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Abstract

Prospective memory (PM), or remembering to remember, is crucial to everyday functioning.
Understanding factors associated with PM impairments is thus important. One likely factor,
not investigated to date, is rumination: a common cognitive process comprising repetitive
self-focused thoughts. We investigated whether rumination (both state and trait) is associated
with impaired PM, and whether any associated impairment is exacerbated in the context of
negative stimuli. A sentence-rating task with sentences varying in valence was used with
embedded PM cues in a non-clinical sample (N = 60). Both PM cue detection and response
times to PM cues were measured. State rumination (measured by ruminative self-focus), two
trait rumination subtypes (reflective pondering and brooding) and mood were assessed.
Results showed that state rumination was associated with impaired PM cue detection across
the valences. State rumination was also associated with slower response times to PM cues
embedded in negative sentences (but not in positive or neutral sentences). Trait brooding was
associated with an overall slowed response times to PM cues (although reflective pondering
was not), consistent with literature suggesting that brooding is the more maladaptive
rumination subtype (De Lissnyder et al., 2010; Joormann, Dkane, & Gotlib, 2006). These
findings suggest that trait and state rumination are associated with dissociable PM
impairments: while state rumination is associated with a greater impairment in PM (missing
PM cues), trait rumination is associated with an overall reduction in the speed of PM
responses. Furthermore, the finding that state (but not trait) rumination was related to slower
PM response times only in a negative context, suggests it is state rumination specifically that
increases the time taken to disengage from negative material. However, further investigation

is needed to establish causality.
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Rumination and Impaired Prospective Memory

Prospective memory (PM), the process of remembering to remember, plays a crucial role in
everyday functioning and achieving goals. Persistent PM failures can have wide-ranging
adverse consequences (for example where remembering to take medication is regularly
forgotten), and so it is important to understand which factors may be associated with

impairments in PM.

One factor which could be associated with impaired PM performance and that to-date has
not been investigated, is rumination, a process comprising repetitive and persistent self-
focused thoughts (Nolen-Hoeksema, 2000). There is evidence to suggest that people differ in
their tendency to ruminate (Nolen-Hoeksema, 1991). This tendency has been found to display
considerable stability over time, and so can be regarded as a trait (Roberts, Gilboa, and
Gotlib, 1998; Nolen-Hoeksema, 2000). This has been distinguished from state rumination,
which is a measure of whether a person is currently ruminating. Two subtypes of trait
rumination have been identified: reflective pondering, a form of ‘cognitive problem solving’
in response to low mood; and the more maladaptive brooding, which can be defined as ‘a
passive comparison of one’s current situation with some unachieved standard’ (Treynor,

Gonzalez, & Nolen-Hoeksema, 2003, p.256).

Critically, rumination is a core cognitive process in depression (Nolen-Hoeksema,
2000) and depression has already been shown to impair PM. In a time-based PM task, Rude,
Hertel, Jarrold, Covich and Hedlund (1999) found that depressed participants scored
significantly lower and monitored the time less than controls. Given that depression is a
multicomponent disorder, it is important to understand which aspects of depression may be

associated with impairments in PM. As well as rumination, low mood is a key component of



depression. Interestingly, research into the relationship between mood and PM is largely
inconclusive. Kliegel et al. (2005) found that induced sad mood resulted in poorer PM
performance, although the effect was significant only in the first half of the task. Similarly,
Knight, Brewer, Ball, DeWitt, and Marsh (2015) found only weak evidence for a relationship
between sad mood and poorer PM performance. On the other hand, Rummel, Hepp, Klein,
and Silberleitner (2012) found that PM performance was actually improved in an induced sad
mood compared to happy or neutral. This inconclusive evidence in relation to the effects of
low mood on PM suggests that other aspects of depression which are likely to impair PM

need to be investigated.

Although not previously investigated, considerable evidence suggests that rumination
may be the specific component of depression which affects PM. Altgassen, Kliegel and
Martin (2009) found that individuals with depression showed impaired PM performance
compared to controls when PM cues were not directly related to the on-going task (non-focal
cues). However, when cues were directly related to the on-going task (focal cues), no
significant difference was found. As focal cues have been found to be retrieved more
automatically than non-focal cues (McDaniel & Einstein, 2000), this suggests a selective
deficit in tasks that place higher demands on monitoring. While the reason for this has not
been established, one plausible explanation is that it may be due to the competing attentional

demands of rumination which has been associated with depression.

There is substantial evidence to suggest that rumination occupies the attentional
resources available for task-relevant processing. Both state and trait rumination have been
associated with impairments in several cognitive processes (e.g. Davis & Nolen-Hoeksema,
2000; De Lissnyder, Koster & De Raedt, 2011; Watkins & Brown, 2002; Whitmer & Banich,
2007). For example, in a random number generation task, Watkins and Brown (2002) found

that induced state rumination was related to impaired ability to produce random numbers.
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This indicates that ruminative thoughts may consume resources involved in inhibiting
prepotent responses (in this case counting in order). Furthermore, using a task switching
paradigm with dysphoric and non-dysphoric participants, De Lissnyder et al. (2010) found
that high trait ruminators showed impairments in set-shifting (a form of cognitive flexibility
which involves switching attention between tasks) and in inhibiting negative material.
Brooding was most strongly predictive of both impaired inhibition and set-shifting, a finding
which supports previous research (Whitmer & Banich, 2007). In contrast, depressive
symptoms were not associated with impaired inhibition or set-shifting. This suggests that
rumination, particularly brooding, may be more proximally linked to impairments in

inhibition and set-shifting than depressive symptoms in general (De Lissnyder et al., 2010).

Findings that rumination has been associated with impaired inhibition and set-shifting
(De Lissnyder et al. 2010; Whitmer & Banich, 2007) may be relevant in a PM context.
Inhibition plays an important role in PM, both during intention initiation (identifying the
appropriate time to perform an action), and intention execution (performing the intended
action; Kliegel Jager, Altgassen, & Shum, 2008). Set-shifting is also important for PM, which
requires switching attention between on-going tasks and retrieval of the prospective intention
(Kliegel et al., 2008). Thus, it is plausible that rumination may impair PM performance, due

to its competing demands on attentional resources.

A second reason why rumination may affect PM is due to the effects of negatively
valenced stimuli on both PM and rumination. Across two event-based PM tasks, Clark-Foos,
Brewer, Marsh, Meeks and Cook (2009) found that PM performance was impaired when
either PM cues or PM context were negatively valenced compared to when they were
positively or neutrally valenced. The authors suggest that valenced stimuli, particularly
negative stimuli, evoke more task-irrelevant associations than neutral material, and so serve

as distractors which impair PM processes.



It is possible that this adverse effect of negatively valenced stimuli on PM in general
(Clark-Foos et al., 2009) may be particularly pronounced in rumination, given evidence
suggesting that state and trait rumination are related to difficulties in inhibiting, or
disengaging from negative material (Joormann & Vanderlind, 2014; Koster, De Lissnyder,
Derakshan, & De Raedt, 2011). For example, De Lissnyder et al. (2011) found that
rumination was related to impairments in switching when negative material is held in
working memory, a memory system found to be closely associated with the prospective
component of PM (Arnold, Bayen & Smith, 2011). In this study, participants were required to
keep separate mental counts of the number of neutral versus angry faces (the emotional
condition) and male versus female faces (the non-emotional condition). Switch costs were
measured by the difference in response time between trials in which participants were
required to switch (e.g. from angry to neutral), and trials in which no switching (e.g. neutral
to neutral) was required. In the non-emotional condition, there was no effect of rumination.
However, in the emotional condition, high rumination was associated with greater switch
costs when switching from angry to neutral counts. Thus, the adverse effects of negative
stimuli on PM found by Clark-Foos et al. (2009) may be exacerbated in state and trait

rumination due to increased time needed to inhibit or disengage from negative material.

The present study aimed to examine whether rumination is related to impaired PM in a
valenced context. To our knowledge, this question has not previously been investigated. A
valenced sentence-rating task developed by Clark-Foos et al. (2009) was used. Given
evidence indicating that even high trait ruminators experience substantial fluctuation in the
extent of their state rumination (Moberly & Watkins, 2008), both state and trait rumination
were examined. In order to investigate the effects of rumination without the influence of
depression, individuals with depression were excluded in order to control for this potential

confound. Nonetheless, there is substantial evidence for considerable variability in



rumination within non-depressed samples (for example, Moberly & Watkins, 2008). As low
mood is associated with rumination (Moberly & Watkins, 2008; Nolen-Hoeksema, Wisco, &
Lyubomirsky, 2008), and there is some evidence suggesting that mood may affect PM
performance (Kliegal et al., 2005; Knight, 2015; Rummel et al., 2012; Schnitzspahn et al.,
2014), a mood scale was also used in order to disentangle the respective effects of mood and
rumination. Both cue detection and response times to PM cues were measured, in order to
capture changes in different aspects of PM; while impaired response times would indicate a
slowed remembering, impaired cue detection would indicate an increase in complete

forgetting.

The study examined two hypotheses.

Hypothesis 1: We hypothesise that both state and trait rumination would be related to
impairments in PM performance across statements varying in valence. This is based on
evidence suggesting that PM often requires attentional resources, and that both state and trait
rumination are associated with depleted attentional capacity. Given that inhibition and set-
shifting are needed for PM, and rumination has been associated with impaired inhibition and
slowed response times when set-shifting (De Lissnyder et al. 2010; Whitmer & Banich,

2007), we extend this hypothesis to both PM cue detection and response times to PM cues.

Hypothesis 2: We hypothesise that any impairment of response times to PM cues associated
with state or trait rumination would be exacerbated in the context of negatively valenced
sentences. This hypothesis is based on evidence which indicates (1) an adverse effect of
negative valence on PM performance, and (2) an association between rumination and slower

response times when required to inhibit or disengage from negative material.

Method



Participants

Sixty-six participants were recruited from a University using posters, block emails and one
researcher distributing information sheets at the University entrance. Participants were
required to speak fluent English, be aged between 18-60 years, and not have a diagnosis of
clinical depression. No incentives were given for participation. Thirty-three participants were
randomly assigned to each of two PM target conditions (food and vehicles). Four participants
were excluded because they failed the retrospective memory (RM) check (see below). Two
participants with missing data were excluded, leaving a final sample of 60 participants: 38
women, 21 men, and one with a non-binary gender (age range = 19-55 years, M = 28.7, SD =

8.3). This sample comprised a mix of students and staff working at the University.

Measures

Ruminative Responses Scales (RRS; Nolen-Hoeksema & Morrow, 1991). The
RRS is a 22-item self-report measure of trait tendency to ruminate. It asks participants to
identify how often they ruminate in response to low mood on a 4-point scale, ranging from
almost never (1) to almost always (4). Higher scores indicate a greater trait tendency to
ruminate. Items describe responses to low mood ‘that are self-focused...symptom
focused...and focused on the possible consequences and causes of the mood’ (Nolen-
Hoeksema, Larson, & Grayson, 1999, p.1064). As some items on the RRS are confounded
with depression content, Treynor et al. (2003) conducted a factor analysis to identify distinct
subtypes which exclude those items. They identified two psychometrically valid subtypes
which differentially relate to depression in terms of predictive ability: reflective pondering,
comprised of five items designed to assess the extent to which ‘cognitive problem solving’ is

used in response to low mood, and brooding, comprised of five items which assess the extent



to which individuals engage in ‘a passive comparison of one’s current situation with some
unachieved standard’ (Treynor et al., 2003, p.256). In order to test rumination in a way
which is not confounded by depressive content, these two subtypes were used for analysis in
this study. In our study, Cronbach’s alpha coefficients were .75 for reflective pondering, and
.70 for brooding. In a randomised community sample of adults in the US (N = 1130), Treynor
et al. (2003) reported norms for both the brooding (M = 9.83, SD = 3.11), and reflective

pondering (M = 9.40, SD = 2.96) subscales.

Ruminative self-focus (adapted from Moberly & Watkins, 2008). This composite
measure comprises two bipolar nine-point scales, which ask participants to rate the extent to
which their thoughts have been 1) focused on their feelings, and 2) focused on their
problems, in the last few hours. Higher scores indicate greater ruminative self-focus. A
composite ruminative self-focus score is calculated by summing the z scores of these two

scales (Moberly & Watkins, 2008; a = .59).

Mood scale (Roberts, Watkins & Wills, 2013). A visual analogue mood scale was
also included in order to control for the effects of mood. Participants were asked to rate how
happy or sad they had been feeling in the last few hours on a nine-point scale, ranging from 0
(very sad) to 9 (very happy). Scales of this kind have been shown to provide sensitive and

reliable measures of mood (e.g. Watkins & Teasdale, 2001).

Distractor task. Participants were asked to complete three minutes of basic
arithmetic questions. This distractor task was used between the instructions for the PM task
and the PM task itself in order to prevent PM rehearsal or the formation of PM strategies

(Clark-Foos et al., 2009).

Sentence-rating and PM task (adapted from Clark-Foos et al., 2009). For the
sentence-rating task participants were asked to rate the valence of 90 sentences selected from
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the large Maratos and Rugg (2001) corpus on a seven-point scale: 30 positive (M = 6.50), 30
neutral (M = 5.00) and 30 negative (M = 2.87). For the PM task, six neutral PM cues were
embedded within six valenced sentences (two of each valence). Participants were randomly
assigned to one of two PM target conditions (vehicles or food) and asked to respond to cue
sentences containing their target category (by pressing the ‘t’ key). For example, participants
assigned to the food condition were required to press the ‘t” key before making their valence
rating for sentences containing a food item, such as ‘Those who had eaten oyster got chronic
diarrhoea’ (negative) ‘She put the rice on to boil and set the time for 20 minutes’ (neutral)
‘The baking bread smelled delicious’ (positive). Cue sentences were matched for valence
across the two conditions with sentence order randomised by the software in order to control

for priming effects.

Design

This study employed a mixed design, with five independent variables (IVs) and two
dependent variables (DVs). The repeated-measures [V was sentence valence, with three
levels: positive, negative and neutral. The between-group IVs were group (food and vehicles)
trait brooding and trait reflective pondering (measured by RRS subscales), and state
rumination (measured by ruminative self-focus scales). The DVs were cue detection accuracy
(proportion of targets spotted) and response times to PM cues (measured in milliseconds).
Mood (measured by a mood scale) was also included as a covariate to control any
confounding effects. Two PM target groups (vehicles and food) were used to ensure that the
results would be generalizable beyond one particular PM target category (Clark-Foos et al.,
2009). In order to control for potential confounding effects of age-related memory decline
and depression, only participants under 60 years without a diagnosis of depression were

included in the sample.
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Procedure

After providing informed consent, participants were asked to complete the RRS,
ruminative self-focus, and mood scales. The sentence-rating task and PM task were then
presented on a PC using PsychoPy (Peirce, 2007). Onscreen instructions asked participants to
rate each sentence on a scale of 1-7 (with 1 being very negative, 7 very positive, and 4
neutral) and to press the ‘t” key on their keyboard when they saw either a vehicle or food item
(depending on their PM target condition) before making the sentence rating judgement. They
were asked to proceed as quickly and accurately as possible. Participants were asked to repeat
the instructions back to the researcher to confirm their understanding. Participants then
completed the three-minute arithmetic distractor task, before proceeding with the sentence
rating and embedded PM tasks (Clark-Foos et al., 2009). At the end of the study, the
experimenter asked the participants to repeat the instructions again, in order to ensure that
any errors were due to PM rather than RM lapses. This was followed by a debrief in which
the aims and potential implications of the research were summarised. Participants were also
given signposting information to relevant support services if they felt that completing the
rumination measures was upsetting. The research was approved by the Oxford Brookes

University Psychology Research Ethics Committee.
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Results

Rumination and mood scores are presented in Table 1. In order to check that the sentences
were perceived as sufficiently different in terms of their valence, a repeated-measures
ANOVA was conducted on participants’ mean sentence ratings. This showed that valence

(neutral M =4.25, positive M = 6.05, negative M = 1.85) had a highly significant effect on
sentence rating, F(2, 122) = 656.69, p <.001, 7712, =.92. Post hoc tests revealed that positive

sentences were rated significantly more highly than neutral sentences, which in turn were
rated significantly more highly than negative sentences (all at p <.001 with Bonferroni

corrections).

ANCOVAs were conducted on each DV (proportion of cues detected and response times
to PM cues) with valence and group as IVs. State rumination, trait rumination measures and
mood were included as covariates in order to keep these measures as continuous scales.
Covariates were checked for multicollinearity, and as none of the correlations between the

covariates exceeded .40, all could be included in the analysis (Field, 2013).

In order to investigate the valence-specific effects of trait and state rumination on PM
cue detection, a mixed design ANCOV A was conducted with group and valence as IVs, and
with four covariates; the two trait rumination subscales (brooding and reflective pondering),
ruminative self-focus and mood. Mauchly’s test indicated that the assumption of sphericity
was not violated, y* (2) = 3.64, p = .162. Shapiro-Wilk tests showed significant deviations
from normality in the residuals, but since transformations were unable to improve their
distributions analysis was performed on the original proportions and the results for this

ANCOVA were treated as tentative. No significant effect was found of valence on PM cue
detection, F(2, 53) =1.80,p =.176, 7712, =.06. Of the four covariates, only ruminative self-

focus showed a significant main effect on proportion of cues detected, F(1, 54) =6.11, p =
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.017, 7712, = .10, with those with greater ruminative self-focus scores detecting fewer PM cues

(r=-.29).

The only significant interaction in this analysis was between valence and mood, F(2,
108) = 3.87, p = .024, 77; =.07. In order to investigate this interaction further, Spearman’s

rho correlations were conducted between mood and cue detection in sentences of each
valence (see Table 3), and Quantpsy software was used to calculate the difference between
the correlations (Lee & Preacher, 2013). The correlations between cue detection and mood
were significantly different for negative and neutral sentences (z = 1.98, p = .047). This
indicates that individuals scoring higher on the mood scale detected more cues embedded in

negative sentences than those scoring lower, compared to neutral sentences.

In order to investigate valence-specific effects of trait and state rumination on response
times to PM cues, a repeated-measures ANCOV A was conducted with group and valence as
IVs, and with four covariates; the two trait rumination subscales (brooding and reflective
pondering), ruminative self-focus and mood. The residuals in the initial ANCOVA
significantly deviated from normality but this deviation was eliminated in the negative
valence condition and reduced in the neutral and positive conditions by performing the
ANCOVA on log transformed response times instead. Mauchly’s test indicated that the
assumption of sphericity was not violated, y° (2) = .41, p = .815. The results show that there

was no significant main effect of valence on response times to PM cues, F(2,46)=2.71,p =

077, 7712, =.11. The only covariate to show a significant main effect was trait brooding, F(1,

47)=10.08, p =.003, 77[2, = .18, where those with higher brooding scores took longer to

respond to PM cues (7 = .25).
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There was a significant interaction between ruminative self-focus and valence, F(2, 46) =
7.28, p <.002, 77; =.24. In order to investigate this interaction further, Pearson’s correlations

were conducted (see Table 4). These indicated a significant association between greater
ruminative self-focus and longer response times to cues embedded in negative sentences (r =
.32, p=.018). Ruminative self-focus did not significantly correlate with response times to

PM cues in neutral or positive sentences. There was also a significant interaction between
valence and group, F(2, 46) =5.87, p =.005, 7712, =.20. Pairwise comparisons of the three

levels of valence within each group showed that the response times to PM cues in negatively
valenced food sentences were slower than neutral and positive, whereas there was no effect

of valence for the vehicle sentences.
Discussion

The present study aimed to examine whether rumination is related to impairments in PM
performance, and if so, whether these impairments are exacerbated in the context of
negatively valenced material. We found that (1) state rumination was associated with
impairments in PM cue detection, and with longer response times to PM cues embedded in
negative (but not positive or neutral) sentences (2) trait brooding was related to longer
response times to PM cues, but not to impaired PM cue detection (3) trait reflective

pondering was not related to either measure of PM performance.

The first hypothesis was that state and trait rumination would be related to impairments
in both measures of PM performance. This was partially supported: the relationship between
rumination and PM performance was different both for type of rumination, and for PM

accuracy and speed. State rumination was found to be related to impairments in PM cue

detection, with a medium effect size (77[2, =.10; Watson, 2016). In relation to trait
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rumination, individuals with higher scores on the brooding subscale tended to have longer
response times to PM cues, with a large effect size (77}27 =.18; Watson, 2016). By contrast,

reflective pondering was not found to be related to either accuracy or speed. This is consistent
with previous research which has found that brooding is the type of trait rumination most
closely associated with impairments in cognitive processes (De Lissnyder et al., 2010;
Whitmer & Banich, 2007) and suggests that brooding is more maladaptive than reflective
pondering (Joormann, Dkane, & Gotlib, 2006). This finding may have important
implications, as brooding is also the form of rumination which has been most closely linked
to depression (Joormann, Dkane, & Gotlib, 2006). Although not directly investigated by the
present study, it may be that brooding plays a mediating role in the relationship between

depression and impaired PM performance.

These findings are consistent with previous research which has shown that state and trait
rumination are related to impairments in working memory, inhibition and set-shifting (De
Lissnyder et al., 2010; De Lissnyder et al., 2011; Watkins & Brown, 2002). While all these
cognitive processes are involved in PM (Arnold et al., 2015; Kliegel et al., 2008), to our
knowledge this is the first study to show a specific relationship between state rumination and

impaired PM cue detection, and trait brooding and impaired response times to PM cues.

One explanation for these findings is that rumination depletes the attentional resources
required by PM processes. This suggests a potential link between two bodies of evidence: one
indicating that PM processes require attentional resources in at least some cases (McDaniel &
Einstein, 2000); and the other indicating that rumination depletes attentional resources
(Hertel, 1998, 2004; Levens et al., 2009; Philippot & Brutoux, 2008; Watkins & Brown,
2002). However, given that this study was essentially correlational, further investigation is

needed to establish causality.
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However, while state rumination was associated with impaired cue detection, it was not
associated with impaired response times to PM cues. Furthermore, while trait brooding was
associated with impaired response times, it was not related to impairments in cue detection.
These findings suggest that trait and state rumination are associated with dissociable PM
impairments which may be explained by the differing nature of trait and state rumination.
Trait rumination is the tendency to habitually ruminate, which has been shown to interfere
with the speed of cognitive processing. State rumination is a specific measure of high current
focus on one’s own problems and feelings, and so likely to specifically interfere more

directly with the task in hand, in this case, remembering to remember.

The present study’s findings also provide some support for the study’s second
hypothesis: that there would be a specific association of state and trait rumination with
impaired response times to PM cues in a negatively valenced context. We found that
individuals with higher ruminative self-focus scores took longer to respond to cues embedded

in negative sentences (but not positive or neutral sentences) than those with lower scores,
with a large effect size (7712, =.24; Watson, 2016). This is consistent with De Lissnyder et

al.’s (2011) finding of an association between rumination and longer switch costs when
shifting attention away from negative stimuli, and so provides support for models proposing
that rumination is associated with specific difficulties inhibiting negative material (e.g.
Joormann & Vanderlind, 2014). It is plausible that state rumination impaired individuals’
ability to inhibit interference from irrelevant content in the negative sentences, thus slowing
retrieval of the PM intention. However, further research is needed to establish whether the
relationship is causal. It is interesting that there was no interaction between sentence valence
and either measure of trait rumination. This suggests that it is current focus on feelings and
problems, rather than a general tendency to ruminate, that increases the time taken to

disengage from negative material in a PM context.
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There was also a significant interaction between valence and group. Response times
to PM cues in negatively valenced food sentences were slower than response times to PM
cues in neutral and positive sentences, whereas there was no effect of valence for the vehicle
sentences. One plausible explanation is that as the negative food items referred to food
contamination, this may have had a distracting disgust effect that was not present in the

negative vehicles sentences.

It is notable that the findings in relation to state rumination and trait brooding were
found independently of mood. Given that there was no main effect of mood, and that
previous research into the effects of mood on PM is weak and inconsistent (Kliegel, 2005;
Knight, 2015; Rummel et al., 2012), it is plausible that rumination plays a more important
role in the relationship between depression and impaired PM performance than low mood. To
more directly investigate the potential relative mediating roles of rumination and mood in the
relationship between depression and impaired PM performance, future research should utilize

a sample with clinical depression.

The strengths of the present study include firstly, using established measures of both state
and trait rumination, as well as controlling for mood. Secondly, two PM target conditions
were used to ensure the results are generalizable beyond a particular category. Thirdly, any
participants with RM lapses were identified through checks and excluded to ensure that the
task measured PM rather than RM. However, this study had several limitations. Firstly, we
used a volunteer sample consisting mainly of students, which raises issues of generalizability.
Secondly, the PM tasks undertaken were computer-based experimental tasks, and it remains
to be seen whether these results would transfer to real-world situations. Thirdly, although the
study excluded individuals with self-reported depression (and controlled for mood), a formal

depression screening tool for was not used. Lastly, we were unable to correct for the skew in
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the PM cue detection data, meaning that the PM cue detection results should be taken
tentatively. However, it is notable that these findings were in the same direction as the
response time results, thus adding support to our hypothesis that state and trait rumination

would be associated with impairments in PM performance.

To our knowledge, this is the first study to find evidence of a relationship between (1)
state rumination and impaired PM cue detection (2) trait brooding and impaired response
times to PM cues and (3) state rumination and longer response times to PM cues embedded in
negative sentences. If further research established these relationships in a clinical sample,
this could be of therapeutic importance. PM tasks are ubiquitous in everyday life, and are
involved in future planning and goal achievement. As state rumination and trait brooding are
key features of depression (Nolen-Hoeksema, 2000; Joormann et al., 2006), the finding that
they are associated with impaired PM performance could be used to inform interventions
aiming to improve PM tasks (such as medication adherence) in depression, as well as chronic

conditions where depression is often comorbid, such as hypertension, diabetes and HIV.
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