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ABSTRACT

Intrusive cognitions are a natural occurrence within our stream of consciousness,

however, when they become repetitive, negative, distressing, and difficult to control, they

may warrant clinical concern. Thought suppression is a common control strategy used to

manage intrusive thoughts even though research suggests it may actually exacerbate the

problem. Conversely, acceptance-based interventions have gained recent attention as an

alternative strategy for managing distressing internal experiences. Only preliminary

research has focused on the psycho- and neurophysiological bases of intrusive cognitions,

and their relationship to cognitive control strategies. Evidence suggests that the anterior

cingulate cortex (ACC) may be a brain region critically involved in this process. The

present investigation compared the subjective, behavioral, and physiological effects of a

thought suppression and acceptance strategy in a sample of university students with high

or low obsessive-compulsive (OC) characteristics who were exposed to an emotion-

evoking film clip. Participants were instructed either to suppress or accept any intrusive

cognitions during a rest period after the film clip, while monitoring for the number of

intrusions. Next, psychophysiological signals and reaction times were measured while

participants performed a variant of the Stroop task. The commission of errors during a

forced choice task generates an error-related negativity (ERN), which is believed to index

activity in the ACC. Results showed that self-reported intrusions during the rest interval

were greater for the acceptance group and the high-OC group. Correlations suggested

that participants who reported more effort at suppression also indicated more distress

about their thoughts, whereas those who reported more acceptance indicated less distress.
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During Stroop task errors, the ERN was apparent as a maximal frontal negativity, and

was larger for the suppression group than the acceptance group at a frontal scalp site (Fz),

but not a central scalp site (Cz). Correlations between self-reported intrusions at rest and

ERN amplitude indicated that participants who reported fewer intrusions demonstrated

enhanced ERNs, a marker for increased ACC activity. These findings may be interpreted

as supporting the hypothesis that thought suppression is associated with increased ACC

activity and greater self-reported discomfort with the intrusions.
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INTRODUCTION

The sudden intrusion of unwanted cognitions is a natural occurrence within our

stream of consciousness. Many people can identify with the occasional difficulty of

keeping their thoughts on task, or the persistence of an unwanted thought despite attempts

to suppress it. Such intrusions may take the form of thoughts, memories, images, or

impulses; and their spontaneous arrival may even be adaptive for processing information,

solving problems, or relieving boredom (Clark & Purdon, 1995).

Under some conditions, however, cognitive intrusions can be severe enough to

warrant clinical concern. Such cognitions are usually repetitive, negative, distressing,

and difficult to control. Recent attention has been given to studying intrusive cognitions

as a common symptom across several psychopathological disorders (Clark, 2004). They

are characteristic of obsessions in obsessive-compulsive disorder (OCD), intrusive

memories in posttraumatic stress disorder (PTSD), worry in anxiety, rumination in

depression, craving in addiction and recurrent concerns in other non-pathological states

such as bereavement, or the break-up of a significant relationship.

In response to negative intrusions individuals often attempt to use a thought

control strategy to manage the unwanted cognitions (Rachman & de Silva, 1978; Brewin,

Watson, McCarthy, Hyman, & Dayson, 1998). Although this strategy may appear to be

an expedient method of controlling distressing thoughts, its perceived promise may

actually produce a preoccupation that perpetuates or even exacerbates the very problem.

Wegner (1994) has outlined a theoretical model that suggests how attempts at mental

control can ironically produce the opposite outcome.
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Wegner’s theory and research on the ironic process of mental control suggests

that it can backfire due to the architecture of the human mental system. Two separate but

interacting processes are summoned to achieve mental control: an intentional operating

process and an ironic monitoring process. The former system attempts to achieve the

desired state of mind by focusing the attention on distracters or any other object that does

not include the content of the suppressed thought. The role of the monitoring process is

to search for mental contents that signal a failure to achieve the intended state of mind.

This mechanism provides feedback to the intentional system that it has slipped and needs

to redouble its effort. The two processes combined operate as a feedback loop that

maintains mental control.

The potential problem with this system is that searching for failures in mental

control increases the accessibility of the to-be-suppressed thought. According to the

theory, this is not worrisome under normal conditions. Wegner asserts that the operating

process consumes more processing capacity and is more effective than the monitor,

therefore it is able smother any inappropriate sensitization and potentially ironic effects

caused by the monitor. Problems arise, however, when the operating process is unable to

function effectively due to a high cognitive load, which may include stress, distractions

by other cognitive functions, time pressure, intoxication, or other factors that can impair

deliberate processes. Under such conditions the ironic monitor, which is able to function

automatically, maintains its productivity and hence alerts consciousness of the products

from its vigilant search. Since the operating system is unable to sufficiently suppress the

thoughts, the entire system has the net result of actually increasing intrusive thoughts.
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The paradoxical effect of thought suppression has been proposed to play a key

factor in the escalation and persistence of several psychopathological states including

PTSD (Ehlers & Steil, 1995), depression (Wenzlaff & Luxton, 2003), generalized anxiety

(Wells, 2004), insomnia (Harvey, 2003), and OCD (Salkovskis, 1998). As an illustrative

example, Salkovskis (1998) argued that obsessional thoughts in OCD cause suppression

efforts because they create an aversive sense that harm might be caused to oneself or

another by having the thoughts. The individual attempts to suppress the thoughts out of a

sense of responsibility to prevent harm. Similarly, Rachman (1997) proposed that the

thought suppression is motivated by the belief that having the thought is akin to

conducting the action (‘thought-action fusion’). Purdon and Clark (1999) further argue

that appraisals about thought processes also motivate control efforts. For example,

individuals with OCD tend to judge negative intrusions more harshly and also believe

that they should be strongly resisted (Rachman & de Silva, 1978), hence are more likely

to engage in thought suppression. In either case, the attempts are suggested to fail per the

processes outlined by Wegner.

A complementary research area in psychotherapy adds theoretical and empirical

support to the role that cognitive control plays in psychological states. Hayes and

colleagues (Hayes, Wilson, Gifford, Follette, & Strosahl, 1996) have proposed that many

human problems stem from attempts to control or diminish internal experience. They

note that a range of internal experiences can come to signal threat or discomfort, and

therefore prompt efforts at experiential avoidance. For example, people are taught to

categorize a set of situational cues, bodily sensations, action tendencies, etc., as “anxiety”
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and evaluate it as “bad” and to be avoided. Human language permits the symbolic

experience of those situations, and hence is able to create aversive private events.

Therefore attempts are made not only to avoid external situations, but humans may target

negatively evaluated private events as the focus of avoidance. Unfortunately, attempts to

avoid uncomfortable private events tend to increase their functional importance, in part

by increasing their salience, and thus tend to narrow the range of behavioral flexibility

that is possible because many behaviors might evoke these feared private events.

Hayes, Strosahl, & Wilson (1999) developed an integrative treatment called

acceptance and commitment therapy (ACT) designed to interrupt this process. ACT is

different from traditional cognitive behavioral therapies in that there is little emphasis on

changing the content of thoughts; rather the emphasis is on changing the context or

relationship to thoughts. The goal of therapy is not to remove distressing cognitive

events, but to abandon the struggle to avoid or reduce the cognitions, and therefore a new

context is created in which concern for the private events no longer dominates.

This therapeutic goal is achieved through acceptance, which is taught as an

alternative to experiential avoidance. According to Hayes, Luoma, Bond, Masuda, and

Lillis (2006), “Acceptance involves the active and aware embrace of those private events

occasioned by one’s history without unnecessary attempts to change their frequency or

form, especially when doing so would cause psychological harm” (p. 7). For example,

anxiety patients are taught to become mindful of their anxiety, as a feeling, without

defense; pain patients are given methods that encourage them to let go of their struggle to

resist pain. In addition to enhancing a person’s ability to contact the present moment
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more fully, acceptance-based techniques also attempt to alter the undesirable functions of

cognitions, rather than trying to alter their content. For example, a negative thought

could be watched dispassionately or labeled as thinking (“I am having the thought that I

am no good”). This process of cognitive defusion loosens the fusion between cognitions

and action, and usually decreases the believability of, or attachment to, private events

rather than immediately changes the content or frequency of the cognitions (Hayes, et al.,

2006).

In sum, ACT treatment is designed to target three therapeutic goals: (1) reduce the

use of strategies aimed at avoiding private events, such as thoughts, feelings, memories,

or body sensations; (2) decrease the client’s literal response to their own thoughts (e.g.

the thought “I’m hopeless” doesn’t mean that life is truly hopeless); and (3) increase a

person’s psychological flexibility and ability to commit behavior changes, based on his or

her own values.

Considerable clinical research supports the efficacy of ACT. First, in parallel

with thought suppression findings, experiential avoidance has been linked to a wide range

of clinical problems. For example, ruminative worry has been shown to occur because it

functions to avoid greater arousal and distress, yet actually maintains the anxious state

(Borkovec & Roemer, 1995); agoraphobics who use more avoidant coping strategies tend

to develop more additional anxiety disorders (Craske, Miller, Rotunda, & Barlow, 1990),

and individuals who abuse substances tend to use avoidant coping strategies to manage

psychological stressors, and expect that substances will lessen the negative affect

(Cooper, Russell, Skinner, & Mudar, 1992). Hayes, Strosahl, Wilson, et al. (2004)
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reported the development of a general measure of experiential avoidance called the

Acceptance and Action Questionnaire (AAQ). When examined across pools of over

1000 patients and 1400 nonpatients, the measure consistently correlated with many forms

of psychopathology, even after accounting for social desirability and self-presentation

processes. An early version of the AAQ was modified as a measure of experiential

avoidance in the specific area of chronic pain. McCracken (1998) found that acceptance

of pain predicted better adjustment on all other measures of patient function, independent

of perceived pain intensity. This suggests that higher acceptance does not just create

lower levels of pain, but promotes psychosocial functioning in the face of aversive

experiences.

In a meta-analysis of 32 studies, Hayes et al. (2006) examined the relationship

between the AAQ and self-report measures of psychopathology. The overall data set

yielded a weighted effect size of .42, indicating that measures of ACT processes had a

moderate relationship with psychological outcomes in general. “All obtained correlations

fit with the model: higher levels of psychological flexibility are associated with better

quality of life and outcomes” (p. 12).

These are promising theoretical and clinical advances in understanding the role of

cognitive suppression and acceptance of intrusions. It will be important to expand this

research program into investigations of its biological aspects including psycho- and

neurophysiological studies. So far there has been only preliminary investigation into

what brain structures may be implicated during intrusive cognitions and their

suppression. Due to the conceptual similarity of intrusive cognitions and obsessions in



15

OCD, and because the neural systems involved in OCD have been extensively

researched, OCD research provides a launching point for discussing possible biological

processes and candidate brain regions.

Biological Bases for Intrusive Cognitions

Generally, individuals with OCD demonstrate a dysfunction in the frontal-

subcortical circuitry, specifically involving the neural loops connecting the orbital frontal

cortex (OFC), basal ganglia/striatum, and thalamus (Zald & Kim, 1996). The OFC

participates in the processing of aversive information, and hyperactivity in this structure

has been observed in individuals with OCD. It is suggested that in normal individuals

aversive stimuli may pass through the orbital-subcortical loop without marked

perseveration, however, individuals with OCD may have a low threshold for system

“capture” of stimuli processed through the OFC (Saxena, Brody, Schwartz, & Baxter,

1998). The excess tone creates a positive feedback loop that causes a perseveration of

whatever information is being processed in the thalamic-OFC axis (Zald & Kim, 1996).

Additionally, the anterior cingulate cortex (ACC) has been shown to be

hyperactive in individuals with OCD. The ACC is a nexus of cortical and subcortical

projections, and currently a unifying theory has not been able to account for all of the

cognitive and emotive processes associated with activity in the ACC (Bush, Luu, &

Posner, 2000). Many theories, however, have generally recognized the importance of the

ACC’s role in executive attention and control, and have identified ACC activity when an

individual is dealing with errors and conflict, and handling novel situations.
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Evidence regarding ACC functioning comes in part from research on the event-

related potential (ERP), the electrical potential that is specifically time-locked to events.

Gehring, Goss, Coles, Meyer, and Donchin (1993) proposed the ACC as a candidate for

the generator of an error-related negativity (ERN) signal, which is a negative-polarity

component of the ERP that begins about the moment of an error commission. Other

investigators have suggested, however, that ACC activity reflects the detection of conflict

rather than overt errors (van Veen & Carter, 2002). Their evidence is derived from

studies demonstrating that in addition to erroneous responses, the ACC is active during

correct responses under conditions of increased response competition (Carter, Braver,

Barch, Botvinick, Noll, & Cohen, 1998).

As mentioned above, the ACC has been shown to be hyperactive in individuals

with OCD. The evidence has been demonstrated in both brain imaging studies (Ursu,

Stenger, Shear, Jones, & Carter, 2003; Fitzgerald et al., 2005), as well as ERP studies

(Gehring, Himle, & Nisenson, 2000; Hajcak & Simons, 2002). In ERP studies,

individuals with OCD typically demonstrate a heightened and prolonged error-related

negativity, which has also been correlated with severity of symptoms (Gehring et al.,

2000).

There is no consensus how this excessive activity contributes to the symptoms of

OCD; however, the theories reflect the competing hypotheses of ACC functioning.

Gehring et al. (2000), drawing on Pitman’s (1987) original cybernetic model, have

suggested that the excessive activity represents hyperactive error signals. When conflicts

are detected the system generates an error signal, which alerts cognitive, motoric, and
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affective systems of the need to correct it. These systems then respond to the error signal

by assessing the alerting information and determining whether and how to act. Since

individuals with OCD have larger and more persistent error signals that are difficult to

reduce, they may feel that something is wrong and that an action is needed to correct the

problem. “Thus, the error signals contribute to anxiety, doubt, feelings of

incompleteness, and compulsive behavior” (Gehring et al., 2000).

In line with the conflict-monitoring hypothesis of ACC functioning, Ursu et al.

(2003) present a slightly more general model of ACC hyperactivity and OCD symptoms

based on their observations that many OCD patients perform in the normal range on tasks

but take a very cautious approach to their performance. Hence correct responses are

often made despite on-going feelings of dread and doubt. The authors propose that the

presumed hyperactivity of action monitoring should not be confined to overt errors, but

also to correct responses as well. In an event-related fMRI study, Ursu et al. (2003)

demonstrated that ACC activity was increased among individuals with OCD compared to

normals during error-related trials and conflict-related trials even though a correct

response was made. The enhanced negativity that preceded the response to correct

conflict-related trials was also located in the ACC.

These studies on action monitoring have ascribed a predominantly cognitive

function to the ACC, and it should be noted that additional research has observed ACC

activity during evaluation of affective situations too. This distinction has also been

observed anatomically, with the dorsal ACC being associated with cognitive functions

and the ventral-rostral ACC being associated with emotional functions (Bush, et al.,
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2000). This combination of research provides clues as to how corticolimbic activity is

related not only to monitoring actions but also to more general processes of evaluation

and motivational control.

Research on depression and pain highlight some of these emotional processes.

Liotto and colleagues used PET imaging and observed that nondepressed individuals who

were recalling a sad mood showed increased blood flow in the ventral ACC during

sadness; while another study demonstrated a reduced blood flow to the ventral ACC

among participants who had recovered from depression (Liotti, Mayberg, Brannan, et al.,

2000; Mayberg, Liotti, Brannan, et al., 1999). Also, in university participants with a

psychometric profile of high negative affect, medial frontal ERNs were found to be

exaggerated, compared to subjects with low negative affect (Luu, Collins, & Tucker,

2000). Personality changes have been associated with large ACC lesions including

apathy, loss of “will power”, and anxiety reduction. Focal lesions of the ACC as a

clinical intervention has been observed to reduce obsessionality and intractable pain

(Cohen, Kaplan, Moser, Jenkins, & Wilkinson, 1999). Interestingly, it has also been

observed that depression is associated with lowered pain tolerance and with increased

pain-signaling behavior (Keefe, Wilkins, Cook, Crisson, & Muhlbaier, 1986).

Electrophysiological studies have demonstrated that responses to painful stimuli

involve activation of the ACC (Hutchison, Davis, Lozano, Tasker, & Dostrovsky, 1999);

and brain imaging studies have also demonstrated increases in neural activity of the ACC

after noxious stimulation (Casey, 1999). Early reports indicated that surgical removal of

the ACC and surrounding tissue resulted in decreased pain-related unpleasantness,
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however it did not affect the human subject’s ability to discriminate the intensity or

localization of the painful stimulus (Foltz & White, 1962; Hurt & Ballantine, 1974).

More recently, Rainville and colleagues used hypnotic suggestion to increase or decrease

the subjects’ reported unpleasantness of a noxious stimulus without affecting their

intensity rating of the same stimulus. PET imaging revealed that modulations of

perceived unpleasantness were associated with corresponding modulations in neural

activity in the ACC but not in the somatosensory cortex (Rainville, Duncan, Price,

Carrier, & Bushnell, 1997). This evidence supports the early notion of separate neural

pathways relating to the processing of distinct components of the pain experience and

implicates the ACC specifically in the processing of pain-related unpleasantness.

It is interesting to note the parallel of this biological evidence with the clinical

research on interventions for pain. For example, in another recent study (Masedo &

Esteve, 2007), suppression and acceptance were compared as strategies to tolerate pain

during a cold-pressor task. The suppression group showed the shortest tolerance time and

the acceptance group showed the longest tolerance time; and the acceptance group also

indicated significantly lower pain ratings compared to the acceptance group. Acceptance

training appears to correspond to the above studies demonstrating lower ACC activity,

while the suppression strategy suggests the opposite effect.

In addition to signaling the unpleasant evaluation of a stimulus, ACC activity has

also been linked to basic learning principles. Holroyd and Coles (2002) proposed that the

error-related negativity is generated when a negative reinforcement learning signal is

conveyed to the ACC via a phasic decrease in mesenchaphalic dopamine activity, and
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that this signal is used by the ACC to modify performance on a current task. From the

pain literature, Johansen, Fields, and Manning (2001) note that although the ACC is

necessary for perception of pain-related affect, it may also be a part of the circuitry

mediating aversion learning for pain predictive cues and avoidance.

A final function related to the ACC is the observation that ACC activity is

involved in the control of autonomic responses. Several psychophysiological and brain

imaging studies have demonstrated the modulatory role of the ACC on cardiovascular

activity and electrodermal activity (Critchley, Corfield, Chandler, Mathias, & Dolan,

2000; Fredrikson, Furmark, Olsson, Fischer, Andersson, & Langstrom, 1998; Hajcak,

McDonald, & Simons, 2003). These observations highlight a role for the ACC in

integrative control of sympathetic activity, particularly the generation of arousal states

necessary to meet behavioral demands. From this perspective the ACC has been

described by several researchers as part of a larger neural system that is responsible for

evaluating the motivational significance of stimuli, and hence appears to integrate both

affective and cognitive information. For example, Thayer and Lane (2002) propose that

the ACC is an integral part of the central autonomic network (CAN), and that this

network is involved in the process of response organization and selection, and serves to

modulate psychophysiological resources in attention and emotion.

Overall, research has demonstrated that the ACC is involved in response

evaluation processes, is sensitive to motivational and affective variables, and influences

autonomic measures. Critchley et al. (2003) proposed an integrative theory of ACC

activity: “The contextual control of bodily arousal states provides a unitary functional
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explanation to account for observed anterior cingulate activity in a range of task

situations that engender changes in peripheral autonomic activity. Embodied within this

explanation is both the reactive generation of arousal responses signaling behavioral error

and also a prospective role for the ACC in facilitating behavioral responses. This is

achieved by optimizing bodily readiness prior to engaging in further behavior” (p. 2150).

The debate will continue as how to best describe ACC functioning, but the above

research review suggests its relevance to the discussion of intrusive cognitions. It is clear

that the ACC is involved in the emotional evaluation of events and actions – especially in

conditions that require more cognitive control (MacDonald, Cohen, Stenger, & Carter,

2000). Typical studies examine the response appraisal of external stimuli, such as error

commissions, or noxious events; however, attempts at controlling aversive internal

experiences may potentially activate the ACC. If private events are negatively evaluated

and actively avoided, then it is possible that the failure to suppress these events activates

the ACC for the purpose of increasing efforts to cognitively control private experience.

Based on the above research review, this process may also correspond to heightened

autonomic arousal, as well as an increased behavioral action tendency (e.g., compulsions

in OCD, vigilance behavior, psychomotor agitation, or the subjective sense of “needing

to do something”). As mentioned above, acceptance and commitment therapy seeks to

mitigate experiential avoidance by breaking the fusion of cognitions and behavior (the

essence of “acceptance”). Heightened ACC activity may index the degree to which

cognitive control is exerted over negatively-evaluated private events. To the extent that
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experiences can be invited into consciousness without needing to be resisted, judged, or

responded to, then perhaps this would be reflected in lowered ACC activity.

Evidence from two fMRI studies of normal individuals lends support to this

possibility. Wyland, Kelley, Macrae, Gordon, and Heatherton (2003) imaged subjects

while they 1) attempted to suppress a particular thought, 2) attempted to suppress all

thoughts, and 3) freely thought. Only the ACC was more active when subjects were

attempting to suppress a particular thought compared to freely thinking. In a related

study Mitchell, Heatherton, Kelley, Wyland, and Macrae (2003) imaged subjects while

requiring them to signal an intrusive thought with a button press. The results showed a

positive correlation between ACC activity and attempted thought suppression.

Specifically, greater ACC activity at the time of an intrusive thought predicted a greater

length of time until the next such regulatory failure, suggesting a role for the ACC in

cognitive control of intrusive thoughts.

Rationale for Current Study

The present study attempts to further clarify how thought suppression and

acceptance relate to ACC activity. The design is based on the following three studies,

each of which could be extended in important ways. Marcks and Woods (2005) recently

compared the effectiveness of thought suppression to acceptance. Participants identified a

personally relevant negative intrusive thought then were instructed to either suppress it or

accept it during a 5 minute measurement period. In a follow-up period the participants

simply monitored the occurrence of the thought. The results showed that the frequency

of the intrusions did not change between periods; however, there was a significant change
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in the reported discomfort accompanying the intrusions. Participants that accepted the

thought reported decreased discomfort, while discomfort reportedly increased among

participants that suppressed the thought. It would be a valuable addition to assess less

subjective dependent measures between these groups, such as behavioral measures that

reflect the extent to which intrusive thoughts interfere with performance, and

psychophysiological differences that may reflect more directly the activity of neural

systems that may be involved in intrusive thoughts and their suppression.

In terms of behavioral measures, Wegner, Erber, and Zanakos (1993) observed

that participants who were attempting to suppress a personally relevant thought showed

increased interference on a Stroop-like task for words related to the suppressed thought,

demonstrating that thought suppression can lead to hyper-accessibility of the suppressed

thought. Including such a behavioral measure in a study like that of Marcks and Woods

(2005) would demonstrate the differential impact of thought suppression and acceptance

on Stroop performance.

The promise of comparing thought suppression and acceptance in terms of

psychophysiological differences is supported by the following study. Gehring, Himle,

and Nisenson (2000) observed that individuals with OCD have an enhanced ERN during

error trials on a Stroop task. Since the ERN reflects activity in the ACC these results

further support the hypothesis that OCD involves hyperactivity in the ACC. These

results were extended by Hajcak and Simons (2002), who investigated the event-related

potentials of OCD-like undergraduates while performing a Stroop task. Again,

participants with obsessive traits demonstrated an enhanced ERN after making an error.
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It would a valuable addition to this study to compare the ERNs of participants who are

either suppressing or accepting an intrusive thought during the task to clarify the role of

ACC activity, as thought suppression and acceptance are hypothesized to have opposing

effects on ACC activation.

The design of the current study combines the methodology from these three

studies in order to extend each of their research findings. The primary goal of this study

is to investigate the difference between thought suppression and acceptance of intrusive

thoughts in terms of task performance and also an event-related potential that is

indicative of ACC functioning. Instead of asking participants to choose personally

relevant intrusive thoughts, this experiment utilizes a nomothetic approach. Participants

watched a brief video clip containing emotional content that likely created a temporary

perseveration of its material, and then were instructed to either suppress or accept

subsequent intrusive thoughts while they performed a Stroop task. The Stroop task

consisted of words displayed in blue or red ink, and the words were either unrelated or

related to the video clip.

In order to answer the primary aim of the study, two dependent variables were of

interest during the Stroop task. First, following from the Wegner et al. (1993) study,

participants who were suppressing intrusive thoughts ought to demonstrate a slowed

reaction time to color-naming when the word is related to the video clip. This variable

served as a manipulation check to distinguish the impact of the suppression versus

acceptance instructions on the accessibility of the intrusive thoughts. A slowed reaction

time for naming the video-related words would suggest that intrusive thoughts were more
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accessible. The second dependent variable was brain electrical activity when the

participants committed an error in the color-naming task. If thought suppression was

engaging the ACC, then the ERN should be impacted differentially between the thought

suppression and acceptance group. It was hypothesized that the increased ACC activity

associated with thought suppression should be reflected in an enhanced ERN during error

commission.

Regarding the secondary aim of the study, participants were also selected

depending on their responses to a questionnaire that assessed obsessive-compulsive traits

(OCI-R; Foa et al., 2002). This additional layer of analysis investigated whether OCD-

like traits in a non-clinical population would moderate task-related performance and brain

electrical responses to suppression versus acceptance.
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RESEARCH DESIGN AND METHODS

Participants

One thousand seventy-three undergraduate students enrolled in an introductory

level course at the University of Arizona completed the Obsessive-Compulsive

Inventory- Revised (OCI-R), a scale composed of 18 items that assesses severity of

obsessive and compulsive characteristics. The OCI-R was designed to be administered to

both clinical and non-clinical populations and can be used as a screening test. The OCI-R

has excellent reliability (alpha= .90, test-retest= .84) and convergent and discriminant

validity (for a description of the psychometrics of the OCI-R in non-clinical populations,

see Hajcak, Huppert, Simons, and Foa, 2004). Participants were recruited from the top

and bottom 12% of the OCI-R distribution. Exclusion criteria included history of

significant head injury, stroke, epilepsy, electroconvulsive therapy, or current use of

psychotropic medications.

Eighty-three eligible subjects were successfully recruited for this experiment; 16

subjects were eliminated due to technical difficulties or unusable data yielding a final

sample of 67 participants (35 female, 32 male). Scores of the recruited subjects were

rank ordered, paired with the next highest score, and then one member of each pair was

randomly assigned to either the thought suppression or the acceptance group to insure an

equivalent distribution of OC scores in each (31 High OC, 36 Low OC; 34 Accept, 33

Suppress). Thirteen participants did not produce a minimum number of errors during the

Stroop task, therefore their data were eliminated from the psychophysiological results

only. All subjects received 4 credits toward their Research Participant Requirement.
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Task

Subjects watched a one-minute thirty-seven second video clip from the movie

Trainspotting. The scene was a vivid depiction of a character using “the worst toilet in

Scotland,” and was intended to create intrusive thoughts and images associated with the

emotion of disgust.

The Stroop task was displayed on the same monitor using DMDX software to

control the presentation and timing of all stimuli, the determination of response accuracy,

and the measurement of reaction times. Subjects read instructions on the monitor

accompanied with a verbal narration and then were given a practice trial to ensure

familiarity with the task. Throughout the remainder of the task, subjects were shown

words presented either in red or blue font using a gray background. A fixation mark (+)

preceded each word, and the words occupied approximately a 3o visual angle. Subjects

held two response devices and were instructed to press the right button when viewing red

words and the left button when viewing blue words, or vice versa, counterbalanced across

blocks of trials within subjects. The words were either neutral (candles, discover),

disgust words related to the video (feces, rancid), or the words “left” or “right”. To

increase the difficulty of the task and increase the probability of incorrect responses,

subjects were instructed to ignore the word color of “left” and “right”, and instead to

press the button of the corresponding response device. In half of the cases the direction

of the presented word (left or right) would be congruent with the current response rule, in

the other half it would be incongruent. This design yielded four categories of words to

which participants responded: neutral, disgust, congruent, and incongruent. The
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participants received 4 blocks of 240 words each (960 total trials) with each block

containing one-third neutral words, one-third disgust words, and one-sixth congruent

words, and one-sixth incongruent words. The words were presented for 200 ms at

random intervals between 2000 and 2400 ms (in order to prevent expectancy effects).

Only the first 3 blocks of trials in the Stroop task were analyzed (first 720 trials) due to

concerns about participant fatigue and possibly degraded data quality.

Procedure

After informed consent was obtained, electroencephalograph (EEG) and

electrooculograph (EOG) sensor electrodes were attached to the subject. The subject was

given detailed task instructions then seated 0.9 m directly in front of the computer

monitor to read the instructions and view the video clip. Next, based on random

assignment, subjects either received thought suppression or acceptance instructions. This

protocol was based on the instructions used in the Marcks and Woods (2005) study.

Subjects sat quietly for about 5 minutes and attempted to use their assigned strategy.

They were instructed to indicate the frequency of intrusions by pressing the button of the

response device each time they noticed an intrusive thought. After the 5 minute period

participants were instructed to continue using the cognitive strategy while performing the

Stroop task. During the Stroop task subjects were instructed to place equal emphasis on

speed and accuracy in their responses. Based on the Marcks and Woods (2005) protocol,

at the end of the experiment participants were asked to rate on a 1 - 4 Likert scale: 1)

How hard you tried to not think about the video, 2) Level of discomfort with your

thoughts about the video, and 3) Level of acceptance with your thoughts about the video.
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Psychophysiological Recording and Data Reduction

The electroencephalogram was recorded at 25 sites using a standard electrode cap

(FP1, FP2, F3, F4, FZ C3, C4, CZ P3, P4, PZ O1, O2, OZ, F7, F8, T3, T4, T5, T6, FTC1,

FTC2, TCP1, TCP2, PO1, PO2). Eye blinks and movements were recorded with

electrooculographic (EOG) leads at three sites on the face: two sites approximately 2cm

directly below the pupil of each eye (REOG, LEOG), and one site placed on the nasion.

Additionally, an electrode was placed on each mastoid (A1, A2). Impedances were

reduced to less than 5kΩ. All EEG and EOG channels were recorded with a Synamps

amplifier, and were referenced to CZ online. The EEG sites were re-referenced offline to

the linked mastoids; and the LEOG and RVEOG sites were re-referenced offline to the

nasion. The EEG was digitized at 1000 Hz continuously during the experiment,

amplified by a gain of 500, and band-pass filtered online at 0.05 and 200 Hz.

Offline, EEG files were inspected visually and artifacts were deleted from the

data file. Continuous EEG data were digitally filtered (1.5-15 Hz) using a 3003-point

finite impulse response filter and then 12½ Hz low pass filter. An EOG correction

procedure was then utilized to remove any remaining ocular artifact (Semlitsch, Anderer,

Schuster, & Presslich, 1986). To quantify the error-related negativity (ERN) the

continuous EEG file was combined with the behavioral data and then segmented into

500ms long epochs, beginning 100ms before each response. Each epoch was baseline-

corrected by subtracting the average value of the EEG 50ms before the response from the

entire epoch. EEG epochs were averaged by condition to yield error- and correct-trial

ERPs for each condition and electrode site, although three midline sites (Fz, Cz, and Pz)
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were the primary candidates for analysis. The amplitude of the ERN was obtained by

measuring the most negative value in a 100 msec wide search window centered on the

peak (71 msec) of the grand average waveform in the range of 1 to 150 msec.
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RESULTS

Participant Characteristics. Table 1 summarizes the OC characteristics of the

participants. The only significant between-group difference is between the High- and

Low-OC participants (F1,66=332.7,p<.001). A study that investigated the properties of the

OCI-R with clinical populations found that individuals diagnosed with OCD reported an

average total score of 27 on the OCI-R (Abramowitz & Deacon, 2006).

High-OC Low-OC Accept Suppress Male Female

Average
score on
OCI-R 

36.7 2.2 17.2 19.2 16.2 19.9

Standard
deviation

11.4 1.2 17.2 20.9 17.1 20.6

n 31 36 34 33 32 35

Table 1. OC characteristics of participants.

Rest Period. After participants watched the video, and were given a cognitive

control strategy, they were asked to rest for 5 minutes while monitoring their thoughts.

The effect of the Acceptance/Suppression instructions and High-/Low-OC status on the

number of self-reported intrusions during the 5-minute rest period was examined with a

univariate general linear model (GLM). In line with the hypothesis that suppression is an

effective short-term strategy, the Suppression group reported significantly fewer

intrusions than the Accept group (F1,65=3.94,p=.05). Also the Low-OC group reported

significantly fewer intrusions than the High-OC group (F1,65=8.00,p<.01). The interaction

was not significant (p=.26). Results are displayed in Figure 1. One participant self-

reported a number of intrusions that constituted an outlier (> 3 standard deviations above
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the group mean), which was eliminated from analyses. Inclusion of the outlier did not

change any of the significant effects detailed above.
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Figure 1. Self-reported intrusions during rest.

After the rest period participants were asked to rate: 1) their effort at suppressing

thoughts, 2) their discomfort with their thoughts, and 3) their level of acceptance with

their thoughts about the video. The means for the Acceptance and Suppression group are

displayed in Table 2. It was predicted that the Suppression group would indicate a higher

self-reported effort at suppressing their thoughts. This hypothesis was examined with a

univariate GLM, and the prediction was confirmed (F1,66=9.34,p<.01). It was also

predicted that the Suppression group would report more discomfort with their thoughts

about the video. The hypothesis was examined with a univariate GLM, and although the

Suppression group self-reported more discomfort than the Acceptance group, the effect

was not significant (p=.18). Lastly, it was predicted that the Acceptance group would
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indicate higher levels of acceptance for their thoughts about the video. Interestingly,

although the Acceptance group reported a higher level of acceptance it was not

significant (p=.198). The above analyses were also examined with High and Low OC as

a between-group factor and there were no differences between those groups in their self-

report, nor did it interact with acceptance or suppression instructions.

Suppression Acceptance

Effort at suppression 2.77 2.07

Level of discomfort 1.89 1.59

Level of acceptance 2.56 2.85

Table 2. Self-reported experiences during rest period.

The correlations between these self-reports (ignoring group assignment) were

calculated to observe patterns of responses. It was observed that self-reported discomfort

was significantly correlated (r=.26,p<.02) with participants’ self-reported effort “to not

think about the video,” and significantly inversely correlated (r=-.24,p<.03) with self-

reported “level of acceptance with thoughts about the video.” No other correlations were

significant. In sum, the participants who indicated more effort at suppression also

reported more discomfort, and participants who indicated more acceptance reported less

discomfort with their thoughts about the video.

Stroop Task. For the remainder of the experiment participants were asked to

continue using their cognitive control strategy while performing a Stroop task that

contained neutral, disgust (video-related), congruent, and incongruent words.

Reaction time and accuracy data for the Stroop task are presented in Table 3.

Participants on average reacted more quickly when making error responses than when

making correct responses (F1,52=6.78, p=.01). There was no interaction between correct
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vs. incorrect trials and OC group (F<2), or Suppress/Accept group (F<1); nor were there

any significant between group interactions. Regarding the accuracy data, the mean

number of “total errors” was not significantly different between groups.

Reaction time
(ms)

Accuracy

Error Correct No. of errors
High OC 553 565 29.4
Low OC 528 550 23.4
Accept 531 557 26.7
Suppress 550 558 26.2

Table 3. Reaction time and accuracy during Stroop task.

Recent ERN studies (Hajcak, et al., 2003) have noted that after the commission of

errors during a speeded reaction time task there is a post-error slowing on the subsequent

trial. This effect was examined in this data set by comparing the slowing post-error

versus the slowing post-correct responses with a paired-samples T test. The data are

presented in Table 4. The average slowing post-error (62 msec) was significantly longer,

t(65)=9.57, p<.001, than post-correct (-9 msec). Post-hoc analyses on the difference

between these responses demonstrated that this compensatory effect is found for all

participants, and does not interact with OC group status (F<1) or the Accept or Suppress

condition (F<1). The above reaction time data are consistent with other studies that

measured reaction times during a Stroop task.

Reaction time (ms)
RT for errors 540
RT for correct responses 557
RT following errors 602
RT following correct responses 547

Table 4. Reaction times for responses and post-responses.
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Participants responded to four types of stimuli: neutral, disgust, congruent, and

incongruent words. The reaction times as a function of group status and stimulus value

are depicted in Figure 2, and were analyzed with a 2 (Hi-/Low OC) X 2

(Accept/Suppress) X 4 (Condition: Neutral, Disgust, Congruent, Incongruent) repeated

measures ANOVA. There was no significant between-group difference for the

Accept/Suppress group (p=.92), or for the OC groups (p=.335); however, their interaction

was significant (F1,63=4.44, p<.05). Post hoc comparisons demonstrate that for the

Suppress group, reaction times were marginally significantly slower for the High OC

group compared to the Low OC group (F1,31=3.967,p=.055). In post hoc comparisons of

the Accept group there was not a significant difference between the High and Low OC

group. In sum, it appears that the Suppress instructions cause more interference during

the Stroop task for the High OC participants compared to Low OC, whereas the

Acceptance instructions do not make a noticeable difference between OC groups.
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Figure 2. Reaction times by group status and stimulus value.

The disgust words were examined specifically, based on the prediction following

Wegner, Erber, & Zanakos (1993) that Suppression/Acceptance instructions should

impact the processing of these words specifically, with results providing a possible

indication of whether the instructions had the desired effect. The impact of OC group and

Accept/Suppress instructions on reaction time to the disgust words (Figure 3) were

calculated with a one-way ANOVA. There was no main effect for OC group (p=.26) or
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control instructions (p=.90); however, the interaction suggested a trend

(F1,67=2.91,p=.09), such that the Suppression instructions caused some interference for

the High OC participants, but had the reverse effect on the low OC participants. As noted

above, however, this pattern of results is not specific to disgust stimuli, and was

significant overall for all four classes of stimuli.
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Figure 3. Reaction times for disgust-related words.

Electrophysiological Results. Psychophysiological measures were acquired during

the Stroop task. Figure 4 depicts the raw grand average waveforms for error (ERN) and

correct (COR) trials at Fz for the Acceptance, Suppression, High OC, and Low OC

groups. The average number of trials included in the grand average waveforms for all

participants is 27 error trials and 299 correct trials. The following average number of

trials (error/correct) composed the grand average waveforms for the High-OC group

(29/286), the Low-OC group (25/311), the Acceptance group (28/285), and the Suppress

group (26/310). There were no significant differences between groups.
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Figure 4. Raw grand average waveforms for ERN and COR trials at Fz.

Figure 5 depicts the amplitudes of response-locked average waveforms for the

error trials and correct trials for all participants at electrode sites Fz and Cz. Data from

Pz were not included in the analyses due to significant problems with missing data due to

an equipment problem. One participant demonstrated an ERN amplitude that constituted

an outlier (> 3 standard deviations above the group mean), and was removed from the

analyses.
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Figure 5. Amplitude of ERN vs correct responses at Fz and Cz.

For the remaining participants, a 2 (Trial type) x 2 (Electrode site) analysis of

variance (ANOVA) confirmed that the response-related activity was significantly more

negative when subjects made errors (F1,52=69.46,p<.001), response-related activity was

most negative at site Fz (F1,52=26.08,p<.001), and the trial by site interaction was not

significant indicating that the ERN magnitudes for correct and incorrect trials were

comparable at Fz and Cz. Overall, these results are consistent with the morphology and

scalp distribution of ERN waveforms reported in previous studies.

Figure 6 illustrates the ERN difference waveforms (error – correct) at Fz and Cz

for the Acceptance and Suppression group. Consistent with predictions, the Suppression

group exhibited a trend towards a larger ERN amplitude during Stroop task errors

compared to the Acceptance group (F1,52=3.28, p=.076). There was no main effect for the

High/Low OC group, nor did OC status interact with Acceptance/Suppression. These

effects were also in the predicted direction but not significant at Cz (F1,52=.73,p=.396).
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Figure 6. ERN difference waveforms for the Acceptance and Suppression group. The top
illustration depicts activity at Fz, and the bottom illustration depicts activity at Cz.

As noted above, during the 5-minute rest period participants self-reported their

number of intrusive thoughts, and there was a range of individual variability. It was

investigated whether this raw number of self-reports during rest would predict the

amplitude of the ERN during Stroop task errors. Correlations between self-reported
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intrusions and ERN difference amplitudes at Fz, Cz, and Pz during the Stroop task were

calculated.

The number of self-reported intrusions significantly correlated with ERN

amplitude at each site (rFz=.28, p<.05; rCz=.36, p<.01; rPz=.38, p<.01) such that fewer

reported intrusions during rest were associated with a greater (more negative) ERN

amplitude and, conversely, more self-reported intrusions at rest were associated with a

smaller (less negative) ERN amplitude. The number of self-reported intrusions did not

correlate significantly with the amplitude of waveforms during correct trials at Fz, Cz, or

Pz. The number of self-reported intrusions also predicted post-error slowing with

marginal significance, r(52)=.26,p=.054, such that participants who reported more

intrusions demonstrated greater post-error slowing. Post-error slowing was not

significantly correlated with the amplitudes of the difference waveforms at Fz, Cz, or Pz,

which is consistent with previous research (Gehring & Fencsik, 2001). Research

suggests that post-error slowing is related to the error positivity (Pe), a positive going

wave component that follows the ERN and peaks approximately 200-400ms after a

performance error (Overbeek, Nieuwenhuis, & Ridderinkhof, 2005). These implications

will be discussed below.
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DISCUSSION

The current study investigated the effects of the strategy of thought suppression

versus acceptance on intrusive cognitions in a sample of university students with high or

low OC characteristics who were exposed to an emotion-evoking film clip. An

established body of literature has documented the potential pitfalls of thought suppression

as a long-term cognitive control strategy. More recently, the converse strategy of

acceptance has received mounting empirical support as an effective means of responding

to physical and psychological symptoms. Acceptance and Commitment Therapy is a

hallmark example, but several other acceptance-based therapies have garnered attention

and empirical support, including mindfulness-based cognitive therapy (Teasdale, Segal,

Williams, Ridgeway, Soulsby, & Lau, 2000), dialectical behavior therapy (Linehan,

1993), mindfulness-based stress reduction (Kabat-Zinn, et al., 1992), and an adaptation of

cognitive-behavioral therapy for OCD that includes a specific mindfulness component

(Schwartz, 1998).  

The goal of this current study was to investigate whether using an acceptance or

suppression strategy to manage intrusive cognitions in the wake of an emotion-eliciting

film would be differentially reflected in the psychophysiological and behavioral

responses of participants. It was predicted that the thought suppression strategy would be

effective at reducing the number of self-reported intrusions in the short-term, however, at

the expense of self-reported discomfort (Marcks & Woods, 2005). Longer term

consequences were predicted to include a paradoxical rebound effect of increased

intrusiveness, which would be evident by increased ACC activation (Wyland, et al.,
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2003), and also cause interference on reaction times to emotion-related words of a Stroop

task (Wegner, et al., 1993).

Consistent with the first hypothesis it was observed that the participants in the

suppression group self-reported fewer intrusions during the five-minute rest period

compared to the acceptance group. Low OC participants also reported significantly

fewer intrusions than the High OC participants. When the acceptors and suppressors

were compared on the self-reported intensity of discomfort associated with their intrusive

thoughts there was not a significant difference between the two groups (nor between the

High and Low OC groups). Regardless of group assignment, however, each participant

also brings a unique tendency to cognitively control intrusive cognitions. When each

participant’s self-report of effort at suppressing intrusions was correlated with self-

reported discomfort there was a significant positive relationship such that greater effort at

suppression was related to more discomfort. The opposite was also true, participants who

self-reported more acceptance of their intrusions reported less discomfort. These findings

are consistent with the literature suggesting that thought suppression efforts may be an

effective tool at reducing intrusive occurrences but can paradoxically lead to more

discomfort. This interpretation is also clearly limited by the correlational nature of the

data; it is possible that when intrusive thoughts are less discomforting they are also easier

to accept.

The impact of the cognitive control strategies on behavior and neural activity was

measured during a Stroop task. First, as a manipulation check, the reaction times during

the Stroop task were analyzed to see if the suppression rebound effect manifested as
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greater interference when participants responded to disgust-related words. The

suppression and acceptance strategies did not have a direct effect on reaction times,

which is inconsistent with previous results (Wegner, et al., 1993). The accept/suppress

manipulation, however, did tend to interact with OC status. Participants in the

suppression group who were High OC tended to show more interference (slower reaction

times) than Low OC participants; while in the acceptance group, the High OC

participants tended to show a slightly faster reaction time compared to the Low OC

participants. These results suggest that suppression instructions may not uniformly affect

participants.

It is difficult to precisely interpret this outcome, but the pattern of means reveals

that that suppression instructions have the predicted paradoxical effect of slowing RTs

during the stroop task for High OC compared to Low OC participants, whereas the

acceptance instructions do not have a pronounced differential effect. Another

interpretative difficulty stems from only having very High OC and very Low OC

participants; therefore it is not possible to conclude whether this differential impact of

suppression is due to an effect unique to High or Low OC participants without a

comparison group of participants with average OC characteristics. It should also be

noted that when observing the reaction times of all words (in addition to the disgust-

related words), this same interaction is significant, which suggests that the instructions do

not only impact a participant’s reaction time to emotion-specific words but creates a more

general response strategy during the task.
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The neural impact of the cognitive strategies was indexed by a correlate of ACC

function, the amplitude of the ERN, at the Fz, Cz, and Pz scalp sites. A trend towards the

predicted effect was found at site Fz, such that the acceptance group exhibited a smaller

ERN amplitude during Stroop task errors compared to the suppression group. This effect

was also in the same direction at Cz, however, it did not achieve significance. Contrary

to hypotheses (Hajcak & Simons, 2002), there were no group differences in ERN

amplitude when comparing the High and Low OC groups. Although this study recruited

participants of similar age, sex ratio, and OC characteristics as Hajcak and Simons’

(2002) sample, there were notable differences in the procedure that may account for the

difference in results. This study included exposure to a video clip designed to evoke

disgust-related emotions, which may have impacted both High and Low OC participants

in ways that eliminated their differences in behavior monitoring during the Stroop task.

Additionally, the inclusion of disgust-related words in this Stroop task also may have

contributed to diminishing the differences between the High and Low OC group. Lastly,

all of these participants were also simultaneously engaging in an acceptance or

suppression control strategy, which again may have dominated their behavior monitoring

approach to the Stroop task and reduced the influence of OC characteristics.

Finally, it was investigated whether self-reported intrusions during the 5-minute

rest period would be predictive of ERN amplitudes during Stroop task errors. Group

membership was collapsed and overall correlations were computed. It was found that

participants who during rest reported fewer intrusions later demonstrated larger ERN

amplitudes. The variability in the number of self-reported intrusions is in part explained
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by the main effects for group membership (Acceptance vs. Suppression) and OC status

(High vs. Low OC), such that Acceptors and High OC participants report more

intrusions. However, by collapsing group membership it is possible to examine the

overall variability in the sample and capture the individual participants’ tendency to

“suppress” or “accept” intrusive images. It is possible that the participants who reported

fewer intrusions may be demonstrating suppression, whereas a higher number of

intrusions could be indicating acceptance, since acceptance instructions are aimed at

increasing awareness of internal experiences. If that were the case then the significant

correlation between intrusions and the ERN amplitudes at Fz, Cz, and Pz would suggest

that “suppression” was associated with an enhanced ERN amplitude, and “acceptance”

was associated with a decrease in ERN amplitude. “Acceptance” and “suppression” did

not show a relationship with the response-related activity during correct responses. These

results provide further suggestion that suppression attempts may be reflected in increased

ACC activity and that acceptance may be associated with relatively decreased ACC

activity. An alternative hypothesis may be that the increased ACC activity is indicative

of greater negative affect (Luu et al., 2000) among participants with fewer self-reported

intrusions. However, participants’ report of discomfort with their thoughts did not

significantly correlate with self-reported intrusions (r=-.03,p=.81), suggesting that

negative affect may not be explaining the effect.

Self-reported intrusions also correlated positively with post-error slowing, such

that participants who reported more intrusions at rest had longer reaction times after

errors. Post-error slowing is presumably a compensatory action taken to increase the
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likelihood of a correct response following an erroneous response; however this latency

tends to correlate with the amplitude of the Pe as opposed to the ERN. The psychological

meaning of the Pe is still under debate; however, research has supported the view that the

Pe amplitude reflects the conscious awareness or salience of an error (see Overbeek, et

al., 2005 for review). The Pe was not measured in this study, though it could be

speculated that the increased post-error slowing among the participants who reported

more intrusions during rest (“acceptance”) reflected an increased awareness of error

commission. This would be consistent with the goals of the acceptance instructions.

Some integrative conclusions about these results can be proposed. In sum, it was

observed that the suppression instructions were effective in the short-term at reducing the

number of intrusions after the emotional video compared to the acceptance instructions.

Correlational data, however, suggested that the participants who suppressed more also

reported more discomfort, whereas participants who gained more acceptance reported

less discomfort. During the commission of Stroop task errors, participants in the

suppression group (and also those who reported fewer intrusions at rest) tended to

demonstrate increased ERN amplitude compared to the acceptance group (and those who

reported more intrusions at rest). On the neural level, this implies more ACC activity

during suppression attempts. As discussed above, the ACC is active in response to

situations that require more cognitive control, such as behavioral errors or aversive

events—situations that may require a bodily readiness prior to responding. ACC activity

may also indicate a response to aversive internal experiences too, such as intrusive

cognitions that are distressing and under attempted control. On a psychological level,
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this may also be experienced as greater behavior monitoring and attention, increased

motivational evaluation of negative events, and possibly as a readiness or “need” for

action. Evidence suggests that acceptance-based approaches that discourage attempts to

suppress or diminish awareness of internal experiences may be reflected on the neural

level as reduced ACC activity. In sum, it is possible that this acceptance manipulation

generally increased awareness of internal experiences, which lead to more self-reported

intrusions, more awareness of errors (hence post-error slowing), yet, possibly diminished

the evaluative/affective impact of an error commission, hence dampening the ERN

amplitude. These results would be consistent with the goals of acceptance instructions.

The converse pattern of results would be consistent with the impact of thought

suppression, as it is an example of an experiential avoidance strategy.

The conclusions of this study are clearly limited by several factors. As discussed

above, several of the findings rely on correlational results. Additionally, the variable

“number of self-reported intrusions,” which correlated with ERN amplitude and post-

error slowing, is difficult to interpret definitively. It was suggested that this may proxy

suppression and acceptance, but further measures should be employed in order to gain

convergent and discriminant validity for the meaning of this variable.

This study was also limited by a rather weak intervention. Participants were given

instructions in thought suppression and acceptance, however, they were brief and

participants were not asked to practice the strategies before the experiment. It would also

be important to measure how difficult participants’ perceived the control strategies to be,

as it could be that acceptance instructions were less obvious and more cognitively
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demanding, which could systematically impact the results. This study was also limited

by only having a sample of High and Low OC participants. This limitation complicated

the interpretation of the results and also narrowed the range of the conclusions that could

be drawn, since participants were not in the average range of OC status. Future studies

would benefit from having more extensive cognitive strategy instructions to insure

participants are impacted, and also from having a broad representative sample.

Hayes et al. (1999) suggested that laboratory manipulations measuring behavioral

and physiological variables ought to be used in order to more fully understand the impact

of acceptance and to build a firm empirical basis for acceptance-based interventions.

Based on the results of this study and its limitations, future research is encouraged to

continue elucidating these factors. Future studies, may also consider measuring

autonomic variables such as the electrocardiogram (EKG) and skin conductance, as those

factors have recently been demonstrated to be impacted by acceptance and suppression

instructions (Campbell-Sills, Barlow, Brown, & Hofmann, 2006). Autonomic variables

are also implicated in the role of ACC activation; hence it would be valuable to measure

both peripheral and central autonomic functioning during an experimental manipulation

of intrusive cognition. Such experimental studies can provide further evaluation of the

proposed change processes inherent in therapeutic interventions, such as ACT and other

acceptance-based therapies, and mechanisms that give rise to symptoms of intrusive

cognitions across a spectrum of disorders.
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APPENDIX A: INSTRUCTIONS

Suppression instructions

“During the next 5 minutes, please sit quietly. You may notice that thoughts or images

from the video may arise in your mind. It is very important that you try as hard as you

can to suppress any thoughts about the video. If any thoughts or images about the video

pop into your mind, please record them by pressing the button once for each occurrence;

but try NOT to think about the video. Please continue like this for the full 5 minutes.”

Acceptance instructions

“During the next 5 minutes, please sit quietly. You may notice that thoughts or images

from the video may arise in your mind. This is natural and it is best to try not to resist it.

You can imagine that the thoughts and images are like leaves floating in a stream, they

come and go into your consciousness. Notice them, but let them float past. Whenever

thoughts or images about the video pop into your mind, please record them by pressing

the button once for each occurrence; but try to accept them and then let them go. Please

continue like this for the full 5 minutes.”
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