via a catheter in the mouth) appeared too invasive. Moreover, the
present procedure most closely mimics the original procedure described in the thought experiment of Davey et
al. (2003; ‘‘yyou may be asked to drink some of the fluid, which will make you feel ill and vomit
immediately...’’). Meanwhile, it can not be ruled out that this active involvement made the actual
stimulus–outcome contingency more salient, thereby opposing the generation of illusory correlations.
However, such an explanation of the absence of a fear relevant covariation bias seems not very convincing
given that within the same experimental design a covariation bias did emerge between maggots/pitbulls and
aversive outcomes.

Third, and perhaps most important, the present experiment included two aversive outcomes rather than
one, and both types of outcomes appeared relevant for spiders. This characteristic (i.e., the presence of two
competing prior expectancies of covariation) might have undermined the present experiment’s sensitivity to
detect harm- and/or contamination-relevant covariation biases related to spider stimuli (cf. de Jong et al.,
1992). One way to explore this possibility would be to use type of outcome as a between subjects rather than a
within subjects factor in the design of a future study. Finally, in contrast to previous studies, the present
experiment included four different types of slides (animals) rather than three. One consequence of this
procedure is that the base-rate of each of the stimulus/outcome combinations was reduced with approximately
27% (from 8/72 to 6/72). Previous studies have shown that increasing the sheer frequency of expected co-
occurrences, results in stronger covariation bias effects (e.g., Pauli et al., 1996; Tomarken et al., 1989; exp. 3).
Following this, it might be argued that lowering the frequency of expected stimulus/outcome combinations (as
was implied in the current design) weakened the present covariation bias effects. One way to test this
explanation would be to replicate the present study while restricting the number of slide categories to three
rather than to four (e.g., mushroom, flower, and spider).

Alternatively, it might be the case that the present absence of a convincing spider-relevant covariation bias
indicates that such a retrospective bias to overassociate phobic stimuli with particular UCS experiences is not
a robust phenomenon and/or may not play a vital role in maintaining real-life spider phobia. That is,
systematic avoidance of spiders may well imply that the corrective experiences received in the covariation
procedure are rarely experienced by phobic individuals (cf. de Jong, Merckelbach, Bögels, & Kindt, 1998).
Accordingly initial expectancy biases may persist and continue to reinforce avoidance behaviour even though
expectancy biases may be extinguished rather easily.

Contamination-relevant outcome expectancies and fear of spiders

Although the available evidence indicate that fear of spiders is related to contamination-relevant
preoccupations, this does not explain how inflated contamination-relevant UCS expectancies may actually
result in heightened fear levels. Moreover, it may raise the question why fears of other animals that also evoke
contamination-relevant outcome expectancies, such as maggots, only very seldom reach the phobic range. One
explanation might be that fear of spiders can be best conceptualised as a fear of involuntary physical contact
with a disgusting stimulus (cf. de Jong et al., 2000). For animals such as maggots, worms, and snails the
chances of involuntary and unexpected physical contact are negligible, as they are relatively immobile and/or
do not tend to enter people’s private territories. In contrast, spiders frequently cross the border of people’s
private living space and can move quickly. Therefore, the threat of involuntary physical contact seems much
larger for spiders than for maggots or worms. Following this, the interaction of the spiders’ contaminating
properties and the threat of unwanted physical contact may well constitute the fear of spiders. Germane to
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this, Davey (1993) found that disgust and contamination sensitivity considerably adds to individuals’ fear
ratings of a novel animal when it is modulated in an interactive fashion by beliefs about being physically
contacted or attacked by the animal.

To conclude, the present findings support the idea that contamination-relevant outcome expectancies are
critically involved in fear of spiders, thereby adding to the suggestion that spider phobia can be best
conceptualised in terms of disease-avoidance processes (e.g., Davey, 1994; de Jong & Muris, 2002; de Jong et
al., 2002; Matchett & Davey, 1991). The present results seriously question the idea that these prior
expectancies are very robust against corrective experiences and add to previous studies (e.g., de Jong &
Merckelbach, 2000) casting doubt on the role of retrospective associative biases in the maintenance of phobic
complaints. However, at this stage it would be premature to completely discard the possibility that in addition
to UCS expectancy biases, contamination- and/or harm-relevant covariation biases do play a role in spider
phobia.
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