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Explicit instructions facilitate performance of OCD participants but impair
performance of non-OCD participants on a serial reaction time task
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Previous studies have shown that individuals diagnosed with OCD tend to rely on explicit processing while
performing implicit learning tasks. We sought to investigate whether individuals with OCD are capable of implicit learning, but would demonstrate improved performance when explicit processing strategies are enhanced.
Twenty-four participants with OCD and 24 non-psychiatric control (NPC) participants performed an implicit
learning task in which they responded to a single target stimulus that successively appears at one of four locations according to an underlying sequence. We manipulated the learning strategy by informing half of the
participants that the target stimulus location was determined by an underlying sequence, which they should
identify (intentional learning). The other half of the participants was not informed of the existence of the underlying sequence, and was expected to learn the sequence implicitly (standard learning). We predicted that
OCD participants will exhibit inferior performance compared to NPC participants in the standard learning
condition, and that intentional learning instructions would impair the performance of NPC participants, but
enhance the performance of OCD participants. The results supported these predictions and suggest that individuals with OCD prefer controlled to automatic processing. We discuss the implications of this conclusion to
our understanding of OCD.

1. Introduction
Obsessive-compulsive disorder (OCD) is characterized by prominent
cognitive symptoms, including obsessions, doubt, distrust of memory
and perception, mental checking and reconstruction, and diﬃculty in
decision making (Nestadt et al., 2016; Radomsky & Alcolado, 2010;
Samuels et al., 2017; van den Hout & Kindt, 2003). Ample research and
subsequent theoretical models have focused on understanding obsessive-compulsive (OC) phenomena in terms of information processing
impairment (Muller & Roberts, 2005; Purcell, Maruﬀ, Kyrios, &
Pantelis, 1998; Radomsky & Alcolado, 2011). This research includes a
growing body of evidence suggesting that understanding the interplay
between explicit and implicit learning in OCD may be of particular
relevance.
Implicit learning is characterized by non-intentional acquisition of
knowledge (Frensch, 1998), and is typically employed when acquiring
complex or non-salient regularities such as language (Berry &
Broadbent, 1987, 1988; Reber, 1976; Reber, Kassin, Lewis, & Cantor,
1980). Knowledge resulting from implicit learning is diﬃcult to express
verbally (Dienes & Berry, 1997; Reber & Lewis, 1977), and instead
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manifests itself as a feeling-of-knowing (Reber, 1997; Spehn & Reder,
2000) or intuition (Lieberman, 2000; McCrea, 2010; Reber, 1989). For
example, participants in a standard implicit learning task have an
evocative feeling of what is the right action or solution (Dulany, 1991,
1996), but nevertheless often fail to verbalize or recognize the underlying regularity of the task in post experiment questioning (Frensch &
Rünger, 2003).
In contrast to implicit learning, explicit learning is characterized by
intentional acquisition of information (Frensch & Rünger, 2003; Dienes
& Perner, 2002). It typically results in verbalizable, symbolic knowledge (Sun, Slusarz, & Terry, 2005; O’Brien-Malone & Maybery, 1998).
This type of learning is considered most suitable for discovering simple
and salient regularities (Berry & Broadbent, 1988). The dissociation
between implicit and explicit learning is particularly evident when individuals who would naturally learn implicitly (such as in the artiﬁcial
grammar learning task; see Reber, 1989) are instructed to search for the
underlying rule structure and as a result employ explicit strategies. In
such situations, if the underlying pattern is complex or non-salient,
attempts at explicit learning often impede learning compared to a situation in which no explicit strategies are encouraged (Berry &
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sequence does not prevent them from adopting an explicit strategy if
they decide to do so. Hence, performance on this task confounds intentional and non-intentional processes.1 Speciﬁcally, in the studies
described above, participants with OCD may have explicitly searched
for an underlying rule more than did participants in the control condition. If this was the case, it is possible that those participants performed the task well, whereas among participants that relied primarily
on implicit strategies, OCD was associated with poorer performance.
In order to reduce the probability that participants would intentionally search for regularities, Destrebecqz and Cleeremans (2001)
introduced a modiﬁed version of the SRT task in which the target stimulus is removed as soon as a key is pressed and the next stimulus
appears immediately (i.e., no-Response-Stimuli-Interval; no-RSI). The
no-RSI version of the SRT is believed to minimize opportunity for
conscious monitoring and control, so that the knowledge acquired
while performing the task remains predominantly implicit (Destrebecqz
& Cleeremans, 2001, 2003; Destrebecqz et al., 2005). These authors
rationalized that under the no-RSI, participants do not have suﬃcient
time to consciously anticipate the next target location, whereas longer
RSI’s enable the development of such conscious anticipation and control over the expression of the acquired sequence knowledge. In the
same vein, Cleeremans and Jiménez (2002) argued that no-RSI may
reduce representation quality of acquired implicit knowledge, and
therefore make it harder to become available to consciousness and
control. For the present study we used this modiﬁed version of the SRT
task, and in order to facilitate interpretation of task performance we
introduced a direct manipulation of participants’ strategy.
Speciﬁcally, this study tested the hypothesis that individuals with
OCD would be capable of implicit learning, but would perform better in
explicit rather than implicit mode. Participants with OCD and matched
non-psychiatric control participants performed the no-response stimuli
interval version of the SRT task. Half of the participants in each group
received explicit instructions to search for the rule, whereas the other
half performed the task with standard instructions. We hypothesized an
interaction between group and instructions, so that in the standard
instructions condition OCD participants will show inferior performance
compared to the control group of participants. Since people with OCD
were found in previous research to rely less than controls on implicit
learning and more on explicit learning in the SRT task, we hypothesized
that intentional learning instructions will impair the performance of
control participants, but will enhance the performance of OCD participants.

Broadbent, 1987, 1988; Reber, 1976, 1989).
Several studies have shown that individuals with OCD perform
poorly on tasks that require implicit learning (Deckersbach et al., 2002;
Marker, Calamari, Woodard, & Riemann, 2006) or entirely fail to learn
such tasks (Joel et al., 2005). Early brain imaging studies substantiated
these ﬁndings by examining the brain activation patters in individuals
with OCD when performing a Serial Reaction Time (SRT) task (Nissen &
Bullemer, 1987). Performance in this task is typically correlated with
activation in striatal brain regions that are associated with implicit
learning (Rauch et al., 1997). However, OCD participants showed increased activity in orbitofrontal and hippocampal brain areas that are
typically involved in explicit learning. These ﬁndings led Rauch et al.
(1997) to conclude that the striatal system, which normally subserves
implicit learning, is dysfunctional in OCD, and that recruitment of the
orbitofrontal and hippocampal systems may compensate for this dysfunction in implicit processing.
Deﬁcient performance in implicit learning is consistent with the
clinical features of OCD. The phenomenology of OCD suggests that
these individuals operate in a highly focused, intentional and tense
mode. They tend to continuously monitor their own actions and
thoughts (Purdon & Clark, 2002; Ursu, Stenger, Shear, Jones, & Carter,
2003) and their behavior is marked by deliberateness and conscious
eﬀorts (Liberman & Dar, 2009; Wahl, Salkovskis, & Cotter, 2008). This
mode of operation is accompanied by a prominent impoverishment in
the feeling of knowing, which is reﬂected in questioning and doubting
perceptions, thoughts and motives (Dar, Rish, Hermesh, Taub, & Fux,
2000; O’Connor, Aardema, & Pélissier, 2005; Rapoport, 1989; Reed,
1985; van den Hout et al., 2009). Deﬁciency in implicit learning may
therefore represent a speciﬁc aspect of a more general mode of operating and information processing in OCD.
But what is the nature of the deﬁciency in implicit learning in OCD?
In a study that replicated and extended the earlier study by Rauch et al.
(1997) mentioned above, Rauch et al. (2007) obtained fMRI scans of
participants with OCD and matched controls while performing the SRT
task. Consistent with their previous ﬁndings, Rauch and colleagues
found comparable learning between groups but greater recruitment of
brain areas associated with explicit learning in OCD compared to a nonpsychiatric control sample. However, in contrast to the previous study
(Rauch et al., 1997), OCD participants showed intact activation of the
striatal brain areas associated with implicit learning. Rauch et al.
(2007) argued that the normal striatal activation in the OCD group
challenges the notion of striatal dysfunction in OCD, and instead points
to the primary role that aberrant hippocampal activity plays in OCD.
Moreover, although across diﬀerent studies participants with OCD
performed the SRT task more poorly than non- psychiatric controls
(Goldman et al., 2008; Kathmann, Rupertseder, Hauke, & Zaudig, 2005;
Marker et al., 2006), they nevertheless performed the task reasonably
well, at levels that were was much above chance. Furthermore, in another implicit task, the Pursuit Rotor, participants with OCD demonstrated better implicit learning during the early (but not later) trial
blocks of the task, as compared to non-clinical controls (Roth, Baribeau,
Milovan, O’Connor, & Todorov, 2004).
Interpreting the results of previous SRT studies is complicated,
however, due to a particular methodological weakness. In the SRT task,
participants are required to press as rapidly and accurately as possible
keys that spatially correspond to the location of a single target stimulus
that successively appears at one of four locations. Unknown to participants, the stimulus location is altered according to an underlying
ﬁxed sequence. Learning the underlying sequence is evidenced by the
gradual decrease in reaction times (RTs) throughout training, and more
critically, by the signiﬁcant increase in RTs once the sequence is altered
(Schwarb & Schumacher, 2012; for a more detailed description of the
task see the Methods section). The SRT task is considered to be a
measure of implicit learning because participants acquire the underlying sequence even though they are not instructed to identify it.
However, not instructing participants to search for the underlying

2. Material and method
2.1. Participants
Participants were 24 individuals with a DSM-IV diagnosis of OCD
and 24 non-psychiatric control (NPC) participants who were matched
for age, gender, and education to the OCD sample. Participants in the
OCD group responded to advertisements in a large online OCD forum,
which included a brief description of the study. Participants’ ages
ranged from 19 to 44 years, and no age diﬀerence was found between
the OCD (M = 29.3, SD = 6.9) and NPC (M = 27.6, SD = 5.3) groups [t
(46) = 0.96, p = 0.34]. Both samples included similar proportions of
women (54.1%), so that no diﬀerence was found between samples on
1
A similar problem in distinguishing between intentional and non-intentional processing has been raised with respect to the Weather Prediction Task (WPT; Knowlton,
Squire, & Gluck, 1994), a task evaluating implicit learning in OCD (i.e., Exner, Zetsche,
Lincoln, & Rief, 2014; Kelmendi et al., 2016; Zetsche, Rief, Westermann, & Exner, 2015).
In some studies using the WPT, poorer acquisition of the task by individuals with OCD
was reported (e.g., Kelmendi et al., 2016). However, the use of the WPT as a valid
measure of implicit learning has been criticized (see Newell, Lagnado, & Shanks, 2007;
Poldrack & Foerde, 2008), and in fact is currently associated with intentional-explicit
strategies (Ashby and Maddox, 2005; Price, 2009).
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gender proportions [χ2(1) = 0.33, p = 0.56). In addition, no diﬀerence
was found in years of education between the OCD (M = 13.8, SD = 1.8)
and the NPC (M = 13.7, SD = 2.0) groups [t(46) = 0.07, p = 0.94].
Participants from both groups were screened for diagnostic status
and comorbid conditions using the Mini International Neuropsychiatric
Interview semi-structured diagnostic interview (Sheehan et al., 1998).
OCD participants were excluded if they met criteria for lifetime psychotic episodes or features, post-traumatic stress disorder, substance
abuse disorder, anorexia nervosa, bulimia nervosa, or bipolar disorder.
Based on these criteria, seven participants with OCD were excluded
upon screening. Of the 24 participants with OCD that were included in
the ﬁnal sample, three also met criteria for dysthymia, and two met
criteria for a past major depressive episode. Fifteen of the OCD participants were receiving treatment with serotonin reuptake inhibitors
(eight within the standard instructions condition, and seven within the
intentional instructions condition).
The study protocol was approved by Institutional Review Board at
the School of Psychological Sciences at Tel-Aviv University in accordance with the declaration of Helsinki.

Yale-Brown Obsessive Compulsive Scale (Y-BOCS), (Goodman, Price,
Rasmussen, Mazure, Fleischmann et al., 1989; Goodman, Price,
Rasmussen, Mazure, Delgado et al., 1989) is a reliable and valid semistructured clinician administered interview that is frequently used to
measure the severity of obsessions and compulsions. The Y-BOCS
comprises ten items rated on a 4-point scale. Five items are summed to
derive the obsessions score and ﬁve to derive the compulsions score. In
addition, a total score is computed, ranging from 0 (no symptoms) to 40
(most severe OCD).
Obsessive–Compulsive Inventory-Revised (OCI-R; Foa et al., 2002).
This inventory includes 18 items representing characteristic symptoms
of OCD. Responders are asked to rate the extent to which each symptom
was distressing or bothersome to them in the past month on a 5-point
scale. Previous studies found very good internal consistency (Cronbach’s α = 0.88; Hajcak, Huppert, Simons, & Foa, 2004). Similarly, in
the present study the OCI-R demonstrated very good internal consistency (α = 0.91).

2.2. Measures

The experiment was administered individually in a quiet room,
where participants signed an informed consent and completed the diagnostic interview. Participants who met inclusion criteria continued to
perform the computerized learning task and subsequently complete the
questionnaires. Half of each group of participants was randomly allocated to one of the two instructions conditions. In the intentional instructions condition participants were told that the target stimulus location was determined by an underlying sequence, and were instructed
to try to ﬁnd out what the sequence was. In the control, standard instructions condition participants were not informed of the existence of
the underlying sequence. The computerized task followed, after which
participants were fully debriefed and reimbursed with the equivalent to
$25 US.

2.3. Procedure

2.2.1. Implicit learning task
Participants performed a modiﬁed serial reaction time task
(Destrebecqz & Cleeremans, 2001), in which they were required to
press keys spatially corresponding to the location of a single neutral
target stimulus (a white circle) that appeared at one of four locations
according to an underlying deterministic sequence. Participants were
presented with one of the following two 12-elements second-order
conditional sequences (SOCs; Reed & Johnson, 1994), which were
equated with respect to location frequency: 342312143241 (SOC1) or
341243142132 (SOC2).
The experiment was composed of 15 blocks with each block comprising 96 trials (8 presentations of the 12-elemnts sequence), for a total
of 1440 trials. On each trial, participants responded to the location of
the target as quickly as possible by pressing the corresponding key. Keys
V, B, N, and M corresponded to Locations 1–4, respectively. Participants
were required to respond to Locations 1 and 2 with the middle and
index ﬁngers, respectively, of their left hand and to Locations 3 and 4
with the index and middle ﬁngers, respectively, of their right hand.
Participants were told to respond to the target as fast and as accurately
as possible. Half of the participants in each instruction and group
condition were trained on SOC1 during the ﬁrst 12 blocks and during
Blocks 14 and 15, and on SOC2 during Block 13. This design was reversed for the other half of the participants. Increased RTs during Block
13, in which the sequence changes, reﬂect the knowledge participants
acquired during training over Blocks 1–12.
In order to reduce the probability that participants would intentionally search for regularities when not instructed to do so (i.e., in
the no instructions condition), we used a modiﬁed version of the SRT
task (Destrebecqz & Cleeremans, 2001) in which the target stimulus is
removed as soon as a key is pressed, and the next stimulus appears
immediately, (i.e., no-Response-Stimuli-Interval; no-RSI). Previous
studies demonstrated that the no-RSI manipulation minimized the
probability to exert conscious monitoring and control, so that the
knowledge acquired while performing the task remains predominantly
implicit. (Destrebecqz & Cleeremans, 2001, 2003; Destrebecqz et al.,
2005).

2.4. Data analyses
We used an alpha level of 0.05 for all statistical tests. In order to
generate learning curves, the median RT was calculated out of the
correct responses for each block separately, for each participant.
The primary dependent measure of interest in our study was the
extent of learning. As in previous studies with the SRT (e.g., Stefaniak,
Willems, Adam, & Meulemans, 2008) we calculated a learning index as
RT on the transfer block (block 13) minus RT on the block that preceded it (block 12), that is, RTBlock13 − RTBlock12. To the extent that
participants had learned the sequence during training over Blocks 1–12,
their RT was expected to increase from Block 12 (the last block with the
old sequence) to Block 13 (the ﬁrst block with the new sequence).
Larger values of this index mean a stronger interruption in performance
as a result of violations of expectancies, and indicate better learning of
the underlying sequence.
3. Results
The clinical characteristics of both groups are presented in Table 1.
3.1. Sequence learning
No signiﬁcant diﬀerence was found on overall accuracy rate between the control (M = 97.74%, SD = 1.97), and OCD (M = 98.13%,
SD = 1.80) groups (F(1,40) = 0.47, p = 0.50).
For each participant, the median RT was calculated out of the correct responses for each block separately. Fig. 1 presents it by block, for
each experimental group. We conducted a 2 (group: OCD vs. control) X
2 (instructions: standard vs. intentional) X 2 (sequence 1 vs. sequence
2) X 15 (Blocks 1–15) mixed model analysis of variance (ANOVA), with
blocks (15 levels) as a within-subjects variable. Because there was no

2.2.2. Clinical assessment and self-report measures
Mini International Neuropsychiatric Interview (MINI; Sheehan et al.,
1998). Primary and co-morbid diagnoses were assessed in individual
clinical interviews with the MINI. The MINI is a short semi-structured
diagnostic interview for DSM-IV and ICD-10 psychiatric disorders
considered to be a valid and time-eﬃcient alternative to the SCID-P and
CIDI (Sheehan et al., 1997; Lecrubier et al., 1997).
58

Journal of Anxiety Disorders 55 (2018) 56–62

A. Soref et al.

Table 1
Clinical characteristics by group.

Age of onset
OCI-R
Y-BOCS Total Score
Y-BOCS Obsessions
Y-BOCS Compulsions

OCD (N = 24)

NPC (N = 24)

Mean

SD

Mean

SD

23.58
30.67
19.92
10.13
9.79

6.27
9.22
6.19
2.98
4.18

9.46

6.66

F (1, 46)

Sig

83.45

< 0.001

OCI-R = Obsessive–Compulsive Inventory-Revised. Y-BOCS = Yale Brown Obsessive
Compulsive Scale (Y-BOCS score represent moderate degree of severity).
OCD = obsessive-compulsive disorder. NPC = non-psychiatric controls.

Fig. 2. Learning index by group and type of instructions (vertical bars denote standard
error of the mean). Note: OCD = obsessive-compulsive disorder. NPC = non-psychiatric
controls.

instructions condition, we conducted a 2 (group: OCD vs. control) X 2
(instructions: standard vs. intentional) ANOVA on the learning index.
As predicted, a signiﬁcant Group X Instructions interaction was found, F
(1,44) = 16.92, p < 0.001, d = 1.28, indicating that NPC participants
learned better with standard instructions than with intentional learning
instructions, (F(1,22) = 14.95, p = 0.001), d = 1.58, whereas participants with OCD learned better with intentional instructions than with
standard instructions, (F(1,22) = 5.32, p = 0.031), d = 0.94, (See
Fig. 2). No main eﬀect was found for group, F(1,44) = 0.012, p = 0.91,
or instructions, F(1,44) = 0.12, p = 0.73. To examine a possible moderating eﬀect of medications on the learning index within the OCD
group, an independent-samples t-test was conducted in both instructions conditions. The results of this analysis yielded no signiﬁcance
diﬀerences between medicated and unmedicated subgroups in the
standard instructions condition [t(10) = 0.04, p = 0.971], and in the
intentional learning condition [t(10) = 0.31, p = 0.765].

Fig. 1. Mean of the median RTs of correct responses for each block, by group and type of
instructions. Note: OCD = obsessive-compulsive disorder. NPC = non-psychiatric controls.

signiﬁcant eﬀect for sequence, F(1, 40) = 2.04, p = 0.16, and no signiﬁcant interactions involving sequence [group X sequence: F(1,
40) = 0.41, p =.53; instructions X sequence: F(1, 40) = 0.06, p = 0.81;
group X instructions X sequence: F(1, 40) = 2.38, p = 0.13], we excluded the sequence variable from further analysis. Signiﬁcant main
eﬀects emerged for blocks, F(14, 616) = 20.68, p < 0.001, partial η
2
= 0.31, and group, F(1,44) = 6.99, p = 0.011, Cohen’s d = 0.78. The
diﬀerence between groups reﬂects an overall slower RTs in the OCD
group (M = 697.14, SD = 37.39) than in the control group
(M = 557.25, SD = 37.39). There was no eﬀect for instructions, F
(1,44) = 1.12, p = 0.30, and no interaction between group and instructions, F(1,44) = 3.33, p = 0.07. Comparison of the two groups
within each instructions condition revealed that the OCD group RT’s
were signiﬁcantly slower than the control group in the standard instructions condition, F(1,22) = 7.11, p = 0.014, d = 1.14, but not in
the intentional instructions condition, F(1,22) = 0.57, p = 0.46.
To establish that learning has occurred within each group and instructions condition, we conducted univariate analyses of variance
(ANOVA) on the learning index, in each of the four conditions separately. These analyses yielded signiﬁcant learning in all four conditions
(see Table 2).
In order to examine the hypothesis that OCD participants will show
inferior performance compared to the control group under the standard
instructions condition, and better performance under the intentional

4. Discussion
The present study examined the hypothesis that individuals with
OCD would be capable of implicit learning, but would perform better in
explicit rather than in implicit mode. OCD and control participants
were administered a modiﬁed SRT task, in which participants responded to a single target stimulus that appears successively at one of
four locations according to an underlying predetermined sequence.
Participants in both groups performed the task with either standard
instructions, or with instructions to search for the underlying sequence.
In accordance with our hypothesis, individuals with OCD were able to
learn the task under the standard learning condition, but their performance was enhanced when explicit processing was encouraged. In
contrast, NPC participants exhibited better learning under the standard
learning condition than with instructions that encouraged intentional
searching for the underlying rule.
The version of the SRT task we administered, in which no time interval is introduced between a response and the next sequence (no-RSI),
is believed to minimize spontaneous recruitment of explicit strategies.
Under these conditions (with the standard instructions), the performance of OCD participants was inferior to that of the NPC participants.
We interpret this ﬁnding as suggesting that OCD participants were not
comfortable in a condition that lends itself to implicit learning. This
interpretation is also consistent with the particularly slow response
time of the OCD participants in the standard instructions condition.
This pattern was reversed when participants were told about the underlying rule and encouraged to use explicit learning strategies. These
instructions seem to have successfully overridden the default mode of
implicit learning in this task. Indeed, previous studies showed that although no-RSI inhibits spontaneously developing explicit knowledge
concerning the underlying sequence (Destrebecqz and Cleeremans,
2001), explicit sequence learning is still possible in this condition (e.g.,
Miyawaki, 2006; Norman, Price, & Duﬀ, 2006; Wilkinson & Shanks,

Table 2
Means and Standard deviations of learning index in each group and instructions conditions.
Group

Instructions

N

Mean

SD

F (1,22)

Sig.

Cohen’s d

NPC

Standard
Intentional
Standard
Intentional

12
12
12
12

118.29
41.29
49.13
114.21

55.11
41.47
61.92
75.67

55.28
11.90
7.55
27.33

< 0.001
0.005
0.019
< 0.001

0.81
0.29
0.20
0.92

OCD

Note: OCD = obsessive-compulsive disorder. NPC = non-psychiatric controls.
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reliance on explicit learning strategies, which are less eﬃcient in the
standard SRT task. In fact, the results of these studies resemble the
results we have obtained in the standard instructions condition, in
which participants were not informed of the existence of the underlying
regularity. This condition, we propose, is an ambiguous, doubt-promoting context for participants with OCD. As such, it may challenge
these participants’ need for control (e.g., Moulding & Kyrios, 2006;
Reuven-Magril et al., 2008) and lead to attempts to regain control by
reducing response speed while increasing explicit processing (i.e., reducing reliance on implicit processing). In contrast to this standard
instructions condition, our instructions to intentionally search for the
underlying sequence created a non-ambiguous context, which reassures
participants that a rule exists and can be followed. This context, we
suggest, encourages participants to engage in explicit learning strategy,
which is both eﬀective under these conditions and in harmony with the
OCD participants’ need for control.
The ﬁnding that intentional instructions impaired performance of
the NPC group may appear inconsistent with some previous studies that
examined the eﬀect of intentional instructions in the SRT task. In these
studies, performance of non-psychiatric participants was either unaﬀected (e.g., Miyawaki, Sato, Yasuda, Kumano, & Kuboki, 2005; Rauch
et al., 1995), or even enhanced (e.g., Curran & Keele, 1993) by explicit
instructions to search for the rule. These studies, however, diﬀer from
ours in the length of the repeated sequence, the diﬃculty of the sequence structure, the number of learning blocks and the RSIs they
employed, which typically ranged between 200 ms and 500 ms. Recently, Rünger (2012) conducted the only comparison to date between
intentional and standard/incidental learning instructions on the SRT
task using the same sequence structure used in the present study. In that
study, all participants learned the underlying sequence, but enhanced
performance was found in the intentional condition (compared to the
standard condition) and in the 500-ms RSI (compared to the no-RSI).
Rünger (2012), however, did not use alternate-sequence transfer block
(block 13 in our study) to assess learning, but rather assessed only
improvement over training in the form of gradual RT reduction. This
gradual improvement may not reﬂect learning per se, but rather mere
visuomotor association between the position of the visual cue and the
required corresponding response, and may be more susceptible to
contaminating inﬂuences of fatigue and motivation (Robertson, 2007).
Thus, the results of the current study are the ﬁrst to demonstrate impaired learning due to intentional (as opposed to implicit) learning in
non-psychiatric individuals.
Considered jointly with previous ﬁndings, our ﬁndings suggest that
people with OCD are less willing to operate under the implicit mode,
and tend to counter their reluctance to rely on implicit processing with
controlled processing. The hypothesized preference for controlled over
automatic processing may account for important phenomenological and
epistemological aspects of OCD. Provided that many behaviors contain
of a mix between automatic and controlled processing, reduction in the
component of the automatic processing may impair the evocative
feeling of knowing, which is considered to be the output of automatic
processing (Reber, 1997; Spehn & Reder, 2000). This may result in
deﬁcient sense of task completion and further exertion of control in
order to regain certainty, which in turn result in additional reduction in
conﬁdence (Dar et al., 2000).
Our ﬁndings also suggest that the reluctance to operate in an implicit-automatic mode is not domain-speciﬁc (e.g., within domains that
involve speciﬁc fear or responsibility), but may be a more generalized
tendency of individuals with OC. In the spirit of Abramovitch, Dar,
Hermesh, and Schweiger’s (2012) suggestion that OCD is associated
with fear of impulsivity, we suggest that ‘fear of automaticity’ might be
an important characteristic of OCD.
Our results appear to contradict the recent conceptualization of
OCD in terms of a deﬁcit in deliberate goal-directed behavior (e.g.,
Gillan et al., 2011; Gillan et al., 2014; Gillan & Robbins, 2014; Gillan,
Kosinski, Whelan, Phelps, & Daw, 2016). According to this approach, a

2004). Our results suggest that facilitating explicit learning in this task
had a beneﬁcial eﬀect for the OCD participants but a detrimental one
for the non-psychiatric participants. As discussed in more detail below,
we propose that for OCD participants, but not for the control participants, the intentional mode of learning, which involved explicit search
for the underlying rule of the presented sequence, was consistent with
their preferred mode of processing.
Our ﬁndings replicate and extend previous ﬁndings suggesting
dominance of explicit processing over implicit processing in OCD
(Deckersbach et al., 2002; Goldman et al., 2008; Kathmann et al., 2005;
Marker et al., 2006; Rauch et al., 1997). Previous ﬁndings, however,
were interpreted as evidence for an impaired capacity for implicit
learning in OCD. Our results suggest that individuals with OCD were
able to acquire the task under the standard instructions, but did so less
eﬃciently. It is important to note that although in previous studies
performance of individuals with OCD was inferior to that of NPC participants, they were nevertheless able to acquire the implicit learning
tasks. In fact, a complete failure to learn the underlying properties of
the complex stimuli in an implicit learning task by individuals with
OCD was reported in only one study (Joel et al., 2005), which involved
risk taking in a card betting game.2
In our view, severely diminished capacity for implicit processing in
OCD is improbable, because such an impairment would compromise
even the most basic and automatic aspects of performance, such as
bicycle riding and language acquisition, which are intact in people with
OCD. We suggest that the impaired performance of OCD in previous
studies reﬂects a strategic choice, or a preference, rather than a general
impairment in implicit processing. This view is in line with studies that
found elevated need for control in individuals with OCD (Moulding &
Kyrios, 2006; Purdon & Clark, 2002; Reuven-Magril, Dar, & Liberman,
2008; Wells, 1997). We propose that automatic processes such as those
involved in implicit learning may be perceived by individuals with OCD
as a potential loss of control and would therefore be associated with
discomfort or anxiety. As a result, individuals with OCD would attempt
to either avoid or attempt to gain control over automatic processing, by
slowing down or by switching into an explicit processing mode. Furthermore, we propose that preference for explicit or controlled processing could be triggered not only in disorder-relevant contexts, but
also in neutral situations, if OC individuals experience them as involving loss of control (Soref, Dar, Argov, & Meiran, 2008). This hypothesis
is in line with the characterization of people with OCD as attempting to
“monitor closely and take control over processes that would otherwise
operate in automatic and well-practiced ways” (Salkovskis, 1998, p.
40). Furthermore, this conceptualization is in line with ﬁndings from
imaging and neurocognitive studies suggesting that individuals with
OCD may recruit explicit executive systems to engage in tasks that
would normally be “processed implicitly, and without conscious
awareness” (Saxena and Rauch, 2000, p. 573), and that this preference
for explicit processing may interfere with tasks that require implicit
processing for success (Deckersbach et al., 2002). Our hypothesis is also
in line with ﬁndings associating OCD with intolerance of ambiguity
(Calleo, Hart, Björgvinsson, & Stanle, 2010; Tolin, Worhunsky, &
Maltby, 2006), as implicit learning is by deﬁnition more ambiguous
than explicit learning and results in knowledge that is vaguer and less
verbalizable.
Our ﬁndings may appear to contrast with previous ﬁndings that
while participants with OCD exhibit poorer learning in SRT task, they
had equal or superior explicit knowledge of the underlying sequence in
a post-training test as compared to control participants (Goldman et al.,
2008; Kathmann et al., 2005; Marker et al., 2006). The authors interpreted these results as suggesting that OCD is associated with greater
2
For a risk averse group such as OCD, betting on cards could elevate controlled processing which, in that speciﬁc task, impairs rather than facilitate performance. As noted
by Joel et al. (2005), the use of an explicit strategy in this task could account for their
results.
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deﬁcit in goal-directed action control in OCD results in over-dominance
of habitual control, resulting in a strong tendency to rapidly form and
rely on habitual automatic behavior. This conceptualization appears
inconsistent with the behavioral pattern of OCD participants in the SRT
task in the current and previous studies (Goldman et al., 2008; Marker
et al., 2006). In all these studies there was no evidence for uncontrolled
executions of learned responses, but rather slower and probably excessively governed one (see also Soref et al., 2008, in which similar
slowness was observed with the ﬂanker task). The inconsistency in results between studies that employed the SRT task and the ‘habit-driven’
behavior studies could be due to the diﬀerence in tasks. In studies on
habit-driven behavior, learning was based on simple stimulus-response
association, whereas the SRT task involves incremental and more
complex learning. In our view, the SRT task is closer in terms of ecological validity to habits in everyday life, including typical compulsive
routines such as hand washing or sequential checking routines.
Therefore, implicit learning and S-R habit learning may reﬂect diﬀerent
learning mechanisms or diﬀerent levels of processing. Possibly, dominance of a habitual system may characterize more primary processing
and thus contribute to one’s experience of a low sense of control and
motivate a compensatory exertion of control over these behaviors.
Our results may have important implication for understanding
psychopathological mechanisms in OCD and for informing treatment.
We can speculate that taking control over processes that are typically
automatic may incur costs. For example, studies by Lazarov, Liberman,
Hermesh, and Dar (2014) suggest that people with OCD have reduced
access to their internal states, which may be related to excessive
monitoring and checking (Liberman, & Dar, 2009; Shapira, GundarGoshen, Liberman, & Dar, 2013). Abramovitch et al. (2012) have suggested that excessive attempts to control behavior in OCD may result in
a paradoxical loss of control and behavior which resembles impulsivity.
These insights can be integrated into the psychoeducational component
of CBT for OCD, which can also clarify that automaticity does not entail
the loss of control; in fact, it is most often indicative of skill and mastery
(Logan, 1982; Long, 1976; Rabbitt, P. M. A., 1978; Rabbitt, P., 1978).
Therapy for OCD can help clients to re-trust their routine behaviors by
challenging basic assumptions, such as “I must be in control in order to
function well and avoid making mistakes.” In the same vein, interventions derived from Acceptance and Commitment Therapy (ACT;
Hayes, Strosahl, & Wilson, 1999), which are based on the premise that
“control is the problem, not the solution”, may be helpful additions to
CBT for the disorder.
Finally, we should note several limitations of our ﬁndings. We did
not assessed participants’ reliance on implicit or explicit processing, but
instead chose to impose task demands designed to minimize or maximize reliance on explicit processing during learning. It would be important to replicate our ﬁndings with a methodology that allows a
clearer determination of the degree to which participants rely on implicit or explicit processing. Furthermore, due to diﬃculty in recruiting
a large number of clinical participants, the current study was conducted
with a relatively small sample. Beyond limiting the generalizability of
our ﬁndings, the small sample size did not allow us to develop insights
concerning possible diﬀerences between OCD subtypes. In the same
vein, adding another clinical group (e.g., of participants with other
anxiety disorders; see Lazarov et al., 2014) in future studies would
allow determining whether our ﬁndings are speciﬁc to OCD, as we
hypothesize, or may be attributable to related conditions such as depression or anxiety.

References
Abramovitch, A., Dar, R., Hermesh, H., & Schweiger, A. (2012). Comparative neuropsychology of adult obsessive-compulsive disorder and attention deﬁcit/hyperactivity disorder: Implications for a novel executive overload model of OCD. Journal
of Neuropsychology, 6(2), 161–191.
Ashby, F. G., & Maddox, W. T. (2005). Human category learning. Annual Review of
Psychology, 56, 149–178.
Berry, D. C., & Broadbent, D. E. (1987). The combination of explicit and implicit learning
processes. Quarterly Journal of Experimental Psychology, 39A, 585–609.
Berry, D., & Broadbent, D. (1988). Interactive tasks and the implicit-explicit distinction.
British Journal of Psychology, 79, 251–272.
Calleo, J. S., Hart, J., Björgvinsson, T., & Stanley, M. A. (2010). Obsessions and worry
beliefs in an inpatient OCD population. Journal of Anxiety Disorders, 24(8), 903–908.
Cleeremans, A., & Jiménez, L. (2002). Implicit learning and consciousness: A graded,
dynamic perspective. Implicit Learning and Consciousness, 1–40.
Curran, T., & Keele, S. W. (1993). Attentional and nonattentional forms of sequence
learning. Journal of Experimental Psychology: Learning, Memory & Cognition, 19,
189–202.
Dar, R., Rish, S., Hermesh, H., Taub, M., & Fux, M. (2000). Realism of conﬁdence in
obsessive-compulsive checkers. Journal of Abnormal Psychology, 109(4), 673.
Destrebecqz, A., & Cleeremans, A. (2001). Can sequence learning be implicit? New evidence with the process dissociation procedure. Psychonomic Bulletin & Review, 8,
343–350.
Destrebecqz, A., & Cleeremans, A. (2003). Temporal eﬀects in sequence learning. In L.
Jiménez (Ed.). Attention and implicit learning (pp. 181–213). John Benjamins.
Destrebecqz, A., Peigneux, P., Laureys, S., Degueldre, C., Del Fiore, G., Aerts, J., ...
Maquet, P. (2005). The neural correlates of implicit and explicit sequence learning:
Interacting networks revealed by the process dissociation procedure. Learning &
Memory, 12(5), 480–490.
Deckersbach, T., Savage, C. R., Curran, T., Bohne, A., Wilhelm, S., Baer, L., ... Rauch, S. L.
(2002). A study of parallel implicit and explicit information processing in patients
with obsessive-compulsive disorder. The American Journal of Psychiatry, 159(10),
1780–1782.
Dienes, Z., & Berry, D. (1997). Implicit synthesis. Psychonomic Bulletin and Review, 4,
68–72.
Dienes, Z., & Perner, J. (2002). A theory of the implicit nature of implicit learning. Implicit
Learning and Consciousness, 68–92.
Dulany, D. E. (1991). Conscious representation and thought systems. In R. S. Wyer, & T.
K. Srull (Vol. Eds.), Advances in social cognition: Vol. 4, (pp. 97–120). Hillsdale, NJ:
Lawrence Erlbaum Associates.
Dulany, D. E. (1996). Consciousness in the explicit (deliberate) and the implicit (evocative). In J. Cohen, & J. Schooler (Eds.). Scientiﬁc approaches to consciousness (pp. 179–
212). Hillsdale, NJ: Erlbaum.
Exner, C., Zetsche, U., Lincoln, T. M., & Rief, W. (2014). Imminent danger? Probabilistic
classiﬁcation learning of threat-related information in obsessive-compulsive disorder.
Behavior Therapy, 45(2), 157–167.
Foa, E. B., Huppert, J. D., Leiberg, S., Langner, R., Kichic, R., Hajcak, G., & Salkovskis, P.
M. (2002). The obsessive-compulsive inventory: Development and validation of a
short version. Psychological Assessment, 14(4), 485–496.
Frensch, P. A., & Rünger, D. (2003). Implicit learning. Current Directions in Psychological
Science, 12(1), 13–18.
Frensch, P. A. (1998). One concept, multiple meanings: On how to deﬁne the concept of
implicit learning. In M. A. Stadler, & P. A. Frensch (Eds.). Handbook of implicit learning
(pp. 47–104). Thousand Oaks, CA: Sage Publications.
Gillan, C. M., & Robbins, T. W. (2014). Goal-directed learning and obsessive–compulsive
disorder. Philosophical Transactions of the Royal Society of London B: Biological Sciences,
369(1655), 20130475.
Gillan, C. M., Papmeyer, M., Morein-Zamir, S., Sahakian, B. J., Fineberg, N. A., Robbins,
T. W., & de Wit, S. (2011). Disruption in the balance between goal-directed behavior
and habit learning in obsessive-compulsive disorder. American Journal of Psychiatry,
168, 718–726.
Gillan, C., Morein-Zamir, S., Urcelay, G., Sule, A., Voon, V., Apergis-Schoute, A., ...
Robbins, T. (2014). Enhanced avoidance habits in obsessive-compulsive disorder.
Biological Psychiatry, 75(8), 631–638. http://dx.doi.org/10.1016/j.biopsych.2013.02.
002.
Gillan, C. M., Kosinski, M., Whelan, R., Phelps, E. A., & Daw, N. D. (2016). Characterizing
a psychiatric symptom dimension related to deﬁcits in goal-directed control. eLife, 5,
e11305.
Goldman, B. L., Martin, E. D., Calamari, J. E., Woodard, J. L., Chik, H. M., Messina, M. G.,
... Wiegartz, P. S. (2008). Implicit learning, thought-focused attention and obsessivecompulsive disorder: A replication and extension. Behaviour Research & Therapy, 46,
48–61.
Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Delgado, P., Heninger, G. R.,
& Charney, D. S. (1989). The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) part
II: Validity. Archives of General Psychiatry, 46, 1012–1016.
Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Fleischmann, R. L., Hill, C. L.,
... Charney, D. S. (1989). The Yale-Brown Obsessive Compulsive Scale (YBOCS), part
I: Development, use and reliability. Archives of General Psychiatry, 46, 1006–1011.
Hajcak, G., Huppert, J. D., Simons, R. F., & Foa, E. B. (2004). Psychometric properties of
the OCI-R in a college sample. Behaviour Research and Therapy, 42, 115–123.
Hayes, S. C., Strosahl, K. D., & Wilson, K. G. (1999). Acceptance and commitment therapy:
An experiential approach to behavior change. Guilford Press.

Conﬂicts of interest
None.
Funding
This research was supported by the Israel Science Foundation (Grant
61

Journal of Anxiety Disorders 55 (2018) 56–62

A. Soref et al.

Kosslyn, S. M. (1995). A PET investigation of implicit and explicit sequence learning.
Human Brain Mapping, 3, 271–286.
Rauch, S. L., Savage, C. R., Alpert, N. M., Dougherty, D., Kendrick, A., Curra, T., ... Jenike,
M. A. (1997). Probing striatal functioning in obsessive-compulsive disorder: A PET
study of implicit sequence learning. Journal of Neuropsychiatry and Clinical
Neurosciences, 9, 568–573.
Rauch, S. L., Wedig, M. M., Wright, C. I., Martis, B., McMullin, K. G., Shin, L. M., ...
Wilhelm, S. (2007). Functional magnetic resonance imaging study of regional brain
activation during implicit sequence learning in obsessive-compulsive disorder.
Biological Psychiatry, 61, 330–336.
Reber, A. S., & Lewis, S. (1977). Implicit learning: An analysis of the form and structure of
a body of tacit knowledge. Cognition, 5(4), 333–361.
Reber, A. S., Kassin, S. M., Lewis, S., & Cantor, G. W. (1980). On the relationship between
implicit and explicit modes in the learning of complex rule structure. Journal of
Experimental Psychology: Human Learning and Memory, 6, 492–502.
Reber, A. S. (1976). Implicit learning of synthetic languages: The role of instructional set.
Journal of Experimental Psychology: Human, Learning and Memory, 2, 88–94.
Reber, A. S. (1989). Implicit learning and tacit knowledge. Journal of Experimental
Psychology: General, 118, 219–235.
Reber, A. S. (1997). How to diﬀerentiate implicit and explicit modes of acquisition. In J.
D. Cohen, & J. W. Schooler (Eds.). Scientiﬁc approaches to consciousness (pp. 137–159).
New Jersey, NJ: Lawrence Erlbaum Associates.
Reed, J., & Johnson, P. (1994). Assessing implicit learning with indirect tests:
Determining what is learned about sequence structure. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 20(3), 585.
Reed, G. F. (1985). Obsessional experience and compulsive behaviour: A cognitive-structural
approach. Toronto: Academic Press.
Reuven-Magril, O., Dar, R., & Liberman, N. (2008). Illusion of control and behavioral
control attempts in obsessive-compulsive disorder. Journal of Abnormal Psychology,
117(2), 334.
Robertson, E. M. (2007). The serial reaction time task: Implicit motor skill learning? The
Journal of Neuroscience, 27(38), 10073–10075.
Roth, R. M., Baribeau, J., Milovan, D., O’connor, K., & Todorov, C. (2004). Procedural and
declarative memory in obsessive-compulsive disorder. Journal of the International
Neuropsychological Society, 10(5), 647–654.
Salkovskis, P. M. (1998). Psychological approaches to the understanding of obsessional
problems. In R. P. Swinson, M. M. Antony, S. Rachman, & M. A. Richter (Eds.).
Obsessive compulsive disorder – Theory, research & treatment. New York: Guilford Press.
Samuels, J., Bienvenu, O. J., Krasnow, J., Wang, Y., Grados, M. A., Cullen, B., ...
Rasmussen, S. A. (2017). An investigation of doubt in obsessive–compulsive disorder.
Comprehensive Psychiatry, 75, 117–124.
Saxena, S., & Rauch, S. L. (2000). Functional neuroimaging and the neuroanatomy of
obsessive-compulsive disorder. Psychiatric Clinics of North America, 23(3), 563–586.
Schwarb, H., & Schumacher, E. H. (2012). Generalized lessons about sequence learning
from the study of the serial reaction time task. Advances in Cognitive Psychology, 8(2),
165.
Shapira, O., Gundar-Goshen, A., Liberman, N., & Dar, R. (2013). An ironic eﬀect of
monitoring closeness. Cognition & Emotion, 27(8), 1495–1503.
Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Janavs, J., Weiller, E., Keskinker, A., ...
Dunbar, G. C. (1997). The validity of the Mini International Neuropsychiatric
Interview (MINI) according to the SCID-P and its validity. European Psychiatry, 12,
232–241.
Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., ...
Dunbar, G. C. (1998). The Mini-International Neuropsychiatric Interview (MINI): The
development and validation of a structured diagnostic psychiatric interview for DSMIV and ICD-10. Journal of Clinical Psychiatry, 59(Suppl. 20), 22–33.
Soref, A., Dar, R., Argov, G., & Meiran, N. (2008). Obsessive–compulsive tendencies are
associated with a focused information processing strategy. Behavior Research and
Therapy, 45, 1295–1299.
Spehn, M. K., & Reder, L. M. (2000). The unconscious feeling of knowing: A commentary
on Koriat’s paper. Consciousness and Cognition, 9(2), 8207.
Stefaniak, N., Willems, S., Adam, S., & Meulemans, T. (2008). What is the impact of the
explicit knowledge of sequence regularities on both deterministic and probabilistic
serial reaction time task performance? Memory & Cognition, 36(7), 1283–1298.
Sun, R., Slusarz, P., & Terry, C. (2005). The interaction of the explicit and the implicit in
skill learning: A dual-process approach. Psychological Review, 112(1), 159–192.
http://dx.doi.org/10.1037/0033-295X.112.1.159.
Tolin, D. F., Worhunsky, P., & Maltby, N. (2006). Are “obsessive” beliefs speciﬁc to OCD?:
A comparison across anxiety disorders. Behaviour Research and Therapy, 44(4),
469–480.
Ursu, S., Stenger, V. A., Shear, M. K., Jones, M. R., & Carter, C. S. (2003). Overactive
action monitoring in obsessive-compulsive disorder: Evidence from functional magnetic resonance imaging. Psychological Science, 14(4), 347–353.
Wahl, K., Salkovskis, P. M., & Cotter, I. (2008). ‘I wash until it feels right’: The phenomenology of stopping criteria in obsessive–compulsive washing. Journal of Anxiety
Disorders, 22(2), 143–161.
Wells, A. (1997). Cognitive therapy of anxiety disorders: A practice manual and conceptual
guide. Chichester: Wiley236–264.
Wilkinson, L., & Shanks, D. R. (2004). Intentional control and implicit sequence learning.
Journal of Experimental Psychology: Learning, Memory, and Cognition, 30, 354–369.
Zetsche, U., Rief, W., Westermann, S., & Exner, C. (2015). Cognitive deﬁcits are a matter
of emotional context: Inﬂexible strategy use mediates context-speciﬁc learning impairments in OCD. Cognition and Emotion, 29(2), 360–371.

van den Hout, M., & Kindt, M. (2003). Repeated checking causes memory distrust.
Behaviour Research and Therapy, 41(3), 301–316.
van den Hout, M. A., Engelhard, I. M., Smeets, M., Dek, E. C., Turksma, K., & Saric, R.
(2009). Uncertainty about perception and dissociation after compulsive-like staring:
Time course of eﬀects. Behaviour Research and Therapy, 47(6), 535–539.
Joel, D., Zohar, O., Afek, M., Hermesh, H., Lerner, L., Kuperman, R., ... Inzelberg, R.
(2005). Impaired procedural learning in obsessive-compulsive disorder and
Parkinson’s disease, but not in major depressive disorder. Behavioral Brain Research,
157, 253–263.
Kathmann, N., Rupertseder, C., Hauke, W., & Zaudig, M. (2005). Implicit sequence
learning in obsessive-compulsive disorder: Further support for the fronto-striatal
dysfunction model. Biological Psychiatry, 58, 239–244.
Kelmendi, B., Adams, T., Jr., Jakubovski, E., Hawkins, K. A., Coric, V., & Pittenger, C.
(2016). Probing implicit learning in obsessive-compulsive disorder: Moderating role
of medication on the weather prediction task. Journal of Obsessive-Compulsive and
Related Disorders, 9, 90–95. http://dx.doi.org/10.1016/j.jocrd.2016.03.003.
Knowlton, B. J., Squire, L. R., & Gluck, M. A. (1994). Probabilistic classiﬁcation learning
in amnesia. Learning & Memory, 1, 106–120.
Lazarov, A., Liberman, N., Hermesh, H., & Dar, R. (2014). Seeking proxies for internal
states in obsessive–compulsive disorder. Journal of Abnormal Psychology, 123(4), 695.
Lecrubier, Y., Sheehan, D. V., Weiller, E., Amorim, P., Bonora, I., Sheehan, K. H., ...
Dunbar, G. C. (1997). The Mini International Neuropsychiatric Interview (MINI). A
short diagnostic structured interview: Reliability and validity according to the CIDI.
European Psychiatry, 12(5), 224–231.
Liberman, N., & Dar, R. (2009). Normal and pathological consequences of encountering
diﬃculties in monitoring progress toward goals. In G. B. Moskowitz, & H. Grant
(Eds.). The psychology of goals (pp. 277–303). New York, NY: Guilford.
Lieberman, M. D. (2000). Intuition: A social cognitive neuroscience approach.
Psychological Bulletin, 126(1), 109–137.
Logan, G. D. (1982). On the ability to inhibit complex movement: A stop-signal study of
typewriting. Journal of Experimental Psychology: Human Perception and Performance, 5,
189–207.
Long, J. B. (1976). Visual feedback and skilled keying: Diﬀerential eﬀects of masking the
printed copy and the keyboard. Ergonomics, 19, 93–110.
Marker, C. D., Calamari, J. E., Woodard, J. L., & Riemann, B. C. (2006). Cognitive selfconsciousness, implicit learning and obsessive compulsive disorder. Journal of Anxiety
Disorders, 20, 389–407.
McCrea, S. M. (2010). Intuition, insight and the right hemisphere: Emergence of higher
sociocognitive functions. Psychology Research and Behavior Management, 3, 1–39.
Miyawaki, K., Sato, A., Yasuda, A., Kumano, H., & Kuboki, T. (2005). Explicit knowledge
and intention to learn in sequence learning. Neuroreport, 16, 705–708.
Miyawaki, K. (2006). The inﬂuence of the response–stimulus interval on implicit and
explicit learning of stimulus sequence. Psychological Research, 70(4), 262–272.
Moulding, R., & Kyrios, M. (2006). Anxiety disorders and control related beliefs: The
exemplar of obsessive–compulsive disorder (OCD). Clinical Psychology Review, 26,
573–583.
Muller, J., & Roberts, J. E. (2005). Memory and attention in obsessive–compulsive disorder: A review. Journal of Anxiety Disorders, 19(1), 1–28.
Nestadt, G., Kamath, V., Maher, B. S., Krasnow, J., Nestadt, P., Wang, Y., ... Samuels, J.
(2016). Doubt and the decision-making process in obsessive-compulsive disorder.
Medical Hypotheses, 96, 1–4.
Newell, B. R., Lagnado, D. A., & Shanks, D. R. (2007). Challenging the role of implicit
processes in probabilistic category learning. Psychonomic Bulletin & Review, 14(3),
505–511.
Nissen, M. J., & Bullemer, P. (1987). Attentional requirements of learning: Evidence from
performance measures. Cognitive Psychology, 19, 1–32.
Norman, E., Price, M. C., & Duﬀ, S. C. (2006). Fringe consciousness in sequence learning:
The inﬂuence of individual diﬀerences. Consciousness and Cognition, 15(4), 723–760..
O’Brien-Malone, A., & Maybery, M. (1998). Implicit learning. In K. Kirsner, C. Speelman,
M. Mayberg, A. O’Brien-Malone, M. Anderson, & C. MacLeod (Eds.). Implicit and
explicit mental processes (pp. 37–56). Mahwah, NJ: Erlbaum.
O’Connor, K., Aardema, F., & Pélissier, M. C. (2005). Beyond reasonable doubt: Reasoning
processes in obsessive-compulsive disorder and related disorders. John Wiley & Sons.
Poldrack, R. A., & Foerde, K. (2008). Category learning and the memory systems debate.
Neuroscience & Biobehavioral Reviews, 32(2), 197–205.
Price, A. L. (2009). Distinguishing the contributions of implicit and explicit processes to
performance of the weather prediction task. Memory & Cognition, 37(2), 210–222.
Purcell, R., Maruﬀ, P., Kyrios, M., & Pantelis, C. (1998). Cognitive deﬁcits in obsessivecompulsive disorder on tests of frontalstriatal function. Biological Psychology, 43,
348–357.
Purdon, C., & Clark, D. A. (2002). The need to control thoughts. Cognitive Approaches to
Obsessions and Compulsions: Theory, Assessment and Treatment, 29–43.
Rünger, D. (2012). How sequence learning creates explicit knowledge: The role of response–stimulus interval. Psychological Research, 76(5), 579–590.
Rabbitt, P. M. A. (1978). Detection of errors by skilled typists. Ergonomics, 21, 945–958.
Rabbitt, P. (1978). Detection of errors by skilled typists. Ergonomics, 21(11), 945–958.
Radomsky, A. S., & Alcolado, G. M. (2010). Don’t even think about checking: Mental
checking causes memory distrust. Journal of Behavior Therapy and Experimental
Psychiatry, 41(4), 345–351.
Radomsky, A. S., & Alcolado, G. M. (2011). Information processing in obsessive compulsive
disorder and related problems. The Oxford handbook of obsessive compulsive and spectrum
disorders 145.
Rapoport, J. (1989). The boy who couldn’t stop washing. NY: A signet press.
Rauch, S. L., Savage, C. R., Brown, H. D., Curran, T., Alpert, N. M., Kendrick, A., ...

62

