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Abstract

Despite the fact that depressed individuals encounter a multitude of social problems in daily
life, research on social problem-solving has largely been dominated by research on interper-
sonal problems and there is a paucity of research on intrapersonal problems. Intrapersonal
problems are linked to one’s subjective psychological functioning and involve managing
one’s own feelings and emotions pertaining to the self. Given that depressed individuals
exhibit impaired emotion regulation, it is possible that their ability to solve intrapersonal prob-
lems may be impaired, especially in relation to future thinking. The aim of this study was to
investigate whether future thinking, in the form of thinking about the consequences of a
problem being resolved or remaining unresolved has an impact on intrapersonal problem-
solving in depression. Forty-five depressed and fifty-four non-depressed participants com-
pleted a modified version of the means end problem-solving task (MEPS). In the task, partic-
ipants were presented with a series of intrapersonal problems and were asked to generate
consequences of the problems being resolved or remaining unresolved. Participants were
then presented with a positive resolution to each of the problems and were asked to solve
the problem to achieve the positive resolution. Following a delay, participants were asked to
recall all of the consequences initially generated. Overall, depressed individuals generated
fewer-relevant means and less effective solutions to problems than non-depressed partici-
pants. Depressed individuals also demonstrated impaired intrapersonal problem-solving fol-
lowing the generation of resolved and unresolved consequences, compared to a baseline
condition, where no consequences were generated. These findings suggest that future
thinking impairs intrapersonal problem-solving and indicates that a more nuanced approach
to future thinking and social problem-solving in depression is needed across different real-
life problem-solving contexts.

Introduction

Impaired social problem-solving is central to the development and maintenance of depression
[1-8] and is associated with an increased risk of suicide [9-13]. Studies have also found that
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enhanced problem-solving abilities are associated with a decreased risk of depression [13, 14].
Social problem-solving, refers to the cognitive behavioural process by which an individual
attempts to generate adaptive solutions for problem situations that are encountered in daily
life. Social problems, can be interpersonal in nature (i.e., involve two or more individuals) or
intrapersonal (i.e., self-focused). Their resolution involves integrating solutions that alter a situ-
ation or an individual’s emotional response to the situation thereby reducing negative conse-
quences and promoting positive consequences [15]. Although research has focused on the role
of problem-solving deficits as a risk factor for depression, interventions to improve social
problem-solving in depression [16] are lacking. In order to address this gap, it is important to
gain a better understanding of the processes underpinning effective problem-solving and how
they might be affected by depression.

According to D’Zurilla [17] there are two factors that can influence an individual’s ability to
generate effective solutions for social problems, problem orientation and problem-solving
skill. Problem-orientation refers to one’s own awareness of the problem, their assessment of
their own ability to solve the problem and their beliefs about the effectiveness of their proposed
solutions in solving the problem. Research has found that the way in which an individual deals
with a problem has a subsequent impact on their well-being [18]. For example, it has been
found that individuals with a negative problem orientation (i.e., hold unfavourable views
about their problem-solving skills which act as a barrier against active problem solution) were
more likely to feel depressed and hopeless after encountering social problems [19]. It has also
been found that problem orientation is a predictor of depression, with depressed individuals
holding a more negative problem orientation than non-depressed individuals [13, 20, 21].
Problem-solving skill refers to an individual’s ability to rationally identify problems, define
them appropriately, generate and execute solutions for the problem and then monitor the
effectiveness of the solutions [22]. There is considerable evidence for social problem-solving
deficits being related to depression [1, 2, 23-25]. Indeed, research has found that depressed
individuals generate fewer steps to solve a problem and their solutions are less effective than
non-depressed controls [2, 26].

Another factor that is associated with impaired social problem-solving in depression is
rumination [27], and its effects on problem-solving have been found to be independent of
depression [29]. Depressive rumination is broadly defined as a passive self-focused and recur-
rent form of negative thinking that centres on one’s symptoms, feelings, causes and conse-
quences of depressed mood [27, 28] and has been implicated in both the onset and
maintenance of depression ([29]; see [30] for a review on rumination). Rumination impairs
social problem-solving [31] by making depressed individuals more pessimistic. Engaging in
repetitive abstract negative thinking, the hallmark of rumination, also makes specific relevant
information less accessible, making it more difficult for depressed individuals to solve prob-
lems [25, 32, 33].

In more recent years, the importance of future thinking for problem-solving has been
highlighted. Future thinking, more broadly, is the ability to represent what might happen in
the future. According to Szpunzar, Spreng & Schacter [34] there are four modes of future
thinking, which are: simulation, prediction, planning and intention. These four modes of
future thinking map on to both semantic and episodic knowledge. Future episodic simulation
is the ability to envision possible future events and has a strong adaptive value, allowing one to
consider potential consequences prior to acting, and being able to override current short-term
needs in favour of long-term goals [35, 36]. Future-directed thoughts are ubiquitous in daily
life [37] and play an important role in decision making, emotion regulation and problem-solv-
ing [38-43].
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Future episodic simulation in social problem-solving has an important adaptive function
because it involves combining different types of information in memory and simulating novel
conditions or situations [44, 45], which may in turn, aid problem-solving by allowing individ-
uals to generate novel solutions. This facilitation is consistent with research which has found
that the ability to retrieve specific rather than general or categoric memories is associated with
enhanced problem-solving [23, 46]. Specific memories contain more detailed information
which is useful for generating problem-solving solutions [23, 47]. Goddard et al [23] for exam-
ple, demonstrated that there was a positive association between the ability to retrieve specific
memories on the autobiographical memory cueing task (AMT) and the production of more
effective solutions on the means end problem-solving task (MEPS; [8]) for non-depressed par-
ticipants. This relationship was absent in the depressed group, however, who instead spontane-
ously retrieved more overgeneral categoric memories during problem-solving, which was
related to generating less effective solutions.

Research on future thinking in depression has found that depressed individuals anticipate a
greater number of future threat-related events, expect negative consequences to occur more
frequently and generate and anticipate fewer positive events [48-50]. It has also been found
that a reduced ability to imagine positive future events is associated with hopelessness in
depression and parasuicide [51].

More recently, the impact of future episodic simulation on social problem-solving in
depressed individuals has been investigated, which has shown that thinking about the potential
consequences of a social problem being resolved or remaining unresolved has an impact on
depressed individuals’ ability to subsequently solve the problem [2]. For example, Noreen and
Dritschel [1] presented depressed and non-depressed participants with six scenarios of hypo-
thetical social problems. In the first stage of the study (i.e., consequence generation stage), par-
ticipants were asked to generate four consequences of the problem being resolved (i.e., ending
with a positive resolution for all involved) for three of the scenarios and to generate four conse-
quences of the problem remaining unresolved (i.e., ending without a positive resolution being
reached) for the remaining three scenarios. In the problem-solving phase, participants were
then presented with some of the problem-solving scenarios (i.e., two scenarios they previously
generated resolved consequences for, two they generated unresolved consequences for, and
two new scenarios where no consequences were generated, thus representing a baseline mea-
sure of problem-solving) and the resolutions to these problems. They were then asked to solve
the problems in order to achieve the positive resolutions described. Finally, in the consequence
recall phase, participants were presented with the six problem scenarios presented initially
(i.e., in the consequence generation phase) and were asked to recall all of the consequences
that they had previously generated.

The study found that depressed participants, compared to non-depressed participants were
less successful at solving those problems that they had previously generated unresolved conse-
quences for, as well as, problems in a baseline condition where no consequences were gener-
ated. Furthermore, depressed participants were also less successful at solving those problems
that they had previously generated unresolved consequences for, compared to problems in the
baseline condition. Depressed participants also remembered significantly more of the unre-
solved than the resolved consequences that they had previously generated. Interestingly, it was
found that depressed participants were as successful as non-depressed participants when solv-
ing those problems, they had previously generated resolved consequences for. These findings
are clinically important and suggest that encouraging depressed individuals to think about the
consequences of a problem being resolved may subsequently improve their ability to solve the
problems.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289676  August 23, 2023 3/24


https://doi.org/10.1371/journal.pone.0289676

PLOS ONE

Future thinking and intrapersonal problem-solving in depression

Whilst these findings have provided important insights into the factors that influence social
problem-solving, it is unclear whether the relationship between depression, social problem-
solving and future episodic simulation applies to the vast array of social problems that
depressed individuals experience in everyday life. Traditionally, research has treated social
problem-solving as a single dimension, with the majority of studies focusing on interpersonal
problem-solving [1, 23] even though intrapersonal problems are frequently encountered in
daily life. Moreover, the few studies that have looked at both interpersonal and intrapersonal
problem-solving have done so by grouping the two types of social problems together [52], thus
potentially obscuring important qualitative differences between inter and intrapersonal
problems.

As interpersonal problem-solving focuses on generating adaptive solutions to problematic
situations in everyday life that involves others, these problems are linked to one’s social func-
tioning and the ability to build and maintain positive relationships. Intrapersonal problems,
however, focus on internal problems faced by the individual and are thus linked to one’s sub-
jective psychological functioning and the ability to manage one’s own feelings and emotions
pertaining to the individual self [53]. Whilst both forms of problem-solving may be related,
with the way that an individual views themselves possibly influencing how they approach
social interactions and vice versa [54] they may also be distinct.

Intrapersonal problem-solving for depressed individuals may be more challenging than
interpersonal problem-solving given that one of the main features of depression is the effect
on how people think about themselves. Indeed, one symptom of depression is the increase in
self-focused attention [55]. It has been found that people with depression spend more time
thinking about themselves and find it difficult to turn their attention to events unrelated to
themselves [56-58]. This internalised focusing not only captures attention but also leads to a
negative conception of the self. This is consistent with Beck’s [59] cognitive theory which sug-
gests that a negative view of the self, the world and the future are central features of depression.
These views lead to maladaptive interpretations of stressful life events and negative inferences
being made. Specifically, it has been found that depressed individuals will generate internal
attributions to negative events and to stable and global causes leading to detrimental conse-
quences, such as, feeling hopeless about themselves, perceiving themselves to be incompetent
and lacking control [60, 61]. However, for interpersonal problems it is more likely that both
internal and external attributions will be made as interpersonal problem-solving involves
other individuals. Thus, there may be less self-focus and internalised thinking for these prob-
lems. Given that internalised dysfunctional thinking about the self is an important feature of
depression, it is possible that these cognitive distortions may act as a barrier to prevent the gen-
eration of selective and novel solutions to intrapersonal problems.

Greater self-focus and internalisation may also result in self-discrepant thinking having
more profound consequences for intrapersonal versus interpersonal problems. Research has
found that self-discrepant thinking, which is the difference between thinking about one’s ideal
versus one’s actual self, has an impact on mood [62]. Specifically, it has been found that when
depressed individuals recall positive autobiographical memories that are discrepant with the
current self, their mood deteriorates. As past and future thinking are related [63] it may be pos-
sible that thinking about intrapersonal problems being resolved in a positive manner invokes
more self-discrepant thinking than interpersonal problems as they focus more heavily on the
self. Self- discrepant thinking in depression results in lower mood which in turn is associated
with a negative problem orientation [64].

Furthermore, it is also possible that depressed individuals, compared to non-depressed par-
ticipants may experience more intrapersonal problems in their everyday life which they are
unable to solve effectively. Difficulties in solving these problems may contribute to the
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maintenance of their depressed mood state and learned helplessness about the ability to solve
problems. Thus, identifying whether depressed individuals show deficits in intrapersonal
problem-solving and how these deficits interact with future episodic stimulation represents an
important next step in furthering our understanding of the interplay between problem-solving,
future episodic simulation and depression. Having a more nuanced understanding of whether
positive future thinking can help intrapersonal problem-solving in depression creates the
potential to develop more effective interventions.

The aim of this study was to investigate whether future episodic stimulation, in terms of
thinking about the potential consequences of a problem being resolved or unresolved aids
intrapersonal problem-solving in depression. To this end, we implemented the study proce-
dure employed in our previous research [1] examining the impact of future episodic stimula-
tion on solving interpersonal problems in depression but used novel intrapersonal problems.
In the current study depressed and non-depressed participants were presented with a series of
hypothetical intrapersonal problems. In the consequence generation phase, participants were
presented with six problems. For three of the problems, they were asked to generate four con-
sequences for each problem being resolved, and for the remaining three problems participants
were asked to generate four consequences for each of the problems remaining unresolved. Par-
ticipants then underwent the problem-solving phase, whereby they were presented with some
of the problem scenarios (i.e., two scenarios they previously generated resolved consequences
for, two they generated unresolved consequences for, and, two new scenarios where no conse-
quences were generated, thus representing a baseline measure of problem-solving) and a posi-
tive resolution to the problem and were asked to generate the steps they would take to solve
the problem to achieve the positive resolution. Following a distractor task, the recall generation
phase took place. In this phase, participants were presented with the six problem scenarios pre-
sented in the consequence generation phase and were asked to recall all the consequences that
they had previously generated.

We predicted that for the baseline condition, the depressed participants would generate less
effective solutions and report less relevant-means (i.e. steps) for solving the intrapersonal prob-
lems compared to the non-depressed controls. We also predicted that for the unresolved con-
dition, the depressed participants would generate less effective solutions and report less
relevant-means for solving the intrapersonal problems compared to the non-depressed partici-
pants. For the resolved condition, based on previous findings [1. 2] we predicted that the
depressed and controls would show no differences in generating solutions. As rumination
impacts problem-solving, we also examined whether rumination has an impact on the rela-
tionship between future episodic stimulation and intrapersonal problem -solving in depres-
sion, independent of mood. It is possible that rumination may increase internalised self-
focused thinking which may impair intrapersonal problem-solving.

Method
Participants

In order to allocate participants in the depressed and non-depressed control groups, one hun-
dred and thirteen participants (51M & 62F; age M = 23.41; SD = 3.46) took part in the initial
assessment. Participants were recruited from Goldsmiths, University of London and were paid
£5 per session for their participation. Participants completed the Mini-International Neuro-
psychiatric Interview-Plus (MINI-Plus; [65]) and the Beck Depression Inventory-II (BDI-II;
[66]). The MINI-Plus was administered by a trained researcher with diagnosis status verified
by a second trained researcher. Participants were classified as depressed if they met the criteria
for current major depressive disorder on the MINI-Plus and scored at least 15 on BDI-II, and
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non-depressed controls, if they reported having no current or past Axis One disorders (such
as, anxiety disorders, psychotic disorders, mood disorders, substance use disorder etc.) and
scored 5 or below on the BDI-II. These criteria resulted in 99 participants taking part in the
main session of the study, which took place 7-14 days after the initial screening. Forty-five
depressed participants (19M & 26F; age M = 20.44; SD = 3.46) and fifty-four non-depressed
controls (21M & 33F; age M = 20.93; SD = 3.32) took part in the main study. The current sam-
ple size slightly exceeded the required sample size (N = 66), determined by a priori power anal-
yses conducted using GPower3 [67], (power 1 - B err =.95,d =.20 and o = .05), but was
similar to the sample size used in recent relevant research (N = 86 [1]). Thirty-nine partici-
pants from the depressed group were educated to degree level (e.g., Bachelors, Masters or
PhD), 5 were educated to college level (e.g., A-Level or equivalent) and 1 was educated at
school level (e.g., GCSE or equivalent). Forty-four participants from the non-depressed group
were educated to degree level, 7 were educated to college level and 3 was educated at school
level. The depressed group consisted of 11 participants that met criteria for panic disorder, 9
for social phobia, 2 for bulimia, 12 for dysthymic disorder and 9 for mixed depression and anx-
iety. Furthermore, 19 also reported taking antidepressant medications in the past and 14 had a
history of past depression. Our participants were comprised of a range of ethnic backgrounds
with 41 White British, 27 Black British, African or Caribbean and 31 from Minoritised British
Pakistani, Bengali and Indian groups. Ethical approval was obtained by Psychology Ethics
Committee, Goldsmith, University of London, with written consent obtained for all partici-
pants prior to them taking part in the study.

Materials

In order to allocate participants into depressed and non-depressed groups, a trained researcher
conducted a structured psychiatric interview using the Mini-International Neuropsychiatric
Interview-Plus 5.0.0 (MINI-plus) to assess depression. The MINI-Plus is a structured diagnos-
tic interview that is used to determine the most common psychiatric disorders according to
axis 1 DSM-V and the International Classification of Diseases and Related Health Problems
(ICD-10) [65, 68]. It thus screens for mood disorders (e.g., depression, dysthymia), anxiety dis-
orders (e.g., panic disorders, social phobia, specific phobia, generalised anxiety disorder, post-
traumatic stress disorder) and substance use (e.g., alcohol dependence). The MINI-plus takes
between 15-30 minutes to administer and is specifically designed to be used in clinical practice
and research. MINI has been found to demonstrate excellent reliability [65, 68, 69].

The Beck Depression Inventory-II (BDI-II; [66]) was used to assess the severity of the affec-
tive (e.g., feelings of sadness, anhedonia), somatic (e.g., appetite disturbance, sleep problems)
and cognitive symptoms (e.g., suicidal thoughts, pessimism) of depression and to allocate par-
ticipants into depressed or non-depressed groups. BDI-II is a self-report measure that consists
of 21 items, with each item having a 4-point grade scale scored from 0-3. Total scores range
from 0-63, with higher scores indicating more severe depression symptoms. The BDI-II is
widely used and has been extensively researched as a self-report measure for assessing depres-
sive symptomology in both psychiatric and non-psychiatric (or healthy) populations [66, 70].
In this study we found BDI-II to be very reliable (21 items; o = .97).

The State-Trait Anxiety Inventory (STAIL [71]) was used to assess both the state (situa-
tional) and trait (dispositional) components of anxiety. STAI is comprised of two 20 item self-
report questionnaires that either record the presence or absence of anxiety symptoms on a
4-point likert scale, scored from 1 to 4. Total scores range from 20-80 on each questionnaire
with higher scores indicating more severe anxiety symptoms. It is widely reported that STAI
has excellent psychometric properties with good reliability and validity [72] and is an
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appropriate measure for studying anxiety in both clinical and research settings [73]. In this
study we found STAI to be very reliable (state 20 items; o = .94; trait 20 items; o. = .96).

The Ruminative Response Scale (RRS: [74, 75] was used to assess how individuals respond
to feelings of sad mood. The RRS is comprised of 22 items that are focused on the self (e.g.,
thinking about your shortcomings), on symptoms (e.g., difficulty in concentrating) or the con-
sequences of depressed mood (e.g., analysing events to understand why you are depressed).
Participants indicate how often they engage in responses using 4- point likert scales with scores
from 1 to 4. Total scores range from 22-88, with higher scores indicating greater levels of
rumination. The RRS has been found to have good test-retest reliability and validity [74-76].
In this study we found RRS to be highly reliable (22 items; o = .94).

In order to investigate intrapersonal problem-solving, we developed eight hypothetical sce-
narios. Each scenario featured a hypothetical problem that may be encountered by an individ-
ual in their daily life (such as, not saving your work on a computer, needing to lose weight,
feeling worried about a presentation, feeling insecure about your appearance) and a positive res-
olution to the problem. The scenarios were taken from a larger collection of 14 hypothetical
scenarios that we developed and piloted. In the pilot study, 48 participants (20M, 28F, Mean
age = 22.27, SD = 4.59) were presented with the 14 scenarios and were asked to rate each sce-
nario for openness (with 1 = not open at all (i.e. completing a problem using a fixed sequence
of steps that must be performed in a given order to solve the problem), and, 7 = very open (i.e.
there are many possible solutions which can be used to solve the problem)) and difficulty in
solving the problem (with 1 = very easy, and, 7 = very difficult). Half the participants were
then asked to generate resolved consequences for the first block of 7 scenarios and unresolved
consequences for the second block of 7 scenarios, whilst the other half of the participants gen-
erated unresolved consequences for the first block of scenarios and resolved consequences for
block 1 of the scenarios. From the results of the pilot study, we selected eight scenarios that
were matched on openness, difficulty and the number of resolved and unresolved conse-
quences generated (additional information on the pilot study can be obtained from the authors
upon request). (See scenarios in the supplementary materials section).

Procedure

In the first session, participants initially completed the MINI-Plus interview, BDI-II, STAI and
RRS measures. In the second session, in line with Noreen and Dritschel (2022), participants
completed a modified version of the MEPS which consisted of three main phases; consequence
generation, problem-solving and consequence recall phase. See Fig 1.

Consequence generation phase. Participants were initially presented with six of the eight
hypothetical problems and were asked to generate consequences (i.e., the short- and long-term
outcomes) of the problem being resolved or remaining unresolved. Specifically, each problem
was presented for 4 minutes and participants were asked to generate four consequences for
each of the problems being resolved or remaining unresolved. For three of the problem

1.Consequence
Generation
Phase

2.Problem- 3.Consequence

Solving Phase Recall Phase

Fig 1. A diagram of the modified MEPS procedure.
https://doi.org/10.1371/journal.pone.0289676.9001
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scenarios, participants were asked to generate consequences of the problem being resolved and
for the remaining three problem scenarios participants were asked to generate consequences
of the problem remaining unresolved. The presentation of the scenarios was fully counterbal-
anced, with no two resolved or unresolved scenarios appearing consecutively.

Problem-solving phase. Participants were then presented with the scenarios and the posi-
tive resolutions and were asked to describe the steps that they would take to solve the problem
and achieve the positive resolution described.

Participants were presented with each scenario and positive resolution and given 4 minutes
to generate the steps to reach the positive ending described. Participants were presented with
six of the eight scenarios, which consisted of two scenarios that they had previously generated
resolved consequences for and two scenarios that they had previously generated unresolved
consequences for. The other two scenarios were not presented in the consequence generation
phase and instead represented a baseline measure of problem-solving. Participants were
instructed to focus on solving the problem in order to achieve the positive resolution
described, irrespective of whether they had previously generated resolved or unresolved
consequences.

Consequence recall phase. Following a 10-minute distractor task that involved partici-
pants completing a series of mathematical problems, participants were then presented with the
same six scenarios from the consequence generation phase and were asked to recall all of the
consequences that they had generated previously. Specifically, participants were instructed to
recall all of the consequences as accurately as possible. Participants were presented with each
scenario and were given 4 minutes to recall all four consequences. The scenarios consisted of
four scenarios that they had previously attempted to solve (two scenarios that involved gener-
ating resolved consequences for and two scenarios that involved generating unresolved conse-
quences for). The other two scenarios were not presented in the problem-solving phase and
instead represented a baseline measure of consequence recall (i.e., uninfluenced by problem-
solving). Participants were first asked to generate the consequences for the baseline scenarios,
followed by the unresolved then the resolved scenarios. The scenarios were all counterbalanced
for the consequence generation and problem-solving phases across participants.

1. In this phase six hypothetical problems are presented.

2. In the problem-solving phase six hypothetical problems are presented (for two of the prob-
lems participants previously generated consequences of the problem being resolved, for the
other two problems participants previously generated consequences of the problem being
unresolved and the final two problems were not presented in the consequence generated
phase, thus representing a baseline measure of problem-solving.

3. In this phase six hypothetical problems are presented (identical to those presented in the
consequence generation phase) and participants are asked to recall all the consequences
previously generated.

Scoring

We scored the MEPS on two main dimensions: the number of relevant means (i.e., the number
of active problem-solving steps proposed) and the effectiveness of the solutions proposed
(with 1- not at all effective and, 7 = extremely effective). Effective solutions maximised positive
consequences and minimised negative consequences. The ratings were scored by an indepen-
dent coder (blind to the group status of the participants), as well as a second independent
rater. The second rater was trained by the four-step process developed by [51] and scored 40%
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of the solutions in order to validate the scoring. Inter-rater reliability was calculated using
Intra-class correlation coefficient using a two-way mixed effects model. There was a high
degree of agreement between raters for both relevant means (average ICC = .97, F(236, 236) =
33.70, p < 0.001), and effectiveness (average ICC = .95, F(236, 236) = 21.95, p < 0.001).The
split half reliability for MEPs was also found to be good (0. =.70).

Recall accuracy for the consequences was calculated by comparing the consequences gener-
ated in the consequence generation phase with the consequence recall phase. Each of the con-
sequences were scored as correct if the descriptions corresponded to the descriptions initially
generated and could be identified as referring to the same point/consequence. Only minor var-
iations in wording were accepted as being correct (e.g., ‘getting a bad mark for the presentation
and ‘getting a poor mark’ would be scored as correct)

>

Results
Participant characteristics

Analysis of participants characteristics demonstrate that the depressed and non-depressed
groups did not differ significantly with respect to age. The depressed group did, however score
significantly higher on depressive symptoms, rumination, and state and trait anxiety, com-
pared to non-depressed participants. See Table 1.

Intrapersonal problem-solving: Relevant means

In order to investigate differences in intrapersonal problem-solving ability, we conducted a 2
(group: depressed vs. non-depressed) x 3 (condition: resolved vs. unresolved vs. baseline)
mixed design ANOVA to explore the number of relevant means (i.e., steps taken) to reach the
proposed solution. Our analysis found a main effect of group; F (1, 97) = 143.43, p < .001,7° p
= .60, and, condition, F (1, 97) = 17.99, p < .001, ° p = .16. We also found a significant group
by condition interaction, F (2, 97) = 7.90, p < .001, n° p = .08, with subsequent Bonferroni
adjusted (p = .008) post hoc tests revealing that non-depressed participants proposed signifi-
cantly more steps compared to depressed participants to reach the proposed solution for the
baseline, #(97) = 4.53, p < .001, d = .92, resolved, #(97) = 8.46, p < .001, d = 1.70, and unre-
solved conditions, #(97) = 10.89, p < .001, d = 2.19. Subsequent pairwise analysis revealed that
depressed participants proposed significantly more steps in the baseline than the resolved, ¢
(44) =4.77, p < .001, d = .88, and unresolved conditions, #(44) = 6.61, p < .001, d = 1.27. There
were no differences, however, between the number of steps proposed in the resolved and unre-
solved conditions, #(44) = 1.63, p = .06, d = .30. For the non-depressed participants we found
that there were no differences between the number of steps proposed in the baseline, resolved,
£(53) = 1.22, p = .11, d = .24, and, unresolved conditions, #(53) = 1.41, p = .08, d = .25.

Table 1. Mean performance indices and significant differences on participant characteristics and mood measures, as a function of group (standard deviations are
presented in parentheses).

Depressed Group Mean (SD) (N = 45) | Non-Depressed Group Mean (SD) (N = 54) | Significant differences across Depressed & Non-Depressed groups

*

Age
BDI-II
RRS

STAIT
TRAIT

20.44 (3.46) 20.93 (3.32) #97)= .70, p = 24,d = .14
29.40 (9.12) 2.46 (1.30) £(45.49) = 19.64, p < .001, d = 4.14
62.51 (7.93) 38.35 (12.71) £(90.36) = 11.53, p < .001,d = 2.28
49.78 (8.62) 34.52 (10.66) #97)=7.73, p < .001,d = 1.57
53.40 (10.80) 34.0 (10.41) #(97) = 9.07, p < .001,d = 1.83

* In years; BDI-II = Beck Depression Inventory II; RRS = Rumination Response Scale; STAIT = Spielberger State Inventory; TRAIT = Spielberger Trait Inventory.

https://doi.org/10.1371/journal.pone.0289676.t001
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Furthermore, there were no differences, between the number of steps proposed in the resolved
and unresolved conditions, #(53) = .05, p = .48, d = .01.

Intrapersonal problem-solving: Effectiveness

In order to investigate differences in intrapersonal problem-solving ability, we conducted a 2
(group: depressed vs. non-depressed) x 3 (condition: resolved vs. unresolved vs. baseline)
mixed design ANOVA to explore the effectiveness of proposed solutions. We found a signifi-
cant main effect of group; F (1, 97) = 200.25, p < .001, n° p = .67, and, condition, F (1, 97) =
20.80, p < .001, n° p = .18. We also found a significant group by condition interaction, F (2,
97) = 17.18, p < .001, ° p = .15, with subsequent Bonferroni adjusted (p = .008) post hoc tests
revealing that non-depressed participants were more effective at generating solutions com-
pared to depressed participants for the baseline, #(97) = 5.72, p < .001, d = 1.14, resolved, t(97)
=11.20, p < .001, d = 2.27, and unresolved conditions, #(97) = 12.26, p < .001, d = 2.24.
Subsequent pairwise analysis revealed that depressed participants were more effective at
generating solutions in the baseline than the resolved, #(44) = 5.72, p < .001,d = 1.11, and
unresolved conditions, #(44) = 8.46, p < .001, d = 1.36. There were no differences, however,
between effectiveness ratings in the resolved and unresolved conditions, #(44) = 1.56, p = .06, d
=.31. For the non-depressed participants we found that there were no differences between
effectiveness ratings in the baseline and resolved, #(53) = .22, p = .42, d = .03, and unresolved
conditions, #(53) = .55, p = .29, d = .08. Furthermore, there were also no differences between
the effectiveness ratings in the resolved and unresolved conditions, #(53) = .25, p = .40, d = .04.

Memory accuracy for consequences

In order to assess recall accuracy for the consequences generated, a 2 (group: depressed vs.
control) x 3 (condition: resolved vs. unresolved vs. baseline) mixed design ANOVA was con-
ducted. There were no main effects of condition, F (1, 97) = .23, p =.79, 7" p = .002. A main
effect of group, however, was found with non-depressed participants recalling more conse-
quences overall than depressed participants, F (1, 97) = 11.96, p < .001, ° p = .11. We also
found a significant group by condition interaction, F (1, 97) = 9.72, p < .001, 7° p = .09, with
the depressed group recalling significantly more unresolved than resolved, #(44) = 2.24, p =
.02, d = .58, and baseline consequences, #(44) = 1.94, p = .03, d = .46. There was no difference,
however, between their recall of resolved and baseline consequences, #(44) = .62, p = .27,d =
.12. Conversely, the non-depressed group recalled significantly more resolved than baseline, ¢
(53) = 1.86, p = .03, d = .35, and, unresolved consequences, #(53) = 3.71, p < .001,d = .71.
Non-depressed participants also recalled significantly more baseline than unresolved conse-
quences, #(53) = 2.03, p =.02, d = .37.

Subsequent analysis also found that the non-depressed group recalled significantly more
resolved, #(97) = 4.57, p < .001, d = .91, and baseline consequences compared to the depressed
participants, #(97) = 2.45, p = .01, d = .49. There was no difference, however, between
depressed and non-depressed groups in their recall of unresolved consequences, #(97) = 1.68, p
=.05, d = .34. See Table 2.

The relationship between depression, rumination and intrapersonal
problem-solving

Pearson correlations were conducted separately for the depressed and non-depressed control
group in order to explore whether there was a relationship between depression, rumination
and intrapersonal problem-solving (relevant- means and effectiveness ratings). For the
depressed group it was found that there were significant negative relationships between
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Table 2. Showing group differences in problem-solving.

Depressed Group Mean (SD) Non-Depressed Group Mean (SD)

Rel. Means (Resolved) 3.13(1.27) 5.09 (1.03)
Rel. Means (Unresolved) 2.78 (1.06) 5.08 (1.04)
Rel. Means (Baseline) 4.23(1.22) 5.36 (1.24)
Effectiveness (Resolved) 2.90 (.94) 5.03 (.94)
Effectiveness (Unresolved) 2.58 (1.09) 4.99 (.87)
Effectiveness (Baseline) 3.99 (1.02) 5.06 (.85)

47.78 (29.11)
63.33 (24.77)
51.11 (28.18)

72.22 (24.12)
55.09 (23.98)
63.89 (23.63)

Consequences (Resolved)
Consequences (Unresolved)

Consequences (Baseline)

Rel. Means = Relevant Means; Effectiveness = Effectiveness ratings for proposed solutions; Consequences = Recall

accuracy for consequences generated.

https://doi.org/10.1371/journal.pone.0289676.t002

depression scores and intrapersonal problem-solving, rumination scores and intrapersonal
problem-solving and a positive relationship between depression and rumination scores. See
Table 3 for a full breakdown of the relationships. Our analysis, however, failed to find any sig-
nificant correlations between depression scores and intrapersonal problem-solving, rumina-
tion scores and intrapersonal problem-solving or between depression and rumination scores
for the non-depressed control group; all tests p > .05.

Regression analyses

Given that we found significant correlations between depression and rumination scores in the
depressed group, two-stage hierarchical multiple regression analyses were conducted with
intrapersonal problem-solving measures and memory recall of consequences as the dependent
measures. Depression scores were entered at stage one of the regressions and rumination
scores were entered at stage 2. See Table 4 for the regression analysis results.

The regression analysis for relevant-means found that in the baseline (i.e., when no conse-
quences were generated), resolved and unresolved conditions, depression was significantly

Table 3. Pearson correlation coefficients for depressed participants between the percentage of consequences recalled consequences that were recalled by partici-
pants in the consequence recall phase., problem-solving and self-reported depression and rumination scores.

Depression
Depression —
Rumination .6827%**
Steps-R -451%*
Steps-UR -.585%**
Steps-B -.436™*
Effect-R -.4947%*
Effect-UR -.368*
Effect-B -.395%*
Cons-R -.559%*
Cons-UR 6327
Cons-B 371
*P <0.05
**p<0.01
K b < 0.001.

https://doi.org/10.1371/journal.pone.0289676.t003

Rumination

.6827%**
-.336*
-.440**
-.386**
-.400**
-.367*
-.432%*
-.320*
.5027**
- A417%*

Steps-R | Steps- UR  |Steps-B | Effect-R  |Effect-UR | Effect-B | Cons-R Cons-UR | Cons-B
-451%* -.585%** -.436™* - 4947%** -.368* -.395%* -.559%** 6327+ - 371%*
-.336* -.440™* -.386™* -.400** -.367* -.432%* -.320* .5027** - 417%*

— 217 232 .249 .440** 225 234 .093 -1.84
217 — .168 137 .450** 235 113 .343* -.210
232 .168 — .303* .054 .084 157 167 -.339*
.249 137 .303* — .069 153 294 .148 -.210

.440** .450™* .054 .069 — A37%* .359* .095 -.229
225 235 .084 153 A37%* — .386™* .353* -331*
.093 .343* 167 .148 .095 .353* — -.490*** 211
-1.84 -.210 -.339* -.210 -.229 -331* -.490*** — -.266
234 113 157 294 .359* .386™* 211 -.266 —
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Table 4. Hierarchical regression analyses results.

F df P R, AR, Beta t

Baseline- Relevant MODEL 1 10.11 (2,42) .003 .19 17 44 3.18**
Means Depression

MODEL 2 5.42 (2,42) .008 21 17

Depression & Rumination

Change in R, .78 (1, 42) .38
Resolved- Relevant MODEL 1 10.99 (2, 42) .002 .20 .19 45 3.32%*
Means Depression

MODEL 2 5.42 (2, 42) .008 21 .17

Depression & Rumination

Change in R, .08 (1, 42) .78
Unresolved- MODEL 1 22.36 (2, 42) <.001 .34 .33 .59 4.73%%*
Relevant Means Depression

MODEL 2 11.07 (2,42) < .001 .35 31

Depression & Rumination

Change in R, .20 (1, 42) .66
Baseline- MODEL 1 7.96 (2,42) .007 .16 .14 .39 2.82%*
Effectiveness Depression

MODEL 2 5.43 (2, 42) .008 21 .17

Depression & Rumination

Change in R, 2.61 (1,42) 11
Resolved- MODEL 1 13.88 (2, 42) <.001 .24 23 49 3.73%**
Effectiveness Depression

MODEL 2 7.06 (2, 42) .002 .25 22

Depression & Rumination

Change in R, 42 (1,42) .52
Unresolved- MODEL 1 6.72 (2,42) .01 .14 12 37 2.59*
Effectiveness Depression

MODEL 2 4.02 (2,42) .03 .16 .12

Depression & Rumination

Change in R, 1.27 (1, 42) 27
Baseline- Consequences MODEL 1 6.89 (2,42) .01 .14 12 .37 2.62*

Depression

MODEL 2 4.85 (2, 42) .01 .19 .15

Depression & Rumination

Change in R, 2.60 (1, 42) 11
Resolved- Consequences MODEL 1 19.57 (2,42) <.001 31 .30 .56 4.42%%*

Depression

MODEL 2 9.88 (2,42) < .001 32 .29

Depression & Rumination

Change in R, 44 (1, 42) .51
Unresolved-Consequences MODEL 1 28.60 (2,42) <.001 40 .39 .63 5.35%**

Depression

MODEL 2 14.53 (2, 42) <.001 41 .38

Depression & Rumination

Change in R, .68 (1, 42) 42
https://doi.org/10.1371/journal.pone.0289676.t004
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associated with the number of relevant means and accounted for 17%, 19% and 33% of vari-
ance, respectively. Rumination, however, did not significantly predict the number of relevant
means, over and above the effects of depression, across all three conditions. The analysis for
the effectiveness of the proposed solutions found that in the baseline, resolved and unresolved
conditions, depression significantly predicted the effectiveness of the proposed solutions,
explaining 14%, 23% and 12% of the variance, respectively. Rumination, however, did not sig-
nificantly predict the effectiveness of solutions, over and above the effects of depression, across
all three conditions. Finally, regression analysis for the consequences that were recalled also
showed a similar pattern, with depression predicting the number of consequences recalled
across baseline, resolved and unresolved conditions, explaining 12%, 30%, and 39% of the vari-
ance, respectively. However, rumination did not significantly predict the number of conse-
quences recalled over and above the effects of depression.

Discussion

The aim of the current study was to investigate the impact of depression on intrapersonal prob-
lem-solving when participants were primed to engage in negative versus positive future episodic
simulations related to the problems. We predicted that depressed individuals would generate
tewer relevant means and less effective solutions in the baseline condition where no conse-
quences were generated compared to non-depressed controls. The findings supported our pre-
diction and are consistent with numerous studies that have found that depressed individuals are
impaired at social problem-solving [1-4, 8]. Given that this study focused on intrapersonal
problems whereas previous research has almost exclusively examined interpersonal problem-
solving, these findings extend previous work and suggest that deficits in problem-solving in
depression are not a function of interpersonal problems per se but may represent a more global
deficit in problem-solving ability. Further support for negative moods having a more general
impairment on problem-solving comes from research which has found that positive compared
to negative moods facilitate performance on a range of measures of creative problem-solving
ability [77-79]. As positive moods are more likely to involve using simple heuristics and loose
processing, they increase the likelihood of generating creative solutions [80-82].

We also predicted that depressed individuals would generate fewer relevant-means and less
effective solutions for problems following the generation of unresolved consequences com-
pared to non-depressed participants. This prediction was supported by our results and is con-
sistent with findings that show depression is associated with impaired problem-solving in the
unresolved consequence condition [1, 2]. We also found that depressed individuals were less
effective at problem-solving following the generation of unresolved consequences, compared
to the baseline condition, which supports our recent findings [1] and suggests that generating
unresolved consequences may act to further exacerbate existing problem-solving deficits in
depression.

One reason for these findings may be that encouraging depressed individuals to think
about the consequences of a problem remaining unresolved results in them focusing on these
consequences, believing them more likely to occur, which subsequently leads to the belief that
the problem is overwhelming and unsolvable. This argument is supported by research which
has found that depressed compared to non-depressed individuals show a greater belief in the
likelihood of negative future-events occurring [83, 84], anticipate fewer positive experiences in
the future [85] and show pessimistic attitudes and have low expectations about the future [86—
88]. Thus, encouraging depressed participants to think about the consequences of problem
remaining unresolved may trigger pessimistic future event schemas which lead to the faulty
belief that the problem is unsolvable.
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Alternatively, it is possible that generating unresolved consequences leads to depressed
individuals focusing their attention on the unresolved consequences during problem-solving
which subsequently impairs their ability to solve the problems effectively. This explanation is
consistent with research which suggests that depressed individuals allocate more attention to
negative rather than positive or neutral material [89, 90] and exhibit difficulties disengaging
from it [91-93]. Given that unresolved consequences are more likely to be negative in content,
it is possible that once depressed participants generated them, they focused their attention on
these consequences and found it difficult to disengage from thinking about them, which in
turn, had a detrimental impact on problem-solving. Further support for difficulties in dis-
engagement is revealed by our findings showing that depressed individuals recalled signifi-
cantly more unresolved than resolved or baseline consequences (i.e., problems where
consequences were generated but participants did not engage in problem-solving) whilst non-
depressed individuals recalled significantly more resolved than unresolved or baseline conse-
quences. Given that resolved consequences were more positive in content whilst unresolved
consequences were largely negative In order to investigate the valence of the consequences
generated, we conducted a 2 (group; depressed vs. non-depressed control) x 2 (Consequences;
resolved vs. unresolved) x 3 (Valence; positive vs. negative & neutral) mixed design ANOVA.
Our analysis revealed that resolved consequences were positive rather than negative in content
whilst unresolved consequences were more negative than positive in content; F (1, 97) =
6359.90, p < .001, 77° p = .97., these findings are consistent with the mood congruency litera-
ture which has reported that depressed and dysphoric individuals show enhanced memory for
negative material whilst non-depressed participants show enhanced memory for positive
material [94, 95]. Moreover, the findings are also consistent with our previous findings [1, 2].

Interestingly, we also found that depressed individuals demonstrated impaired intraper-
sonal problem-solving following the generation of resolved consequences compared to non-
depressed participants and the baseline condition. These findings are contrary to previous
findings [1, 2] which found that generating resolved consequences enhanced problem-solving
ability in depressed and dysphoric individuals and suggest that problem-solving deficits in
depression may depend on the nature of the problem being resolved. In the present study we
used intrapersonal problems whilst previous studies have focused on interpersonal problem-
solving. Given that intrapersonal problems are self-focused and interpersonal problems
involve others, it is possible that these two forms of problem-solving rely on different
mechanisms.

Intrapersonal problem-solving, for example, is more dependent on one’s perception of self.
As aresult, it is possible that generating the consequences of the problem being resolved cre-
ates a larger discrepancy between one’s actual self (i.e., faced with a problem) vs. their ideal self
(problem being resolved). This discrepancy between actual and ideal self may make depressed
individuals more vulnerable to experience further negative emotions, such as sadness, disap-
pointment and dissatisfaction. This, in turn, may affect both their emotional and motivational
state and subsequently impair problem-solving ability. This explanation is consistent with
research that has found that depressed individuals demonstrate higher levels of self-discrep-
ancy than non-depressed individuals [96, 97]. It has also been found that whilst depressed
individuals recalling a positive memory concordant with their current self-improves their
mood, recalling positive self-discrepant memories do not [62]. Moreover, research suggests
that the discrepancy between actual self vs. ideal self may serve as a cognitive vulnerability
mechanism that contributes to the onset and maintenance of depression [98].

Related to this, given that the intrapersonal problems presented in the current study (i.e.,
wishing to lose weight, having to present a presentation in front of others, etc.) are problems
inherently focused on self and a distorted perception of self is central to the aetiology of
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depression [99], it is possible that these problems may be the type of intrapersonal problems
that depressed individuals experience in daily life and have difficulties with resolving. Further-
more, it is also possible that these unresolved problems may be a contributory factor in the
onset and maintenance of their depression. If this is the case, then generating positive conse-
quences of the problem being resolved may be detrimental for depressed individuals and fur-
ther exacerbate existing discrepancies between actual self and ideal self subsequently
impairing intrapersonal problem-solving. This conclusion is supported by research which has
found that depressed individuals generate more negative evaluations of the self. For example,
it has been found that depressed individuals attribute more negative traits and characteristics
to themselves [100] and endorse more negative and fewer positive words to themselves (i.e.,
self-referent) compared to non-depressed participants [101].

Our study also found that depressed individuals show greater deficits in problem-solving
following the generation of both resolved and unresolved consequences compared to a base-
line condition where no consequences were generated. These findings are contrary to previous
findings [1, 2] and suggest that future episodic simulation, regardless of the content of one’s
thoughts may impede intrapersonal problem-solving. One reason for this may be that generat-
ing consequences for intrapersonal problems may create a negative problem orientation in
depressed individuals which then impacts on their ability to solve the problem. Numerous
studies have found that depression is associated with a negative problem orientation [13, 19-
21]. The way in which negative problem orientation arises, however, may differ depending on
the consequences generated. For example, unresolved consequences are more likely congruent
with depressed mood whilst resolved consequences produce a larger discrepancy between
actual vs. ideal self, both of which maintain and exacerbate an existing negative problem orien-
tation. Future research may wish to investigate the role of negative problem-orientation in
depression and its impact on future episodic simulation and intrapersonal problem-solving.

Interestingly, we found that rumination did not predict impaired social problem-solving in
depression when controlling for depression in the baseline, resolved and unresolved condi-
tions. These results are contrary to previous findings that rumination predicts social problem-
solving deficits in depression individuals in the unresolved condition [1, 2]. The findings are
surprising given the self-focused nature of both intrapersonal problems and rumination and
point to the possibility that rumination may play a different role in inter- and intrapersonal
problem-solving. As mentioned earlier, given that intrapersonal problems are more closely
related to one’s self-perception, and a negative self-perception is a central feature in depression
[102-104] it is possible that these problems may have been personally experienced in daily life
and continue to remain unresolved, possibly contributing to the maintenance of depressed
mood.

These ongoing unresolved problems may also foster a sense of hopelessness. Hopelessness
involves holding negative expectations about one’s future [99]. Research has found that people
that hold these negative expectations cannot solve their problems or reach their goals [105].
Furthermore, depressed individuals often report high levels of hopelessness [106]. Thus,
depressed individuals may develop a sense of hopelessness regarding intrapersonal problems,
believing them to be unsolvable which then diminishes ruminative thinking over these prob-
lems. This is in line with research which suggests that although rumination is a repetitive con-
scious process that involves focusing on one’s recent problems or failures, people who
ruminate often believe that it is a way to help solve their problems [107]. However, if the prob-
lem is perceived as unsolvable, then depressed individuals may be less inclined to ruminate on
these problems, and instead focus on ruminating over more recent or immediate problems.
Consistent with this argument, it has been found that problem-solving difficulties and
increased hopelessness are associated with avoidant coping [108-110]. Therefore, it is possible
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that if a depressed individual feels unable to resolve their problem, they may avoid the problem
altogether, thereby reducing rumination. The fact that rumination predicts social problem def-
icits in interpersonal but not intrapersonal problem-solving is intriguing and points to the pos-
sibility that it may have differing effects on different types of problems. Future research is
needed to distinguish the effects of rumination on inter- and intrapersonal problem-solving.

We also found that non-depressed participants showed no significant differences in prob-
lem-solving ability across baseline, resolved and unresolved conditions. These findings are
consistent with previous research [1]. One of the reasons why problem-solving performance
was not influenced by the generation of the resolved and unresolved consequences may be due
to inhibition. Inhibition involves preventing unwanted or distracting information from com-
ing to mind to reduce its impact on ongoing information processing [111, 112]. In the present
task, once participants have generated the consequences of the problem being resolved or
remaining unresolved, they must subsequently inhibit these consequences in order to solve the
problem. Difficulties inhibiting previously generated consequences may subsequently affect
their ability to think clearly about the steps needed to solve a problem, thus resulting in
impaired social problem-solving. Research has found that non-depressed participants have
good inhibitory control compared to non-depressed participants [1, 113]. As non-depressed
participants have good inhibitory control, it is possible that when asked to solve the problem
they were able to prevent the consequences from coming to mind, and instead focused on solv-
ing the problem.

Limitations

It is important to mention that one limitation of the current study is that we did not assess
whether participants had personally experienced any of the problems presented and whether
these problems were resolved or currently ongoing. This is an important factor given that
problem-solving is associated with the ability to retrieve specific memories of past experiences
[23, 51, 114] which may act as simulations for generating hypothetical solutions to problems
[46]. For example, individuals with depression recall significantly fewer specific memories and
generate fewer effective solutions to hypothetical problems compared to people with higher
specificity [23, 115, 116], suggesting that autobiographical memory specificity may be benefi-
cial to problem-solving. Thus, having information on whether participants had personally
experienced any of the problems, and the level of specificity of the memory that was retrieved,
may provide more insight into the relationship between future episodic simulations, intraper-
sonal problem-solving and depression.

It is important to mention that whilst our depressed participants met the diagnostic criteria
for clinical depression, the majority of our sample also suffered from other comorbid condi-
tions, such as anxiety disorders, eating disorders and social phobia. Given that research has
found that social problem-solving is impaired in other clinical conditions, such as social anxi-
ety and eating disorders [117, 118], it is possible that our findings can be attributed to the pres-
ence of these comorbid disorders rather than depression per se. However, it is important to
mention that our findings that depressed participants are impaired at social problem-solving
are consistent with previous research [6, 19, 23]. Furthermore, our depressed sample is also
representative of the general clinical population which often has high rates of comorbidity,
with depression often accompanied by other mental disorders [119]. Nevertheless, future
research should investigate future episodic simulations and intrapersonal problem-solving in
‘purely’ depressed participants, in the absence of any comorbid disorders.

Another limitation is that whilst our findings show impaired problem-solving deficits in
depressed individuals for intrapersonal problems in the resolved condition, no direct
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comparison was made between interpersonal and intrapersonal problem-solving in depression
so we cannot sure that there are inherent differences between these problems and that intra-
personal problem-solving is more difficult for depressed individuals. Future research should
investigate both forms of problem-solving in depression in order to more strongly support the
dissociation between future episodic simulation and inter- and intrapersonal problem-solving
in depression. Furthermore, future research should also test the role of self-discrepancy on
problem-solving by using a measure of self-discrepant thinking to determine how it relates to
intrapersonal problem-solving ability in depression.

A final limitation of the present study is that as our depressed sample consisted of only 45
participants, we were unable to run regression analyses to test the interaction between problem
condition (baseline, resolved, unresolved) with depression and rumination scores due to insuf-
ficient power. Future research should use a larger sample size and ensure that it is sufficiently
powered to run these multiple regression analyses.

Clinical implications

The current findings have implications for problem-solving training. For example, previous
efforts to increase the effectiveness of problem-solving skills have been developed in response
to research largely dominated by interpersonal problem-solving [15, 17, 120]. Whilst some
research suggests that problem-solving therapies have been effective in depression [121-123],
other studies have failed to find significant effects ([124] see [125] for a review on the mixed
effects). Indeed Ehring et al. [16] has identified that social problem-solving is one area where
translational research from mechanisms into clinical practice is currently lacking.

Recent findings suggest that future episodic simulation may aid social problem-solving in
depressed individuals. For example, thinking about the consequences of a problem being
resolved has been found to improve interpersonal problem-solving in depression [1]. Our cur-
rent findings, however, suggest that for intrapersonal problems, generating consequences may
impede or hinder depressed individuals’ efforts to solve problems and may be counterproduc-
tive. Thinking about an intrapersonal problem being resolved may be more likely to induce
self-discrepant thinking in depressed individuals if they currently face similar problems that
are unsolvable. Self-discrepant thinking can lead to greater negative self-reflection and rumi-
nation [28] which would impair problem-solving. Similarly thinking about problems being
unresolved may also enhance rumination about deficits in the self, making problem-solving
more difficult. These findings are in line with the paradoxical effect of positive autobiographi-
cal memory retrieval producing poorer mood in depressed individuals if the memories are dis-
crepant with their current view of the self [62].

Our findings instead suggest that different intervention strategies may be needed for differ-
ent real-life problem-solving contexts. For example, for interpersonal problems, encouraging
depressed individuals to ‘zoom out’ from the problem and consider the wider second order
consequences of the problem being resolved may enhance problem solving ability, whilst for
intrapersonal problems, depressed participants should be encouraged to zoom in’ and focus
on the problem itself and how to solve the problem without thinking about the wider implica-
tions of the problem being resolved or remaining unresolved.

Conclusion

To conclude, this study is the first to investigate intrapersonal problem-solving and future epi-
sodic simulation in depression. Our results have found that depressed individuals, compared
to non-depressed individuals generate fewer-relevant means and less effective solutions to
problems in the baseline, resolved and unresolved conditions. These findings are contrary to
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our previous findings [1, 2] which showed that generating positive consequences of a problem
being resolved improved social problem-solving ability in depressed participants. Taken
together, our findings suggest that a more nuanced approach to future thinking and problem-
solving in depression is needed across different real-life problem-solving contexts.
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