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Abstract A tendency to ruminate or repetitively think

about depressed mood is associated with increased per-

severation in the Wisconsin Card Sorting Task (Davis and

Nolen-Hoeksema in Cogn Ther Res 24:699–711, 2000). In

the current study, we used a reversal learning task to

determine if trait ruminators’ perseveration could be dri-

ven, at least in part, by a cognitive process called reversal

learning, that is, the ability to learn from feedback of the

need to reverse stimulus-reward associations. We also

examined whether reversal learning would be generally

associated with repetitive thought regardless of whether it

is maladaptive (depressive brooding, anger rumination, and

worry) or adaptive (intellectual selfreflection, and depres-

sive reflection). The results suggest that a tendency to

engage in repetitive thought, regardless of its adaptiveness,

is related to difficulties reversing stimulus-reward associ-

ations but not to the ability to initially learn reward

associations.

Keywords Repetitive thought � Rumination �
Depression � Reversal-learning � Attention

Introduction

Repetitive thought is a series of prolonged and recurrent

thoughts united by a common theme. Investigators

typically focus on particular subtypes of repetitive thought

such as depressive rumination, which is defined as repeti-

tive thought about the causes, feelings and implications of

a sad or depressed mood. Individuals who tend to ruminate

when sad, that is, trait ruminators, are more likely to

experience longer, more severe and more numerous bouts

of clinical depression than are nonruminators (for a review

see Nolen-Hoeksema et al. 2008).

To understand why some individuals tend to engage

in rumination despite its maladaptive consequences,

researchers have started to examine the cognitive charac-

teristics of trait ruminators. Davis and Nolen-Hoeksema

(2000) used a Wisconsin Card Sorting Task (WCST) to

assess whether trait ruminators, as assessed with the

Ruminative Response Styles (RRS) scale (Nolen-Hoek-

sema and Morrow 1991), were more likely to perseverate

than are nonruminators. They found that compared to

nonruminators, trait ruminators more likely to continue

sorting cards by no-longer-correct rules despite the pres-

ence of negative feedback and even after controlling for

group differences in depressive symptoms, verbal intelli-

gence, working memory capacity and switching ability.

Davis and Nolen-Hoeksema concluded that trait ruminators

are more likely to perseverate in the WCST task than are

nonruminators because they are attentionally inflexible.

This inflexibility could potentially lead to an increased

susceptibility to rumination or to difficulties engaging in

adaptive behaviors, which could thereby perpetuate nega-

tive mood.

More recent studies have attempted to identify the exact

cognitive processes underlying trait ruminators’ persever-

ation. For example, Whitmer and Banich (2007) used a

backward inhibition task to examine whether trait rumi-

nators’ perseveration is related to difficulties inhibiting

mental representations of previous task demands or to
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difficulties switching thoughts to new task demands.

Whitmer and Banich reported that trait rumination is

related to inhibitory but not switching deficits, suggesting

that trait ruminators’ perseveration is driven, at least in

part, by difficulties inhibiting mental representations of

previously relevant task demands.

In the current study, we use a reversal-learning task to

examine whether trait ruminators’ perseveration could be

also driven by another cognitive process called reversal

learning, that is, the ability to learn from feedback of the

need to reverse stimulus-reward associations. Previous

investigators have suggested that reversal learning is one of

multiple cognitive processes underlying perseveration in

the WCST (e.g., Dias et al. 1996; Downes et al. 1989); and,

therefore, it may be deficient in trait ruminators. To obtain

a measure of reversal learning, participants must first learn

from reward and punishment feedback to select a stimulus

usually associated with reward and to not select a second

stimulus that is usually associated with punishment. After a

preset number of trials, feedback is reversed so that the

previously rewarded stimulus is punished and the previ-

ously punished stimulus is rewarded. Individuals who are

good at reversing stimulus-reward associations quickly

learn that they should select the previously punished

stimulus instead of the previously rewarded one.

If trait ruminators exhibit reversal-learning deficits, then

this study will identify another cognitive process that could

be targeted by future therapies aimed specially at rumina-

tion. In addition, unlike shifting in the WCST, reversal

learning is associated with specific neural correlates (e.g.,

see Clark et al. 2004). Thus, if trait rumination is associated

with deficits on this task, it could identify potential brain

regions that underlie trait ruminators’ perseveration.

Although investigators examining the cognitive mech-

anisms of trait rumination have primarily focused on the

tendency to depressively ruminate, some investigators have

emphasized that depressive rumination is only a subtype of

repetitive thought (e.g., Watkins 2008). It is therefore

likely that some of the mechanisms that underlie depressive

rumination, such as perseveration, may also underlie other

forms of repetitive thought, such as worry, anger rumina-

tion, and intellectual self-reflection. Consistent with this

idea, Whitmer and Banich (2010) demonstrated that diffi-

culties inhibiting no-longer-relevant memories in a retrie-

val-induced forgetting paradigm were related to multiple

types of rumination such as depressive rumination, anger

rumination, and a more general form of rumination that is

independent of specific emotional states (e.g., angry

mood). Thus, in the current study, we shall examine whe-

ther perseveration is related to the more general construct

of repetitive thought, instead of examining depressive

rumination per se.

Although Whitmer and Banich’s (2010) work suggests

that perseveration is related to the more general construct

of repetitive thought, it is not clear if perseveration will be

related to both adaptive and maladaptive forms of repeti-

tive thought. Indeed, Davis and Nolen-Hoeksema (2000)

argued that trait ruminators’ perseveration should lead

primarily to maladaptive consequences such as worse

problem solving and worse mood. Thus, perseveration may

not be related to more adaptive forms of repetitive thought.

We examined this hypothesis in the current study by

obtaining measures of both adaptive and maladaptive

forms of repetitive thought, and combining the measures to

create a single measure of adaptive repetitive thought and a

single measure of maladaptive repetitive thought.

Maladaptive repetitive thought was measured with

scales that assess the tendency to engage in depressive

brooding, anger rumination, and worry. Depressive

brooding is a subtype of depressive rumination and it is

characterized as moody pondering about a sad or depressed

mood (Treynor et al. 2003). Anger rumination is repetitive

thinking about experiences that make an individual angry

(Sukhodolsky et al. 2001), and worry is anxious repetitive

thinking about anticipated threats (Meyer et al. 1990;

Fresco et al. 2002). All of these types of repetitive thought

have been related to maladaptive consequences (e.g., see

Nolen-Hoeksema et al. 2008).

In contrast, adaptive repetitive thought was measured

with scales that assess the tendency to engage in intellec-

tual self-reflection and depressive reflection. Intellectual

self-reflection is the tendency to think philosophically

or intellectually about one’s problems (Trapnell and

Campbell 1999), while depressive reflection is a subtype of

depressive rumination that is considered to be purposeful

thinking about one’s problems while sad (Treynor et al.

2003). Intellectual self-reflection is associated with open-

ness to experience, decreased depressive symptoms, and

protection from depressed mood after a goal failure (e.g.,

Jones et al. 2009; Takano and Tanno 2009; Trapnell and

Campbell 1999). Depressive reflection is associated with

long-term adaptive consequences such as decreased

depressive symptoms over time (Treynor et al. 2003;

although see Nolen-Hoeksema et al. 2008 for an argument

suggesting that depressive reflection can be associated with

more distress in the short-term).

In sum, we predicted that reversal-learning deficits

would be associated with multiple types of repetitive

thought. We examined whether such reversal-learning

deficits are specific to more maladaptive forms of repetitive

thought or if they are instead related to repetitive thought

regardless of the consequences of such thinking. We also

controlled for individual differences in mood and depres-

sive symptomology. These variables are related to repetitive
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thought, and we wanted to ensure that they do not underlie

any associations found in the study.

Methods

Participants

A total of 118 (86 females; 32 males) undergraduates from

an introduction to psychology course participated in this

study for course credit.

Reversal Learning Task

Stimuli

On each trial, two abstract patterns composed of white lines

(see Downes et al. 1989) were presented inside two quad-

rants of the screen. Participants use the numbers 1, 2, 4, and

5 to select the quadrant with the white line of their choice.

Initial Discrimination Learning

Participants are presented with two stimuli and are forced

to select one of the two. They are given feedback telling

them that their selection was either ‘‘correct’’ (reward) or

‘‘wrong’’ (punishment) depending on which stimulus they

selected. They must learn from the feedback to select the

rewarded stimulus and to not select the punished stimulus.

This task was made more difficult by giving participants

probabilistic feedback, in that, on 80% of trials participants

were told ‘‘correct’’ if they selected the rewarded stimulus,

but were falsely told that they were ‘‘wrong’’ on the other

20% of trials. The other stimulus was rewarded 20% of the

time and punished 80% of the time. Participants were

instructed to consistently select the stimulus that is most

associated with reward, but to be aware that the reward-

contingencies of the stimuli could change. The criterion for

achieving initial discrimination learning is the number of

trials it takes participants to select the rewarded stimulus

eight times in a row (e.g., Blair et al. 2001).

Reversal Learning

After 40 trials, the stimulus-reward associations reversed

so that the previously incorrect stimulus became correct

and the previously correct stimulus became incorrect.

Participants must learn from the change in feedback that

they should reverse their selection and start choosing the

previously-incorrect-but-now-correct stimulus on every

trial. Participants were considered to have demonstrated

awareness of the reversal if they stopped selecting the

previously rewarded stimulus and instead selected the

previously punished stimulus for at least two trials in a row

(as one successful reversal might occur because of an

accidental button press). This phase lasted for a maximum

of 40 trials. After the reversal learning stage, participants

completed another seven stages of simple reward learning

tasks (hence, participants went through a total of nine

stages) that are not the focus of the present paper.

Questionnaires

Rumination Questionnaires

Participants completed multiple measures designed to

assess the tendency to experience different forms of

repetitive thought. See Table 1 for descriptive statistics and

a correlation matrix of these scales.

1. Depressive rumination was measured with the Rumina-

tive Response Styles (RRS; Nolen-Hoeksema and

Morrow 1991). The RRS has been used to show that

rumination is a stable, individual characteristic (e.g.,

Roberts et al. 1998). Participants were given a 10-item

short version of the RRS that provides separate 5-item

measures of depressive reflection (RRS-reflect) and

depressive brooding (RRS-brood; Treynor et al. 2003).

An example of reflection item is, ‘‘Go someplace alone to

think about your feelings,’’ and an example of a brooding

item is, ‘‘Think what am I doing to deserve this?’’

2. Anger rumination was measured with the 19-item

Anger Rumination Scale (ARS; Sukhodolsky et al.

2001). An example of an item is, ‘‘I keep thinking

about events that angered me for a long time.’’

3. Intellectual self-reflection was measured with the

12-item reflection component of the Rumination-

Reflection Questionnaire (RRQ-reflect; Trapnell and

Campbell 1999). An example of an item is, ‘‘I love

exploring my ‘‘inner’’ self.’’

4. Worry was measured with the 16-item Penn State

Worry Questionnaire (PSWQ; Meyer et al. 1990). An

example of an item is, ‘‘my worries overwhelm me.’’

Scale Combination

Examination of the correlation matrix suggests that the

maladaptive scales measure one construct, while the

adaptive scales measure a second one. Therefore, we cre-

ated a combined maladaptive repetitive thought scale and a

combined adaptive repetitive thought scale.

1. Combined Maladaptive Repetitive thought (RT-mal).

We created a maladaptive repetitive thought scale by

averaging the z scores from the ARS, PSWQ, and the

brooding subscale of the RRS.
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2. Combined Adaptive Repetitive thought (RT-adapt).

We created an adaptive repetitive thought scale by

averaging the z scores from the RRQ-reflect and the

reflection subscale of the RRS.

These two scales were positively and significantly cor-

related, r = .36, P \ .001, suggesting that although we

examined them separately in the current study, they do

share a substantial amount of variance.

Control Questionnaires

1. The Beck Depression Inventory (BDI; Beck et al.

1961) is a 21-item scale that assesses the number of

depressive symptoms exhibited by participants. It is

important to control for depressive symptoms, because

it is strongly associated with a tendency to ruminate

(e.g., Nolen-Hoeksema 2000).

2. Positive And Negative Affect Schedule (PANAS;

Watson et al. 1988). The PANAS is a 16-item scale

that measures an individual’s current mood and

provides separate measures of positive affect and

negative affect. This scale controls for differences in

mood that may not have been assessed with the BDI.

Procedure

Participants completed the reversal-learning task and then

the questionnaires.

Results

Sixteen participants were eliminated from all analyses for

failing to reach criterion on a majority of the nine stages.

Failure to obtain the learning criterion for such a large

number of relatively simple stages suggests that these par-

ticipants did not fully understand the directions before

beginning the task. If participants did not fully understand

the directions, then they would not be aware that the reward

contingencies of the stimuli could suddenly change. Indeed,

this lack of knowledge about task demands may explain why

the 16 excluded participants took twice as many trials on

average to reverse (average of 16.1 trials) as the nonexcluded

participants did (average of 8.4 trials). We therefore removed

these participants because their slower reversals are likely to

be due to a misunderstanding of task demands and not to

an inability to reverse stimulus-reward associations. An

independent samples t tests indicated that the RT-mal and

RT-adapt scores for these participants did not significantly

different from participants whose data were not eliminated,
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Scores from the initial discrimination and reversal

learning stages of the task were log transformed before data

analysis so as to increase the normality of the data distri-

bution. See Table 1 for skew and kurtosis values.

Reversal Learning

We removed an additional nine participants from analysis

because they failed to achieve the criterion for initial dis-

crimination learning. If participants did not learn the initial

stimulus reward associations, then it is not possible to

examine their ability to reverse those associations. Thus,

reversal-learning analyses were performed on a total of 93

participants.1

Adaptive and Maladaptive Repetitive Thought

A simple regression found that RT-mal was associated with

significantly slower reversal learning, t(91) = 2.83,

r = .29, P \ .01 (see Fig. 1). This association was mar-

ginally significant when the regression model also included

the control measures (BDI, positive affect and negative

affect), t(84) = 1.97, b = .25, P = .05. In contrast, BDI,

positive affect, and negative affect were not related to

reversal learning in this regression model, all t(84)’s \ 1.

Another simple regression model found that RT-adapt is

also significantly related to slower reversal learning,

t(91) = 2.16, r = .22, P \ .05 (see Fig. 1). This associa-

tion was also marginally significant when the regression

model included BDI, positive affect and negative affect,

t(84) = 1.84, b = .20, P = .07. Again, none of the control

measures in this model were significantly related to

reversal learning, all t(84)’s \ 1.3.

Two tests were performed to determine whether slower

reversal learning was more strongly related to RT-mal than

RT-adapt. First, a Fisher’s z test performed on the beta

weights taken from the models with multiple regressors

(i.e., the relation with reversal learning after controlling for

mood and depressive symptoms) did not find RT-mal to be

more strongly related to reversal learning than RT-adapt,

t(90) = .11, P [ .1. When both RT-mal and RT-adapt were

entered into same regression model, along with BDI and

mood, neither adaptive or maladaptive repetitive thought

were related to reversal learning (both t(83)’s \ 1.6). Thus,

the variance unique to each form of repetitive thought is not

related to reversal learning, suggesting that it is primarily

the variance that is common to both forms of repetitive

thought that is related to worse reversal learning.

Initial Discrimination Learning

We also examined the relation between repetitive thought

and initial discrimination scores to determine if repetitive

thought is related to general deficits in learning or if it is

related only to reversal learning difficulties. We first

examined initial discrimination scores when retaining the

nine participants who did not obtain the learning criterion,

finding no significant relation between initial discrimina-

tion scores and RT-mal, t(101) = -1.10, r = -.11,

P = .28, or between initial discrimination scores and RT-

adapt, t(101) = .94, r = .09, P = .35. We also tested

whether we would find a relation between repetitive

thought and initial discrimination scores when excluding

the nine participants who did not reach criterion (i.e., the

same sample analyzed in the reversal-learning section),

but, again, we did not find a relation between initial dis-

crimination scores and RT-mal, t(92) = .96, r = .10,

P = .34, or between initial discrimination scores and RT-

adapt, t(92) = -.02, r \ -.01, P = .98.

Discussion

The results suggest that a tendency to engage in both

adaptive and maladaptive repetitive thought is related to

Fig. 1 A tendency to engage in

maladaptive and adaptive

repetitive thought (averaged z

scores from the individual

measures of RT) increases from

left to right on the X-axes. The

log transformed number of trials

until successful reversal

learning (2 trials in a row) is on

Y-axis. A larger number means

slower reversal learning

1 We would like to note that we did not find a relation between

gender and reversal learning scores or initial discrimination scores, all

P’s [ .1. Gender also did not modify any of the relationships found

between repetitive thought and the task measures, all P’s [ .1.
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difficulties with reversal learning but not with initial dis-

crimination learning. This finding suggests that individuals

who engage in repetitive thought are capable of learning

reward and punishment values of information, but that they

will have difficulties altering these values once they have

been learned. Thus, compared to individuals who do not

repetitively think, repetitive thinkers may be more likely to

continue thinking about information that has stopped being

relevant because they are slower to notice that such

information is no longer rewarding.

A novel finding of this study was that perseveration, or

the inability to modify behavior based upon negative

feedback, was related to multiple types of repetitive

thought, regardless if the repetitive thought is associated

with adaptive (intellectual self-reflection and depressive

reflection) or maladaptive (depressive brooding, anger

rumination, and worry) consequences. The finding that

perseveration is related to relatively adaptive forms of

repetitive thought is not consistent with the formulation

that perseveration leads primarily to poor problem solving

and worse mood. This finding is instead more consistent

with the findings of Altamirano et al. (2010), which suggest

that the perseverative tendencies of ruminators can also be

adaptive. For example, Altamirano et al. found that rumi-

nators’ perseverative tendencies are associated with the

stable maintenance of adaptive information like a task goal.

Thus, perseveration may be related to the likelihood that

thoughts will become ‘‘stuck’’ in mind (i.e., how repetitive

thoughts are) but not to the adaptiveness of the thoughts

that are stuck in mind.

We think that it is possible that other mechanisms,

unique to particular subtypes of repetitive thought, will

drive the adaptiveness of repetitive thinking. For example,

Watkins (2008) proposed that the valence of one’s thoughts

might influence the adaptiveness of those thoughts; in that,

repetitive thoughts that are negative are more likely to be

maladaptive than are positive repetitive thoughts. In this

context, cognitive mechanisms that affect the valence of

thoughts should affect the adaptiveness of repetitive

thinking. Interestingly, Joormann et al. (2006) demon-

strated that in a depressed sample, a tendency to depres-

sively brood, a maladaptive form of rumination, was

associated with an increased attentional bias towards neg-

ative information in a dot-probe task, but a tendency to

depressively reflect, a potentially adaptive form of rumi-

nation, was not. Thus, certain cognitive mechanisms, like

those involved in attentional biases, may underlie the

adaptiveness of repetitive thoughts, and other cognitive

mechanisms, like those involved in perseveration, may

underlie the repetitiveness of thoughts.

In this context, we would like to note that if we are to

gain a complete understanding of the cognitive causes and

consequences of repetitive thought, investigators need to

continue distinguishing between mechanisms that are more

broadly related to repetitive thought (i.e., the shared vari-

ance) and mechanisms that are specific to different sub-

types of repetitive thought (i.e., the unique variance). Past

research has suggested that some mechanisms, such as

inhibition during task switching, may be specific to

depressive rumination, while other mechanisms, such as

non-inhibitory switching processes, may be specific to

other forms of rumination, such as anger rumination (e.g.,

Whitmer and Banich 2007). The present results suggest

that reversal-learning deficits are related to the variance

that is shared between multiple forms of repetitive thought.

One question that arises from the current study is if

reversal-learning deficits found in the present study may be

caused by inhibitory deficits, given that ruminators have

exhibited inhibitory deficits in other studies (e.g., Joormann

2006; Whitmer and Banich 2007). Indeed, investigators

have suggested that inhibition may be needed to override

the prepotent response to the previously rewarded stimulus

once a participant has become consciously aware of a

change in reward contingencies (e.g., Clark et al. 2004).

Such deficits, however, seem unlikely in the current study,

because we examined reversal learning in a group of

healthy, college undergraduates and despite a tendency to

repetitively think, it seems unlikely that that any of our

participants had inhibitory deficits severe enough that they

could be aware of a change in reward contingencies but

still be unable to alter their response over multiple trials.

Indeed, past research has found that ruminators’ inhibitory

deficits only slightly affect their responses to task stimuli

(e.g., changing response rates on the order of milliseconds;

e.g., Whitmer and Banich 2007).

Alternatively, it is also possible that inhibition may play

a more subtle and automatic role in reversal learning. For

example, an individual may have separate representations

of a stimulus’s reward and punishment values, and they

may only select stimuli that are more associated with

reward than punishment. Negative feedback may increase

punishment values, resulting in the automatic, lateral

inhibition (or deactivation) of the reward representations. If

repetitive thinkers have such inhibitory deficits then it

would take longer for the punishment values of a stimulus

to outweigh the reward values, thereby delaying reversal. If

inhibition does play such a role in this study, the present

results suggest that repetitive thinkers’ inhibitory deficits

not only affect their mental representations of task goals,

sets, or stimuli, as have been found in previous studies

(e.g., Joormann 2006; Whitmer and Banich 2007), but also

their mental representations of reward and punishment

values. If this account of the present results is correct, then

it also suggests that repetitive thinkers exhibit inhibitory

deficits even in situations that do not contain explicit

demands to change behavior.
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It, however, is quite possible that non-inhibitory mech-

anisms cause all or part of the reversal learning deficits

found in the current study. For example, it is possible that

individuals who repetitively think are insensitive to pun-

ishment, making it harder for them to use negative feed-

back to make a reversal. Alternatively, and not mutually

exclusive, it is possible that repetitive thinkers are hyper-

sensitive to reward, and that positive feedback during ini-

tial learning causes them to over learn the initial reward

associations, making it harder for them to override such

associations during the later reversal. To examine this

hypothesis, researchers should examine whether individu-

als who repetitively think exhibit differential sensitivities

to reward and punishment in situations where no reversal is

required.

We would like to note that although the reversal learn-

ing deficits elicited in the current study are similar to those

found in the WCST, the advantage of the present study is

that it identifies a more specific process. For example,

investigators have found that the WCST task is composed

of three primary processes: initial discrimination learning,

ED shifting, and reversal learning (e.g., see Dias et al.

1996). Importantly, each of these processes has been

associated with different psychopathologies, and with the

proper functioning of different brain regions and neuro-

modulators (e.g., see Clark et al. 2004). Thus, we believe

the additional specificity provided by the current results is

important, because it connects the repetitive thought liter-

ature to the large literature on reversal learning. For

example, previous reversal-learning studies have demon-

strated that reversal learning relies on proper functioning of

the ventral prefrontal cortex (PFC) and striatum but not the

temporal lobe (see Clark et al. 2004), while initial dis-

crimination relies on proper functioning of the temporal

lobe and not the PFC or striatum (Clark et al. 2004).

Therefore, the results of the present study may suggest that

a tendency to engage in repetitive thought is related to

abnormal function of the ventral PFC and the striatum but

not to that of the temporal lobes. Future research, however,

is needed to directly examine this hypothesis.

It is important to note that is not clear if reversal-

learning deficits in the current study make individuals

susceptible to repetitive thought or if reversal-learning

deficits are instead a consequence of increased repetitive

thinking in individuals who tend to repetitively think. This

distinction is important because if reversal-learning deficits

make an individual susceptible to repetitive thought then

such deficits could be targeted with cognitive interventions

before an individual starts to repetitively think. Previous

researchers (e.g., MacLeod et al. 2002) have found that

attentional biases can be trained and that such training can

significantly reduce the emotional vulnerabilities of indi-

viduals. In this context, is possible that efforts to train, in

the lab, a heightened sensitivity to changes in feedback and

reward contingencies, may also have the effect of

decreasing repetitive thought. Of course, the present find-

ings may suggest that it is only appropriate to do so in

individuals with tendencies to engage in maladaptive forms

of repetitive thought.

In sum, a tendency to engage in repetitive thought is

associated with reversal-learning deficits but not to initial

discrimination learning.
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