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Abstract

Patients with obsessive-compulsive disorder respond to clinical uncertainty with perseverative checking, which, ironically,
enhances uncertainty. However, patients also display general subclinical uncertainty, which may tempt vulnerable individuals
to seek reassurance by perseveration in response to mild uncertainty that is superimposed on general uncertainty. An
experimental eye-tracking paradigm was developed to investigate whether mild uncertainty indeed induces checking behavior
in people with high obsessive-compulsive tendencies (OC+, n = 34), compared to people with low obsessive-compulsive
tendencies (OC—, n = 31). Participants were presented 50 visual search displays, and they indicated whether a target was
“present” or “absent.” Decisions about target presence induced little uncertainty, but decisions about its absence were
more ambiguous, because participants relied on not having overlooked the target. Results revealed no differences on target-
present trials. However, in target-absent trials, OC+ participants searched longer and used more fixations. Thus, even in
mildly uncertain situations, individuals with subclinical obsessive-compulsive disorder respond with more checking behavior,

which has implications for treatment.
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Obsessive-compulsive disorder (OCD) is a debilitating anxi-
ety disorder characterized by intrusive thoughts, images, or
impulses (obsessions) that relate to uncertainty about frighten-
ing prospects (e.g., hurting loved ones or spreading diseases),
which causes anxiety and distress (American Psychiatric
Association, 2000). In response to these intrusions, patients
with OCD perform behavior or mental acts (compulsions) to
suppress the obsessions and prevent future misfortunes or
harm (American Psychiatric Association, 2000). These actions
are typically repeated and prolonged beyond the point where
the goal of the act is reasonably reached and so lack a “natural
terminus” (Rachman, 2002).

The most common compulsions involve checking. They
occur in approximately 80% of patients with OCD (Rasmussen
& Tsuang, 1986; Summerfeldt, Antony, Downie, Richter, &
Swinson, 1997) and (subclinically) in about 15% of the gen-
eral population (Stein, Forde, Anderson, & Walker, 1997).
Checking compulsions are associated with indecisiveness and
doubt. Patients typically feel that they cannot be sure that a
perceived threat has been sufficiently reduced after one check,

and they continue to check (Rachman, 2002). Perseverative
checking may be motivated by the wish to reduce uncertainty,
but robust experimental findings have shown that checking
compulsions have the opposite effect and, paradoxically,
increase uncertainty (Boschen & Vuksanovic, 2007; Dek,
van den Hout, Giele, & Engelhard, 2010; Hermans et al.,
2008; Radomsky, Gilchrist, & Dussault, 2006; van den Hout,
Engelhard, de Boer, du Bois, & Dek, 2008; van den Hout,
Engelhard, Smeets, Dek, Turksma, & Saric, 2009; van den
Hout & Kindt, 2003a, 2003b, 2004). This paradoxical effect of
checking behavior occurs relatively quickly, after two to five
checks (Coles, Radomsky, & Horng, 2006).

Uncertainty in OCD patients is extreme (e.g., “Can I trust
my memory that I did not hit someone with my car?” or “Can
I trust what I see?””) and domain specific (some patients may
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be extremely uncertain about memories for locking the door
but not about cleaning their hands, or the other way around).
Interestingly, patients with OCD also seem to experience a
milder, subclinical uncertainty. This type of uncertainty seems
more general and occurs in a wide range of domains and
ambiguous situations, including confidence in one’s memory
abilities, decision-making abilities, concentration, and atten-
tion (Nedeljkovic & Kyrios, 2007). Furthermore, compared to
healthy individuals, patients display a lack of confidence
in their ability to discriminate performed events from imag-
ined events (McNally & Kohlbeck, 1993), and they express
less confidence in their general knowledge (Dar, Rish,
Hemesh, Taub, & Fux, 2000), memory abilities (Boschen &
Vuksanovic, 2007; Tuna, Tekcan, & Topcuoglu, 2005), per-
ception, and executive functions (Hermans et al., 2008).

This elevated level of general uncertainty seems to be sta-
ble over time and across a number of situations. One may
speculate that subclinical (general) uncertainty precedes clini-
cal OCD and may constitute a vulnerability factor for the dis-
order. Subclinical uncertainty may tempt individuals to seek
reassurance by repetitive checking in response to normal
doubts that are superimposed on general uncertainty
(Nedeljkovic & Kyrios, 2007). Thus, it may be hypothesized
that in response to mildly uncertain situations, patients with
OCD will use perseveration because even mild uncertainty
may bring the yet-elevated level of general uncertainty to a
point where perseveration is used to obtain certainty. In turn,
perseveration may, ironically, increase uncertainty about
checked items, which reinforces the motivation to persevere.
Eventually, this may cascade into clinical uncertainty.

People with subclinical OCD suffer from the same type of
symptoms as OCD patients but to a lesser degree of severity
(Gibbs, 1996). Therefore, one could argue that people with
subclinical OCD would show mildly enhanced general uncer-
tainty and would therefore be mildly inclined to respond to
uncertain situations with checking. Recent research has indeed
shown that healthy participants who were in a “low memory
confidence condition” (resembling patients with OCD), as
opposed to participants in a “high memory confidence condi-
tion,” showed greater urges to check (Alcolado & Radomsky,
2011). However, this study did not investigate actual checking
behavior. Most studies that investigated actual checking
behavior did not link this to uncertainty. For instance, it was
shown that patients with OCD perform more checking behav-
ior than healthy controls, both in a basic image-comparison
task (Jaafari et al., 2011) and in a more complex virtual-reality
task (Kim et al., 2012). However, these studies do not indicate
why these patients performed more checking behavior.

Rotge et al. (2008) developed a behavioral task to assess
checking behavior, which consisted of a delayed matching-to-
sample task. In each of 50 trials, participants were required to
compare two images that were displayed, delayed by an inter-
val, and choose whether they were identical or different. After
making a choice, participants had the opportunity to check

their choice by repeating the trial and correcting their answer,
if desired. It was found that checking behaviors occurred
more frequently in patients with OCD with checking compul-
sions than in patients with OCD without checking compul-
sions and healthy controls, and there was a progressive rise in
checking over the course of 50 trials. Moreover, OCD check-
ers took longer than healthy controls to make their choice
before actual checking, which was presumably indicative of
the degree of uncertainty at the moment of choice. Thus, OCD
checkers seemed to experience more uncertainty and
responded to this with more checking behavior. However, this
study failed to indicate under what conditions uncertainty
would lead to more checking behavior, given that it was
unclear which features of the paradigm induced checking.
Therefore, we developed a new experimental eye-tracking
paradigm to test whether mild uncertainty induces actual
checking behavior in people with subclinical OCD and under
what conditions this would occur. Participants were presented
with 50 visual search displays and asked to indicate whether
a target (closed square) was present or absent within multiple
open squares. In 50% of the trials, a target was present. The
target-present trials were self-evident; the response present
could be based on the perception of the target. Therefore,
these counted as certain situations, and for these trials, we did
not expect any differences between the groups. However,
target-absent trials were more ambiguous, because for the
response absent, participants had to rely on not having over-
looked the target. Hence, we hypothesized that target-absent
trials would induce more uncertainty than target-present tri-
als. We expected that people scoring high (OC+), compared
with people scoring low (OC-), on obsessive-compulsive ten-
dencies would show enhanced checking behavior, as indexed
by a higher search time and a higher number of fixations in
target-absent trials (uncertain situation) but not in target-
present trials (certain situation).

Methods

Participants

Four hundred and eighty students from Utrecht University were
screened with the Obsessive-Compulsive Inventory—Revised
(Foa et al., 2002). Students who scored at the top 25% (> 17,
OC+) and bottom 25% (< 5, OC-) of the distribution were
invited to participate in this study. The final sample included 68
participants: 36 in the OC+ group (age, M = 22.19, SD = 4.90,
28 women) and 32 in the OC— group (age, M = 21.12, SD =
3.15, 21 women). Scores in the OC+ group ranged between 17
and 46 (M = 23.64, SD = 7.81), and OC- scores ranged from 1
to 5 (M=3.19,SD=1.45), #(66) = 14.58, p <.001). To compare,
the mean score of patients with OCD is somewhat higher—
namely, 28.01 (SD = 13.53)—with a cutoff score of 21 for dif-
ferentiating with nonanxious controls (Foa et al, 2002). Of the
current OC+ sample, 55.6% reached this cutoff score of
21. Data on ethnic and racial background were not collected.
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Participants signed an informed consent form and received
remuneration or course credit for their participation.

Material

Obsessive-Compulsive Inventory—Revised. Obsessive-com-
pulsive tendencies were measured with the Dutch translation
(Cordova-Middelbrink, Dek, & Engelbarts, 2007) of the
Obsessive-Compulsive Inventory—Revised (Foa et al., 2002).
The inventory contains 18 items concerning OCD characteris-
tics, each measured on a 4-point Likert scale (e.g., “I check
repeatedly doors, windows, drawers etc.”; 0 = not at all, 4 =
extremely). It also has good validity, test-retest reliability, and
internal consistency in clinical (Foa et al, 2002) and nonclini-
cal populations (Hajack, Huppert, Simons, & Foa, 2004).

Visual search task. The visual stimulus of the task used in this
experiment was similar to the one used by Vlaskamp, Over,
and Hooge (2005). The task consisted of one block of 50 indi-
vidual search displays, each containing 25 elements (see
Fig. 1). Half of the search displays contained 25 squares with a
gap in one of the four edges (the distracters; i.e., target-absent
trials), and the other half of the search displays contained 24
distracters and one closed square (the target; i.e., farget-present
trials). The size of all elements (target and distracters) was
0.41° x 0.41°, and the gap size of the distracters was 0.21°. The
elements were white on a dark gray background and were
placed on a hexagonal grid in a display measuring 30.01° x
27.8°. In target-present trials, the target position was randomly
chosen among these locations, and the other locations were
occupied by the distracters. The target-absent and target-present
trials were presented in a random order to each participant.

Measures. Checking behavior was operationalized by search
time and the number of fixations. Search time was the time
that it took participants to search through the field until a

C (] (I o O
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Fig. I. Example of a search display; the target is the closed symbol (upper-
right corner; in the experiment, the elements were white on a dark gray
background).

response was made. The number of fixations was measured
with an eye tracker (see Apparatus section), which indexed
how many fixations were made while searching through the
field.

Apparatus

Search displays were presented with Matlab (MathWorks
Benelux, n.d.). Eye movements were recorded at 52 Hz with a
portable EasyGaze eye tracker (Design Interactive, Inc.,
Oviedo, FL). The eye movement data were analyzed offline.
Fixation detection was done by a self-written Matlab program
that marked fixations by an adaptive velocity threshold
method. Velocities were obtained by fitting a parabola through
three subsequent data points. The derivative of this fitted
parabola was used to estimate the value of the velocity of the
second (center) data point. This procedure was repeated for all
data points (except the first and last). In this analysis, every-
thing that is not a saccade is called a fixation. To remove the
saccades from the signal, we calculated average and standard
deviation for the absolute velocity signal. Data points were
removed if absolute velocities were higher than the average
velocity plus 3 times the standard deviation. This procedure
was repeated until the velocity threshold converged to a con-
stant value or the number of repetitions reached 50. Then, we
removed fixations with durations shorter than three samples
(58 ms).

Procedure

Participants were tested individually in a dimly lit laboratory.
They received verbal and written instructions about the task
before they provided written informed consent. Then, they
were seated approximately 58 cm in front of a 17-in. monitor
(1,280 x 1,024 pixels). Head movements were restricted by
the use of a chin-and-forehead rest. The eye tracker was placed
beneath the monitor. The chair could be adjusted so that the
participant sat comfortably and looked at the middle of the
screen. The task started with the calibration of the eye-track-
ing system. Then, participants received written instructions,
followed by six practice trials to familiarize themselves with
the task. When participants had no further questions, the 50
search displays (trials) were presented. Before each trial, a
fixation point was presented in the center of the screen. Imme-
diately after the space bar was pressed, the search display
appeared. During each trial, participants were asked to indi-
cate whether a target was present or not in the search display,
by pressing the left arrow key (target-present) or the right
(target-absent). Participants did not know how many trials
contained a target. After completing the task, participants were
debriefed and paid for their participation.

Results

Three participants were excluded in the analyses. One of them
made 37 errors on 50 trials but had normal reaction times,

Downloaded from cpx.sagepub.com at University Library Utrecht on May 2, 2013


http://cpx.sagepub.com/

106

Toffolo et al.

which seems to indicate reversal of correct responses. The
other two made 19 and 28 errors on 50 trials, which was more
than 2.5 standard deviations of the mean (errors, M = 5.87,
SD = 5.96). Combined with their very fast reaction times
(absent trials, M = 1.3 and M = 0.4), which were respectively
3.3 and 4 standard deviations from the mean (M = 5.5, SD =
1.28), it seemed that they had not followed instructions cor-
rectly. The final analyses consisted of 65 participants (age,
M = 21.69, SD = 4.18), with 34 OC+ participants and 31
OC- participants.

Each trial was presented for 10 s. If a participant did not
respond within 10 s, no search time could be recorded. Four
OC+ participants had one no-response trial, and one OC+ par-
ticipant had five no-response trials. The no-response trials
were excluded from the analyses. There were no nonresponses
in the OC— group.

Results are presented in Figure 2, where average search
time scores for each of the 25 absent and present trials are
given by group. Preliminary analyses were performed to
ensure no violation of the assumptions of normality and homo-
geneity of (co)variance. Two two-way mixed analyses of vari-
ance were used to compare the groups on search time and
number of fixations in both target-present and target-absent
trials. One-tailed tests were used to examine our main hypoth-
eses, which were directed toward one side of the data distribu-
tion (i.e., more use of checking behavior). As suggested by
Figure 2, there was a main effect of condition on search time;
participants checked significantly longer in absent trials (M =
5.5, SD = 1.28) than present trials (M = 3.26, SD = 0.78), F(1,
63) = 368.53, p < .001, n* = .85. There was no main effect of
group; overall, the OC+ and OC- groups did not differ in
search time, F(1, 63) =3.18, p =.08. The crucial Group (OC+/
0OC-) x Condition (absent/present) interaction was significant,
F(1, 63) = 2.83, p < .05 (one-tailed), n* = .04. Pairwise com-
parisons showed that in target-present trials, OC+ participants
(M = 3.37, SD = 0.8) did not differ from OC- participants
(M=3.15,SD =0.75) on search time, #(63) = 1.13, p = .26, yet

6.5

" Wr‘/\
55 o —a— OC+_Absent

50 ,’I o ‘¢ L0 ‘\._.’,_o --- OC-_Absent

45 4

Search time (s)

4.0

35 A A ‘ . -+~ OC-_Present

e #— OC+_Present
3.0 4

0 5 10 15 20 25
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Fig. 2. Mean search time (s) per trial in target-absent and target-present
trials for OC+ and OC- participants (i.e., high and low obsessive-compulsive
tendencies, respectively).

in target-absent trials, OC+ participants checked significantly
longer (M =5.78, SD = 1.36) than OC— participants (M =5.18,
SD = 1.13), #(63) = 1.95, p < .05 (one-tailed).'

Because there was a strong positive correlation between
search time and number of fixations on target-absent trials,
r(65) = .94, p <.001, and target-present trials, 7(65) = .93, p <
.001, a highly similar analysis-of-variance pattern occurred for
the number of fixations. A main effect of condition was evi-
dent; participants used significantly more fixations in absent
trials (M = 21.92, SD = 4.7) than present trials (M = 12.74,
SD =2.72), F(1, 63) = 406.01, p < .001, n> = .87. There was a
nonsignificant trend for group; OC+ participants seemed to
make more fixations than OC— participants, F(1, 63) = 3.34,
p = .07. The crucial Group (OC+/OC-) x Condition (absent/
present) interaction was significant, F(1, 63) =2.93, p < .05
(one-tailed), n* = .04. Pairwise comparisons revealed that
OC+ participants (M = 13.08, SD = 2.72) did not make more
fixations than OC- participants (M = 12.36, SD = 2.7) in the
target-present trials, #(63) = 1.07, p = .29. However, in target-
absent trials, OC+ participants (M = 23.0, SD = 4.91) indeed
made significantly more fixations than OC— participants (M =
20.73, SD =4.21), 1(63) = 1.99, p < .05 (one-tailed).

Finally, there was no difference in the number of errors
made during the task between OC+ participants (M = 4.68,
SD = 3.17) and OC- participants (M = 5.03, SD = 3.42),
#(63)=0.44, p = .67.

Discussion

While performing a visual search task, OC+ individuals used
no more checking behavior in the target-present condition, in
which the accuracy of the response was relatively straightfor-
ward. In the target-absent condition, however, the groups did
differ: OC+ participants showed longer search times and,
perhaps more important, a higher number of fixations than
OC- participants. Furthermore, only OC+ participants had
nonresponses, which indicated an even longer search time
beyond the response limit. Because the number of nonre-
sponses was small, no statistical test could be performed, but
the direction of this finding fits well with the increased search
time of OC+ people in comparison with OC— people. Finally,
there was no difference between the groups in the number of
errors made during the task, which indicates that increased
checking behavior did not increase accuracy.

The target-absent trials represented a more ambiguous,
uncertain situation, given that participants could not base their
response on visual feedback of the target. Participants had to
rely on not having overlooked the target, which is arguably a
more ambiguous criterion. Therefore, the findings are in line
with the proposed theory—namely, that increased general
uncertainty may provoke people with OCD to engage in repet-
itive checking in response to an uncertain situation, because
this uncertainty is superimposed on an elevated level of gen-
eral uncertainty (Nedeljkovic & Kyrios, 2007). The findings
also nicely fit with a more specified version of this “general
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uncertainty” theory proposed by Lazarov, Dar, Liberman, and
Oded (2012). The core of their argument is that patients with
OCD lack a subjective conviction regarding internal states and
therefore have to rely on external proxies, such as rules or pro-
cedures. It is possible that in the present experiment, the tar-
get-absent trials did not provoke checking in the OC+ group
because the trials triggered some general uncertainty but, more
specifically, because the target-absent trials forced the OC+
participants to rely on internal states (e.g., “Did I properly
attend to the squares?” “Does my memory serve me well?”).

Clinical checking in OCD is typically motivated by extreme
and domain-specific uncertainty. This observation led Radom-
sky to stress “the importance of importance” in OCD research
(Radomsky & Rachman, 2004). However, the present data
suggest that even in subclinical OCD, the induction of mild
uncertainty that is not relevant to OCD results in mild but
quantifiable checking. Furthermore, the performed checking
behavior resembles the irrationality of compulsive checking
(Rachman, 2002); more checking did not enhance the possibil-
ity of finding a target that was not there and did not increase
accuracy. The eye-tracking paradigm therefore seems promis-
ing for investigating checking behavior in both certain and
uncertain situations.

The findings add to the existing literature by demonstrating
that uncertainty not merely induces greater urges to check
(Alcolado & Radomsky, 2011) but that this provokes more
actual checking behavior in OC+, but not OC—, individuals.
The findings suggest some alleys for new research. First,
the research may be linked to the ongoing discussion about
endophenotypes of OCD. OCD is a moderately heritable condi-
tion, although the details of this genetic basis and the gene-
environment interaction are not yet well understood (Nicolini,
Arnold, Nestadt, Lanzagorta, & Kennedy, 2009; van Grootheest,
Cath, Beeckman, & Boomsma, 2007). Therefore, the identifica-
tion of endophenotypes, which are “measurable components
unseen by the unaided eye on the pathway between disease
and distal genotype” (Gottesman & Gould, 2003), may be
helpful in refining diagnosis and characterizing the disorder
(Chamberlain & Menzies, 2009). Because these endopheno-
types are understood to be heritable traits that serve as risk
factors for the disorder, they should be present in both patients
and their unaffected relatives (Gottesman & Gould, 2003). For
instance, Chamberlain and Menzies (2009) reported that
patients with OCD and their unaffected relatives showed
impaired inhibitory control, and these deficits were related to
brain gray matter structural abnormalities. Possibly, general
uncertainty, which runs across the various subtypes of OCD,
together with the inclination to respond to uncertainties with
perseverative checking also represents an OCD-related endo-
phenotype. Therefore, it needs to be investigated whether
patients with OCD show a similar behavior pattern in response
to uncertain situations as found in the present study.

Moreover, to examine whether this increased general
uncertainty may constitute a true vulnerability factor for the
development of OCD, unaffected family members of patients

with OCD should be studied with the same paradigm. If a
comparable pattern would indeed be found in both patients
with OCD and unaffected relatives, then it would be timely to
examine whether in the natural course of OCD, the emergence
of extreme uncertainties is in fact preceded by perseverative
checking behavior in response to milder forms of uncertainty.
Monitoring individuals at risk (e.g., first-degree relatives of
patients with OCD), to obtain a large sample of individuals
turning from nonclinical into clinical, would run into serious
power problems. Note, however, that over time, many patients
with OCD experience changes in the nature of their obses-
sions. Worry about contamination may be replaced by worry
about spreading, say, HIV. Furthermore, although cognitive
behavior therapy is effective in the treatment of the disorder,
about 35% relapse within the first year (Braga, Cordioli,
Niederauer, & Manfro, 2005). Thus, following patients with
OCD after completion of treatment may offer the opportunity
to study the natural course of the development of new OCD
problems. A second study could therefore be aimed at follow-
ing patients who have finished cognitive behavior therapy and
investigating their responses to new obsessive uncertainties.
Both theoretically and clinically, it would be important to
experimentally test whether motivating treated patients not to
respond to emerging new uncertainties by checking would
prevent mild, general uncertainty from turning into clinical
problems and whether such intervention reduces relapse rate.
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Note

1. The main results differed somewhat when all participants were
included in the analyses. There was still a main effect of condition on
search time; participants checked significantly longer in absent trials
(M =5.35, SD = 1.48) than present trials (M =3.19, SD = 0.89), F(1,
66) = 322.28, p < .001, n* = .83. There was no main effect of group;
overall, the OC+ and OC- groups did not differ in search time, F(1,
66) = 2.09, p = .15. However, the crucial Group (OC+/OC-) x
Condition (absent/present) interaction on search time was no longer
significant when all participants were included, F(1, 66) =2.02, p =
.08 (one-tailed), n? = .03. With regard to number of fixations, find-
ings did not change. There was a main effect of condition; partici-
pants used significantly more fixations in absent trials (M = 21.68,
SD = 5.06) than present trials (M = 12.62, SD = 2.87), F(1, 66) =
386.84, p < .001, n* = .86. There was also a main effect of group;
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OC+ participants made more fixations than OC— participants, F(1,
66) = 4.46, p < .05, W’ = .07, and the crucial Group (OC+OC-) x
Condition (absent/present) interaction was significant, F(1, 66) =
3.73, p < .05 (one-tailed), n* = .06.
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