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Uncertainty affects performance in many cognitive tasks, including the visual-search task, and individual
differences in the experience of uncertainty may contribute to several psychological disorders. Despite
the importance of uncertainty, to date, no study has explained the basic mechanisms underlying individual differences in the experience of uncertainty. However, it has been suggested that inhibition, a
cognitive mechanism aimed at suppressing unwanted thoughts or actions, may affect the development of
uncertainty. In the current study, we investigated the relationship between inhibition and behavioral
responses to uncertainty in the visual-search task. To accomplish this goal, forty six university students
completed a novel combined visual-search and stop-signal task, in which we manipulated the degree to
which the inhibitory control system was activated by varying the proportions of stop signals in separate
blocks. We utilized target-absent trials in the visual-search task as a behavioral probe of responses to
uncertainty. We found that activating higher levels of inhibitory control resulted in faster responses to
target-absent visual-search trials, while not affecting target-present trials. These ﬁndings suggest that
activation of inhibitory control may causally affect behavioral responses to uncertainty. Thus, individual
differences in inhibitory control may inﬂuence the ability to rely on internal-ambiguous cues which are
common in visual-search and other cognitive tasks. Clinical implications for obsessive-compulsive disorder (OCD) and other disorders involving deﬁcient inhibitory control and difﬁculty with uncertainty are
discussed.
& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Increased uncertainty, a state of increased doubt, hesitancy or
ambiguity, promotes checking behavior and commonly slows reaction times (RTs) on various tasks (Banca et al., 2014; Hodsoll and
Humphreys, 2001; Najmi and Amir, 2010; Toffolo et al., 2013;
Treisman and Gormican, 1988). For example, in the visual-search
task performance is linked to uncertainty, as target-absent trials
require responses based on internal criterion as there is no external target present (Toffolo et al., 2013). Moreover, it has been
shown that increased uncertainty underlies several disorders such
as panic disorder (Carleton et al., 2014), health anxiety (Fetzner
et al., 2014), generalized anxiety disorder, and obsessiven
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compulsive disorder (OCD) (Aardema et al., 2009; Holaway et al.,
2006). Furthermore, increased uncertainty may constitute a general risk factor in emotional disorders (Boswell et al., 2013). Speciﬁcally, difﬁculties with uncertainty has been suggested as a key
factor that drives repeated-checking behaviors, a process underlying various psychopathologies (Dar, 2004; Van Uijen and Toffolo,
2015). For example, in OCD as well as in various anxiety disorders,
uncertainty motivates repeated checking ― a major symptom of
these disorders. Therefore, reducing the experience of uncertainty,
and its effects on behavior, is a key element in psychological
treatment of these disorders (Belloch et al., 2011; Dugas et al.,
2010). Despite the importance of uncertainty, to date, no study has
examined the basic mechanisms underlying individual differences
in proneness to uncertainty. However, it has been suggested that
inhibition, a cognitive mechanism aimed at suppressing unwanted
thoughts or actions (Logan, 1994; Logan et al., 1984), may affect the
development of uncertainty (Linkovski et al., 2013, 2015). Thus, in
the current study we used a novel task to investigate the inﬂuence
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of inhibition on uncertainty.
In a recent study that investigated behavioral manifestations of
uncertainty Toffolo et al. (2013) used a version of the visual-search
task, in which participants were asked to decide whether a target
stimulus was present or absent in an array of stimuli. In this task,
which is commonly used to assess spatial attention, performance
is also affected by a non-spatial aspect of attention—ambiguity and
uncertainty. Target-absent trials involve a degree of ambiguity, as
participants must decide that no target is present while also
considering the possibility that they might have overlooked the
target in their visual search. Thus, it is difﬁcult to be completely
conﬁdent about one's decision in these trials. Indeed, surveys of
participants show signiﬁcantly more uncertainty in target-absent
than in target-present trials (Toffolo et al., 2014). An important
distinction between target-absent and target-present trials is
whether the decision is made based on an internal or external cue.
On target-present trials, the target itself provides an external visual cue that allows participants to respond with a high degree of
conﬁdence (as the target remains on the screen until the response
is made), high accuracy, and little uncertainty (Toffolo et al., 2013,
2014). In contrast, decisions about a target's absence involve internal ambiguous cues (an internal representation of the target
that was not found). Previous work suggests that decisions based
on internal-ambiguous cues induce uncertainty (e.g., Lazarov et al.,
2012). In addition, target absent trials also map nicely onto some
conceptualizations of OCD symptoms, in which doubts and uncertainty motivate symptoms. Toffolo et al. (2013) found that only
in target-absent trials participants with elevated OCD symptoms
(sub-clinical) searched longer and used more eye ﬁxations compared to participants with low OCD tendencies (whereas these
groups did not differ in target-present trials). The ﬁnding that
individuals with difﬁculty tolerating uncertainty (i.e., participants
with high OCD symptoms) take longer to respond to target-absent
(but not to target-present) trials, along with participants' self-reports that they were less certain about their responses in the
target-absent trials, strengthen the notion that target-absent trials
induce uncertainty and highlights the usefulness of this cognitive
task as a tool to study OCD symptoms. Although Toffolo et al.'s
study found differences in responses to uncertainty between the
two groups, its correlational design precludes conclusions about
the origin of this difference. Because OCD patients are known to
exhibit deﬁcient inhibition (e.g., Chamberlain et al., 2006; De Wit,
2012; Penadés et al., 2007), results in that study may involve differences in the efﬁciency of inhibitory control systems between
the two groups (Linkovski et al., 2013). In a recent study, efﬁcient
inhibition was suggested to prevent the development of uncertainty (Linkovski et al., 2013). This study replicated the paradoxical effect of repeated checking on uncertainty―the more one
checks, the more uncertain one becomes (Boschen and Vuksanovic, 2007; Linkovski et al., in press; Van den Hout et al., 2008;
Van den Hout and Kindt, 2003). However, effects of repeatedchecking on uncertainty were moderated by inhibition levels such
that participants with high levels of inhibitory control were unaffected by repeated checking (Linkovski et al., 2013).
To investigate the causal effects of inhibition on uncertainty we
used a novel task that combined the visual-search task and the
stop-signal task. The classic stop-signal task (Logan and Cowan,
1984) examines the ability to suppress an already initiated action
that is no longer appropriate (for a review see Verbruggen and
Logan (2008)). In the classic task, participants are asked to respond
to a visual stimulus (go signal) with a motor response as fast as
possible, knowing that in some trials an auditory stimulus (stop
signal) will follow the visual go signal. Participants are instructed
to inhibit their motor response when they hear the stop signal.
Recently, Verbruggen et al. (2012) demonstrated that this task can
be used to manipulate, rather than to measure, inhibition.
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Verbruggen and colleagues showed that integrating stop signals in
a gambling task activates inhibitory control and reduces risky
decision-making (see also: Verbruggen et al., 2013). Guerrieri et al.
(2012) showed that the degree to which the inhibitory system is
activated can be manipulated by changing the proportions of stop
trials within the stop-signal task. These researchers found that the
group that completed a block with higher proportion of stop trials
had signiﬁcantly lower caloric intake (i.e., were more inhibited in
eating) during a subsequent taste test compared to participants in
the “low proportion stop-signal” group.
In the current study we employed two blocks of a novel combined visual-search and stop-signal task that differed in the proportions (high vs. low) of stop trials. This task allowed us to manipulate the degree to which the inhibitory system is activated,
with the aim of investigating its effects on the behavioral manifestation of uncertainty (i.e., visual-search target-absent trials). We
predicted that in the high inhibitory demand condition (i.e.,
greater proportion of stop trials), participants would exhibit less
uncertainty (i.e., faster response) compared with the low inhibitory demand condition. For target-absent trials, we predicted
that (RTs) would be signiﬁcantly shorter in the high inhibitory
demand condition as compared to low inhibitory demand condition. For target-present trials, in which there is no ambiguity about
the presence of a cue, we predicted no effect of inhibitory demand.

2. Method
2.1. Participants
Forty-nine participants (recruited via the university's online
experiments system) participated for course credit or a small
monetary reward. The study was approved by University's Institutional Research Board and all participants signed an informed
consent form prior to participating in this study. All participants
had normal or corrected-to-normal vision, had no self-reported
history of attention deﬁcit hyperactivity disorder (ADHD) or dyslexia, and all were naive as to the purpose of the experiment. In
addition, in order to ensure participants' engagement, accuracy of
0.75 in the visual-search task was set as the threshold for inclusion. Three participants were excluded based on this criterion;
thus the analyzed sample comprised 46 participants (29 females
and 17 males; average age¼24.13 years, SD¼ 1.95).
2.2. Stimuli
The target line in the visual-search task was a 1.4 cm long green
line, at a 45° incline. Non-target lines differed in either color (pink,
gray) or orientation (vertical, 135° incline), so that all lines shared
one feature with the target (i.e., orientation or color). The auditory
stop signal was a brief tone (750 Hz, 85 dB, 50 ms; see Fig. 1)
2.3. Procedure
Participants completed the novel combined visual-search task
with stop signals (see Fig. 1). On stop trials participants were instructed to inhibit their responses and wait for the following trial.
The portion of the trials on which a stop signal appeared was
manipulated to create high and low inhibitory demand conditions.
In the high demand condition stop signals were presented on 30%
of trials. In the low demand condition stop signals were presented
on 10% of trials. Blocks of trials were administered, in a counter
balanced order, to induce differential activation of the inhibitory
system.
Prior to beginning the task, a target stimulus (a unique combination of color and angle) was introduced and participants were
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condition as within-subjects factors. To further investigate this
two-way interaction we conducted planned comparisons (oneway ANOVAs with repeated measures) to compare the performance on high vs. low inhibitory demand conditions, in the target-absent and target-present conditions separately. Alpha was set
at p o.05 (two-tailed).

+
1,000 ms
9 sec of until
response

+
1,000 ms

Time

250 ms

Fig. 1. Example of a target-present trial followed by a target-absent stop-signal
trial. The target was a 1.4 cm long green line, slanted at 45°. The auditory stop
signal was a brief tone. (For interpretation of the references to color in this ﬁgure
legend, the reader is referred to the web version of this article.)

asked to hold it in mind and remember it. Each trial started with a
1000 ms ﬁxation cross (i.e., a white cross at the center of the
screen), followed by an array of a varied number of colored-lines
(16, 18, or 20) appearing in different angels on a black background.
Participants were instructed to indicate, as quickly and accurately
as possible, whether the target line was present or absent in the
current array. Responses were made using the “/” and “z” keys on
the keyboard for target-absent and target-present trials – stimulus-response mapping was counterbalanced.2 The array remained
on screen for nine seconds or until a key press. The auditory stop
signal was presented 650 ms following the presentation of the
visual-search array. The stop signal signaled participants to cease
searching and wait for the next trial without responding. Each
block included 200 trials. The high inhibitory demand block featured 60 stop trials and 140 no-stop trials, of which 112 featured a
target (e.g., target-present) and 28 trials did not (e.g., target-absent). The low inhibitory demand block featured 20 stop trials and
180 no-stop trials of which 144 featured a target and 36 did not.
The ratio between target-present trials and target-absent trials
was kept constant in both stop and no-stop trials and in both
blocks. Each block started with 27 training trials which were
identical to the upcoming block and in the same proportions of the
different conditions, and which included feedback for accuracy
and RT. Responses on practice trials were not included in our
analyses.
2.4. Data analyses

3. Results
On the stop-signal task p(r|s) (i.e., proportion of erroneous responses on stop signal trials) was not signiﬁcantly affected by level
of inhibitory demand (M ¼35% for both high and low inhibition
conditions), t(45) ¼1.17, p ¼.247. On the visual-search task we
found faster RT and higher accuracy in target-present trials compared with target-absent trials (RT: 1471 ms vs. 2784 ms, F(1, 45) ¼
245.14, po .001, ηp2 ¼.85; Accuracy: 0.92 vs. 0.77, F(1, 45) ¼159.59,
po .001, ηp2 ¼.78). There were no signiﬁcant differences in RT or
accuracy between the two inhibitory demand conditions (RT:
1715 ms vs. 1669 ms for low vs. high inhibition respectively, F(1,
45)¼ 1.41, p ¼.24; Accuracy: 0.88 vs. 0.89 for low vs. high inhibition respectively, F(1, 45) ¼1.38, p ¼.25).
There was a signiﬁcant interaction of RTs between trial type
and inhibitory demand condition, F(1, 45) ¼4.90, p o.03, ηp2 ¼ .10
(see Fig. 2). A similar interaction for accuracy rate was not evident,
F(1, 45) ¼2.31, p ¼.14.3 Planned comparisons revealed signiﬁcantly
faster RT in the high inhibitory demand condition compared with
the low inhibitory demand condition in the target-absent condition (126 ms difference), F(1, 45) ¼ 5.39, po .03, ηp2 ¼.11, but not in
the target-present condition (26ms difference), F (1, 45) ¼.44,
p¼ .514 (see Fig. 2).

4. Discussion
In the current study we investigated the effect of activation of
the inhibition system on behavioral responses to uncertainty. To
do so, we used a novel paradigm in which we combined a visualsearch task (previously validated as a reliable tool to study uncertainty in the lab), with stop-signal trials, which activate the
inhibitory control system. By using different proportions of stop
signal trials, we manipulated the degree of inhibitory activation
(Guerrieri et al., 2012; Verbruggen et al., 2013). We found that only

Performance on the stop-signal task was evaluated by the
proportion of erroneous responses (i.e., responses made despite
the appearance the stop-signal) out of all stop trials. A pairedsample t-test was applied to compare the performance on the
stop-signal task in the high vs. low inhibitory demand blocks. To
analyze performance on the visual-search task we calculated RT
for correct responses, on trials without a stop-signal, as a function
of trial type (target-present vs. target-absent) and inhibitory demand condition (high vs. low). Accuracy was calculated as the
proportion of correct responses from all responses (for no-stop
trials only). One-way ANOVAs with repeated measures were conducted to compare RT and accuracy data between trial type and
inhibitory demand condition. In order to investigate the interaction between trial type and inhibitory demand condition, a twoway ANOVA with repeated measures was applied to RT and accuracy data (separately), with trial type and inhibitory demand
2
For the ﬁrst 28 participants, the response keys were such that the “/” was for
target-absent and the “z” was for target-present. In an effort to counterbalance
response mappings to reduce any effect of participant handedness we subsequently
ran 21 participants with the response keys reversed.

Fig. 2. Mean RT in the different inhibition conditions for the visual-search task in
target-absent vs. target-present trials. *Signiﬁcant at p o .05 levels. Error bars represent 95% conﬁdence intervals.
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in the high uncertainty condition (target-absent trials), where
decisions must be made based on ambiguous cues, greater engagement of the inhibitory system resulted in shorter RTs ― a
behavioral manifestation associated with reduced uncertainty.
Importantly, on the target-present trials, on which a decision can
be made based on clear external cues (which do not involve uncertainty), there was no effect for degree of inhibitory activation,
indicating that the effect of inhibition is speciﬁc to ambiguous
trials (hence uncertainty) rather than a global effect on cognitive
processes. These results also highlight the interaction between
spatial and non-spatial factors (i.e., uncertainty and inhibition) on
visual attention and target identiﬁcation tasks.
In a previous study we found that participants with less efﬁcient inhibitory control are prone to uncertainty-driven behaviors
following a repeated checking manipulation (Linkovski et al.,
2013). The current study results suggest one possible causal relationship—that a basic cognitive process (activation of inhibitory
control) inﬂuences behavioral responses to ambiguous cues, which
can involve higher order emotional processes, such as the experience of uncertainty. This possibility is in line with the model
presented by Noël et al. (2013) in which neuropsychological executive factors, such as activation of inhibitory systems, might
reduce the inﬂuence of emotionally driven processes that affect
behavior (such as uncertainty). Similarly, Kalanthroff et al. (2013)
have shown that the effect of negative emotional cues is attenuated when inhibitory control is activated (for a similar suggestion see also (Cohen et al., 2011)). Hence, the current study results
might be better understood as a speciﬁc and unique example for
the interaction between executive functions and emotional operations. We suggest that this speciﬁc relationship between uncertainty and inhibitory control has particular implications for the
visual-search task, where uncertainty plays a key role in performance in target-absent trials.
As mentioned earlier, increased uncertainty underlies several
psychopathologies (e.g., Boswell et al., 2013; Carleton et al., 2014;
Fetzner et al., 2014) with OCD being the most pronounced (e.g.,
Aardema et al., 2009; Holaway et al., 2006; Lambrecq et al., 2013).
Szechtman and Woody (2004) suggested that OCD patients experience difﬁculties in their ability to generate the normal “feeling
of knowing” and Lazarov et al. (2012) found that decisions that are
not based on clear unambiguous cues were difﬁcult for OCD patients. More speciﬁcally, using a similar version of the visualsearch task, Toffolo et al. (2013) reported that subclinical-OCD
participants exhibited behavioral responses consistent with
heightened uncertainty in target-absent trials. OCD has also been
associated with inhibitory deﬁcits, which have been suggested to
be a core factor in the etiology and maintenance of the disorder
(Bannon et al., 2002; Chamberlain et al., 2005; de Wit et al., 2012;
Kalanthroff et al., 2014; Morein-Zamir et al., 2010; Penadés et al.,
2007). Interestingly, although both problems with uncertainty and
inhibitory deﬁcits have been studied extensively with respect to
3
d′ for the high inhibitory demand condition was 2.17 whereas d′ was 2.11 for
the low inhibitory demand condition. Taken together with the lack of differences in
accuracy rates between the high and low inhibitory demand conditions, these
analyses indicate that there was not a substantial criterion shift in the high vs. low
inhibitory demand conditions.
4
In order to rule out an artifact of differences in general RTs (i.e., shorter RTs in
target-present compared with target-absent trials) we conducted two additional
analyses: (a) a sensitivity analysis in which we re-conducted the two-ways ANOVA
(and the planned comparisons) using only the fastest quarter of the trials in the
target-absent condition and the slowest quarter of the trials in the target-present
condition; and (b) a proportion analyses in which we have calculated the proportions between high and low inhibition conditions in target-absent and targetpresent trials separately, and then compared them using a t-test. In both analyses,
the same pattern of results was obtained (i.e., the effect of inhibition condition was
larger in the target-absent condition), indicating that the results could not be explained by differences in the measurement scale.
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OCD, the interaction between these two factors was not previously
investigated. Therefore, a model based on the interplay between
inhibition and uncertainty might improve upon models that focus
on only one factor. Additionally, by establishing a potential causal
relationship, the current study supports the view of deﬁcient inhibitory control as a contributing factor, rather than an epiphenomenon, of OCD (Anholt et al., 2012; Chamberlain et al., 2005;
Robbins et al., 2012). Future studies are required in order to determine the psychological and neurological mechanisms that underlie the interaction between uncertainty and inhibition. An attractive hypothesis would be that individuals with good inhibitory
control might be able to inhibit/suppress intrusive doubts and
thoughts about uncertainty. Thus, good inhibitory control might
serve as a protective factor from disorders characterized by pathological doubts, including OCD.
The mechanism that was probed in the current study reveals an
important aspect of human behavior that we believe might also
have clinical implications, speciﬁcally to OCD. However, there are
several limitations to the current study that should be noted. First,
the relevance of our results to clinical disorders should be interpreted with caution since the current study involved non-clinical
participants. A more speciﬁc investigation of this mechanism in
clinical samples awaits future studies. A second limitation stems
from the design that consisted of only one aspect of executive
functioning – response inhibition. Inhibition has been suggested to
be a hallmark of the executive system (Verbruggen and Logan,
2008), however, the design of the current study does not allow us
to draw speciﬁc conclusions about inhibition per-se. It is possible
that a similar effect would be obtained following triggering of
other executive functions (e.g., conﬂict monitoring).
To conclude, we found that greater activation of inhibitory
control reduces behavioral manifestations of uncertainty. Our results demonstrate the existence of a potential causal pathway
between inhibitory operations and the experience of uncertainty.
These results suggest that individual differences in inhibitory
control should be taken into consideration in a wide variety of
cognitive tasks that induce uncertainty. Moreover, the current
results underscore an effect of non-spatial factors (uncertainty and
inhibition) on performance in a spatial visual-search task. This
suggests that performance on visual attention tasks involves an
interaction between spatial and non-spatial aspects of visual attention. This interaction might have speciﬁc implications for
clinical patients. In addition, the causal effect of inhibition on
uncertainty that was demonstrated in the current study may underlie a pathway that is of speciﬁc importance to OCD and perhaps
other psychopathologies that are characterized by difﬁculties with
tolerating uncertainty and deﬁcits in response inhibition. Understanding this pathway might improve our understanding of the
way goal-directed behaviors are executed in general, and particularly in OCD. This suggestion might also inspire novel treatment
targets (see: Belloch et al., 2011; Dugas et al., 2010).
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