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Abstract: This study investigates the interactions between depression, self-referential process-
ing (SRP), stickiness of mind-wandering, and their combined effects on memory recall accu-
racy within complex working memory (CWM) tasks. Depression has been linked to increased
7stickiness” in mind-wandering, defined as difficulty in diverting attention from spontaneous,
self-generated thoughts. These sticky thoughts are often associated with impaired cognitive per-
formance, particularly in tasks demanding high cognitive engagement. To explore these interac-
tions, we utilized an existing dataset of English speakers from Siwen Sheng et al. (in preparation).
The study examined how varying levels of depressive symptoms influence cognitive performance.
Based on our literature review, we hypothesized that individuals with higher levels of depres-
sive symptoms would exhibit lower memorization accuracy in complex working memory tasks
due to increased stickiness of mind-wandering. We further hypothesized that this effect would
be more pronounced in tasks involving the self condition compared to the shoebox condition.
Our findings indicate that higher levels of depressive symptoms are associated with increased
stickiness, which negatively impacts memory performance. However, in contrast to our hypoth-
esis, the self condition did not significantly decrease recall accuracy compared to the shoebox
condition. This suggests that while depression increases the stickiness of thoughts, it may not
necessarily be specific to self-referential content. Future research should explore SRP’s influence
in more diverse and relevant populations (more depressed individuals) to better understand its
impact on cognitive function. Additionally, examining if these results differ for individuals with a
different native language could provide further insights into the linguistic influences on cognitive
performance. This approach allows for a more comprehensive understanding of how SRP and its
inherent stickiness affect memory performance across varying levels of depressive symptoms.

Keywords: depression, mind-wandering, memory performance, complex working memory, stickiness,
self-referential, processing



1 Introduction

Mind-wandering, the experience of thoughts drift-
ing away from a task at hand, often occurs dur-
ing long and monotonous activities (Vries, 2021).
Initially termed task-unrelated thought, this phe-
nomenon was later called mind-wandering by
Smallwood & Schooler (2013). Recent studies in
cognitive psychology have increasingly focused on
mind-wandering, particularly its implications for
mental health and cognitive performance (Mooney-
ham & Schooler, 2013). During mind-wandering,
individuals frequently struggle to return to the task
at hand, often becoming stuck in their thoughts.
This fascinating aspect of mind-wandering is known
as "stickiness”—the difficulty in disengaging from
such thoughts (Joormann et al., 2011), which has
been positively associated with tendencies for de-
pression (Van Vugt & Broers, 2016).

When characterized by ”"stickiness”, mind-
wandering presents significant challenges in dis-
engaging from unrelated thoughts. This “sticky”
thinking can turn into rumination, making individ-
uals vulnerable to mental disorders such as depres-
sion and anxiety (Huijser, 2022), impacting both
task performance and psychological well-being. De-
pression is associated with a tendency to respond
to negative mood states and life events with ru-
minative thinking (Nolen-Hoeksema et al., 2008).
Studies have underscored the relationship between
depression and increased ”sticky thinking,” where
individuals with depression are more prone to per-
sistent, intrusive thoughts that are difficult to dis-
miss. This pattern of rumination, characterized by
repeated and prolonged engagement with negative
thoughts, intensifies challenges in working memory
tasks.

Research by Joormann et al. (2011) has shown
that individuals with depression struggle consider-
ably with disengaging from negative stimuli, lead-
ing to an impaired ability to handle emotional ma-
terial effectively within working memory. The abil-
ity to decrease stickiness on negative stimuli and
make more flexible shifts between stimuli with dif-
ferent emotional valence is crucial for emotional
regulation—the capacity to manage and respond
to emotional experiences in a healthy way. For in-
stance, the ability to reframe a negative situation
in a more positive light (cognitive reappraisal) re-
lies on the efficient handling of emotional material

in working memory (Joormann & Gotlib, 2010).
The sticky thoughts, as described by Van Vugt &
Broers (2016), significantly disrupt cognitive pro-
cesses, leading to measurable decrements in task
performance. The high prevalence of sticky think-
ing in depressed individuals highlights a critical
area of concern, as it impacts overall mental ef-
ficiency and exacerbates depressive symptoms by
maintaining negative emotional states. This un-
derscores the importance of developing therapeutic
strategies that enhance the ability to manage emo-
tional material within working memory, thereby
improving emotional regulation and reducing the
cognitive burden of depression.

Self-referential processing (SRP), which involves
thoughts and cognitive activities that focus on the
self, such as self-evaluation, self-criticism, or rumi-
nation about one’s feelings and actions, has been
identified as a risk factor for depression (Allison
et al., 2023). Prior studies have found that SRP
can instigate more spontaneous thoughts and im-
pair memory performance compared to process-
ing non-self-information during goal-directed cog-
nitive tasks (Sheng et al., in preparation). Re-
search has shown that self-focused processing is
particularly pronounced in individuals with depres-
sion (Brockmeyer et al., 2015), leading to increased
spontaneous thoughts that interfere with their abil-
ity to focus on and perform current tasks. This
heightened self-focus often results in ”sticky think-
ing”—persistent and intrusive thoughts that are
hard to dismiss (Yoon et al., 2019).

Sticky thinking, characterized by the difficulty in
disengaging from self-referential thoughts, is closely
related to rumination. Rumination involves the
repetitive focus on negative emotions and their
causes, further exacerbating cognitive and emo-
tional challenges (Joormann et al., 2011; Van Vugt
& Broers, 2016). This pattern of thought disrupts
cognitive processes, impairs working memory, and
can lead to persistent negative mood states. SRP
can trigger these self-generated thoughts during
idle moments within tasks, prioritizing them over
task-related cognitive processes, thereby exacerbat-
ing the cycle of rumination and depression (Nejad
et al., 2013).

Thus, SRP contributes to the prevalence of
sticky thinking, monopolizing cognitive resources
that would otherwise be directed towards the task
at hand. Understanding the relationship between



SRP, sticky thinking, and rumination is crucial, as
these cognitive patterns exacerbate the symptoms
of depression. This underscores the importance of
addressing these patterns in therapeutic interven-
tions for depression, aiming to reduce the domi-
nance of self-focused thoughts and improve cogni-
tive and emotional functioning. SRP heightens the
competition between task-relevant processes and
self-generated thoughts, leading to ”sticky think-
ing” that disrupts cognitive functions and impairs
working memory (Joormann et al., 2011; Van Vugt
& Broers, 2016). While sticky thinking is known
to negatively impact task performance and increase
off-task thoughts, its direct effect on complex mem-
ory (CWM) tasks and the specific role of depres-
sive symptoms on memory performance in these
tasks remain underexplored. This study seeks to
address this gap by examining how individuals’ self-
reported experiences of mind-wandering stickiness
affect memory performance across varying levels of
depressive symptoms in a CWM task.

CWM refers to the capacity to hold and manip-
ulate information in the presence of interference
or distraction, a critical function in daily cogni-
tive tasks. Research has shown that CWM is dis-
tinctly affected by self-referential processing and
mind-wandering, particularly under conditions that
evoke personal concerns or self-related thoughts
(Van Vugt & Broers, 2016). These conditions can
significantly alter the efficiency with which working
memory operates, either by enhancing the salience
of distractions or by complicating the effort needed
to maintain focus. This phenomenon is particularly
found in individuals with heightened vulnerability
to depression, where CWM is not only a measure of
memory capacity but also an indicator of the cogni-
tive impact of depressive symptoms. In our study,
SRP was manipulated within the CWM task by
having participants evaluate personality trait words
(e.g., "Am I kind?”) for self-referential processing,
compared to evaluating neutral object words (e.g.,
”Can this fit in a shoebox?”). This manipulation
aimed to trigger self-referential thinking, which is
more frequent and impactful in individuals with de-
pression. Such individuals are prone to greater self-
focus and rumination, potentially exacerbating the
cognitive load and affecting memory performance
during the task (Daamen et al., 2016; Van Vugt &
Broers, 2016).

This research utilizes an existing dataset col-

lected for a study by Sheng et al. (in preparation),
focusing on the vulnerability to depression and
its impact on cognitive processes through a CWM
task during self-referential processing. By leverag-
ing this dataset, we specifically investigate how the
self-referential stickiness of mind-wandering influ-
ences memory performance within a CWM task,
while also examining the effects of varying levels of
depression.

The research aims to explore the correlation be-
tween mind-wandering, specifically its ”stickiness,”
within the context of depressive symptoms and
seeks to investigate how the difficulty of disen-
gaging from spontaneous, self-generated thoughts
impacts memory. This study extends the findings
of Van Vugt & Broers (2016), who used a Sus-
tained Attention to Response Task (SART) and
highlighted that higher stickiness levels are corre-
lated with increased off-task thinking and incon-
sistent response times. Our study, however, uses
a different task—a CWM task—to build on these
findings by examining the specific effects on mem-
ory accuracy, particularly in the context of depres-
sive symptoms, with SRP as a prevalent cognitive
process in depression. By utilizing the CWM task,
we aim to provide a deeper understanding of how
sticky thinking influences cognitive performance in
a different experimental context.

By linking cognitive processes to empirical data
on depression and mind-wandering, this research
aims to deepen the understanding of cognitive
vulnerabilities associated with depressive states.
Specifically, this thesis investigates the cognitive
phenomenon of mind-wandering, with a focus on
its ”stickiness” and its impact on memory processes
within the context of depressive symptoms during
self-referential processing. By examining how vary-
ing levels of depressive symptoms influence individ-
uals’ engagement in mind-wandering and its conse-
quent impact on memory performance, this study
aims to offer valuable insights into the cognitive
dynamics within the CWM.

The study investigates how task conditions
(self-referential vs. control) affect memory accu-
racy within a CWM task. Initially, we examine
whether these conditions influence memory re-
call ability, particularly in individuals with de-
pressive states. Building on this, we assess if in-
dividuals with higher levels of depression experi-
ence more sticky thinking—persistent and intrusive



thoughts—compared to those with lower levels of
depression, and how this varies between task con-
ditions. Finally, we evaluate the combined effect of
stickiness and depression on memory recall accu-
racy, examining their interaction across both self-
referential and control conditions.

By integrating these elements, we could gain fur-
ther understanding on to the research question of
this study: “How does the self-reported stickiness of
mind-wandering CWM tasks affect the memoriza-
tion accuracy in individuals with varying levels of
depressive symptoms?”.

Based on the previous findings, in the current
study, it is hypothesised that: individuals with
higher levels of depression will show worse recall
accuracy in CWM tasks due to their increased
stickiness on mind-wandering. Additionally, as in-
dicated by existing work on related fields, enhanced
self-referential processing with more ”sticky mind-
wandering” (i.e., persistent and intrusive) would be
shown among those with severer depressive symp-
toms. Furthermore, this stickiness, which is sug-
gested to negatively affect cognitive performance,
is expected to result in decreased recall accuracy in
the CWM task.



2 Methods

This study leverages an existing dataset previously
collected and described in the study by Sheng et
al. (in preparation), which examined the vulner-
ability to depression and its impact on cognitive
processes through a complex working memory task.
The methodology detailed below is adapted from
their experimental procedures.

Participants

This study utilizes an existing dataset, origi-
nally collected to evaluate depression vulnerability
among young adults aged 18 to 35 years. Initially,
111 participants completed three online question-
naires designed to assess their levels of depression
vulnerability. The questionnaires lasted about 10-
15 minutes, with an incentive of a chance to win a
€20 gift card.

After screening for eligibility criteria, 111 par-
ticipants were included in the study. Participants
were then ranked based on the total Z-scores ob-
tained from the questionnaires. Only those within
the top and bottom 25 percent of the distribution
were initially considered for further experimental
tasks. This selection process aimed to focus on indi-
viduals at the extremes of depression vulnerability.

From this process, 46 participants completed the
follow-up laboratory session, after excluding nine
due to non-responsiveness. The final sample con-
sisted of 31 females, 11 males, and 4 others, with
an average age of 23.65 years (SD = 3.659). It in-
cluded 38 non-native and 8 native English speakers.
Each participant received €8 as compensation for
the approximately 45-minute lab session.

The original data collection received ethical ap-
proval from the Research Ethics Review Committee
(CETO) of the Faculty of Arts at the University of
Groningen and was conducted in accordance with
the Declaration of Helsinki. Informed consent was
obtained from all 46 participants who took part in
the study.

Apparatus and Setting

The entire experiment was conducted in a lab room
within the Bernoulliborg building, located on the
Zernike Campus of the University of Groningen.
The setup, in the quiet lab room, included a table

and a chair for the participant, along with a com-
puter that displayed the task. An experimenter was
present in the room to address any questions during
the task. The experimenter was also seated in the
room on a chair behind a desk. A cupboard was po-
sitioned between both desks of the participant and
the experimenter, to prevent the participant being
distracted by the presence of the experimenter.

Instruments
Depression Vulnerability

The dataset includes responses from participants,
who were evaluated to determine their levels of
depression vulnerability using three validated self-
report questionnaires (Yang et al., 2022). These
questionnaires, collectively, were designed to assess
various aspects of depression vulnerability.

1. The Perseverative Thinking Questionnaire

(PTQ) (Ehring et al., 2011)

This questionnaire measures repetitive nega-
tive thinking. It consists of 15 items rated on
a 5-point Likert scale from 0 (never) to 4 (al-
most always). The total score ranges from 0 to
60. Higher scores indicate more severe depres-
sive tendencies.

2. The Ruminative Response Scale (RRS)(Nolen-
Hoeksema & Morrow, 1991)

This questionnaire is designed to measure ru-
mination; how individuals respond to their
depressive symptoms. It consists of 22 items
scored on a 4-point scale from 1 (almost never)
to 4 (almost always). The total score ranges
from 22 to 88. Higher scores indicate a stronger
tendency to engage in depressive rumination.

3. The Center for Epidemiologic Studies Depres-
sion Scale (CES-D) (Radloff, 1977)

This questionnaire measures the severity of
depressive symptoms. It consists of 20 items
rated on a 4-point scale from 0 (rarely or none
of the time) to 3 (most or all of the time). Four
items are reverse scored. The total score ranges
from 0 to 60. Higher scores indicate more se-
vere depressive symptoms.

To evaluate depression vulnerability, scores from
each questionnaire were first standardized into Z-



scores. The Z-score for a questionnaire was calcu-
lated by subtracting the mean score of that ques-
tionnaire from the participant’s score and then di-
viding the result by the standard deviation of scores
for that questionnaire. Subsequently, the final Z-
score for each participant was computed by sum-
ming the Z-scores of all three questionnaires. This
combined Z-score was then used to assess the over-
all depression vulnerability of each participant. Us-
ing Z-scores allows for standardization, making it
possible to compare scores from different question-
naires on a common scale. This method ensures
that each questionnaire contributes equally to the
overall depression vulnerability measure and helps
in identifying individuals with high or low vulner-
ability by placing them in the upper or lower 25th
percentile of the Z-score distribution. Those within
the upper and lower 25th percentile of the total z-
score distribution were categorized into either the
more depressed group or the less depressed group.
The results of this method can be found in the Re-
sults section.

Complex Working Memory Task

The Complex Working Memory (CWM) task is
used to assess memory performance and level of
stickiness under different conditions. The general
details of the task are as follows:

1. Task Presentation: A computer-based task
where participants are required to recall infor-
mation presented on the screen and answer to
multiple thought-probes.

2. Self and Shoebox Conditions: The task in-
cludes self-referential prompts (e.g., assess-
ing personal traits) and control prompts (e.g.,
evaluating neutral objects).

3. Memory Accuracy Measurement: Accuracy is
measured by the number of correctly recalled
items.

4. Stickiness of thoughts Measurement: Thought
probes are used to measure the stickiness
of mind-wandering. Participants rate the
difficulty of disengaging from spontaneous
thoughts on a scale from 1 to 5.

Procedure

Prior to starting with the complex working mem-
ory (CWM) task, participants received detailed
instructions in English, by the experimenter,
to ensure they fully understood the task. The
session began with one practice block, consisting
of 4 trials, during which participants could ask
questions to the experimenter to clarify any uncer-
tainties about the process. After ensuring clarity,
the experiment could start. The CWM task was
adapted from another study (Huijser et al., 2018)
where it was used to examine how self-referential
processing affects self-generated thought during
demanding cognitive tasks. By testing a compu-
tational cognitive model, the researchers aimed
to determine if self-referential thoughts increased
cognitive distractions and impacted performance.
For our study, the CWM task was used to assess
memory performance and stickiness in both the
SRP condition and shoebox condition.

The CWM task was structured into three
blocks, each containing 16 trials. Participants
had the flexibility to take breaks within these
blocks, to maintain focus throughout the session.
Within each trial, the “X” appeared three or
four times (span), and participants were asked to
memorize the locations of the "X” on a 4x4 grid.
Following each “X”, a decision-making task was
presented. After all “X’s” had been presented,
participants entered the recall stage which was
often followed by four thought-probe questions
(see Figure 2.1. During one trial the participants
were expected to remember the locations of the
letter “X” in sequential order for later recall and
also to respond to the decision-making task as fast
and as accurately as they can.

In the decision-making task, the participants
were presented with two conditions. The self and
the shoebox condition. The participants were ex-
pected to respond to the task by either respond-
ing ‘yes’ or ‘no’ by clicking on the corresponding
key on the keyboard. The self condition focused on
evaluating how individuals respond to stimuli that
require them to reflect on themselves. In this condi-
tion, participants were presented with personality
trait words and were asked to assess whether these
traits describe them (e.g., "Am I kind?”). This
method stimulates participants to engage in self-



reflection, thereby activating self-referential think-
ing processes. The shoebox condition served as a
control to the self condition. In this setup, par-
ticipants were presented with object words and
were asked to decide if the item could fit inside a
shoebox. This task is designed to engage cognitive
processes without eliciting self-referential thoughts,
thereby providing a baseline measure of cognitive
performance and spontaneous thinking that is not
influenced by self-reflection. By comparing perfor-
mance and spontaneous thought patterns between
these two conditions, the study aims to uncover
how self-referential processing might influence cog-
nitive functions.

To examine the spontaneous thoughts of the par-
ticipants, four thought-probe questions were ran-
domly presented during the blank period prior to
the recall stage (Huijser et al., 2018). The four dif-
ferent thought-probes were the following:

1. What were you thinking about right before you
had to answer? This is used to access the con-
tent of thoughts during the blank period prior
to the recall phase in order to categorize the
responses as ”on-task” or ”off-task” thinking.

2. To what extent were your thought self-focused?
This question is used to assess the self-focus of
thought. Responses could range from 1 (com-
pletely other-focused) to 5 (completely self-
focused).

3. How difficult was it to disengage from the
thought? This was used to assess the sticki-
ness of thought. Responses could range from
not sticky to very sticky, from 1 (very easy) to
5 (very difficult).

4. How positive or negative were your thoughts?
This was used to assess the valence of thought.
Responses could range from 1 (very negative
thoughts) to 5 (very positive thoughts).

In this study, we are only interested in the stick-
iness of thought. Therefore we only focused on the
third thought probe question: “How difficult was it
to disengage from the thought?”

In the CWM task, there was a total of 48 trials.
This included 24 trials for each span length (three
and four) and 24 trials for each condition (SRP
and shoebox). In each block, 8 of the 16 trials were

followed by thought probe questions. Thus, out of
the 48 trials, 24 were followed by a thought probe.

Statistical Analysis

All analyses were conducted using R software (ver-
sion 4.4.1). Solely the trials followed by a thought
probe were included, resulting in the exclusion of
half of the trials from the analysis.

Linear mixed-effects models were utilized to
examine the interplay between variables, specifi-
cally using the lmer function to analyze continu-
ous dependent variables (recall accuracy, stickiness)
against the independent variables (stickiness, con-
dition, span and depression level). Linear mixed-
effects models were chosen due to their ability to
account for both fixed and random effects, pro-
viding a more robust analysis. In these models,
the individual subjects were treated as random ef-
fects to account for the variability between partici-
pants. Additionally, t-tests were employed to com-
pare the means of different groups and assess sig-
nificant differences between conditions. Interaction
effects were also examined in the different models
to understand how the relationship between vari-
ables might change under different conditions. Four
specific models were developed:

e Model 1: This model assessed the effect of cog-
nitive load on accuracy, including the interac-
tion between cognitive load(span) and condi-
tion (self/shoebox)

e Model 2: This model assessed the effects
of depression level (less/more) and condition
(self/shoebox) on memory recall accuracy, in-
cluding the interaction between these vari-

ables.
e Model 3: This model assessed the ef-
fect of depression(less/more) and condi-

tion(self/shoebox) on stickiness, including the
interaction between these variables.

e Model 4: This model examined how self-
reported stickiness during the complex work-
ing memory task influenced recall accuracy in
individuals with varying depression levels.

The Bayesian model comparison method was
used to assess the fit of the linear mixed-effects
models (see Table 3.2). Bayes Factors (BF) were



estimated to assess the models’ relevance using
the ‘ImBF’ function from the ‘BayesFactor’ pack-
age. BFs can measure one model’s superiority
over another (for example, using the elements
of interest). In terms of BF interpretation, a
BF less than 1 indicates support for the null or
simpler model; a BF between 1 and 3 suggests
weak evidence for the alternative or more complex
model; a BF between 3 and 10 indicates moderate
evidence in favor of the alternative model; and
a BF greater than 10 indicates strong evidence
supporting the alternative model. The signifi-
cance of factors within models was determined
based on p-values ( < 0.05) and effect sizes, derived
from the ‘Imer’ function of the ‘lmed’ package in R.
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3 Results

3.1 Verification of less and more de-
pressed groups

To verify whether there was a significant difference
between the two groups (less and more depressed)
on depression-related symptoms, Yang et al. (2022)
examined this group difference on the composite Z-
score of three self-report questionnaires using an
independent t-test. Table 3.1 shows the mean com-
posite Z-scores and standard deviations for both
groups. The results indicate that participants in the
more depressed group scored significantly higher on
all individual questionnaires and the summed Z-
score than the less depressed group (p < 0.001, t
= 16.9, BF = 3.4e+17), with extremely strong evi-
dence according to the Bayes Factors. Therefore, we
can verify that the setup used to categorize the two
groups into less and more depressed has succeeded
due to significant differences between the groups.

3.2 The effect of cognitive load and
SRP on accuracy

Prior to analysing the impact of self-referential pro-
cessing on memory accuracy, we initially confirmed
whether the participants’ memory performance de-
creased as the task difficulty increased. The mem-
ory accuracy differences were analysed by examin-
ing the changes in spans (3, 4) under both condi-
tions (self vs. shoebox).

The analysis indicated that there was a significant
main effect of span on memory accuracy (x?(1) =
5.74,p = 0.017, BF = 0.52), demonstrating that in-
creasing the span from 3 to 4 led to a significant de-
crease in recall accuracy. In span 3 trials, the mean
recall accuracy was 0.867 (SD = 0.188), while in
span 4 trials, it was 0.837 (SD = 0.193). This result
suggests that the difficulty level, as manipulated by
span length, affected participants’ ability to recall
target items. Nevertheless, the Bayes factor (BF)
yielded a weak indication in favour of this model
(BF = 0.51922), suggesting that although there
is statistical significance, the support for a higher
span decreasing recall accuracy was not strong.
Next, we investigated whether memory accuracy
was affected by the condition (shoebox vs. self).
There was no significant main effect of condition on
recall accuracy, according to the ANOVA test com-

paring the models (x?(1) = 0.04,p = 0.82,BF =
0.03). This suggests that the specific type of the
task (whether participants were asked to consider
self-referential thoughts or neutral object-related
thoughts) does not significantly influence how well
they remember information in this context.

The interaction between span and condition on
recall accuracy also showed no significant effect,
(x*(1) = 0.47,p = 0.49,BF = 0.08), suggesting
that the combined influence of span and condition
did not significantly impact recall accuracy.

3.3 The effect of SRP on recall accu-
racy for more and less depressed
individuals

In order to further explore the impact of self-
referential thinking on accuracy, it is necessary to
examine whether this effect varies among persons
with higher levels of depression. Analysis revealed
that depression does not significantly impact recall
accuracy, with the results showing no main effect
of depression (x%(1) = 0.52,p = 0.47, BF = 0.09).
Additionally, there was no significant main effect
of condition (self-referential vs. control) on recall
accuracy (x2(1) = 0.04,p = 0.82, BF = 0.03). Im-
portantly, the interaction effect between condition
and depression on recall accuracy was also not sig-
nificant (x%(1) = 2.2,p = 0.14, BF = 0.18). These
results indicate that neither the level of depression
nor the self condition significantly influenced mem-
ory performance in the complex working memory
task.

Figure 3.1 illustrates the relationship between
more and less depressed individuals and recall accu-
racy under two different conditions: shoebox (con-
trol condition) and self (self-referential condition).
In both conditions, the findings depicted that mem-
ory recall accuracy was similar for both less and
more depressed individuals. The plot shows that re-
call accuracy does not significantly differ between
less and more depressed groups across both condi-
tions. This is consistent with our statistical findings



Table 3.1: Means and standard deviations (between brackets) of self-report questionnaires scores
across the less and more depressed groups. (Sheng et al, in preparation)

Less Depressed More Depressed t BF
PTQ 16.43 (6.18) 40.87 (7.55) 12.07**  2.2e+12
RRS 34.35 (6.07) 60.09 (7.65) 12.6"*  1.1e+13
CES-D 8.22 (3.94) 31.04 (9.16) 11.0%**  1.2e+11
Total Z score -3.07 (0.88) 3.65 (1.69) 16.9***  3.4e+17

Note: *p < 0.05; **p < 0.01; ***p < 0.001

Table 3.2: Chi-square Goodness of Fit Test and Bayes Factors Results

x’(p) p=df P -value Bayes Factor (BF)
Span on accuracy 5.7 1 < 0.05* 0.52
Condition on accuracy 0.04 1 0.82 0.03
Depression on accuracy 0.5 1 0.47 0.09
Stickiness on accuracy 17.7 1 < 0.001*** 118.42
Depression on stickiness  11.3 1 < 0.001** 96.6

Note: *p < 0.05; **p < 0.01; ***p < 0.001
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Note: *p < 0.05; **p < 0.01; ***p < 0.001

Figure 3.1: Effect of depression on memory recall
accuracy across the two conditions (self vs. shoe-
box)

3.4 The difference in the average
level of sticky thinking between
less and more depressed individ-
uals

Our previous analysis indicated that neither task
condition nor depression significantly impacted re-
call accuracy. Consequently, the next step is to
investigate whether individuals with higher levels

of depression have stickier thoughts compared to
those with lower levels of depression under both the
self-referential and control conditions. This could
clarify if thought stickiness explains the observed
lack of significant effects on recall accuracy.

The analysis revealed that depression signifi-
cantly influences stickiness (x2(1) = 11.3,p <
0.001,BF = 96.6), indicating strong evidence for
this effect. Similarly, condition also significantly af-
fects stickiness (x2(1) 14.5,p < 0.001,BF =
182.4).

The analysis showed that individuals with higher
levels of depression reported stickier thoughts com-
pared to those with lower levels of depression.
Specifically, the mean stickiness score for individ-
uals with higher depression was 3.26 (SD = 0.76),
whereas the less depressed individuals reported less
sticky thoughts, with a mean score of 2.72 (SD =
0.81).

When inspecting the impact of condition on
stickiness, the findings suggest that the self-
referential condition resulted in stickier thoughts,
compared to the shoebox condition. The mean
stickiness score in the shoebox condition was 2.90
(SD = 0.82), while in the self-referential condition,
it was higher at 3.08 (SD = 0.83).

Additionally, the analysis revealed weak evidence
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for the interaction effect of depression and condi-
tion on stickiness (x?(1) = 3.7,p = 0.05, BF = 1.4),
suggesting that the relationship between depres-
sion and stickiness varies by task type, with
individuals with higher depressive symptoms
finding self-referential tasks especially challenging,
leading to greater stickiness compared to the
shoebox condition.

Figure 3.2 illustrates the impact of depression
on stickiness, as described above. The graph shows
that individuals with higher levels of depression re-
ported greater stickiness in both conditions. No-
tably, the increase in stickiness is more pronounced
in the self-referential condition.

w

Condition
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Stickiness

~

less more
Depression

Note: *p < 0.05; **p < 0.01; ***p < 0.001

Figure 3.2: Effect of depression severity on stick-
iness across the two conditions (self vs. shoebox)

3.5 What is the effect of stickiness

and depression on memory recall
accuracy for individuals in both
the self condition and shoebox
condition?

The analysis investigated the interaction effects of
stickiness and depression, as well as stickiness and
condition, on memory recall accuracy in both the
self and the shoebox condition. The results indi-
cated that the interaction effect of stickiness and
depression on recall accuracy was not significant
(x*(1) = 2.5,p = 0.11,BF = 0.141), suggesting
weak evidence against the model including this in-
teraction. Interaction Effects of Stickiness and De-
pression on Memory Recall Accuracy The analy-

sis investigated the interaction effects of stickiness
and depression, as well as stickiness and condition,
on memory recall accuracy in both the self and
shoebox conditions. Initially, the results indicated
that the interaction effect of stickiness and depres-
sion on recall accuracy was not significant(y?(1) =
2.5,p = 0.11,BF = 0.141), suggesting weak evi-
dence against the model including this interaction.

Further analysis separated the interaction ef-
fects of stickiness and depression for each condi-
tion. In the self condition, the interaction effect
was found to be non-significant (y?(1) = 0.087,p =
0.77,BF = 0.052), indicating very weak evidence
for the inclusion of this interaction in the model
(see Figure 3.3. Similarly, in the shoebox condi-
tion, the interaction effect was also non-significant
(x%(1) = 1.7969,p = 0.18, BF = 0.129), suggest-
ing weak evidence for the interaction model (see
Figure 3.4. These results suggest that the interac-
tion between stickiness and depression does not sig-
nificantly influence memory recall accuracy in ei-
ther the self or shoebox condition. Similarly, the
interaction effect of stickiness and condition on re-
call accuracy also did not yield significant results
(x*(1) = 0.01,p = 0.91, BF = 0.031).

Additionally, the three-way interaction between
depression, stickiness and condition was also not
significant, (x?(2) = 1.9,p = 0.40, BF = 0.010) in-
dicating that the combined effect of stickiness and
depression on recall accuracy does not significantly
differ between the self-referential and control tasks.

These findings suggest that while stickiness and
depression individually impact memory recall ac-
curacy, their combined effect does not significantly
alter the outcome. This means that the presence
of both high stickiness and high depression does
not intensify the decline in recall accuracy more
than each factor does on its own. Similarly, the type
of task condition (self-referential vs. shoebox) does
not significantly interact with stickiness to influ-
ence recall accuracy. This indicates that the nega-
tive impact of sticky thoughts on memory recall is
consistent across different types of tasks, and the
depressive symptoms do not amplify the stickiness
effect in any specific task condition.

Despite the lack of significant interaction ef-
fects, the data reveal some notable trends. In the
self-referential condition, less depressed individuals
with stickier thoughts tend to have poorer accu-
racy, while more depressed individuals show no sig-
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nificant difference in accuracy based on stickiness.
This suggests a potential trend where less depressed
individuals are more affected by the stickiness of
their thoughts when engaged in self-referential pro-
cessing.

In the shoebox condition, both less and more
depressed individuals with higher stickiness ex-
hibit poorer recall accuracy compared to those with
lower stickiness. This trend indicates that regard-
less of depression level, stickier thoughts in the
shoebox condition are associated with decreased re-
call accuracy.

Figures 3.3 and 3.4 illustrate these relationships.
In both figures, the trends suggest that for less de-
pressed groups, as stickiness increases, recall accu-
racy decreases significantly compared to the more
depressed group. However, the statistical tests do
not support these interactions as significant.

The overall findings indicate that stickiness sig-
nificantly decreases recall accuracy, while depres-
sion significantly increases stickiness. However, the
interaction effects between stickiness and depres-
sion, as well as the three-way interaction with con-
dition, are not statistically significant. This sug-
gests that while stickiness negatively impacts re-
call accuracy and depression exacerbates stickiness,
their combined effect does not significantly influ-
ence memory recall accuracy, regardless of the con-
dition.
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Figure 3.3: Interaction effect of stickiness and
depression on recall accuracy in the self condi-
tion
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Figure 3.4: Interaction effect of stickiness and
depression on recall accuracy in the shoebox
condition

4 Discussion

By utilizing a dataset from Sheng et al. (in prepa-
ration), the current study examined the interactive
effects of depression, self-referential processing and
stickiness of mind-wandering on recall accuracy un-
der a complex working memory task

We hypothesized that individuals with higher
levels of depressive symptoms would exhibit lower
memory recall accuracy due to increased stickiness
of mind-wandering, particularly in tasks involving
SRP.

First of all, our results found a significant im-
pact of task span on recall accuracy. Specifically,
increasing the task span from 3 to 4 led to a sig-
nificant decrease in recall accuracy. This indicates
that the difficulty level, as manipulated by span
length, effectively impacts participants’ ability to
recall target items. This finding aligns with exist-
ing literature suggesting that greater cognitive load
reduces working memory performance (Barrouillet
et al., 2007).

However, our results did not show significant
main effects of depression or SRP condition on re-
call accuracy. This suggests that the specific task
condition (whether it involves self-referential pro-
cessing or not) and the level of depression do
not significantly influence memory. This could sug-
gest that the cognitive load imposed by the task
might overshadow the specific influence of self-
referential processing. Additionally, the interaction
effects between depression and the self condition
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were not statistically significant, indicating that the
expected exacerbation of cognitive load by SRP in
individuals with higher depressive symptoms was
not observed in this study.

When examining the nature of sticky thoughts,
our study revealed that depression was significantly
associated with increased stickiness. Participants
with higher depressive symptoms reported greater
difficulty disengaging from spontaneous, off-task
thoughts. This aligns with previous research indi-
cating that depressed states enhance the persis-
tence of negative, self-referential thoughts(Nolen-
Hoeksema et al., 2008).

Unlike our study, which utilized a complex work-
ing memory task to assess the impact of depres-
sive symptoms on cognitive performance, Nolen-
Hoeksema et al. (2008) employed a rumination in-
duction method. In their study, participants fo-
cused on the meanings, causes, and consequences
of their feelings, which is a more direct measure
of rumination. Additionally, Nolen-Hoeksema et al.
(2008) did not use a cognitive task to assess stick-
iness. Instead, they measured rumination through
self-report questionnaires and observational meth-
ods during induced rumination periods.

Despite these methodological differences, both
studies found that increased stickiness of thoughts
negatively impacted cognitive performance. In our
study, this increased stickiness led to lower re-
call accuracy in self and shoebox conditions. How-
ever, the interaction between stickiness levels and
task conditions (self vs. shoebox) on recall accu-
racy was not statistically significant. This indicates
that while stickiness affects memory performance,
the specific task condition (whether it involves self-
referential processing or not) does not influence this
effect. Additionally, the interaction of depression
with task conditions on recall accuracy was also
not statistically significant. Thus, results for more
depressed individuals did not lead to significantly
less accuracy, as we hypothesised.

Contrary to our hypothesis, the self-referential
processing condition did not significantly decrease
recall accuracy compared to the shoebox condi-
tion. This unexpected result could be explained
by several factors. One possibility is that the self-
referential and control tasks might have similar cog-
nitive demands in the context of our study, es-
pecially given the nature of the working memory
tasks used. However, this is inconsistent with previ-

ous findings by Huijser et al. (2018), which showed
distinct cognitive demands between self-referential
and non-self-referential tasks. Another explana-
tion could be related to our sample composition.
The participants, mainly university students, might
not have experienced depressive symptoms severe
enough to exhibit significant differences between
conditions. Additionally, the linguistic background
of participants (with a significant proportion be-
ing non-native English speakers) might have influ-
enced their processing of self-referential and con-
trol tasks, potentially masking the true effects of
self-referential processing on memory performance
(Rohrer et al., 2020).

In summary, our findings confirm that depression
is associated with increased stickiness of thoughts,
the differential effects of self-referential processing
on memory recall accuracy were not observed.

Despite the lack of significant interaction effects
between task conditions (self vs. shoebox) and de-
pression levels on memory recall, our study did find
a significant impact of stickiness on recall accuracy.
This could imply that while depression increases
the stickiness of thoughts, it may not necessarily be
specific to self-referential content. Self-referential
processing, which involves evaluating information
in relation to oneself, seems to increase the stick-
iness of thoughts in individuals with higher levels
of depression. However, these self-focused thoughts
did not significantly disrupt memory performance
in the context of this study.

Additionally, while the CWM task included a
thought probe related to how much participants’
thoughts were self-related, we did not analyze this
specific measure in our current analysis. Measur-
ing the amount of self-related thoughts directly
could provide further insights into the role of self-
referential processing in cognitive performance. Fu-
ture research should include a thorough analysis
of these self-related thought probes to clarify their
specific impact on cognitive tasks.

Our results indicate that depression is sig-
nificantly associated with increased stickiness of
thoughts and that higher levels of stickiness nega-
tively impact memory recall accuracy. This implies
that techniques aimed at reducing the stickiness of
negative, self-referential thoughts could be benefi-
cial in improving cognitive function in depressed
individuals. For example, mindfulness-based inter-
ventions or other therapeutic approaches that aim
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to modify self-referential processing patterns may
help reduce the cognitive decline in memory recall
associated with depression (Lin et al., 2018). By
targeting the persistence of self-focused thoughts,
these interventions could potentially mitigate the
cognitive interference caused by stickiness, high-
lighting the need for therapeutic strategies that
specifically address these cognitive patterns to im-
prove memory performance in depressed individu-
als.

Several limitations should be considered when in-
terpreting our findings.

Firstly, the study’s reliance on a sample of uni-
versity students, who may not exhibit severe de-
pressive symptoms, limits the generalizability of the
results to clinical populations (Andrews & Wilding,
2004). University students often experience situ-
ational depressive symptoms that might not cap-
ture the full spectrum of depression seen in clini-
cal settings. This full spectrum includes more se-
vere and chronic symptoms, comorbid conditions
like anxiety or substance abuse, and significant im-
pacts on daily functioning (Andrews & Wilding,
2004). These aspects are crucial for understand-
ing the broader implications of depression on cog-
nitive processes such as self-referential processing
and memory recall accuracy.

Future research could benefit from examining the
questionnaire scores to determine how closely they
align with clinical thresholds for depression. Includ-
ing participants with a broader range of depressive
symptoms, particularly those meeting clinical cri-
teria would provide a more comprehensive under-
standing of how depression affects cognitive pro-
cesses.

Secondly, the linguistic background of partic-
ipants, with a significant proportion being non-
native English speakers, might have influenced the
processing of self-referential and control tasks. Non-
native speakers may face additional cognitive load
when processing tasks in a non-native language,
which could potentially mask the true effects of
self-referential processing on memory performance
(Rohrer et al., 2020). This extra cognitive load
could dilute the differences between self and shoe-
box conditions, leading to a potential underestima-
tion of the impact of SRP. Future research should
consider only conducting the experiments on par-
ticipants who are all native speakers.

Future research could also broaden the scope of

this study to expand on the findings by including
a second experiment with participants who are na-
tive speakers of a different language. This would
allow for an exploration of whether the results ob-
served in English speakers are consistent across dif-
ferent linguistic backgrounds. By investigating the
cognitive processing of self-referential and control
tasks in a linguistically diverse sample, future stud-
ies could assess the potential influence of language
on mind-wandering stickiness and memory recall
accuracy.

Additionally, in our task, which consisted of three
blocks (each with 16 trials), we only focused on half
of the trials which were followed by the thought
probes. Since we only analyzed these trials, it could
have limited our ability to detect significant differ-
ences. Future studies should consider increasing the
number of trials analyzed, thereby increasing the
statistical power and the overall robustness of the
results. However, making the task longer could also
present complications. The task is already one hour
long, and extending it further could lead to partic-
ipant fatigue, decreased motivation, and reduced
data quality due to lapses in attention. Therefore,
future studies should consider the balance between
increasing the number of trials for greater statis-
tical power and maintaining a manageable task
length to ensure high-quality data. Analyzing all
existing trials without extending the task dura-
tion might be a viable compromise to achieve more
robust results without overburdening the partici-
pants.

Moreover, this study examined multiple rela-
tionships and causalities between variables, specif-
ically focusing on the associations between depres-
sion, self-referential processing (SRP), stickiness,
and memory recall accuracy. While we observed
significant associations, we cannot fully determine
the directionality of these relationships because the
data was collected at a single point in time (cross-
sectional study). This limitation means we can only
identify correlations, not causations, making it un-
clear whether depression leads to increased sticki-
ness and reduced memory recall accuracy or if the
difficulty in disengaging from sticky thoughts exac-
erbates depressive symptoms.

To address this limitation, longitudinal studies
are needed. Such studies could explore how changes
in depressive symptoms over time influence SRP
and memory performance. Additionally, they could
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assess whether interventions targeting SRP lead
to sustained improvements in cognitive function,
providing deeper insights into the directionality of
these effects. Longitudinal data would help to es-
tablish causal relationships by observing how vari-
ables change and interact over time.

Finally, our study did not account for the po-
tential impact of other psychological factors, such
as anxiety and stress, which often co-occur with de-
pression and can affect cognitive performance. Anx-
iety and stress can introduce additional cognitive
load and distraction, potentially confounding the
results by making it difficult to isolate the specific
effects of depression and self-referential processing.
These unmeasured factors could mask or exagger-
ate the true effects of depression and SRP. Stud-
ies have shown that social anxiety disorder (SAD)
is associated with aberrant self-referential process-
ing (SRP) and that these neural correlates are re-
lated to clinical improvement following pharmaco-
logical and cognitive-behavioral treatments (Yoon
et al., 2019). Future studies should include mea-
sures of these co-occurring psychological factors to
separately examine their individual and combined
effects on memory recall accuracy. However, incor-
porating additional variables would complicate the
research design, requiring more comprehensive data
collection and analysis to ensure robust and reliable
results.

In summary, our study provides valuable in-
sights into how depression, self-referential process-
ing (SRP), and stickiness of mind-wandering inter-
relate and affect memory recall accuracy. We found
that higher levels of depressive symptoms are asso-
ciated with increased stickiness, which negatively
impacts memory performance. Although we did not
observe differential effects of self versus shoebox
conditions, our findings highlight the significant
cognitive burden of depression. Despite the study’s
limitations, such as the influence of co-occurring
psychological factors and the need for a larger sam-
ple size, our research underscores the importance
of further studies to confirm and extend these find-
ings.

5 Conclusions

This thesis explored the relationships between de-
pression, self-referential processing (SRP), mind-

wandering stickiness, and their effects on mem-
ory recall accuracy in complex working memory
(CWM) tasks. The research question addressed
was: “How does the self-reported stickiness of mind-
wandering during complex memory tasks affect
memorization accuracy in individuals with varying
levels of depressive symptoms?”

Our findings show that while depression is asso-
ciated with increased stickiness of mind-wandering,
which is the difficulty in disengaging from sponta-
neous thoughts, there was no significant direct im-
pact of depression on memory recall accuracy. This
suggests that although depressive symptoms make
it harder for individuals to shift away from sticky
thoughts, this did not translate to a measurable
decrease in recall accuracy in our study. However,
we did find that increased stickiness of thoughts
negatively impacted recall accuracy. This indicates
that stickier thoughts consume cognitive resources
necessary for task performance, leading to reduced
memory recall accuracy regardless of the level of
depression.

Furthermore, we did not observe significant dif-
ferences in recall accuracy between self and shoebox
conditions. This indicates that the general cogni-
tive demand of the tasks might overshadow the spe-
cific impact of self-referential content. Additionally,
there were no significant interaction effects between
task conditions (self vs. shoebox) and depression
levels on memory recall accuracy.

Our study’s limitations include a homogeneous
sample of university students and linguistic diver-
sity that might have influenced the results. Future
research should consider more diverse and linguis-
tically homogeneous samples and analyze a more
comprehensive set of trials to enhance robustness
and statistical power.

In conclusion, while depressive symptoms are
linked to increased stickiness of mind-wandering,
this stickiness did not significantly impact mem-
ory recall accuracy within the context of our study.
However, increased stickiness of thoughts was found
to negatively affect memory recall accuracy. These
findings highlight the complexity of the relationship
between depression, mind-wandering, and cognitive
performance. Future research should further clar-
ify these relationships and investigate interventions
aimed at reducing sticky thoughts and improving
cognitive function in individuals with depression.
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