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Empirical Article

Rumination is a maladaptive form of self-focus that is a 
core factor in depression and other disorders of emotion 
dysregulation (for review, see Aldao, Nolen-Hoeksema, & 
Schweizer, 2010). People who ruminate think repetitively 
and passively about their negative emotions, focusing on 
their symptoms of distress (e.g., thinking “Why can’t I 
handle things better?”) and on the consequences of this 
distress (e.g., thinking “I won’t be able to do my job if I 
don’t snap out of this”; Nolen-Hoeksema, 1991, 2000). 
Although people often believe that rumination can ease 
their pain, research shows otherwise. People who rumi-
nate remain fixated on their problems without taking 
action (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008).

Two subtypes of ruminative thinking have been iden-
tified: brooding and reflection (Treynor, Gonzalez, & 
Nolen-Hoeksema, 2003). Reflection is a contemplative, 
intentional pondering of one’s mood to engage in prob-
lem solving. In contrast, brooding is a perseverative, pas-
sive, and judgmental focus on one’s mood and is 
considered the maladaptive subtype of rumination that is 

most associated with psychopathology (e.g., Nolen-
Hoeksema, Stice, Wade, & Bohon, 2007; Watkins, 2009). 
Recently, it has been documented that the tendency to 
ruminate, and particularly brood, is associated with 
excessive processing of emotional information (e.g., 
Daches, Mor, Winquist, & Gilboa-Schechtman, 2010; 
Joormann, 2006). People who ruminate show sustained 
attention for negative stimuli (Donaldson, Lam, & 
Mathews, 2007), difficulty inhibiting negative information 
( Joormann, 2006), and difficulty removing emotional 
information from working memory ( Joormann & Gotlib, 
2008). Indeed, compared with control participants, high 
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Abstract
Rumination, a maladaptive self-reflection, is a risk factor for depression, thought to be maintained by executive control 
deficits that impair ruminators’ ability to ignore emotional information. The current research examined whether training 
individuals to exert executive control when exposed to negative stimuli can ease rumination. A total of 85 participants 
were randomly assigned to one of two training conditions. In the experimental condition activation of executive 
control was followed predominantly by the presentation of negative pictures, whereas in the control condition it was 
followed predominantly by neutral pictures. As predicted, participants in the experimental group showed reduced state 
rumination compared with those in the control group. Furthermore, trait rumination, and particularly its maladaptive 
subtype brooding, was associated with increased sadness only among participants in the control group, and not in the 
experimental group. We argue that training individuals to exert executive control when processing negative stimuli can 
alleviate ruminative thinking and rumination-related sad mood.
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ruminators show sustained activity in brain regions that 
are involved in emotional processing (e.g., amygdala; 
Siegle, Steinhauer, Thase, Stenger, & Carter, 2002) and 
enhanced physiological reactions when presented with 
negative content (e.g., pupil dilation; Siegle, Steinhauer, 
Carter, Ramel, & Thase, 2003). This hyperactivation in 
response to emotional content may explain findings of 
sustained representation of negative information in work-
ing memory among brooders, at the expense of process-
ing of neutral stimuli (Bernblum & Mor, 2010). Namely, 
when brooders encounter negative information they 
dwell on it, and access of new and more neutral thoughts 
in working memory is prevented.

Ruminators’ enhanced processing of emotional con-
tent has been linked to deficits in inhibitory processes 
(i.e., inability to suppress content that is no longer rele-
vant; Whitmer & Banich, 2007). In fact, theories suggest 
that inhibitory deficits are causal in the overactivation  
of emotional content that characterizes ruminators 
( Joormann, 2006; Koster, De Lissnyder, Derakshan, & De 
Raedt, 2011). Using the antisaccade task, in which partici-
pants are requested to inhibit their reflexive tendency to 
orient their attention toward an abrupt cue, De Lissnyder, 
Koster, Derakshan, and De Raedt (2010) found that rumi-
nation was associated with difficulty inhibiting emotional 
information, but not neutral information. Similar results 
were found using the negative affective priming task—
low ruminators succeeded in inhibiting emotional words 
whereas high ruminators showed no inhibition of these 
words ( Joormann, 2006). Hence, it seems that the exces-
sive emotional processing found among high ruminators 
may result from impairment in inhibition of emotional 
content.

One of the mechanisms that subserves inhibition of 
emotional content among healthy individuals is execu-
tive control (Cohen, Henik, & Mor, 2011; Cohen, Henik, 
& Moyal, 2012; Kalanthroff, Cohen, & Henik, 2013). 
Executive control is a higher-order cognitive system that 
enables goal-directed behavior by suppressing the influ-
ence of distracting information (Norman & Shallice, 
1980). The ability to suppress irrelevant information, and 
specifically irrelevant emotional information, is crucial for 
adaptive behavior. Difficulty using executive control to 
suppress emotional content may be a core mechanism 
underlying inhibitory deficits among ruminators.

In accord with this notion, our recent work, as well as 
that of others, shows that the delay in reaction time (RT) 
usually found following the presentation of negative 
stimuli (i.e., emotional interference effect) is reduced and 
even eliminated when participants recruit executive con-
trol (Cohen et al., 2011; Cohen et al., 2012; Hu, Bauer, 
Padmala, & Pessoa, 2012). For example, when partici-
pants were requested to discriminate between a blue and 

a green square, they responded more slowly following 
the presentation of a negative compared with a neutral 
picture. However, presentation of a stimulus that recruited 
executive control (i.e., an incongruent flanker stimulus) 
just before the picture stimulus reduced the delay that 
characterized negative trials (Cohen et al., 2012; see also 
Kalanthroff et al., 2013). Of importance, this attenuation 
of emotional interference by executive control was found 
among people who habitually used reappraisal, an adap-
tive emotion regulation strategy, but not among those 
who did not use this strategy (Cohen et al., 2012). Thus, 
the use of executive control to attenuate emotional effects 
may depend on emotion regulation abilities.

Following these findings, it may be inferred that peo-
ple who tend to ruminate will show reduced ability to 
exert executive control to attenuate the effects of emo-
tional content. In the current study we employed a novel 
intervention to examine whether strengthening the abil-
ity to use executive control to suppress the effect of emo-
tional content can reduce the tendency to ruminate. 
Specifically, we predicted that pairing stimuli that activate 
executive control with negative pictures would result in 
reduced state rumination. Namely, participants in the 
experimental group (who receive a high proportion of 
pairing of trials that invoke the use of executive control 
with negative pictures) will show lower levels of state 
rumination following the training compared with partici-
pants in a control group. In addition, we predicted that 
because participants are exposed to a large number of 
negative pictures, higher levels of trait rumination, and 
mainly brooding, would be associated with increased 
negative mood following the training. However, because 
the training was expected to attenuate emotional pro-
cessing, we expected that the association between trait 
rumination, and particularly brooding, and negative 
mood would be reduced in the experimental group.

Participants performed a single session of training in 
which they were presented with an arrow version of the 
flanker task (Eriksen & Eriksen, 1974) just before the pre-
sentation of negative and neutral pictures. The flanker 
stimuli consisted of congruent stimuli and incongruent 
stimuli that are known to recruit executive control. We 
examined the effect of this training on negative mood 
elicited by the negative pictures presented in the training 
and on state rumination elicited by recall of a negative 
event. The training involved a modified flanker task, 
which has been associated with reduced emotional inter-
ference following activation of executive control (Cohen 
et al., 2012). In this task, participants indicate the direction 
of a middle arrow while ignoring two distracting arrows 
on either side. The distractors are either congruent or 
incongruent with the direction of the target arrow. 
Responding to incongruent trials is slower than 
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responding to congruent trials because they present a 
cognitive conflict and executive control is recruited to 
resolve this conflict. In each trial, the flanker stimulus is 
followed by a negative or a neutral picture. The effect of 
the flanker stimulus type (congruent vs. incongruent) on 
emotional interference is assessed using a simple discrim-
ination task in which participants are required to indicate 
whether a square is blue or green. The discrimination task 
is performed immediately after the presentation of the 
picture. Our prior work has shown that prolonged RT on 
the discrimination task following negative compared with 
neutral pictures was found following congruent but not 
incongruent stimuli (Cohen et al., 2012). Thus, emotional 
interference was reduced when executive control was 
recruited. In the current study, a similar procedure to the 
one employed by Cohen and colleagues (2012) was used 
as the basis for training. Participants were assigned either 
to an experimental group, in which 90% of the negative 
pictures were preceded by incongruent stimuli, or to a 
control group, in which only 10% of the negative pictures 
were preceded by incongruent stimuli. For both groups, 
the emotional flanker task contained 50% congruent and 
50% incongruent stimuli, which were followed by 50% 
negative and 50% neutral pictures. Thus, the only differ-
ence between the groups was the pairing of congruent 
and incongruent flanker stimuli with negative or neutral 
pictures. We predicted that compared with participants in 
the control group, participants in the experimental group 
(i.e., where 90% of the negative pictures were preceded 
by incongruent stimuli) would show reduced ruminative 
thinking and rumination-related negative mood following 
the training.

Method

Participants

A total of 85 students at the Hebrew University partici-
pated in the study. The study was approved by the ethics 
committee of the School of Education, Hebrew University, 
Jerusalem, Israel.1 Data from 2 participants were removed 
due to technical problems. Data from 10 participants 
were removed due to a high error rate in the training 
(above 15% in either the flanker task or the discrimina-
tion task).2 Data from 3 participants were removed due to 
slow RTs in the training (2 SD above the mean RT on the 
discrimination task). Data from 2 participants were 
removed following a report of a psychiatric disorder 
(obsessive-compulsive disorder and anorexia nervosa). 
Thus, the final sample included 68 participants (42 
females, mean age 24 years, SD = 2). All participants had 
normal or corrected-to-normal vision, were native 
Hebrew speakers, and reported no history of attention-
deficit disorder. Participants were randomly assigned to 
one of two training groups. Participants in the two groups 
did not differ in demographic characteristics, baseline 
mood, habitual rumination, or severity of depressive 
symptoms (see Table 1).

Apparatus

The experiment was run on an AMD SM-SR 1600 com-
puter with a 17-inch color screen monitor. E-Prime soft-
ware was used for programming, presentation of stimuli, 
and timing operations of all tasks except for the state 
rumination task, which was programmed using Visual 
Basic.

Procedure

After signing a consent form, participants were seated in 
front of a computer and instructions were presented on 
the monitor. Participants first rated their mood and per-
formed an emotional interference task (which is not dis-
cussed in this article), and then performed the training 
task. Following the training, participants again rated 
their mood. Then they performed additional cognitive 
tasks (which are not discussed in this article). Following 
these tasks, participants performed a state rumination 
task and completed self-report questionnaires.

Training. Participants were randomly assigned either 
to the experimental group (negative-incongruent pairing) 
or to the control group (negative-congruent pairing). In 
both groups, participants were instructed to look at the 
fixation cross that appeared in the middle of the screen 
and to respond as quickly and as accurately as possible 

Table 1. Summary of Characteristic Scores for Control and 
Experimental Training Groups

Training group

Questionnaire

Control  
(age = 24 years, 
F/M = 15/16)

Experimental  
(age = 24 years,  
F/M = 27/10)

Initial sad mood 24.77 (18.55) 23.82 (20.65)
Initial happy mood 54.37 (18.71) 58.25 (20.59)
Initial anxious mood 30.00 (18.32) 32.15 (21.78)
RRS 47.13 (13.81) 44.81 (12.59)

Brooding 11.16 (3.90) 10.27 (3.27)
Reflection 10.94 (3.49) 9.81 (3.57)

DASS 13.00 (9.86) 11.08 (11.25)
Depression 8.84 (7.90) 6.49 (7.49)
Anxiety 4.65 (4.85) 4.92 (7.85)
Stress 12.52 (9.73) 10.76 (9.95)

Note: DASS = Depression Anxiety Stress Scales; F/M = number of 
female/male participants; RRS = Ruminative Responses Scale. Standard 
deviations are in parentheses.
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to two tasks in each trial: a flanker task and a discrimina-
tion task (see Fig. 1). In the flanker task, the participants 
were asked to indicate the direction of the middle arrow 
appearing in a line of five arrows. Flanking arrows were 
either congruent () or incongruent () 
with the target (i.e., middle) arrow. Participants pressed 
the D key with their left middle finger to indicate that the 
middle arrow pointed to the left and the K key with their 
right middle finger to indicate that the middle arrow 
pointed to the right. In the discrimination task, partici-
pants pressed the V key with their left index finger to 
indicate that a green square was presented and the N key 
with their right index finger to indicate that a blue square 
was presented. Preceding the experimental task were 16 
practice trials in which participants received accuracy 
feedback. Figure 1 presents a sample trial. Each trial com-
menced with the presentation of a fixation cross for 1,000 
ms. Then a flanker stimulus was presented for 1,000 ms 
or until response. In half of the trials the flanker was con-
gruent, and in the other half it was incongruent. Follow-
ing an interval of (1,000 – RT) ms, a picture was presented 
for 100 ms. In half of the trials a negatively valenced 
picture was presented, and in the other half a neutral 
picture was presented. A blank screen was presented for 
50 ms between the picture disappearance and the 

discrimination target. Half of the discrimination targets 
consisted of a green square, and the other half consisted 
of a blue square. The discrimination target remained on 
screen for 2,000 ms or until the participant’s response.

Both experimental and control groups were presented 
with an equal proportion of trials that recruited execu-
tive control (incongruent trials) and trials that did not 
(congruent trials), as well as an equal proportion of neg-
ative and neutral picture stimuli. However, for the exper-
imental group, negative pictures were typically (i.e., 90% 
of negative stimuli) preceded by incongruent flanker tri-
als, and only seldom by congruent trials (i.e., 10% of 
negative stimuli). For the control group the reverse was 
true (i.e., 10% of negative stimuli were preceded by 
incongruent flanker trials). The frequent pairing of 
incongruent flanker trials with negative stimuli for the 
experimental group served to train participants to recruit 
executive control when processing emotional stimuli. 
The discrimination task was used to examine the effect 
of flanker stimuli on processing of negative stimuli dur-
ing training. The RT to the flanker stimulus and the RT 
in response to the discrimination target served as the 
dependent variables. The task consisted of 384 trials, 
which were presented in a different random order for 
each participant.

50% Congruent 50% Incongruent

ITI

Discrimination
Task

Blank
Screen

Picture

Blank
Screen

Flanker
Stimulus

Fixation

1,000 ms

1,000 ms

≤ 1,000 ms

1,000-RT ms

100 ms

50 ms

≤ 2,000 ms

50% Neutral 50% Negative

50% Blue 50% Green

Time

+

Fig. 1. Example of a training trial. Participants were required to respond to the flanker stimulus and then to discriminate between a blue and a 
green square. Illustration images: Marin and Imagerymajestic/FreeDigitalPhotos.net.
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Stimuli

Pictures. In all, 12 negative and 12 neutral pictures 
from the International Affective Picture System (IAPS; 
Lang, Bradley, & Cuthbert, 2008) were used. Pictures 
were selected based on IAPS arousal (ranging from 1 = 
not arousing to 9 = highly arousing) and valence (rang-
ing from 1 = very unhappy to 9 = very happy) ratings. In 
addition, pictures were selected based on their content; 
half of the pictures in each valence category depicted a 
human figure (e.g., crying baby, secretary), and the other 
half depicted a scene (e.g., war battle, supermarket). We 
chose pictures that depicted sad content because rumina-
tion is specifically associated with dysphoric rather that 
anxious mood. Negative pictures were selected to have 
high arousal and negative valence ratings (mean arousal = 
5.29, mean valence = 2.37), whereas neutral pictures 
were selected to have low arousal and neutral valence 
ratings (mean arousal = 3.48, mean valence = 4.94). The 
picture size was 10.5 cm × 13.5 cm.

Flanker stimuli. Flanker stimuli consisted of a line of 
five arrows, in which the middle arrow was pointing 
either in the same direction as the other arrows (congru-
ent trials) or in a different direction from the other arrows 
(incongruent trials).

Discrimination target. The discrimination target was 
a green or a blue square. The square size was 4.7 cm × 
4.7 cm.

Mood ratings

Mood was assessed via a 14-item visual analogue scale 
(VAS) based on the PANAS-X (Watson & Clark, 1994). We 
used both positive (e.g., happy, relaxed) and negative 
(e.g., anxious, depressed) moods. Each mood item (e.g., 
“currently, I feel sad”) was presented on the computer 
monitor until response. Participants rated their mood by 
pressing on the desired location on a VAS with the mouse 
cursor. The VAS ranged from highly agree (0) to highly 
disagree (100). Four filler sentences (e.g., “I like cheese”) 
were presented for practice prior to the presentation of 
the mood items.

State rumination measure. State rumination is best 
assessed in reaction to an eliciting event. Thus, following 
prior research (Grisham, Flower, Williams, & Moulds, 
2011), participants were given 4 min to recall a recent 
upsetting personal event. Then they sat quietly for 2 min. 
Subsequently, they completed a measure of state rumina-
tion that assessed the degree to which they currently 
ruminated about the recalled event. The state rumination 
questionnaire included 10 rumination-related sentences 

modified from the Ruminative Responses Scale (RRS; 
Nolen-Hoeksema & Morrow, 1991; e.g., “at this moment, 
I can’t stop thinking about what happened”). Participants 
answered by pressing on the desired location on a VAS 
with the mouse cursor. The VAS ranged from highly agree 
(0) to highly disagree (100).

Self-report measures
RRS. The RRS (Nolen-Hoeksema & Morrow, 1991) is 

a subscale of the Response Styles Questionnaire (Nolen-
Hoeksema & Morrow, 1991) that is used to measure trait 
rumination. This 22-item subscale assesses responses to 
depressed mood that focus on symptoms and possible 
causes and consequences of the mood. Participants are 
asked to rate the degree to which they agree with each 
statement. The answers range from 1 to 4 (1 = strongly 
disagree, 4 = strongly agree). Higher scores indicate stron-
ger tendency to ruminate. Cronbach’s alpha reliability in 
our sample was .91 for the overall RRS scale, .80 for the 
Brooding subscale, and .74 for the Reflection subscale. 
Mean scores of RRS and its subscales are presented in 
Table 1.

Depression Anxiety Stress Scales (DASS). The DASS 
(Lovibond & Lovibond, 1995) assesses core symptoms 
of depression, anxiety, and stress. Participants are asked 
to rate the extent to which they have experienced each 
symptom over the past week on a scale of 0 to 3 (0 = 
did not apply to me at all, 3 = applied to me very much, 
or most of the time). Higher scores indicate more severe 
symptoms in each category (i.e., depression, anxiety, and 
stress). Cronbach’s alpha reliabilities were .87 for depres-
sion, .79 for anxiety, and .88 for stress in our sample. 
Mean scores of DASS and its subscales are presented in 
Table 1.

Results

Training task

Mean RTs for the flanker and the discrimination tasks 
were calculated. False trials (4.12% and 3.76% of 
responses in the flanker and discrimination tasks, respec-
tively) and trials involving extreme RTs (longer than 1,500 
ms or shorter than 200 ms) were eliminated (.08% and 
.81% of responses in the flanker and discrimination tasks, 
respectively).

To verify that the executive task worked as predicted, 
RTs in the flanker task were subjected to a two-way 
mixed analysis of variance (ANOVA) with congruity (con-
gruent vs. incongruent) as a within-subject factor and 
training group as a between-subject factor. The interac-
tion between congruity and training group was not sig-
nificant, F(1, 66) = 0.63, p = .43, partial η2 = .01, indicating 
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that there was no difference between the overall execu-
tive activation across the two groups. The typical congru-
ity effect was revealed, with faster responses in congruent 
compared with incongruent trials (M = 494 ms, SD = 50 
for congruent trials and M = 565 ms, SD = 51 for incon-
gruent trials), F(1, 66) = 675, p < .001, partial η2 = .91.

Next, we examined whether the training task showed 
the same pattern as was found in Cohen et al.’s (2012) 
study. Specifically, we examined whether presentation of 
incongruent flanker stimuli modulated the effect of emo-
tional stimuli on performance in the discrimination task. 
Because the two training conditions were designed to 
include a different number of stimuli in each category 
(i.e., about 20 congruent-negative trials in the experimen-
tal condition, compared with about 180 congruent- 
negative trials in the control condition), we did not 
include training condition in the analysis of the congruity- 
valence interaction. Therefore, RTs in the discrimination 
task were subjected to a two-way repeated measures 
ANOVA, with flanker congruity (congruent vs. incongru-
ent) and picture valence (negative or neutral) as within-
subject predictors. The interaction between congruity 
and valence was significant, F(1, 67) = 4.53, p < .05, par-
tial η2 = .06, replicating our previous findings (Cohen 
et al., 2011; Cohen et al., 2012). Post hoc analyses prob-
ing this interaction revealed that negative stimuli delayed 
performance in the discrimination task compared with 
neutral stimuli, F(1, 67) = 11.71, p < .001, partial η2 = .15, 
following congruent trials, but not following incongruent 
trials, F(1, 67) = 1.29, p = .26, partial η2 = .02. Thus, 
recruitment of executive control reduced emotional inter-
ference in a subsequent task.

To demonstrate training effectiveness, we examined 
RTs to discrimination targets that were preceded by nega-
tive pictures. If the experimental condition successfully 
trains recruitment of executive control during exposure 

to negative stimuli, there should be a reduction in RT to 
negative pictures as the training progresses (indicating 
reduced emotional interference). This reduction should 
not be evident in the control condition. RTs to respond to 
negative stimuli in the two training conditions could not 
be directly compared, because in the experimental con-
dition negative pictures were most often presented fol-
lowing incongruent flankers whereas in the control 
condition they were mostly preceded by congruent flank-
ers. Therefore, in each of the training groups, using a 
paired t test, we compared mean RTs to discrimination 
targets preceded by negative pictures in the first and sec-
ond halves of the task. In the experimental group, partici-
pants showed the expected RT reduction (Mean 
reduction = 26 ms), F(1, 36) = 5.28, p < .05, partial η2 = 
.13. In the control group, although there was a reduction 
in RT, it was not statistically significant (Mean reduction = 
17 ms), F(1, 30) = 2.20, p = .15, partial η2 = .07. Thus, 
there was a significant reduction in emotional interfer-
ence caused by the negative pictures in the experimental 
group, but not in the control group, supporting the effi-
cacy of the training.

State rumination

To test our main prediction that training would alleviate 
state rumination, we compared mean state rumination 
scores in the two training groups. As predicted, partici-
pants in the experimental group exhibited significantly 
lower levels of state rumination than did those in the 
control group, t(66) = 2.21, p < .05, d = 0.54 (see Fig. 2).

Mood

The 14 mood items were grouped into three subscales 
representing sad, happy, and anxious mood. For each 
subscale, we calculated a mean score for each time point 
and then computed difference scores (posttraining minus 
pretraining). To examine group differences in the three 
mood change scores, t tests were used. None of the t 
tests yielded a significant effect, sad mood: t(66) = 1.01, 
p = .32, d = 0.25; happy mood: t(66) = 0.73, p = .47, d = 
0.18; anxious mood: t(66) = 1.13, p = .26, d = 0.28.

To examine the hypothesized link between sad mood 
and habitual rumination in the two training groups, we 
conducted a hierarchical regression analysis with sad 
mood difference scores serving as the dependent vari-
able. Training group and standardized rumination scores 
were entered first as independent variables into the 
model, followed by the interaction between these two 
variables. The results of the analysis showed that, in the 
first model, neither rumination nor training condition sig-
nificantly predicted the difference in sad mood (β = .18, 
t = –1.51, p = .14; β = –.13, t = –1.04, p = .30, respectively). 
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Fig. 2. Group differences in state rumination following the training. 
Error bars represent one standard error from the mean.
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The first model accounted for 5.3% of the variance in sad 
mood change, F(2, 65) = 1.83, p = .17. Of importance, in 
line with our predictions, the interaction between train-
ing condition and habitual rumination, entered in the 
second step, significantly predicted change in sad mood 
(β = –.35, t = –2.11, p < .05). The second model accounted 
for 11.5% of the variance, F(3, 64) = 2.78, p < .05, and 
added significantly to the first model, accounting for an 
additional 6.2% of the variance in sad mood change 
score, Fchange(1, 64) = 4.48, p < .05.

Because we predicted that the link between rumina-
tion and change in sad mood would be specific to brood-
ing as opposed to reflection, we conducted two additional 
hierarchical regression analyses that were identical to the 
previous analysis, with a replacement of total RRS scores 
with brooding or reflection standardized scores.

When reflection was entered into the hierarchical 
regression, in the first model, neither reflection nor train-
ing group significantly predicted the change in sad mood 
(β = .09, t = 0.74, p = .46; β = –.13, t = –1.03, p = .31, 
respectively). The first model accounted for 2.8% of the 
variance in sad mood change, F(2, 65) = 0.95, p = .39. 
The interaction between training condition and rumina-
tion, entered in the second step, also did not predict 
change in sad mood (β = –.26, t = –1.40, p = .17). The 
second model accounted for 5.7% of the variance, F(3, 
64) = 1.30, p = .28.

When brooding was entered into the hierarchical 
regression analysis, in the first model, neither brooding 
nor training group significantly predicted the change in 
sad mood (β = .20, t = 1.66, p = .10; β = –.12, t = –0.97, 
p = .34, respectively). The first model accounted for 6% 
of the variance in sad mood change, F(2, 65) = 2.07, p = 
.13. When the interaction between training group and 

brooding was entered in the second step, brooding sig-
nificantly predicted change in sad mood (β = .44, t = 2.76, 
p < .05). More important, as predicted, the interaction 
between brooding and training condition predicted sad 
mood change (β = –.35, t = –2.22, p < .05). The second 
model accounted for 12.7% of the variance, F(3, 64) = 
3.10, p < .05, and added significantly to the first model, 
accounting for an additional 6.7% of the variance in sad 
mood change score, Fchange(1, 64) = 4.92, p < .05.

Follow-up analyses were conducted to examine the 
link between brooding and sad mood change as a func-
tion of training condition. The interaction was probed 
using procedures outlined by Aiken and West (1991) to 
examine simple slopes. The slope of brooding predicting 
sad mood change was evaluated in the two training 
groups separately. This analysis (illustrated in Fig. 3) 
revealed a pattern consistent with our predictions. Among 
participants in the control group, the simple slope repre-
senting the association between brooding and sad mood 
change was significant (β = .42, t = 2.45, p < .05), indicat-
ing that higher levels of brooding were associated with 
higher levels of sad mood. In contrast, the association 
between brooding and sad mood change was not signifi-
cant among those in the experimental group (β = –.09, 
t = –0.54, p = .59). Thus, as predicted, the brooding com-
ponent of rumination was positively related to an increase 
in sad mood only among individuals in the control group 
but not among those in the experimental group.

Discussion

The aim of the current study was to investigate whether 
training to recruit executive control when processing 
emotional stimuli can serve to reduce rumination. We 
demonstrated that processing incongruent flanker stimuli 
prior to the presentation of emotional stimuli can pro-
mote inhibition of irrelevant emotional information and 
reduce its interference. These results replicate our previ-
ous findings (Cohen et al., 2011; Cohen et al., 2012) that 
the effect of irrelevant negative stimuli on performance is 
attenuated by the activation of executive control. More 
important, frequent coupling of incongruent flanker stim-
uli with task-irrelevant negative pictures (the experimen-
tal condition) resulted in lower levels of state rumination 
compared with a control condition in which the same 
stimuli were presented but emotional stimuli were fre-
quently coupled with congruent flanker stimuli. This 
increased coupling between incongruent stimuli and 
negative pictures was also effective in eliminating the 
association between habitual brooding and sad mood. To 
our knowledge, this is the first study that directly manip-
ulated recruitment of executive control prior to the pre-
sentation of emotional information as a strategy to reduce 
rumination. As such, our findings may provide evidence 
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Fig. 3. The relationship between sad mood change score and brood-
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of a causal link between a deficit in the ability to use 
executive control to reduce emotional reactivity and the 
tendency to ruminate.

Our findings provide initial evidence that training that 
targets executive control deficits can be effective in 
reducing rumination and associated depressive mood. 
These findings add to a growing body of literature that 
suggests that executive control deficits and inhibition 
biases may have a causal role in ruminative thinking, and 
specifically brooding (e.g., Daches et al., 2010; Joormann, 
2006; Koster et al., 2011). Although some research sug-
gests that rumination is characterized by global inhibitory 
deficits in processing all information, regardless of its 
emotionality (e.g., De Lissnyder, Derakshan, De Raedt, & 
Koster, 2011), our findings show otherwise. Participants 
in the experimental and control groups did not differ in 
their performance in the flanker task, which measures 
inhibition and executive control. Therefore, the differ-
ence in state rumination between the two groups can be 
attributed not to differential inhibition per se, but to the 
difference in the frequency of pairing of incongruent 
stimuli with emotional content. Hence, our findings point 
to a specific deficit in employing inhibitory processes 
when processing emotional information that may drive 
ruminative thinking.

Furthermore, the current training contributes to recent 
efforts to affect rumination via cognitive bias modifica-
tion (CBM) procedures. Although these procedures have 
been applied widely in the context of depression and 
anxiety (for recent reviews, see Hallion & Ruscio, 2011; 
Hertel & Mathews, 2011), only a small number of investi-
gations have examined their effect on rumination. It has 
been demonstrated that rumination can be modified by 
training people to use alternative styles of thinking such 
as shifting from abstract to concrete thinking (Watkins 
et  al., 2012) or interpreting ambiguous situations in a 
rumination-consistent manner (Hertel, Mor, Ferrari, Hunt, 
& Agrawal, 2013). However, only one study targeted inhi-
bition biases in rumination and found that several ses-
sions of training to inhibit or attend to negative stimuli 
could have an effect on ruminative thinking (Daches & 
Mor, 2014).

Training to pair recruitment of executive control with 
processing of emotional content offers a unique and novel 
approach in CBM research and in interventions aimed at 
reducing rumination. First, only a handful of studies on 
emotional disorders have focused on executive control as 
a target of change (e.g., Calkins et al., 2011; Mohlman, 
2008; Owens, Koster, & Derakshan, 2013; Siegle, Ghinassi, 
& Thase, 2007). In these studies, training involved non-
emotional stimuli and therefore most likely affected cog-
nitive control deficits rather than biases. Clearly, given the 
evidence for the role of inhibitory biases in rumination, 
the use of emotional stimuli in training is imperative. 

Attention bias modification paradigms do present emo-
tional stimuli, but in these paradigms emotional stimuli 
are embedded in the training, making it impossible to 
differentiate between the inhibitory mechanism that is 
recruited and the ensuing emotional process. A major 
strength of the current research is the use of a training 
procedure that integrates a “pure” cognitive process (i.e., 
inhibition) with emotional content (i.e., negative pictures). 
Using an inhibitory task (i.e., flanker) that did not possess 
emotional value allowed us to show that a nonemotional 
inhibitory process can serve to attenuate emotional inter-
ference, and in turn rumination.

Another advantage of the training paradigm employed 
in this study is that the emotional stimuli were task-irrel-
evant. Participants were not requested to respond to the 
pictures or process their content. Typically, in attentional 
bias modification paradigms, which are based on tasks 
such as the dot probe, participants learn to shift attention 
from negative cues (either pictures or words) to positive 
or neutral cues (e.g., Baert, De Raedt, Schacht, & Koster, 
2010; for review, see Hertel & Mathews, 2011). Although 
participants respond not to the emotional cue but rather 
to the location of a neutral target that appears on the 
screen, they learn to associate between a cue with a spe-
cific valence and the location of the target. This learning 
might make the emotional cue task-relevant, and hence 
the effects of the training should not be considered as 
effects of irrelevant emotional content. In contrast, in the 
current training, emotional stimuli did not signal any 
information regarding the discrimination target, and 
therefore can be deemed task-irrelevant.

Prior research has shown that brooding is associated 
with difficulty ignoring emotional content even when this 
content is completely task-irrelevant (Bernblum & Mor, 
2010). Moreover, negative mood has been shown to fos-
ter off-task thinking and mind wandering (Smallwood, 
Fitzgerald, Miles, & Phillips, 2009). Task-irrelevant emo-
tional information should not interfere with current goals, 
and hence its regulation is highly adaptive. However, 
because it is adaptive to ignore irrelevant emotional 
information, and to attend to relevant emotional informa-
tion (Cohen, Moyal, Lichtenstein-Vidne, & Henik, 2013; 
Lichtenstein-Vidne, Henik, & Safadi, 2012), training indi-
viduals to inhibit task-relevant emotional information 
may lead to an undesirable outcome. Therefore, future 
research that fosters the comparison of the effects of 
training tasks that use different aspects of attentional con-
trol and differ in the relevance of emotional content can 
help to identify the core processes in adaptive and mal-
adaptive emotion regulation tendencies (Cohen, Daches, 
Mor, & Henik, 2013). Specifically, differences between 
task-relevant and task-irrelevant emotional information 
should be taken into consideration in future research and 
particularly in training studies.
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The current study has several limitations. First, we did 
not examine transfer effects of the training to related cog-
nitive tasks that would demonstrate generalization to other 
domains. Future studies should assess the effects of this 
training on near transfer tasks that measure inhibition of 
emotional content, and on far transfer tasks that measure 
memory or interpretation bias. Second, because we 
assessed only immediate effects of the training on state 
rumination, we cannot make firm conclusions regarding 
the effect of the training on ruminative thinking. Future 
research should include follow-up assessment of rumina-
tion to examine whether the effects of the training are 
brief or whether they last beyond the experimental ses-
sion. Employing a longitudinal design that includes multi-
ple training sessions would assist in assessing long-lasting 
effects of the training as well as questions pertaining to 
training dosage. A third limitation is that a small set of pic-
tures was used in the training and we did not assess differ-
ent emotion categories. We used pictures that depicted 
emotional content from the daily routine (human figures 
and scenes). These pictures were chosen to evoke emo-
tional processing with high ecological validity. Future stud-
ies should examine whether training individuals to use 
executive control to inhibit emotional content is effective 
in a similar manner with different emotional categories.

To summarize, findings from the current study 
strengthen the notion that rumination results from a defi-
cit in inhibiting emotional content. By using a training 
procedure that recruits executive control prior to the pre-
sentation of task-irrelevant negative content, we reduced 
state rumination and diminished the association between 
habitual rumination and brooding and sad mood follow-
ing exposure to sad content. We suggest that the ability 
to inhibit irrelevant emotional content, by activating 
executive control processes, is crucial for adaptive behav-
ior. Failure to recruit executive control to alleviate emo-
tional responses may heighten rumination and eventually 
lead to depression.
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Notes

1. Students who participate in studies in our lab are repre-
sentative of the student population of the Hebrew University, 
who are mainly from the middle class and are mostly Jews of 
European or Middle Eastern descent and Arabs. In this study, 
only native Hebrew speakers participated, because some of 
tasks required proficiency in Hebrew.
2. The high exclusion rate of participants due to errors (about 
10%) is similar to what was previously found using a similar 
task (Experiment 2; Cohen, Henik, & Moyal, 2012). The train-
ing task required a quick response to two subsequent stimuli. 
Therefore, this task is relatively difficult for some of the partici-
pants (as indicated by many participants during their debriefing 
following the experiment). Of importance, demographic and 
personality characteristics (as assessed by the questionnaires) 
of participants who were excluded due to high error rate did 
not differ from these characteristics in the rest of the sample.
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