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Abstract

Vogt et al. (201 1) investigated the role of goal-relevance in attention. Specifically, they induced the emotional state of
disgust and showed an attentional bias (AB) to goal-related stimuli (i.e., cleanliness pictures) using the dot-probe task.
In two experiments, we tested (a) an alternative interpretation and (b) the role of an important methodological feature
of the dot-probe task. As the effect can be interpreted alternatively as affective counter-regulation (i.e., cleanliness-
related pictures attracted attention because they are positive in the negative disgust state), we added positive stimuli
to test whether the AB in the disgust state extends to these stimuli. In Experiment I, we used the location dot-
probe task. That is, participants had to categorise the location of the target. It can be argued that this task confounds
attentional processes with response priming processes. In Experiment 2, we used a discrimination dot-probe task, that
is, participants had to categorise a target feature that varied orthogonally to location, thus eliminating the confound. In
Experiment |, we did not replicate the effect of emotional state on AB for cleanliness stimuli, whereas in Experiment 2,
we did. Mean AB scores for positive stimuli were not affected by emotional state. Two conclusions were drawn: First,
the result of Experiment 2 supports the motivational account of Vogt and colleagues. Second, the results support the
use of the discrimination task for both theoretical reasons (i.e., effects can be more clearly interpreted as based on
attentional processes) and empirical reasons (i.e., the location task did not replicate the expected pattern).
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Many researchers emphasise the effects of current goals on
attentional processes, especially that goal-relevant stimuli
capture attention (Brosch et al., 2008; Folyi et al., 2020;
Wentura et al., 2014). In previous studies, the goal-rele-
vant processes typically were manipulated by changing
contextual or situational parameters such as the motiva-
tional outcome focus (e.g., wins or losses; Wentura et al.,
2018) or participants’ physiological needs such as hunger
or thirst (e.g., Tapper et al., 2010). In addition to these
manipulations, goal-directed processes can be caused by
emotion itself (e.g., Moors et al., 2017; Roseman, 2001).
For example, fear triggers the goal of reaching safety. To
achieve this goal, it will be adaptive to quickly detect
threat stimuli and seck a safe environment (Roseman,
2001). However, a few studies examined the effects of

goals on the attentional process directly by experimentally
varying the motivational state (e.g., Vogt et al., 2017).

An important step forward was the study by Vogt and
colleagues (2011), who hypothesised that actual motiva-
tional goals induce ABs for goal-related stimuli.
Specifically, they examined ABs to cleanness-related stim-
uli (e.g., a washbasin) induced by the motivation to get rid
of hand contamination. According to the motivational
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account, cleanliness stimuli are instrumental in achieving
this goal, whereas disgust stimuli represent an additional
burden that may need to be monitored to be avoided
(Derryberry & Tucker, 1994). Thus, in this study, the
authors defined both cleanliness and disgust stimuli as
goal-relevant.

After participants were induced into a disgusted (versus
neutral state) by touching disgusting materials, they com-
pleted a dot-probe paradigm as a tool to assess ABs. On
each trial, they were presented (briefly) with pairs of cue
pictures: either a disgusting versus a neutral picture or a
cleanliness-related versus a neutral picture. The cue pic-
tures were followed (with a cue-target onset asynchrony of
350 ms) by a target that either replaced the disgusting, the
cleanliness-related, or the neutral picture. The target loca-
tion (above or below fixation) had to be categorised (loca-
tion task). In line with the literature on the dot-probe
paradigm, the authors argue that faster responses to targets
that replace the disgusting or cleanliness-related picture
relative to the neutral picture indicate an AB towards dis-
gusting or cleanliness-related stimuli, respectively.

Contrary to the authors’ expectations, they observed an
AB towards disgusting pictures regardless of the emo-
tional state. This result does not clearly indicate whether
ABs are driven by goal relevance; however, it can be
explained by the existing literature on biases towards aver-
sive stimuli (Ohman et al., 2001). Most importantly, how-
ever, the results showed an AB towards cleanliness-related
images that were restricted to the disgust condition. The
authors suggested that the attentional shift to cleanliness
pictures was motivationally caused by the disgust condi-
tion; they emphasised the importance of the effects of cur-
rent goals on attention.

However, the authors acknowledged that alternatively,
a process of affective counter-regulation could be respon-
sible for the main finding. This mechanism means that
ABs respond to current motivational states in a counter-
regulative way (Rothermund, 2011; Rothermund et al.,
2008; Wentura et al., 2018). That is, in a negative affec-
tive-motivational context, there is a stronger bias towards
(generally) positive stimuli (compared with negative
ones), whereas in a positive affective-motivational con-
text, the bias towards (generally) negative stimuli is
stronger. This incongruency effect of ABs functions to pre-
vent affective-motivational escalation. Evidence for a
counter-regulation mechanism has been found for motiva-
tional manipulations, such as anticipating gains versus
losses or failures versus successes (Rothermund et al.,
2011; Wentura et al., 2018).

Counter-regulation has also been investigated via
induced emotional states. For example, Schwager and
Rothermund (2013) reported that in a negative emotional
state, participants recognised positive words more accu-
rately than negative words in a visual search task; this
asymmetry was numerically reversed in a positive

emotional state. In a subsequent experiment, a comparable
incongruency effect was found in the emotional Stroop
task. These results suggest that counter-regulation mecha-
nisms may also be triggered by emotional states (for fur-
ther evidence, see Greving et al., 2015; Schwager &
Rothermund, 2014; Zhang et al., 2016). Thus, the AB
towards cleanliness-related stimuli in a state of disgust (as
found by Vogt et al., 2011) may alternatively result from a
counter-regulation process (Rothermund et al., 2008; see
also Schwager & Rothermund, 2013). We acknowledge
that Vogt and colleagues could argue against this alterna-
tive on two levels: First, the alternative explanation loses
some plausibility when the cleanliness results of Vogt et al.
(2011) are interpreted in line with other studies in their
research programme. For example, Vogt et al. (2017)
found that an initially neutral stimulus attracts attention in
an aversive state when responding to this stimulus (appar-
ently) helps to reduce the aversive state (“instrumental
safety signal”). An explanation of this as counter-regula-
tion (i.e., the stimulus became positive and therefore
attracted attention) can be countered by the result of
another experiment in which a particular stimulus func-
tioned as both a threat signal and an instrumental safety
signal; this stimulus also attracted attention. However,
applying the counter-regulation assumption to the cleanli-
ness results means questioning the analogy to the later
results (which were obtained in a different experimental
setting).

Second, Vogt and colleagues (2011) already argued that
their results fit better with a motivational goal-relevance
account than with a counter-regulation account because
the AB was found for both negative (i.e., disgusting) and
positive (i.e., cleanliness-related) stimuli in the disgust
state. Although this is certainly a plausible argument, one
can still debate whether the specific congruency in con-
tent—that is, the presentation of disgusting stimuli in a
disgusting emotion condition—might have enhanced a
specific disgust bias in this condition (e.g., caused by
semantic activation), whereas a more general negativity
bias might have decreased due to the counter-regulation
mechanism. Therefore, it is worth replicating the study of
Vogt and colleagues (2011), while adding generally posi-
tive stimuli as a control for the cleanliness pictures. Thus,
our primary goal was to examine whether the bias is driven
by goal-relevance processes (motivational effects) or by a
counter-regulation mechanism.

In summary, we examined the AB to cleanliness stimuli
in a disgusted emotional state. This bias could be a motiva-
tional effect, as suggested by Vogt and colleagues (2011).
However, this bias might be a counter-regulation effect
(Rothermund et al.,, 2008; Schwager & Rothermund,
2013). To investigate this issue, we included a positive
stimulus condition in our experiments.

In all aspects, we closely followed the experiment by
Vogt and colleagues (2011). A priori, we should highlight
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one detail of Experiment 1 that differs from our own ear-
lier research with the dot-probe paradigm (Wentura et al.,
2024; Wirth & Wentura, 2018, 2020). As mentioned above,
Vogt et al. used the location task (i.e., the location of the
target has to be categorised). Although often used in dot-
probe research, the location task can be criticised for con-
founding processes of an AB with response priming. The
location cueing task might induce response preparation
because the location feature (i.e.., right/left) of the critical
cue (i.c., the disgust picture) is either compatible or incom-
patible with the target-related response. We will elaborate
on this issue in the “Discussion” section of Experiment 1.
Therefore, in our previous research, we used a discrimina-
tion task (i.e., the target had to be categorised according to
a binary feature orthogonal to the location). In Experiment
1, we used the location task because of replication con-
cerns; however, in Experiment 2, we used the discrimina-
tion task to investigate potential task confounds.

Experiment |

We preregistered Experiment 1 on aspredicted.org. The
preregistration can be accessed via the following link:
https://aspredicted.org/B4Z 6RM.

Method

Participants. The sample size was calculated based on the
between-participants difference in the AB score for the
cleanliness-related stimuli between the disgust and the
neutral group found by Vogt et al. (2011). In their experi-
ment, the AB towards cleanliness pictures was M=9ms,
SD=20ms, in the disgust condition and M=-1ms,
SD=15ms, in the neutral condition. Taking these values—
except Oms instead of —1 ms for the expected null bias in
the neutral condition—results in an effect size of d=0.51
(i.e., roughly a medium effect of d=0.5). To detect an
effect of d=0.50 with a power of 1 — $=.95 (a.=.05, two-
tailed), N (=2 X 105)=210 participants were required for
the experiment (G*Power; Faul et al., 2007). With N=105
for the subsamples, the cleanliness effect (4. =0.45 in Vogt
et al.) in the disgust condition can be detected with 1 —
B=.995, (a=.05, two-tailed). If counter-regulation pro-
cesses cause the cleanliness effect, we also expected to
find a corresponding pattern for positive pictures. There-
fore, the same power analyses apply to the positivity effect.
Besides, the disgust effects (¢,=0.39 for the disgust condi-
tion; d_=0.43 for the neutral condition in Vogt et al.) can
be detected with 1 — f=.98 and 1 — 3=.99, respectively
(a=.05, two-tailed).

We initially aimed to recruit a total of N=230 partici-
pants to account for potential outliers. However, we had to
increase this number to N=297 because we had to discard
more participants than expected due to our preregistered
exclusion criteria (see below).

The study was conducted via the online platform
Prolific (www.prolific.co). Vogt and colleagues (2011)
recruited solely female participants because disgust could
be more easily elicited compared with males. Therefore,
we recruited only female participants as well. We restricted
the age range of 18-35. All participants were from resident
in the United States or the United Kingdom. To present
stimuli with the same size as in Vogt and colleagues’
experiment, we recruited participants with a standardised
screen size (at least 15.6 inches or larger).

There were three exclusion criteria for our final data
set. Similar to Vogt and colleagues (2011), we excluded
participants with a disgust level of below 5 on a 9-point
scale in the disgust condition (n=18). In addition, partici-
pants with an accuracy rate below 75% in the dot-probe
paradigm were excluded (n=5). Besides these criteria,
participants with an accuracy rate below 70% in an atten-
tion control task (i.e., the “number task,” see “Procedure”
section for explanation; n=56) were excluded. The final
sample included 218 participants (N, =108; N, =110)
and they received £2.7 for participation. Median age was
23.0years (range from 18 to 35 years).

Design. This study followed a 2 (emotional state group:
disgust vs. neutral) X 2 (cue validity: valid vs. invalid) X
3 (emotional cue: cleanliness-, disgust-, general positive-
related) mixed factorial design. The emotional state group
was a between-participants factor, while emotional cue
and cue validity were varied within participants.

Materials

Imagination text for emotion elicitation procedure. We used
an imagination procedure to induce a disgust (or neutral)
emotion. For the disgust condition, we adapted a text from
Jabbi et al. (2008) about cleaning a toilet and touching fae-
ces (see Supplementary Material). In addition to the text,
participants were asked to put some creamy material (either
mustard sauce, pesto sauce, or dark jam) on their hands. We
expected that coloured sauces (Curtis et al., 2004) and wet
forms (Oum et al., 2011) could be associated with faeces.
Thus, we aimed to increase the vividness of imagination and
the motivational effect of disgust (i.c., trigger to wash one’s
hands). In the neutral condition, the text described using
hand cream on their dry hands after being outside on a rainy
and windy day (see Supplementary Material), and partici-
pants were asked to put some hand cream on their hands.

To validate the procedure, we conducted a pilot study
on the online platform Prolific (N=80). Results are
reported in Supplementary Material. In a nutshell, partici-
pants in the disgust condition had markedly higher disgust
ratings compared with the neutral condition. A comparison
between a group that was asked to imagine only the dis-
gusting situation and a group that was additionally asked
to apply a creamy substance to their hands revealed a
higher motivation to wash their hands in the latter group.
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500 ms

Until response

Figure |I. The example of location dot-probe task.

Note. Presented stimuli in Figure | are placeholder examples (due to copyrights on the original stimuli; proportions are not true to scale).

Selection of emotional pictures. We used the same pic-
tures as Vogt et al. (2011) for disgust (e.g., a dirty toilet,
vomit, and insects; 10 pictures), cleanliness (e.g., wash-
basin, waterfall, and soap; 10 pictures) and the neutral
category (e.g., a bus, a hair dryer, and mushrooms; 10
pictures). We added 10 positive pictures to assess a pos-
sible positivity effect. Moreover, we had to add 20 more
neutral pictures to balance repetition for all categories
(see “Procedure” section). All positive and additional
neutral pictures were taken from the International Affec-
tive Picture System (IAPS; Lang et al., 2008) and the
Open Affective Standardised Image Set (OASIS; Kurdi
et al., 2017).! When selecting positive images, care was
taken not to include images with water so as not to sig-
nal cleanliness. Instead, positive pictures contained, for
example, cute animals, happy couples, food, and flowers.
We also attached importance to balancing the amount of
human and non-human content in the positive and new
neutral pictures. The complexity, contrast, and luminance
values of the images were calculated using the R Image-
fluency package (Mayer, 2021) to ensure that these visual
properties were matched between stimuli categories (for
analyses, see Supplementary Material).

Procedure. We announced that a small amount of creamy
material needed to be used depending on the experimental
condition to participate in the study, so we asked partici-
pants to have one of the specified materials on hand. Par-
ticipants were informed of their assigned emotional
condition at the beginning of the study. They were asked to
turn off all audio and video devices. Presentation sizes of
stimuli were calibrated using a credit card (or any card of
the same size) as a reference; participants had to adjust the
size of an image on their screen until it matched the size of
the actual credit card. They then completed a consent form
and started the main phases of the experiment.

There were three main phases: practicing the dot-probe,
the emotion elicitation procedure, and the dot-probe
paradigm.

Practice phase. The practice task was described to par-
ticipants as a separate stage of the experiment, similar to

Vogt et al. (2011). Participants completed a word dot-probe
task with 72 trials. In each trial, animal-related (bird, fox,
etc.) and sport-related words (baseball, glove, etc.) were
presented simultaneously as a cue. The words were taken
from Sutton and Altarriba (2011). The procedure remained
exactly the same as in the main dot-probe phase (reported
below), except that two words were presented as cues
instead of two pictures. In addition, to improve learning
of the dot-probe task, participants received feedback on
their response accuracy and timing after each trial during
this phase.

Emotion elicitation procedure. Participants read a text
and were instructed to imagine the described situation;
the text had either disgusting or neutral content, depend-
ing on the emotional condition to which participants were
assigned (see Supplementary Material). Although reading
the text, participants in the disgusting group also applied
either mustard sauce, pesto sauce, or dark jam to their
hands, whereas participants in the neutral condition used
hand cream. We encouraged them to try to evoke the target
emotion based on the procedure by Vogt et al. (2011; see
also Marzillier & Davey, 2005). This phase lasted 60 sec-
onds; afterwards, participants rated their current level of
disgust (1 [“not at all”’] to 9 [“very much”]).

Dot-probe task. Then, participants completed the dot-
probe task. Figure 1 illustrates a typical trial in the loca-
tion dot-probe task. Each trial started with a fixation point
presented for 500 ms, which remained at the centre of the
screen throughout the trial. An emotional cue (disgusting,
cleanliness-related, or positive) and a neutral cue were pre-
sented above and below the fixation point. Pictures had a
size of 9.3cm X 7.1 cm. Cues were presented for 350 ms.
Subsequently, a square as a target was presented at the top
or bottom location until a response was given. Participants
were asked to categorise the target location as above (“S”)
or below (“L”) the fixation point. The inter-trial interval
was 200ms. Participants were instructed to look at the
fixation cross throughout all trials.

The dot-probe task also included ten number trials. In
these trials, the fixation cross was followed only by a



Boga and Wentura

Table I. Manipulation check (Experiment |; mean ratings; standard deviations in parentheses).

After induc. Emotional experience after the dot-probe phase
Condition Disgust Disgust Anger Fear Happy Sad Surpr. Wash.
Disgust
7.34 6.25 4.56 3.05 3.04 349 2.95 7.39
(1.16) (2.00) (2.56) (2.13) (1.56) (2.03) (2.05) (1.98)
Neutral
1.84 3.71 2.57 1.97 3.55 2.76 2.62 4.02
(1.28) (2.32) .11 (1.67) (1.78) (1.81) (1.94) (2.69)

Note. Items were “How much [disgust] are you feeling at this moment” (disgust [anger, fear, happiness, sadness, surprise] experience), “l want to
wash my hands right now” (washing intention); Ratings were on a scale from | (“not all all”) to 9 (“very much”).

randomly selected number between 1 and 9 (except 5) at
the fixation location. The numbers were presented very
briefly (100 ms). Participants indicated whether the num-
ber presented was above 5 or below 5 by pressing either
the “S” or “L” keys, respectively. Vogt et al. (2011) used
these trials to reduce participants’ strategic monitoring of
one area of the screen. They did not have any exclusion
criteria regarding performance on these number trials.
However, as our experiment was conducted online, we
wanted to ensure that participants were looking at the cen-
tre. For this reason, we instructed them to reach a high
accuracy rate on the number trials.?

The task consisted of 250 trials, with 240 trials for the
dot-probe task (80 disgust-neutral trials, 80 cleanliness-
neutral trials, and 80 positive-neutral trials) and 10 number
trials. The AB score was calculated by subtracting reaction
times on valid trials (emotional cue and target were at the
same location) from reaction times on invalid trials (emo-
tional cue and target were at opposite locations). There
were an equal number of valid and invalid trials for each
stimulus category. In addition, each emotional picture was
presented equally often at the top and bottom positions and
in valid and invalid positions. Finally, each picture was
presented only once every 30 trials; therefore, we needed
30 neutral pictures (see “Materials” section).?

At the end of the study, participants reported their (a)
disgust level, (b) whether they wanted to wash their hands,
(c) other emotions (anger, fear, happiness, sadness, and
surprise), and (d) their motivation during the study (“I
believe I was careful and motivated during the experi-
ment”) (1 [“not at all”] to 9 [“very much”]). The study
lasted between 15 to 20 minutes.

Results

Manipulation check for emotion elicitation procedure. Par-
ticipants rated their disgust level directly after the emo-
tion elicitation phase and at the end of the experiment
(see Table 1). At both time points, the disgust level in the
disgusting group significantly exceeded that in the neutral
group, #(216)=33.17, p<.001, d=4.49; ¢ (210.02)=8.65,
p<.001, d=1.17, respectively. In addition, after the

attention task was completed, participants in the disgust
condition reported a significantly greater desire to wash
their hands compared with the neutral group,
#(196.75)=10.51, p<.001, d=1.42.

To examine the specificity of the emotion induction, we
conducted a 2 (emotional state: disgust vs. neutral) X 6
(emotion rating: disgust, anger, fear, happiness, sadness,
surprise) multivariate analysis of variance (MANOVA) for
repeated measures (O’Brien & Kaiser, 1985) with planned
orthogonal contrasts (Helmert) for the emotion rating fac-
tor. Main effects of emotion, F(5, 212)=74.44, p<.001,
n,’=.64, and state, F(5, 212)=34.46 p<.001, n *=.14,
were qualified by an interaction, F(5, 212)=15.82,
p<.001,n p2= .27. As expected, the first Helmert contrast
of the interaction test—that is, disgust vs. the average of
the remaining emotions—was  significant, F(1,
216)=55.90, p<.001, np2=.21. That is, the disgust level
is not only higher in the disgust condition (see above); it is
specifically higher for disgust, in comparison to the aver-
age group difference for the other emotion ratings. The
remainder of the interaction test (i.e., the four remaining
Helmert contrasts taken together) is still significant, (4,
213)=9.68, p<.001, np2=.15, indicating that other emo-
tions are affected as well, but to different degrees. We
report here t-tests with Bonferroni correction (i.c., p crite-
rion .05/5=.01). Significant group differences were found
for anger, fear, and sadness, #(209.70)=6.26, p<.001,
d=0.85, #20591)=4.15, p<.001, d=0.56, and
1(216)=2.81, p=.005, d=0.38, respectively. There were
no significant differences between groups for happiness
and surprise, #(211.37)=2.25, p=.026, d=0.31, and
#216)=1.24, p=.217, d=0.17, respectively.

Finally, we asked whether participants were careful and
motivated during the experiment, and they reported high
levels of motivation (M=8.37, SD=.99 for the disgust
condition; M=8.28, SD=1.0 for the neutral condition) in
both groups, #(216)=0.70, p=.483, d=0.10.

Dot-probe task. Only reaction times of correct responses
were analysed. (The error rate was 2.1%.) Vogt et al.
(2011) used individual RT medians to handle the RT out-
lier problem; we routinely use individual RT means after
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Table 2. Mean RTs (in ms; error rates in % in parentheses)
as a function of cue validity, cue type, and emotion group;
attentional bias scores (AB; standard errors in brackets);
Experiment |.

Cue Validity
Condition  Cue Type Valid Invalid AB
Disgust
Cleanliness 444 (2.00) 445 (2.23) 1[I
Disgust 452 (2.57) 458 (2.64) 6[2]
Positive 450 (2.09) 445 (2.00) -5[2]
Neutral
Cleanliness 447 (1.97) 449 (2.04) 211
Disgust 452 (1.94) 455 (2.41) 3[2]
Positive 453 (1.85) 448 (1.88) -5[I]

Note. Attentional bias score (AB) =RT. RT,

invalid valid.

outlier exclusion (e.g., Wirth & Wentura, 2020). We used
both variants in our analyses and found essentially the
same results. In the following, we report only RT means
analyses. For these analyses, we excluded RTs below
150 ms and RTs larger than 1.5 interquartile ranges above
the third quartile of the individual participant’s distribution
(6.7 % of the remaining trials; Tukey, 1977). Table 2 shows
the mean RTs for each condition.

We conducted a series of planned analyses; dependent
variables are always attentional bias (AB) scores, that is,
the difference of RT, ., minus RT ... According to our
preregistration, we conducted three independent samples
t-tests to examine the differences in AB scores for cleanli-
ness pictures, disgust pictures, and positive pictures
between the disgust and neutral emotional state groups. In
addition, for each emotional group, one-sample tests were
conducted to examine whether the AB scores for cleanli-
ness, positive, and disgust pictures differed from zero. Our
preregistration also specified that for hypothesis-congru-
ently signed outcomes, one-tailed significant results will
be accepted as valid.

For cleanliness pictures, we expected to replicate an
effect of emotional state on the AB. However, the AB in
the disgust condition was numerically smaller than that in
the neutral condition; the difference was not significant,
#(216)=0.67, p=.506, d=0.09., Overall, the average AB
effect for cleanliness pictures did not significantly deviate
from zero, #217)=1.39, p=.167,d,=0.09.)

For disgust stimuli, we expected to find no effect of
emotional state on the AB. This was the case, #(216)=1.40,
p=.163,d=0.19. In line with Vogt et al. (2011), we found
an overall AB to disgust stimuli, #(217)=4.39, p <.001,
d_=0.30.

For positive stimuli, we wondered whether the corre-
sponding AB will be different for the emotion conditions.
If so, this would lend support to the counter-regulation
hypothesis. If not, this would support the motivational

hypothesis of Vogt et al. (2011). In fact, there is no effect
of group on the AB, #216)=0.26, p=.795, d=0.04.
Unexpectedly, we observed an overall negative bias for
positive stimuli, #217)=-4.91, p<.001, d_=0.33.

Error rates were analysed in line with the RT analyses.
Mean error rates for Experiment 1 are presented in Table 2.
For the ABs of cleanliness, disgust, and positive stimuli,
there is no effect of emotion, alll#f{ < 1. Similarly, there is
no overall AB to cleanliness, disgust or positive
stimuli,|¢| < 1.06.

Discussion

We aimed to replicate the AB to cleanliness stimuli in a
disgust emotional state, as found by Vogt et al. (2011), and
to examine whether this bias is caused by a motivational
process (as Vogt et al. hypothesised) or affective counter-
regulation (Rothermund et al., 2008). However, we were
unable to replicate the AB to cleanliness-related stimuli in
the disgust condition.

What might be the reasons for not finding the cleanli-
ness bias in the disgust condition? First, were our study
settings (e.g., our experimental programme, the online
assessment procedure) not sensitive enough to find ABs?
No, this explanation does not fit because we were able to
replicate the overall disgust bias. Admittedly, the bias in
our experiment was halved in terms of milliseconds (11 ms
in the Vogt et al., 2011, experiment versus 5 ms in the pre-
sent experiment). However, in terms of effect sizes, the
difference is less extreme (d,=0.39 in Vogt et al. versus
d,=0.30 in the present experiment).

Second, might our induction procedure not have been
effective enough to induce a state of disgust strong enough
to alter the AB towards cleanliness stimuli? With regard to
our manipulation check, we can say that the manipulation
was effective in terms of eliciting disgust and the motiva-
tion to wash one’s hands. The means and differences
between conditions are comparable to those of Vogt et al.
Thus, we do not believe that a failed manipulation was the
reason for our null finding regarding to an AB for cleanli-
ness-related stimuli.

Third, could the introduction of another cue type (i.e.,
the positive stimuli) have changed the overall character of
the experiment? Note that the introduction of positive
stimuli also changed other basic parameters of the experi-
ment as well. In the experiment by Vogt et al. (2011), one-
third of all presented pictures were cleanliness-related, as
either disgust vs. neutral, cleanliness-related vs. neutral, or
disgust vs. cleanliness-related cue pairs were presented
throughout the trial sequence. In our experiment, only one-
sixth of all pictures presented were cleanliness-related.
Moreover, instead of three categories of 10 pictures each,
as in the previous experiment, we used four categories,
three of 10 pictures each and one (i.e., the neutral cate-
gory) of 30 pictures. If we assume for the sake of
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the argument that the attentional system must somehow
process the categorical nature of the image arrangement
before a bias occurs, the 10 images in the category that is a
priori closest to neutral (i.c., the cleanliness images) may
be the most difficult to separate from the 30 neutral images.
However, if this explanation were valid, we would be
faced by a very fragile and limited mechanism. Here, we
would like to draw attention to another point. Despite the
hypothesis-congruent result of Vogt et al. (2011), one
methodological detail of their experiment can be ques-
tioned. The authors used the location dot-probe task; that
is, participants had to categorise the location of the target.
It can be argued that the location task has two problems.
One is that participants might adopt a strategy to attend
dominantly one of the two possible target locations
throughout the experiment. If the target appears at that
location, they can quickly respond by pressing the appro-
priate key; if the target does not appear within the expected
time frame, they can press the alternative key. We should
hasten to add that Vogt et al. introduced the number task to
prevent such a strategy as participants had to focus on the
centre of the screen to perform well on this task.

The other issue is more fundamental. It can be argued
that the use of the location task confounds attentional pro-
cesses with response priming processes. The easiest way
to explain this problem is to take a small detour. A close
cousin of the dot-probe paradigm is the emotional spatial
cueing task (Fox et al., 2001). In this paradigm, only a sin-
gle cue is presented in a trial; moreover, it predicts the tar-
get location with, for example, 75% accuracy. Thus,
attention switches to the cue location with the highest
probability.* However, when the target location task is
used, it is clear that the location of the single cue is either
congruent or incongruent with the target-related response.
Thus, cueing effects may not necessarily be based on the
allocation of spatial attention but may be due to response
facilitation and/or interference processes. Fox et al. (2001)
have already addressed this issue (see also Weierich et al.,
2008). Imhoff et al. (2019), Mulckhuyse and Crombez
(2014), and Wentura et al. (2024) found evidence for
response priming processes in the emotional spatial cueing
task.

In the dot-probe paradigm, this problem is not as obvi-
ous as in the emotional spatial cueing task. Nevertheless, it
is present in principle. If the cue pair is processed in terms
of the discriminative feature, such as the presence of dis-
gusting content in one location but not in the other, one can
assume that the location feature is also processed, at least
if the task is to categorise the location of the target. Thus,
if one wants to unambiguously capture spatial attentional
processes, one should switch to a different type of task.
Thus, in Experiment 2, we change the target to either “p”
or “q,” and participants have to categorise accordingly.

Before turning to Experiment 2, we should briefly men-
tion the surprising reversed effect for positive stimuli. We

will postpone discussion of its possible interpretation until
we determine whether it is replicated in a second
experiment.

Experiment 2

We preregistered Experiment 2 on aspredicted.org. The
preregistration can be accessed via the following link:
https://aspredicted.org/1KJ 499.

Method

Participants. We retained the power analysis from Experi-
ment 1, that is, N (=2 X 105)=210 participants were
required for the second experiment. Note, with N=105 for
the subsamples, the effects that were factually found in
Experiment 1 can be detected with high power. That is, the
(reversed) positivity effects (d,=0.33) and the disgust
effect (d,=0.30) can be detected with 1 — f=.997, and 1
— B=.991, respectively (a=.05, two-tailed). Initially, we
decided to recruit a total of N=230 participants to account
for potential outliers. However, as in Experiment 1, we
ultimately had to increase this number to N=338 because
we had to discard more participants than expected due to
our preregistered exclusion criteria (see below).

The study was also conducted via the online platform
Prolific (www.prolific.co). All other criteria were the same
as in the first experiment. Similar to the first experiment,
we excluded participants with a low level of disgust in the
disgust condition (n=13) and participants with an accu-
racy rate below 75% in the dot-probe task (n=1). In addi-
tion, participants with an accuracy rate below 70% in the
performance control task (i.e., the “number task,” see
Procedure of Experiment 1; n=114) were excluded. The
final sample included 210 participants (N, =105;
Np,,,=105) and they received £3 for participation. Median
age was 23.0years (range from 18 to 35 years).

Design, materials, and procedure

Everything was exactly the same as in Experiment 1 except
that the target square was replaced by either a “p” or “q,”
and participants had to categorise the target accordingly.
The variation of “p” or “q” was orthogonal to all other
variations (i.e., validity, location of emotional picture, and

type of emotional picture).

Results

Manipulation check for emotion elicitation procedure. Par-
ticipants rated their disgust level directly after the emo-
tion elicitation phase and at the end of the experiment
(see Table 3). At both time points, the disgust level in the
disgust group significantly exceeded that in the neutral
group, #(185.8)=25.18,p<.001,d=3.48;¢(197.7)=4.57,
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Table 3. Manipulation check (Experiment 2; mean ratings; standard deviations in parentheses).

After induc. Emotional experience after dot-probe phase
Condition Disgust Disgust Anger Fear Happy Sad Surpr. Wash.
Disgust
7.49 5.97 4.28 2.92 3.19 321 349 4.01
(1.24) (2.16) (2.57) (1.93) (1.41) (1.81) (2.33) (2.82)
Neutral
2.15 4.42 329 233 323 2.66 2.8l 6.85
(1.78) (2.73) (2.19) (r.orn (1.52) (1.69) (1.98) (2.31)

Note. Items were “How much [disgust] are you feeling at this moment” (disgust [anger, fear, happiness, sadness, surprise] experience), “| want to
wash my hands right now” (washing intention); Ratings were on a scale from | (“not all all”) to 9 (“very much”).

Table 4. Mean RTs (in ms; error rates in % in parentheses)
as a function of cue validity, cue type, and emotion group;
attentional bias scores (AB; standard errors in brackets);
Experiment 2.

Cue Validity
Condition ~ Cue Type Valid Invalid AB Score
Disgust
Cleanliness 624 (4.12) 629 (4.52) 5[2]
Disgusting 639 (4.88) 641 (4.50) 3[3]
Positive 633 (4.81) 627 (4.71) -6]3]
Neutral
Cleanliness 637 (3.71) 635(3.83) -1 [3]
Disgusting 650 (4.43) 649 (4.12) -1 [3]
Positive 640 (3.69) 634 (3.67) -7 [3]
Note. Attentional bias score (AB)=RT, ...—RT ... Discrepancies

between mean RTs and AB scores are due to rounding.

p<.001, d=0.63, respectively. In addition, after the
attention task was completed, participants in the disgust
condition reported a significantly greater desire to wash
their hands compared with the neutral group,
#200.1)=7.98, p<.001, d=1.10.

To examine the specificity of the emotional induction,
we conducted a 2 (emotional state: disgust vs. neutral) X 6
(emotion rating: disgust, anger, fear, sadness, happiness,
surprise) multivariate analysis of variance (MANOVA) for
repeated measures (O’Brien & Kaiser, 1985) with planned
orthogonal contrasts (Helmert) for the emotion rating fac-
tor. Main effects of emotion, F(5, 204)=55.45, p<.001,
n,’=.58, and state, F(1, 208)=15.38 p<.001, n *=.07,
were qualified by an interaction, F(5, 204)=3.09, p=.010,
np2=.07. As expected, the first Helmert contrast of the
interaction test—that is, disgust vs. the average of the
remaining emotions—was significant, F(1, 208)=12.05,
p=.001, np2= .05. That is, the disgust level was again spe-
cifically higher for the disgust group, in comparison to the
average group difference for the other emotion ratings.
The remainder of the interaction test (i.e., the four remain-
ing Helmert contrasts taken together) was not significant,
F(4,205)=1.88, p=.115, np2=.04.

Finally, we asked whether participants were careful and
motivated during the experiment, and they reported high
levels of motivation (M=38.15, SD=1.05 for the disgust
condition; M=8.27, SD=0.96 for the neutral condition) in
both groups, #(208)=0.82, p=.411, d=0.11.

Dot-probe task. Data treatment was as in Experiment 1.
The error rate was 4.3%. Outliers were 8.8% of the remain-
ing trials. Table 4 shows the mean RTs for each condition.

Again, we conducted a series of planned analyses in
Experiment 1 (see also preregistration); dependent varia-
bles are always AB scores. Note again, that we stated in
our preregistration that for hypothesis-congruently signed
outcomes, one-tailed significant results will be accepted as
valid.

For cleanliness pictures, the AB in the disgust condition
was significantly larger than that in the neutral condition,
thereby replicating the main result of Vogt et al. (2011),
#(208)=1.75, p=.041 (one-tailed), d=0.24. The AB in the
disgust condition was significantly different from zero,
#(104)=2.03, p=.022 (one-tailed), d =0.20, whereas it
was not in the neutral condition, #104)=-0.54, p=.589,
d_=0.05.

For disgust stimuli, we expected to find no effect emo-
tional state on the AB. This was the case, #(208)=1.06,
p=.292,d=0.15. However, in contrast to Vogt et al. (2011)
and in contrast to Experiment 1, we found no overall AB to
disgust stimuli, #209)=0.31, p=.377 (one-tailed), d_=0.02.

For positive stimuli, there was again no effect of emo-
tional state on the AB, #208)=0.26, p=.795, d=.04. As in
Experiment 1, we observed an overall negative bias for
positive stimuli, #209)=3.25, p=.001, d_=0.22. Although
the AB’s sign for positive stimuli and the complete lack of
an effect of emotional state on the AB refute an interpreta-
tion of the group effect on the AB for cleanliness-related
stimuli in terms of counter-regulation, we follow our pre-
registration: “To test whether the difference in AB for
cleanliness pictures and positive pictures is different for
the two emotional conditions, we will conduct a two-sam-
ple t-test with this difference as the dependent variable.”
Not unexpectedly, given the small between-participant dif-
ferences in the AB for cleanliness pictures (see above), this
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test was not significant, #(208)=1.01, p=.156 (one-tailed),
d=0.14.

Error rates were analysed in line with the RT analyses.
Mean error rates for Experiment 2 are presented in Table 4.
For the ABs of cleanliness, disgust, and positive stimuli,
there were no effects of emotional state, all|#| < 1. Similarly,
there was no overall cleanliness, disgust, or positivity
effect,|f| < 1.11.

Discussion

With our modified task, we were able to replicate the focal
result of Vogt and colleagues (2011): In the disgust condi-
tion, there was an AB towards cleanliness-related pictures
that was completely absent in the neutral control condi-
tion; the difference was significant. Moreover, given the
new task, this result can be clearly attributed to a shift in
spatial attention.

Surprisingly, the bias towards disgust pictures was now
completely absent. This result is further supported by the
fact that this AB was significantly lower than the corre-
sponding AB in Experiment 1 (z=2.50, p=.012 in a
Mann—Whitney U-Test, because of non-normality).
Therefore, we should discuss this difference as a possible
consequence of the changed task. We will return to this
issue in the General Discussion.

The unexpected negatively signed effect for positive
pictures found in Experiment 1 was replicated in
Experiment 2. Thus, we should consider it a robust result
that needs interpretation. Again, we will leave this to the
General Discussion.

General discussion

In the present study, we investigated the effect of emo-
tional state on the AB to cleanliness-related stimuli (i.e.,
the hypothesis that the AB occurs in a disgust emotional
state but not in a neutral state), as found by Vogt et al.
(2011). Our primary goal was to investigate whether the
mechanism of the AB to cleanliness stimuli in a disgust
state is driven by motivational processes (as suggested by
Vogt et al, 2011) or affective counter-regulation
(Rothermund et al., 2008; Schwager & Rothermund,
2013). The motivational account suggests that cleanliness
stimuli are instrumental in eliminating the disgusting situ-
ation; therefore, they could become motivationally rele-
vant and gain attentional priority (Vogt et al., 2011, 2017).
Conversely, the counter-regulation mechanism suggests
that attention allocation to cleanliness-related stimuli was
observed because they represent positive stimuli in this
context and, therefore, reduce the negative effects of the
disgust experience and prevent the escalation of the cur-
rent affective state (Rothermund, 2011; Rothermund et al.,
2008; Wentura et al., 2009, 2018). To examine the cleanli-
ness effect, we added a positive stimulus category to the

design: If affective counter-regulation is the critical mech-
anism, the effect of emotion on the AB should generalise
to positive stimuli. If it is a motivational process (as sug-
gested by Vogt et al.), the effect of emotional state should
be specific to cleanliness-related stimuli.

The results showed that the AB to cleanliness stimuli
was indeed observed in the disgusted emotional state but
not in the neutral emotion group; that is, the main result of
Vogt et al. (2011) could be replicated. (The fact that this
result was replicated only with the discrimination version
of the dot-probe paradigm but not the original location task
version will be discussed in a later section.) No corre-
sponding moderation of an attentional bias towards gen-
eral positive stimuli was found in the two experiments,
even though positive valence was processed, as evidenced
by the robust overall AB to positive stimuli. (Again, the
fact that this AB was negative will be discussed in a later
section.) Overall, this finding supported the hypothesis
that the attention allocation to cleanliness stimuli in a state
of disgust is driven by motivational relevance rather than a
counter-regulation mechanism.

Note that in the current study, goal-relevant and coun-
ter-regulation processes were considered as separate pro-
cesses. However, some researchers suggest that although
these processes are separate, they can be triggered together
in a supportive manner (Moors et al., 2017). Tamir (2009)
argued that goal-directed processes may result from the
organism’s desire to maximise its pleasure; thercfore,
goal-directed processes may be part of the regulatory pro-
cess. From this perspective, both cleanliness-related and
general positive stimuli are instrumental in achieving a
positive state. However, in our Experiment 2, the AB was
found specifically for cleanliness stimuli but not for posi-
tive stimuli. Thus, although it may be the case that the two
processes occur together in the regulation of other emo-
tional processes, such as sadness, for the regulation of the
disgust state, the cleanliness AB effect seemed to be caused
solely by the motivational process and not by the counter-
regulation process.

Location task versus discrimination task

In the present study, our secondary aim was to investigate
the consequences of using the location task in the dot-
probe paradigm. Previous studies have highlighted the
confounding of spatial attention processes with response
priming processes when using the location task in spatial
cueing studies (Imhoff et al., 2019; Mulckhuyse &
Crombez, 2014; Wentura et al., 2024). Typically, this dis-
cussion is limited to the emotional spatial cueing paradigm
(Fox et al., 2001; see also “Introduction” section) but can
also be considered for the dot-probe paradigm (Wentura
et al., 2024; Wirth & Wentura, 2018). Therefore, we con-
ducted two experiments with two different versions of the
dot-probe paradigm: the version with the location task
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(Experiment 1) as used by Vogt et al. (2011), and the ver-
sion with the discrimination task (Experiment 2). We
observed different results for the cleanliness AB effect as
well as for the disgust AB effect: The attentional bias to
cleanliness-related stimuli was replicated with the discrim-
ination task (Experiment 2) but not with the location task
(Experiment 1). Moreover, the general disgust effect (i.e.,
not affected by state) was found in both Vogt et al. (2011)
and our Experiment 1 (i.e., in the experiment with the loca-
tion task); it was not observed with the discrimination ver-
sion. These inconsistent results strengthen our claim that
the processes in the two tasks may be different (but, of
course, do not necessarily have to be). The location task
has the advantage of simplicity, typically reflected in faster
RTs and fewer errors. For this reason, Mogg and Bradley
(1999) favoured the location task after an experiment that
yielded comparable results for location and discrimina-
tion. However, when results differ between the two tasks—
as in our experiments—and the focal hypothesis is about
spatial attention processes, it would be wise to place more
trust in the confound-free discrimination task. In this task,
the result of Vogt et al. (2011) was replicated.

Interestingly, we consistently observed a negative bias
for positive stimuli regardless of emotional state and
regardless of task. Therefore, the negative bias for positive
stimuli should be attributed to spatial attention processes.
We will discuss this issue in the next section.

The negative bias for positive stimuli

The negative bias for positive stimuli was surprising, as
the debate has typically focused on whether or not there is
a positively signed bias in the dot-probe paradigm. For
example, there have been several null findings (e.g., Baum
et al., 2013; Bradley et al., 1997; Klumpp & Amir, 2009;
Mogg & Bradley, 1999; Pourtois et al., 2004; Puls &
Rothermund, 2018), while other authors have reported a
positive bias with baby faces (Brosch et al., 2008), happy
faces (Wirth & Wentura, 2020), or stimuli with induced
valence (Miiller et al., 2016). However, using IAPS pic-
tures as cues, there are indeed two published studies
reporting a negative bias for positive pictures, albeit only
in clinical samples (Mingtian et al., 2011; Shane &
Peterson, 2007). Thus, our results are not without prece-
dent. In principle, there are three types of explanations for
negative effects.

The counter-category argument. In principle, a negative
effect might be explained by attentional capture for the
counter category (here: the neutral pictures). The sober-
ing version of this argument would focus on the quasi-
experimental nature of the study: The “positive versus
neutral” variation was realised by specific stimuli with a
priori valence. Despite careful selection, the unintended

presence of attention-grabbing perceptual features could
be correlated with this variation. For the present experi-
ments, we do not consider this a viable argument because
the same neutral pictures were used as counterparts for
cleanliness, disgust-related, and positive pictures, but we
observed a negatively signed effect only for positive stim-
uli. A different version of this argument was made by
Cooper and Langton (2006), who found a negative effect
on happy faces. As they found a parallel positive effect for
angry faces, they argued that attention is always captured
by the relatively more negative stimulus in a pair, that is, by
angry faces in angry/neutral pairs but by neutral faces in
happy/neutral pairs. This argument has some plausibility
for face stimuli in that neutral-looking faces may indeed
have an air of negativity, especially in the context of
friendly-looking faces. However, this idea seems rather far-
fetched for the present pictorial materials.

Avoidance. In the dot-probe literature, negatively signed
effects are often characterised as an avoidance process
(e.g., Gronchi et al., 2018; Mogg & Bradley, 1999). For
negative stimuli, this characterisation has intuitive plausi-
bility. Moreover, by examining effects with rather long
cue-target asynchronies (above 200ms), which allow for
the assumption of an early attentional allocation followed
by avoidance, potential conceptual inconsistencies that
might arise for very short cue-target asynchronies are
avoided (“How can something be avoided that is still only
pre-attentively processed?”’). However, this argument has
little intuitive plausibility for positive stimuli. What is
functional about avoiding positive pictures?

Inhibition of return. For a process sequence like “carly allo-
cation of attention followed by a withdrawal of attention,”
we can avoid using a term like “avoidance” with its
implausible connotations (for positive stimuli). It is known
from basic attention research that positive cueing effects
caused by abrupt onset cues are only found with very short
cue-target asynchronies (up to app. 200 ms; Samuel & Kat,
2003). For longer asynchronies, the effect is reversed, a
phenomenon known as inhibition of return (IOR; see, e.g.,
Klein, 2000). The functionality of this process can be seen
in the facilitation of visual search behaviour: Previously
inspected locations should not be revisited during the
search process (Klein, 1988). Although typically shown
with abrupt onset cues, there are studies showing IOR for
multiple cue situations where a specific type of cue is
believed to attract early attention (e.g., colour singletons,
Priess et al., 2012; Theeuwes & Godijn, 2002, or faces,
Theeuwes & Van der Stigchel, 2006). Of course, the IOR
interpretation assumes that positive stimuli attract early
attention. This needs to be tested in future research and
may lead to a new story. It was beyond the scope of the
present study.
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Limitations and future directions

We followed Vogt and colleagues (2011) in using a cue-
target asynchrony (CTA) of 350 ms because—except for
the introduction of a positive condition and the task varia-
tion—we wanted to stay as close to the original study as
possible. A CTA as long as 350 ms is not atypical for dot-
probe studies; often 500ms (or even more) is used.
Nevertheless, it is a rather long CTA compared with basic
exogenous cueing experiments. Therefore, we used a CTA
of 100ms in our previous dot-probe research with facial
stimuli (e.g., Wirth & Wentura, 2020) to more plausibly
address early capture processes and avoid distortion of the
effects by eye movements (Petrova et al., 2013). Especially
in light of our results for positive stimuli (see above), a
replication with a shorter SOA seems worthwhile to see
whether our speculation about IOR has some value.
Although the dot-probe task is a widely-used method
to measure spatial attentional processes in both clinical
(e.g., anxious patients and alcohol addicts; e.g., MacLeod
et al., 1986, see Bar-Haim et al., 2007, for a meta-analy-
sis) and non-clinical samples (e.g., Wirth & Wentura,
2018; see van Rooijen et al., 2017, for a review), it was in
general criticised for having low reliability (e.g.,
Chapman et al., 2019; Jones et al., 2018; Schmukle,
2005; Sharpe et al., 2022). Of course, this critique domi-
nantly addresses the assessment of individual differences
with the task; it does not directly address basic research
that aims at finding a robust mean cueing effect. The pre-
sent research is a borderline case in this regard. Although
we did not search for meaningful individual differences
(in the sense of stable traits), we wanted to find differ-
ences between two samples (i.c., the disgust state sample
and the neutral state sample). Thus, the devil’s advocate
might still ask: How can this be achieved with a measure
that has no reliability? This criticism, however, would
miss the point. The hypothesis by Vogt et al. (2011) is
about a moderator of a general attentional effect: Whereas
cleanliness stimuli can be regarded as neutral in most cir-
cumstances (and therefore should not capture attention),
they are motivational relevant in the disgust state (and
hence should cause capture effects). Thus, if the hypoth-
esis comes true, the state manipulation induces a suffi-
cient amount of true variance—sufficient enough to
confirm that the mean differences between states are
large enough in contrast to the within-group variance. It
does definitely not matter whether this within-group vari-
ance contains reliable individual differences. However,
individual differences might affect the goal-relevance
process. In fact, Vogt and colleagues (2011) found that
for participants of the disgust sample having a high level
of disgust sensitivity the attention bias to cleanliness
stimuli was decreased. Thus, by not measuring the dis-
gust sensitivity of participants, we lost the opportunity to
find evidence of an AB in Experiment 1 after removing
participants with a high level on this trait. However, the

overall cleanliness AB of 1 ms in the disgust sample of
Experiment 1 does not suggest that this result would have
been found.
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Notes

1. Positive pictures [MValence=7.55, MArousal=4.45]:
1710; 1750; 2530; 2388; 5201 taken from IAPS. 1220;
1334; 1348; 1647; 1604 taken from OASIS. Neutral pictures
[MValence=5.26 MArousal=2.96]: 5500; 5720; 5731;
5740; 7020; 7030; 7031; 7050; 7140; 7217 taken from Vogt
et al. (2011-IAPS). 7041; 7090; 7547; 7500, 7705; 7512;
2102; 7100; 8312; 2273; 7026; 2377; 7595 taken from
IAPS. 12; 1804; 186; 1596; 1614; 1590; 1632 taken from
OASIS. The OASIS rating (7-point scale) was converted to
the IAPS rating scale (9-point scale) when the mean rating
was calculated.

2. In our preregistration, we indicated that our inclusion crite-
rion for participants was an accuracy rate above 70% for the
number trials (i.e., 8§ or more out of 10 trials being correct).
However, we observed that the average response accuracy
was lower than expected; thus, we slightly changed our
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criterion for the number of trials to include participants with
a 70% accuracy rate (i.e., 7 or more out of 10 trials being
correct) to avoid losing too many participants. This change
of criterion was made before the data analysis.

3. Note that Vogt et al. (2011) had trials with disgusting ver-
sus cleanliness-related stimuli as a third cue type condition.
Hence, 10 pictures of each type (disgust, cleanliness, neu-
tral) were enough to ensure balanced repetition.

4.  Focus in these experiments were the invalid trials: If, for
example, the cue was threatening, a slower response to a
target at the invalid location compared with a neutral cue
would signal problems in disengaging attention from the
threatening cue.
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