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Abstract
Individuals with contamination concerns show aberrant interpretational and attentional processes. Yet, it is unclear whether 
threat-related associations play a causal role in anxiety symptoms and attentional bias. The objective of our study was to 
investigate if training implicit associations affects stress reactivity and attention in the context of contamination concerns. 
In a double-blind randomized design, we used a modified Implicit Associations Task (IAT) to train associations between 
contamination and danger in a non-clinical sample (N = 121). Dependent measures were a brief-IAT to assess changes in 
associations, contamination-related behavior approach tasks, and a spatial cueing task to measure attentional bias. Results 
show that training successfully modified implicit associations. However, there were no transfer effects on approach behavior 
or attention. Findings suggest that the modified IAT is a useful task for training implicit associations, but that transfer to 
other domains (attention and behavior) is limited. Limitations and future implications are discussed.
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Introduction

Cognitive models of the development and maintenance of 
anxiety stress the importance of aberrant information pro-
cessing, and propose that among others, biased attention and 
interpretation processes influence each other. For instance, 

Ouimet et al. (2009) state in their multi-process model that 
threat-related associations prompt individuals to interpret 
stimuli as dangerous, which triggers preferential attentional 
processing of these stimuli. These processing biases are 
thought to subsequently influence behavior. Specifically, 
threat-related associations and attentional bias strengthen 
fear schemas that lead to avoidance behavior, which in turn 
prevents disconfirmation of threat (e.g., Beck and Clark 
1997). Indeed, a rich body of empirical evidence supports 
the claim that individuals with obsessive–compulsive dis-
order (OCD) show biased information processing (for a 
review, see Hezel and McNally 2016). Jelinek et al. (2009) 
demonstrated that individuals with OCD produced more 
threat-related associations as compared to mentally healthy 
controls, suggesting that threat-related associations represent 
an important correlate of OCD symptomatology in general.

Recent research has further isolated the role of specific 
threat-related associations within OCD dimensions, such 
as contamination concerns and washing compulsions. For 
individuals with these symptoms, the most prominent asso-
ciated dysfunctional schema is the overestimation of threat 
(Obsessive Compulsive Cognitions Working Group 2005; 
for an overview, see Taylor et al. 2010). Such dysfunctional 
schemas are believed to foster negative appraisals of recur-
ring thoughts, leading to emotional distress and thereby 
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maintaining OCD symptoms (Salkovskis 1985). Further, 
for contamination concerns, Green and Teachman (2012) 
conceptualize schemas, such as overestimation of threat, 
as implicit associations stored in memory. To investigate 
overestimation of threat in an implicit way, Nicholson et al. 
(2014) presented the Implicit Relational Assessment Pro-
cedure (IRAP)—a measure of appraisal tendencies at the 
implicit level—to individuals with elevated washing con-
cerns. As expected, high OC-washers showed a greater 
threat bias toward contamination-related trials than did low 
OC-washers. Further, contamination-bias scores predicted 
avoidance behavior in a subsequent contamination-specific 
behavioral approach task (BAT, Nicholson et al. 2014).

In addition to the IRAP, other measures have also been 
shown to predict overestimation of threat. Specifically, in indi-
viduals with elevated contamination fears, Green and Teach-
man (2013) investigated how well approach behavior could 
be predicted by an implicit measure of threat overestimation, 
namely the Brief Implicit Association Test (B-IAT), and an 
explicit measure of threat overestimation, namely question-
naire data. Importantly, they found that contamination-spe-
cific behavioral approach could be predicted by the implicit 
(but not the explicit) measures of threat overestimation (Green 
and Teachman 2013). These results show that, consistent with 
the aforementioned theoretical assumptions, threat bias cor-
relates with contamination fears and that this bias is related to 
symptomatology, such as avoidance. However, their maintain-
ing role within OCD symptoms remains unclear.

Investigating the malleability of implicit associations 
through cognitive bias modification (CBM) paradigms, 
namely, computerized trainings tailored to alter information 
processing, represents a potential step in elucidating this 
question (e.g., Green and Teachman 2012). Meta-analyses 
suggest that experimentally modifying pathological informa-
tion processing via CBM produces medium-sized effects on 
cognitive patterns and small post-training effects on symp-
toms in anxious individuals, while far transfer measures, such 
as emotional reactivity in response to stressor tasks, are rarely 
affected (e.g., Cristea et al. 2015; Menne-Lothmann et al. 
2014). Some studies, however, did find far transfer effects. 
Regarding the modification of implicit associations, a con-
ditioning paradigm showed modified associations as well as 
reduced reactivity to a specific stressor task after training 
for socially anxious participants (Clerkin and Teachman 
2010). Green and Teachman (2012) used the same condi-
tioning paradigm to train positive versus neutral associations 
in individuals with contamination concerns: They presented 
contamination-related pictures that were followed by smil-
ing faces (positive training), faces with different expressions 
(neutral training) or no faces (control condition). In this 
study, they did not find changes in implicit associations and, 
consequently, no group differences on approach behavior or 
emotional reactivity to subsequent contamination stressor 

tasks (Green and Teachman 2012). Since training did not 
alter implicit associations, the question of causal influence of 
threat associations on other information processing indices 
and contamination-specific symptomatology (e.g., attentional 
bias, avoidance behavior) could not be answered.

To investigate the causal role of threat biases on emotional 
reactivity, it is important to investigate not only bias reduc-
tion (as is often done in CBM research), but also the experi-
mental induction of cognitive biases towards threat (see Van 
Bockstaele et al. 2014). As outlined above, overestimation 
of threat can be assessed as a feature of contamination con-
cerns using measures of implicit associations (Green and 
Teachman 2013; Nicholson et al. 2014). Research shows that 
implicit associations can be induced using an IAT-training 
task (Ebert et al. 2009). In this study, the authors were able 
to modify participants’ positive versus negative associations 
of chocolate and gummy bears by contingently pairing these 
categories with positive/negative valence. They presented 
words that participants had to assign to one of four catego-
ries (chocolate, gummy bears, positive, negative). Combina-
tions of categories constantly appeared in the upper corners 
of the screen (e.g., chocolate/positive on the left and gummy 
bears/negative on the right). Thus, participants reacted to 
positive words the same way they reacted to chocolate. As 
a result, participants in the chocolate/positive (vs. gummy 
bears/positive) condition showed more positive implicit atti-
tudes towards chocolate (vs. gummy bears, respectively) in 
a subsequent independent assessment task. However, there 
are no studies to date that have investigated how these altered 
associations causally relate to symptomatology via inducing 
implicit associations in contamination concerns.

Cognitive models of anxiety not only emphasize the 
importance of implicit and explicit information processing, 
but they also stress the influence of threat schemas and threat 
associations on attentional orienting (Beck and Clark 1997; 
Ouimet et al. 2009). To our knowledge, there are no studies 
focusing on the interplay between implicit associations and 
attentional bias. Research on the modification of attentional 
bias in participants with contamination concerns shows 
that a reduction of attentional bias enhances performance 
on subsequent concern specific stressor tasks (Najmi and 
Amir 2010). If implicit threat appraisals indeed determine 
attentional processes and subsequent avoidance behavior 
(cf. Beck and Clark 1997; Ouimet et al. 2009), modifying 
implicit threat associations should influence attentional bias 
as well as behavioral approach.

The aim of the current study was to modify implicit associ-
ations of the construct dimensions contamination/cleanliness 
with dangerous/not dangerous. We adapted an implicit asso-
ciation test (IAT, Greenwald et al. 1998), which strengthened 
the associations of these constructs with contingent feedback. 
We contrasted two feedback guided conditions to investigate 
if experimentally induced threat bias influences emotional 
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reactivity, approach behavior, and attentional processes. In the 
negative training group (NT), the associations between con-
tamination and dangerous were strengthened. In the positive 
training group (PT), the associations between contamination 
and not dangerous were strengthened. The control group (CC) 
did not receive training in a specific direction. After training, 
we first assessed the modified associations with a brief-IAT 
(B-IAT, Sriram and Greenwald 2009) as a near transfer task: 
we measured the strength of associations based on how fast 
participants correctly categorized the presented words. We 
predicted training-congruent associations for the targeted 
(trained) categories for the active groups, namely stronger 
associations between contamination and dangerous in the NT 
and stronger associations between contamination and not dan-
gerous in the PT compared to the CC. Second, we investigated 
the effects of training on behavioral approach and emotional 
reactivity using two BATs that induced contamination-specific 
concerns. We hypothesized that participants in the NT versus 
PT group would perform fewer versus more steps in the BATs 
and exhibit higher versus lower anxiety ratings compared to 
the CC. Third, we assessed if training effects transferred to 
attentional processes using the spatial cueing paradigm (Pos-
ner 1980) where we examined effects on early versus late 
attentional bias. In line with previous work, we hypothesized 
higher versus lower attentional bias in early and late process-
ing stages in the NT versus PT group compared to the CC.

Methods

Participants

Participants were recruited at a state university and were 
submitted to an online screening questionnaire for eligibility. 
Exclusion criteria were current or recent (last 2 years) men-
tal disorder, psychotherapy or intake of psychotropic drugs, 
current suicidal ideation, or age of < 18 years. Participants 
were only included if they negated all separately assessed 
criteria.1 Further, psychology students were only included 
if they were first year students to prevent effects of sali-
ent knowledge of our experimental task or cognitive biases 
in OCD. The final sample consisted of N = 121 mentally 
healthy individuals (84 female).

Design

We conducted a double-blind randomized control 
group experiment. Experimental manipulation was the 

modification of implicit associations of contamination and 
danger, via a modified IAT training task. There were two 
active training groups, the negative training group (NT; 
n = 40), with paired categories of contamination/danger-
ous, and the positive training group (PT; n = 40), with 
paired categories of contamination/not dangerous. Both 
training groups received feedback on whether categoriza-
tion was correct or not. The no-training control group (CC; 
n = 41) received a sham training, with changing categories 
and without feedback. There were three dependent meas-
ures: we assessed differences in (1) implicit associations, 
(2) approach behavior and emotional reactivity, and (3) 
attentional bias between groups. Participants and the experi-
menter were blind to group allocation.

Materials and Tasks

Self‑report Measures

To rule out severe obsessive–compulsive symptomatol-
ogy, the widely used Obsessive–Compulsive Inventory-
Revised (OCI-R, Foa et al. 2002; German version: Gönner 
et al. 2007) was administered. It is a reliable 18-item self-
report questionnaire using a 5-point Likert scale to assess 
OC symptom severity on six subscales (washing, checking, 
ordering, obsessing, hoarding, and neutralizing). The inter-
nal consistency in this study was α = .86.

The State-Trait Anxiety Inventory for Adults (STAI Form 
Y: Spielberger et al. 1977) assesses state and trait compo-
nents of anxiety separately with good psychometric proper-
ties. Both versions were administered consisting of 20 items 
rated on a 4-point Likert scale, with higher sum scores indi-
cating higher state and trait anxiety, respectively. The trait 
version was administered to control for baseline group dif-
ferences. The state version was conducted to examine effects 
of the stressor task on change in anxiety. Internal consist-
ency in the current sample was α = .87 (STAI-S1), α = .94 
(STAI-S2) and α = .92 (STAI-T).

To control for depressive symptoms, the widely used Beck 
Depression Inventory-II (BDI-II, Beck et al. 1996; German 
version:; Hautzinger et al. 2006) was administered, a reli-
able and valid self-report questionnaire that consists of 21 
items rated on a 4-point-scale with higher scores indicating 
more severe symptoms. Internal consistency of our sample 
was α = .82.

Stimuli for Reaction Time Tasks

A set of contamination-related (CR) words was vali-
dated prior to this study (for a more detailed description, 
see Dusend et al. (2018). Words for the categories cleanli-
ness and not dangerous were taken from the Berlin Affec-
tive Word List Reloaded (BAWL-R, Võ et al. 2009). Words 

1  We assessed current depressive symptoms and suicidal idea-
tion again upon arrival prior to study conduction. Participants were 
excluded prior to the study when they had a sum score of more than 
19 or a score of more than 1 on the item no 9 in the BDI-II (N = 0).
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were matched within categories contamination/cleanliness 
and dangerous/not dangerous by number of syllables and 
letters and word frequency. Word sets are listed in the Sup-
plementary Material.

Experimental Manipulation

To modify implicit associations, we used a modified ver-
sion of the Implicit Association Test (IAT, Greenwald et al. 
1998). Words were presented in the middle of the screen, and 
participants had to correctly assign them to their category 
by pressing a key on the corresponding side (see Fig. 1). 
We used four different sets of words that could be assigned 
to one of four categories: contamination/cleanliness and 
dangerous/not dangerous. Categories were combined and 
presented at the top corners of the screen during the whole 
experiment. Modification training was defined as per the 
presented combination of categories: OC-relevant pairs in 
the NT: contamination/dangerous and cleanliness/not dan-
gerous (by assigning words of the category contamination 
to the same side with the same reaction key as words of the 
category dangerous, associations between these concepts are 
implicitly strengthened); OC incompatible pairs in the PT: 

contamination/not dangerous and cleanliness/dangerous, 
such that contrary associations were strengthened. In the CC, 
all pairs were alternately presented and in a balanced ratio; 
thus, no associations were purposefully strengthened. Feed-
back about correct or incorrect assignment of words was 
presented after each trial in the two active training groups 
to enhance modification effects.

Participants learned the initial assignments of words and 
categories in practice trials. Only two categories (e.g., dan-
gerous and not dangerous) were presented to which all words 
(e.g., toxic, creative) of these categories were assigned. All 
participants received feedback about the correct assign-
ment of words to categories. Incorrect responses had to be 
corrected. We selected only adjectives for the categories 
dangerous/not dangerous and only nouns for the categories 
contamination/cleanliness to facilitate assignment of words 
and make it more distinct. Adjectives were presented in blue 
text and nouns in white text on a black screen. Participants 
conducted four practice blocks with 16 trials each. One 
trial was defined by assigning the presented word (350 ms 
presentation duration) to one of the categories and receiv-
ing feedback. The training phase consisted of 256 words 
split into four blocks. For each block, all word stimuli were 

Fig. 1   Sequence of a negative training trial on the modified IAT
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presented twice in a randomized order. To increase chances 
of transfer, we doubled the number of trials used in the 
induction study by Ebert et al. (2009). Between blocks, cat-
egories switched sides in the active training groups or were 
interchanged in the control group. There was a 1 min break 
after the first two blocks to allow participants to rest between 
blocks, thus minimizing effects of fatigue on concentration.

Implicit Associations

Modification effects on implicit associations were assessed 
with the Brief Implicit Association Test (B-IAT; Sriram and 
Greenwald 2009). The short version of the IAT measures 
associations of one relevant concept (i.e., contamination or 
cleanliness) and two attribute dimensions (i.e., dangerous 
and not dangerous). Of interest was the change in association 
between contamination/dangerous versus contamination/not 
dangerous, as a near transfer dependent measure for the 
modification in the NT versus PT. We thus conducted a 
contamination B-IAT. This means that the category con-
tamination was displayed in the top middle position of the 
screen throughout the task in combination with either the 
dangerous or the not dangerous attribute. We randomized 
position (top/bottom) of displayed concepts resulting in 
four blocks (contamination/dangerous, contamination/not 
dangerous, dangerous/contamination, not dangerous/cont
amination)2 that were presented in randomized order. We 
presented the same words of all four categories as in the 
modified IAT. Words were presented at random order in the 
middle of the screen (32 trials per block) and participants 
had to indicate whether or not the presented word (e.g., 
“toxic”) belonged to one of the two categories displayed 
(e.g., contamination/dangerous) by pressing the correspond-
ing key (e.g., “yes”). Reaction times and error rates were 
assessed over 128 trials. The most reliable indicator for 
strength of association is the D Score (Greenwald et al. 2003; 
Nosek et al. 2014). We therefore calculated the mean differ-
ence of category pairs of interest (contamination/dangerous 
minus contamination/not dangerous) divided by the overall 
standard deviation to compare association strength of the 
relevant concepts. A negative D indicates stronger associa-
tion of contamination/dangerous as compared to association 
of contamination/not dangerous.

Approach Behavior

To test for modification effects on anxiety and approach 
behavior during a contamination-specific stressor task, we 

used two Behavioral Approach Tests (BATs). BATs were 
conducted using (1) the toilet of the laboratory and (2) arti-
ficial animal feces (a mixture of potting soil, cocoa, curry, 
chocolate spread sprayed with a fragrance that smells like 
feces). Each BAT consisted of six steps increasing in dif-
ficulty (for the toilet-BAT, step 1: touch toilet seat with a 
paper towel, step 2: touch toilet seat with index finger, step 
3: touch toilet seat with palm, step 4: touch inside of toilet 
with a paper towel, step 5: touch inside of toilet with index 
finger, step 6: touch inside of toilet with index finger and 
then rub hands and upper arms and chest; for the feces-BAT, 
step 1: pull plate with feces towards self, step 2: hold face 
over feces (ca. 5 cm away), step 3: touch feces with a paper 
towel, step 4: touch feces with index finger, step 5: touch 
feces with index finger and then rub hands, step 6: touch 
feces with index finger and then rub upper arms and chest). 
Number of conducted steps indexed approach behavior. For 
emotional reactivity, participants rated their anxiety, disgust 
and urge to wash their hands on a scale from 0 (not at all) to 
10 (very much) after each conducted step of the BAT. Par-
ticipants rated the credibility of the BATs on a 5-point scale 
(ranging from 1 not at all to 5 very credible) at the end of 
the experiment.

Attentional Bias

We used the spatial cueing task (cf. Posner 1980) adapted 
by Cisler and Olatunji (2010) to assess attentional bias. Two 
empty white placeholders were displayed left and right of a 
white fixation cross on a black screen. The cue, a contamina-
tion, generally threatening or neutral3 word, was presented 
in one of the two boxes and the other box was left empty. 
Presentation durations of words were 14 ms for early or 
500 ms for later processing, respectively. A discrimination 
probe (either “X” or “/”) appeared either in the location of 
the word replacing it (valid trials) or in the opposite location 
of the empty box (invalid trials). Participants had to respond 
correctly to the probe by pressing the corresponding key as 
fast as possible. We used 160 trials (96 CR) for analyses and 
computation of bias scores4. Trials were counterbalanced by 
validity and presentation duration. Internal consistency for 
types of trials was α = .76–.87.

As conventional mean attentional bias scores, we calcu-
lated cue validity scores (Koster et al. 2005; Mogg et al. 

2  In the following we will describe the blocks using the notation 
contamination/dangerous and contamination/not dangerous. This 
includes the blocks with reversed positions of same categories.

3  Words of the cleanliness set were used as neutral words for the 
spatial cueing task. To keep consistent with other studies, we refer to 
them as neutral words (since they are not related to danger or specific 
concerns) for the spatial cueing task.
4  The spatial cueing task contained 192 trials. Due to an error in pro-
gramming, general threatening words were presented only on the left 
side of the screen. We did not use them for analyses to avoid bias of 
presentation location.



698	 Cognitive Therapy and Research (2019) 43:693–704

1 3

2008). First, we calculated cue validity for CR trials (sub-
tracting average valid from average invalid CR reaction 
times) and cue validity for neutral trials (subtracting average 
valid from average invalid neutral reaction times). Second, 
we computed attentional bias by subtracting neutral cue 
validity scores from CR cue validity scores. Thus, positive 
scores indicate faster reactions for CR compared to neutral 
cues. Attentional bias scores were calculated separately for 
automatic (14 ms) and strategic (500 ms) processing.

We further focused on temporal dynamics of attentional 
bias using the methodology from Zvielli et al. (2015): we 
calculated trial-level bias scores (TLBS) using the difference 
in reaction times of adjacent trials, matching neutral trials 
with the most proximate CR trials and vice versa, for each 
duration time and each participant, separately. This gener-
ated bias scores over the time course of the experiment, 
accounting for the nature of attentional bias as a process 
expressed repeatedly over time (cf. Zvielli et al. 2015). We 
adapted this method to fit the spatial cueing paradigm as 
described by Davis et al. (2016): We computed the mean 
TLBStowards (the degree to which the attention is shifted 
toward the CR-stimuli), and the mean TLBSaway, (the degree 
to which the attention is shifted away from the CR-stimuli). 
We then computed the variability in TLBS (the sum of all 
distances between sequential TLBS divided by the total 
number of TLBS), indicating the dynamic changes of the 
attentional bias toward or away from CR-stimuli.

Manipulation Checks

Participants filled out ratings of word stimuli on a 10-point 
scale (not at all to extremely) assessing contamination-rele-
vant emotions (anxiety, disgust, shame, arousal) triggered by 
the words. Likewise, we assessed valence of words (unpleas-
ant to pleasant). We also checked the readability of words 
presented for 14 ms with a categorization task, where the set 
up was the same as in the spatial cueing task. Contamination 
and cleanliness words were presented for 14 ms and partici-
pants had to select the correct category via keypress. Finally, 
participants were asked to indicate what experimental task on 
the IAT they had encountered (NT, PT or CC), after receiving 
information about experimental conditions. We conducted 
analyses on these measures to ensure effectiveness of the 
conducted experimental tasks. See Supplementary Material 
for more detailed information and results.

Procedure

Our institutional ethics committee approved the study. Meas-
ures, tasks and instructions for the experimenter were stand-
ardized. All computer tasks were programmed and presented 
with Inquisit 4 (2016) on a 21.5 inch ProLite Iiyama computer 

screen. Randomization to condition was also programmed, 
leaving participants and the experimenter blind to condition.

Participants conducted the experiment in a 90-min single 
session. Upon arrival, participants provided informed consent 
and filled out a demographic questionnaire and self-report 
measures (STAI-S, STAI-T, OCI-R, BDI-II). Then the experi-
mental manipulation via the modified IAT was presented, after 
which participants first conducted the B-IAT, then the spatial 
cueing task and last the BATs. Participants were instructed 
through an active relaxation exercise (e.g., stretching) for a 
short break between reaction time tasks. Finally, participants 
rated their current feeling on the STAI-S again and conducted 
further manipulation checks (categorization task, credibility 
ratings of BATs, ratings of word stimuli, indication of experi-
mental group). Afterwards, they were debriefed and received 
either course credit or financial compensation.

Results

Baseline Measures

Table  1 presents means and standard deviations of the 
demographic characteristics and baseline measures per 
group. Groups did not differ on gender, χ2(2) = 1.65, p = .44, 
V = 0.08. There were significant differences on mean years of 
education (cf. Table 1). Yet, there were no significant differ-
ences on educational degree between groups, χ2(4) = 5.61, 
p = .23, V = 0.11. Education was not considered as a relevant 
covariate for analyses since there is no a priori reason for 
influences of education on any of the variables of interest.

Modification of Implicit Associations

Data from the B-IAT were prepared for analyses according 
to Nosek et al. (2014). Participants with an error rate of 
more than 30% or a higher than 10% rate of reactions below 
300 ms were excluded from analyses (n = 1). Further, we 
prepared data for analyses by winsorizing reaction times to 
400 ms on the faster end and 2000 ms on the slower end. 
Results of the one-way ANOVA on the D for our focal cat-
egory contamination showed significant group differences, 
F(2,117) = 4.07, p = .02, ɳp

2 = .05. Follow-up independent 
samples t-tests showed a significantly lower D in the NT 
group (vs. PT group), t(77) = 2.85, p < .01, d = 0.64, indicat-
ing stronger negative associations in the NT group. Com-
parisons of the NT to the CC group, t(78) = 0.82, p = .41, 
d = 0.18, and of the CC to the PT group, t(79) = 1.96, 
p = .053, d = 0.44, were non-significant.
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Behavioral Approach Task

We collapsed analyses of emotional reactivity over both 
BATs and calculated total mean scores of anxiety, disgust 
and urge to wash-ratings as well as total number of con-
ducted steps. Correlational analyses of emotional ratings and 
steps between BATs lend statistical support for this reduc-
tion of data (all r > .484, all p < .001). Figure 2 gives mean 
scores of emotion ratings and number of steps per group.

The between-group comparison using Pillai’s trace 
showed no significant group differences on emotional reac-
tivity ratings, V = 0.03, F(8,232) = 0.43, p = .90, ɳp

2 = .02, 
indicating similar emotion ratings and number of conducted 
steps on the BATs in all groups.

We assessed state anxiety ratings at the beginning of 
the experiment and again after the stressor task to explore 
valid stress induction via BATs. A 3 (group: NT vs. CC vs. 
PT) × 2 (time: pre-stressor vs. post-stressor) mixed ANOVA 
with repeated measures on the second factor showed a sig-
nificant main effect of Time F(1,118) = 28.43, p < .001, 
ɳp

2 = .19. There was an overall increase in state anxiety from 
pre (M = 31.09, SD = 6.28) to post (M = 34.50, SD = 9.70) 
assessment, suggesting the effectiveness of the BATs as a 
stressor task5. The main effect of group, F(2,118) = 0.16, 
p = .86, ɳp

2 < .01, and the interaction effect, F(2,118) = 0.93, 
p = .40, ɳp

2 = .02, were non-significant.
We also assessed ratings of credibility for constructed 

BATs. BATs were rated as quite credible (feces: M = 3.68, 
SD = 1.01; toilet: M = 3.80, SD = 1.02). The between group 
comparison using Pillai’s trace showed no significant 

group differences on any credibility ratings, V = 0.02, 
F(4,236) = 0.59, p = .67, ɳp

2 = .01.

Attentional Bias

Reaction time data from the spatial cueing task were pre-
pared for analyses in line with previous research (e.g., Zvielli 
et al. 2014). We eliminated error trials and trials with reac-
tion times outside of a fixed range of 200 ms and 1500 ms. 
We cleared the data of outliers having ± 3 standard devia-
tions of the participant’s mean reaction time. This resulted in 
a mean number of 7.85 eliminations per participant. We thus 
included 95.09% of reaction time data for analyses. Table 2 
provides means and standard deviations of reaction times 
on the spatial cueing task for group, presentation duration, 
validity and valence separately.

For the conventional analyses of attentional bias, one par-
ticipant was excluded due to too many errors and outliers 

Table 1   Demographics and 
questionnaire data for each 
group

OCI-R Obsessive–Compulsive Inventory-Revised, OCI-R_wash subscale of the OCI-R assessing contami-
nation concerns and washing compulsions, BDI-II Beck Depression Inventory-II, STAI-T State-Trait Anxi-
ety Inventory Form Y Trait Version, STAI-S1 State-Trait Anxiety Inventory Form Y State Version at pre-
assessment, STAI-S2 State-Trait Anxiety Inventory Form Y State Version at post-assessment

Negative training
(n = 40)

No training
(n = 41)

Positive training
(n = 40)

F p ɳp
2

M (SD) M (SD) M (SD)

Age (years) 23.18 (3.00) 23.90 (3.27) 23.25 (3.59) 0.60 .55 .01
Education (years) 16.25 (2.50) 17.17 (3.01) 15.70 (2.38) 3.20 .04 .05
OCI-R 9.16 (11.02) 7.27 (6.11) 5.55 (4.30) 2.23 .11 .04
 OCI-R_wash 0.83 (1.62) 0.56 (1.00) 0.68 (1.65) 0.34 .72 .01

BDI-II 6.00 (5.38) 5.00 (4.20) 5.20 (4.46) 0.51 .60 .00
STAI-T 32.83 (7.50) 32.32 (8.74) 32.05 (9.47) 0.08 .92 .00
STAI-S1 30.45 (5.58) 31.32 (6.47) 31.50 (6.72) 0.32 .73 .00
STAI-S2 34.50 (9.53) 35.32 (9.40) 33.68 (10.14) 0.29 .75 .00

Fig. 2   Mean performance ratings on the BATs per group

5  We provide further analyses in the Supplementary Material con-
firming our conclusion that increase in stress reactivity occurred 
in response to the BATs and is not related to other aspects of the 
experiment. Please find a time-course of adverse emotionality ratings 
assessed over visual analogue scales in the Supplementary Material.
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(69% missing data after cleaning). An overall 3 (group: 
NT vs. CC vs. PT) × 2 (valence: CR vs. neutral) × 2 (valid-
ity: valid vs. invalid) × 2 (presentation duration: 14 ms vs. 
500 ms) mixed ANOVA was conducted with mean reac-
tion times. Results showed a significant main effect of 
validity, F(1,117) = 24.17, p < .001, ɳp

2 = .17, showing 
faster reactions on invalid (M = 452, SD = 65) than valid tri-
als (M = 468, SD = 70). There also was a significant main 
effect of presentation duration, F(1,117) = 359.02, p < .001, 
ɳp

2 = .75, showing faster reactions for words presented for a 
shorter duration (14 ms; M = 431, SD = 65) than for a longer 
duration (500 ms; M = 488, SD = 70). The 4-way interac-
tion effect of interest for our hypothesis testing was not sig-
nificant, F(2,117) = 0.19, p = .83, ɳp

2 < .01. There were no 
other significant main or interaction effects (all Fs < 2.48, 

all ps > .12).6 Table 3 shows the test results of the ANOVAs 
with the mean cue validity attentional bias scores per pres-
entation duration.

We further investigated data with the newer dynamic 
approach of TLBS. We excluded two participants for the 
analyses because of too few matches of bias pairs. We calcu-
lated mean TLBS towards and away from CR stimuli as well 
as TLBS variability. Table 3 gives test results of the ANO-
VAs. The results showed no between-group differences on 
TLBS, indicating the same information processing pattern 

Table 2   Reaction time means 
on the spatial cueing task

Standard deviations are in parentheses, reaction times in milliseconds
CR contamination-related word type, neutral neutral word type

Negative training
(n = 40)

No training
(n = 40)

Positive training
(n = 40)

M (SD) M (SD) M (SD)

14 ms
 Valid CR 443 (72) 441 (69) 439 (54)
 Valid neutral 442 (78) 436 (65) 443 (57)
 Invalid CR 418 (66) 427 (82) 422 (55)
 Invalid neutral 419 (77) 420 (74) 426 (66)

500 ms
 Valid CR 496 (82) 482 (81) 493 (85)
 Valid neutral 498 (98) 491 (78) 506 (94)
 Invalid CR 478 (76) 475 (68) 489 (57)
 Invalid neutral 478 (75) 481 (79) 490 (68)

Table 3   Conventional mean 
bias scores and TLBS per 
presentation duration for each 
group

Standard deviations are in parentheses; reaction times in milliseconds; conventional AB = mean cue valid-
ity bias score; TLBS trial-level bias score

Negative training 
(n = 40)

No training (n = 40) Positive training 
(n = 39)

F p ɳp
2

M (SD) M (SD) M (SD)

14 ms
 Conventional AB − 1.41 (38.86) 1.48 (51.57) − 0.03 (46.70) 0.05 .95 < .01
 TLBStowards 100.13 (35.65) 101.71 (36.52) 93.99 (30.28) 0.56 .57 .01
 TLBSaway − 103.09 (48.22) − 104.46 (43.50) − 98.66 (26.85) 0.22 .80 < .01
 TLBSvariability 130.28 (52.12) 132.31 (47.67) 122.59 (29.81) 0.53 .59 .01

500 ms
 Conventional AB 2.33 (60.53) 2.80 (53.33) 11.27 (49.13) 0.49 .62 .01
 TLBStowards 108.21 (53.85) 110.48 (34.61) 111.56 (53.15) 0.05 .95 < .01
 TLBSaway − 110.16 (42.11) − 106.89 (34.53) − 114.09 (45.87) 0.30 .74 .01
 TLBSvariability 143.62 (60.02) 139.23 (40.11) 147.61 (58.85) 0.24 .79 < .01

6  We also conducted the same analyses with only both of the active 
training groups (NT vs. PT), since analyses of the B-IAT suggested 
significant differences only between those two. Results showed the 
same pattern, and there were no further significant results supporting 
hypothesis testing.
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over the course of time for CR stimuli compared to neutral 
words across groups, irrespective of training condition.

Manipulation Check

We checked whether participants saw through the experi-
mental manipulation. At the end of the experiment, we gave 
information about the three conditions and participants indi-
cated if they thought they conducted the negativity training 
(selected by n = 20), the positivity training (n = 15) or no 
specific training (n = 86). A Chi square test showed no dif-
ferences between groups on indication of training received, 
χ2(4) = 4.81, p = .31. Results imply that most participants 
thought they did not receive any specific training and that 
especially the participants in the active training groups were 
not aware of receiving certain training.

Discussion

To our knowledge, this is the first study investigating the 
modification of implicit associations with contamination-rel-
evant material. The aim of our study was to extend previous 
research by investigating causal effects of contamination-rel-
evant threat bias on behavioral approach, anxiety, and atten-
tional processes as consistent with existing cognitive-behav-
ioral theories (e.g., Ouimet et al. 2009; Salkovskis 1985). 
We predicted that modification of contamination-relevant 
associations would lead to elevated versus reduced emotional 
reactivity, reduced versus enhanced approach behavior in a 
subsequent contamination stressor task as well as elevated 
versus reduced attentional bias dependent on negative versus 
positive association training. Results showed that contamina-
tion-relevant associations can be modified using an implicit 
associations training task. However, in contrast to our 
hypotheses, no effects of contamination-relevant threat bias 
on emotional reactivity or attentional bias were observed.

Our study showed that implicit associations between 
the constructs contamination and dangerous can be 
strengthened as well as weakened via training with a 
modified IAT. The active negative training group showed 
stronger associations on the B-IAT on the focal categories 
contamination/dangerous compared to focal categories 
contamination/not dangerous, relative to the active posi-
tive training group. Results are in line with previous find-
ings that state association strength can be modified using 
the IAT via implicit learning (Ebert et al. 2009). Further, 
our results show that contamination-relevant associations 
can be induced and trained with implicit methods; as such 
they extend previous research that showed OC beliefs can 
be modified with explicit methods, such as the ambiguous 
sentence paradigm (Beadel et al. 2014; Clerkin and Teach-
man 2011; Williams and Grisham 2013).

Importantly, differences on the B-IAT were evident 
between the active training groups (NT and PT) but did not 
reach a significant level in pairwise comparisons with the 
no-training control group. This might be due to a priori asso-
ciation of targeted categories that the negative D score in the 
CC indicates. These a priori associations show that contami-
nation concerns are present in non-clinical populations as 
well (e.g., Abramowitz et al. 2014). Changing a priori asso-
ciations takes longer than inducing new ones (Ebert et al. 
2009). In our case, the number of training trials might be an 
indicator of the duration of the changing process: Assuming 
that there is no training in the control group, the training 
duration comparing one of the active groups to the CC is 
half as long as comparing both active training groups due 
to the fact that they train in opposite directions. It is pos-
sible that changes would have been better detected if the 
training process had been longer. Further, as mentioned by 
Clerkin and Teachman (2011), a 50–50 no-training control 
group could be inappropriate because a priori associations 
would be modified as well. Future research should consider 
these points by increasing the number of training trials and 
assessing bias measures at baseline. Another reason for the 
absence of differences could be due to our category labels. 
By choosing the dichotomous category labels dangerous and 
not dangerous, the concept of dangerous might have been 
activated for both labels (Park et al. 2001). Further experi-
ments should thus consider a different choice of labels.

The modification of participants’ implicit associations 
was observed on the reaction times in the B-IAT. However, 
in contrast to what we predicted in our second hypothesis, 
transfer effects of the training on behavioral approach and 
emotional reactivity did not occur. Groups neither differed 
in number of conducted steps on the contamination BATs 
nor in their ratings of anxiety, disgust or urge to wash hands 
during these tasks. While these results extend previous fail-
ures to modify implicit associations in contamination con-
cerns (Green and Teachman 2012), they are analog to studies 
targeting modification of interpretation in individuals with 
OC concerns or compulsions: even though the training was 
successful via experimental assessment, transfer effects on 
behavior in subsequent stressor-tasks were not observed 
(Beadel et al. 2014; Clerkin and Teachman 2011; Williams 
and Grisham 2013).

Since there is growing evidence that emotional reactivity 
is altered when a change in bias is evident (e.g., MacLeod 
and Grafton 2016), our null results are somewhat unex-
pected. A possible explanation is the different design of the 
BATs we used compared to the assessments in the afore-
mentioned studies. Clerkin and Teachman (2011) used a 
thought–action-fusion stressor task targeting Importance 
of Thought, which is not CR specific nor comparable to 
our BATs. Williams and Grisham (2013) used a task tar-
geting the overestimation of threat by measuring the time 
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participants took to clean the keyboard they used in prepa-
ration for the next participant. This resembles a neutraliz-
ing rather than an approach behavior. Beadel et al. (2014) 
used an actual contamination BAT instructing participants 
to touch a pen taken out of the trash in several steps increas-
ing in intensity. We constructed only contamination-specific 
BATs resembling the ones used by Green and Teachman 
(2013) and Najmi and Amir (2010), considering our con-
tamination-specific training task.

With these differences in methods used to assess behav-
ior, it is possible that we did not have a good fit between 
the sample and the BATs, whereby we investigated healthy 
students and not subclinical OC washers. A meta-analysis 
on induction procedures showed that OC symptoms are 
more easily elicited in (sub)clinical samples compared to 
healthy individuals (De Putter et al. 2017). Therefore, using 
a subclinical population may have made it easier to detect 
the transfer effects of changes in contamination-relevant 
associations to emotional reactivity and behavior. How-
ever, the high percentage of participants refusing to con-
tinue the BATs shows that negative affect has been evoked 
in our study. Interestingly, exploratory follow-up analyses 
on subsamples confirmed an effect of trait-anxiety scores 
on emotional reactivity, supporting the suggestion that a 
healthy sample might be too resilient (see Supplementary 
Material for more detailed information). There was also a 
methodological limitation in the BATs we used: our results 
on emotion ratings show that anxiety has a flooring effect. 
Though credibility ratings were acceptable, it seems that the 
BATs did not elicit sufficient variability on anxiety ratings 
and therefore lacked sensitivity to detect differences between 
groups. Exploratory follow-up analyses on sub-samples lend 
support that the flooring effect is especially present in par-
ticipants scoring low on trait anxiety (see Supplementary 
Material for more detailed information). Even though we 
used considerably more training trials than comparable stud-
ies, it might be that the single-session training or the number 
of training trials was too short to evoke effects on approach 
behavior in a healthy sample. In accordance with recent sug-
gestions made by Mogg and Bradley (2018), future studies 
should use different training procedures that are more likely 
to target different domains of cognitive processes and more 
robustly elicit far transfer.

Our third hypothesis regarding transfer of altered contam-
ination-relevant associations to attentional bias cannot be 
confirmed. There were no interaction effects between reac-
tion times and group or group differences on any reaction 
times or mean bias scores. Even with the more dynamic 
approach of TLBS (Zvielli et al. 2015), there were no dif-
ferences between groups. We additionally conducted a 
Bayesian repeated measures ANOVA that strengthens our 
interpretation of findings as null results (see Supplementary 
Material for more detailed information). These null results 

are in line with previous research investigating this transfer 
effect in highly anxious individuals, which found no effect of 
an 8-session attention training on interpretation bias (Bowler 
et al. 2017). Accordingly, our results do not lend support 
for theoretical models stating this transfer (Ouimet et al. 
2009), and they contradict earlier findings in socially anx-
ious individuals (Amir et al. 2010). However, we conducted 
a single-session training on healthy individuals. It might be 
that transfer effects become evident with a higher dosage of 
training in a more vulnerable sample. Methodologically, we 
need to comment on the unexpected reversed main effect 
of invalidity, indicating faster responses on invalid than on 
valid trials across presentation duration and groups. This 
might be due to our 50:50 proportion of valid and invalid 
trials, since the validity effect correlates with the proportion 
of valid trials (Arjona et al. 2016). Most previous studies 
on attentional bias used a 2/3 valid to 1/3 invalid ratio so 
that the cue can become a valid predictor for the probe and 
captures participants’ attention (Amir et al. 2003; Fox et al. 
2002). We reduced the number of trials resulting in a bal-
anced proportion in order to avoid prolonging the already 
long experimental task, since the cue validity effect never-
theless was evident in previous investigations using a 50:50 
proportion (Arjona et al. 2016). For future studies, this pro-
portion should be readapted in favor of valid trials. Finally, 
although our sample size was quite large compared to previ-
ous studies on attentional bias in contamination fear [cf. 26 
per group for Najmi and Amir (2010), 23 and 28 per group 
with Cisler and Olatunji (2010)], our null results could be 
due to a problem of statistical power. Observed power for 
the overall interaction only was .11. Post hoc analyses on 
G*Power (Buchner et al. 2011) revealed that we had suf-
ficient power to detect only large effects. Future research 
should use larger samples. Besides these methodological 
adaptations, it would be interesting to compare the IAT-
modification paradigm to other procedures that have been 
shown effective in the field of contamination concerns, such 
as the modified dot-probe task (Najmi and Amir 2010) or 
the recently tested word–sentence association task (Conley 
and Wu 2018).

In sum, our study is the first to show that modification 
of contamination-relevant implicit associations is possible 
in a convenience sample. This extends previous research 
that failed to modify associations in individuals with con-
tamination concerns. Our results not only lend support for 
the malleability of implicit associations, but they also show 
that such processes can be trained in a pathological direc-
tion. This is a first important step to further understand the 
mechanisms that cause aberrant information processing in 
the development of anxiety in OCD. However, while the 
modification of contamination-relevant associations was 
effective, we did not find effects on emotional reactivity or 
behavioral approach in the current sample. Moreover, unlike 
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previous research, we also did not find transfer effects from 
the change in contamination-relevant associations onto 
attentional bias. The latter null finding is not in line with 
information processing models that state that implicit asso-
ciations influence attentional orientation and avoidance 
behaviors. Further research is necessary to understand the 
underlying processes that relate implicit associations, atten-
tion and avoidance.
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