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Abstract
Individuals with depressive tendencies exhibit a working memory bias toward
negative information, and a decline in the ability to filter task-irrelevant infor-
mation from entering working memory (filtering efficiency) affects current infor-
mation processing. This study explores the moderating role of mental imagery
in the relationship between depressive tendencies and the filtering efficiency of
task-irrelevant emotional information. Study 1 employed a working memory
task with a filtering function to examine the relationships among depression,
emotional information filtering efficiency, and the vividness of mental imagery.
Study 2 and Study 3 required participants to imagine faces with different emo-
tional valences before the working memory task to investigate the effects of
positive and negative mental imagery on the filtering efficiency of negative emo-
tional information. The results showed that depression scores were negatively
correlated with negative emotional information filtering efficiency and the vivid-
ness of mental imagery. For individuals with depressive tendencies, the filtering
efficiency of negative emotional information after positive mental imagery was
higher than after neutral mental imagery, whereas no such difference was found
in healthy individuals. For healthy individuals, the filtering efficiency of nega-
tive emotional information after negative mental imagery was lower than after
neutral mental imagery, while no difference was observed in individuals with
depressive tendencies. This indicates that mental imagery moderates the rela-
tionship between depression and the filtering efficiency of task-irrelevant nega-
tive emotional information. Positive mental imagery can guide individuals with
depressive tendencies to ignore task-irrelevant negative emotional information,
thereby improving their filtering efficiency, which provides a new perspective
for early intervention in depression.

chinarxiv.org/items/chinaxiv-202604.00356 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00356
https://chinarxiv.org/items/chinaxiv-202604.00356


Full Text
Preamble
The Moderating Role of Mental Imagery in the Relationship Between Depressive
Tendency and Filtering Efficiency of Task-Irrelevant Emotional Information *

Li Hangyu, Xu Heng, Mu Yurong, Yuan Xiaowei, Li Shouxin, Zhang Qian

(Faculty of Psychology, Shandong Normal University; Shandong Key Laboratory
of Brain Science and Psychopathology, Jinan 250358)

摘要
Individuals with depressive tendencies exhibit a working memory bias toward
negative information, which is closely linked to a deficit in filtering efficiency—
the ability to prevent task-irrelevant information from entering working memory.
Research indicates that this impaired filtering mechanism is a core cognitive
feature of depression, leading to the excessive accumulation of negative content
within the limited capacity of working memory.

[Figure 1: see original paper]

1.1 Working Memory and Filtering Efficiency in Depression

In the framework of cognitive models of depression, the inability to inhibit irrel-
evant negative stimuli results in a “bottleneck”effect. When individuals with
depressive tendencies are presented with emotional distractors, their neural re-
sponses—specifically the Contralateral Delay Activity (CDA)—suggest that they
process irrelevant negative information as if it were task-relevant. This failure
to filter out negative“noise”consumes cognitive resources that would otherwise
be allocated to goal-directed tasks.

1.2 The Role of Emotional Valence

The filtering deficit in depression is often valence-specific. While healthy individ-
uals typically demonstrate a“positivity bias”or an equal ability to filter neutral
and negative distractors, those with depressive symptoms show a marked diffi-
culty in ignoring negative stimuli. This suggests that the emotional salience of
information interacts with the executive control processes of working memory.

1.3 Neural Mechanisms

Neuroimaging and electrophysiological studies have localized these filtering dif-
ficulties to the prefrontal-parietal network. Specifically, reduced activity in the
dorsolateral prefrontal cortex (dlPFC) is often observed alongside increased ac-
tivity in the amygdala when depressed individuals attempt to ignore negative
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distractors. This imbalance reflects a breakdown in top-down cognitive con-
trol, making it difficult for these individuals to disengage from mood-congruent
information.

𝐸𝑓𝑖𝑙𝑡𝑒𝑟𝑖𝑛𝑔 = 𝐶𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡
𝐶𝑡𝑜𝑡𝑎𝑙 + 𝜆 ⋅ 𝐼𝑖𝑟𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡

As shown in the conceptual model above, the filtering efficiency (𝐸𝑓𝑖𝑙𝑡𝑒𝑟𝑖𝑛𝑔)
decreases as the interference from irrelevant negative information (𝐼𝑖𝑟𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡)
increases, weighted by the individual’s sensitivity to negative valence (𝜆). Un-
derstanding these mechanisms is crucial for developing targeted cognitive inter-
ventions, such as cognitive bias modification (CBM), aimed at improving the
executive functions of individuals at risk for clinical depression.

A decline in cognitive performance can negatively impact current information
processing. This study explores the role of mental imagery in the relationship
between depressive tendencies and the filtering efficiency of task-irrelevant emo-
tional information.

Introduction
Depression is often characterized by significant deficits in cognitive control, par-
ticularly in the ability to inhibit irrelevant emotional stimuli. Previous research
has demonstrated that individuals with high depressive tendencies exhibit a re-
duced capacity to filter out negative distractors, which further exacerbates their
emotional dysregulation. Mental imagery, defined as the mental representation
of sensory information in the absence of external stimuli, plays a crucial role
in emotional processing and cognitive resource allocation. However, the specific
mechanism by which mental imagery influences the filtering efficiency of task-
irrelevant emotional information in those with depressive tendencies remains
unclear.

[Figure 1: see original paper]

The current study aims to investigate whether the vividness and valence of men-
tal imagery moderate the impact of depressive symptoms on cognitive filtering.
By utilizing an experimental paradigm that requires participants to ignore emo-
tional distractors while performing a primary task, we assess the efficiency of
information processing under varying emotional loads. Understanding these dy-
namics is essential for developing targeted interventions that leverage mental
imagery to improve cognitive control in depressed populations.

Moderating Effects
Study 1 employed a working memory task with filtering functionality to inves-
tigate the relationships between depression, the filtering efficiency of emotional
information, and the vividness of mental imagery. By utilizing this paradigm,
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we aimed to clarify how individual differences in depressive symptoms influence
the ability to exclude irrelevant emotional distractors from working memory
and how this filtering process, in turn, affects the generation and maintenance
of mental images.

[Figure 1: see original paper]

1.1 Research Design and Methodology

The experimental design focused on the cognitive mechanisms underlying emo-
tional regulation and information processing. Participants were required to
perform a modified working memory task where they were presented with both
target stimuli and emotional distractors. The filtering efficiency was opera-
tionalized as the capacity to prevent task-irrelevant emotional information from
consuming working memory resources. This was measured using established
metrics derived from task performance and response latencies.

1.2 Data Collection and Analysis

To assess the severity of depressive symptoms, standardized clinical scales were
administered prior to the cognitive tasks. Mental imagery vividness was evalu-
ated through self-report inventories and objective performance markers during
the imagery generation phase of the study. We hypothesized that individuals
with higher levels of depression would exhibit reduced filtering efficiency for neg-
ative emotional information, leading to a higher cognitive load and potentially
altering the vividness of subsequent mental imagery.

1.3 Preliminary Results

The initial analysis suggests a significant interaction between depressive state
and the filtering of emotional content. Specifically, the data indicate that the
inability to effectively filter negative stimuli is associated with intrusive mental
imagery, which may serve as a maintaining factor for depressive affect. Further
details regarding the correlation coefficients and the results of the moderation
analysis are provided in the following sections, utilizing ℱ statistics to determine
the significance of the observed effects.

2.2 Research Design and Methodology
The present study investigates the relationship between emotional valence and
cognitive flexibility. In Study 2 and Study 3, participants were required to imag-
ine faces with different emotional valences prior to performing working memory
tasks. This experimental manipulation was designed to examine the specific
effects of positive and negative emotional imagery on subsequent cognitive per-
formance.

[Figure 1: see original paper]
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By inducing specific emotional states through mental imagery, we aimed to
isolate the influence of internal emotional representations from external sensory
stimuli. Participants were instructed to maintain these vivid mental images
while completing a series of trials that measured their ability to switch between
different task rules, a core component of cognitive flexibility. This approach
allows for a more nuanced understanding of how emotional states, even those
generated internally, modulate executive functions within the working memory
framework.

The integration of these findings provides insight into the mechanisms by which
affect influences top-down processing. Specifically, we analyze whether the en-
hancement of cognitive flexibility is unique to positive affect or if valence-driven
arousal plays a more significant role in task switching efficiency. The results
from these studies contribute to the broader literature on the intersection of
emotion and machine learning models of human cognition, particularly in how
affective states can be parameterized to predict behavioral outcomes in complex
environments.

The Impact of Positive Mental Imagery on the Filtering
Efficiency of Negative Emotional Information
The results indicate a significant correlation between depression scores and the
filtering efficiency of negative emotional information. Specifically, higher levels
of depression are associated with a reduced capacity to exclude task-irrelevant
negative stimuli from working memory. Furthermore, the study explores how
positive mental imagery—the cognitive process of generating or transforming
mental representations with positive valence—modulates this filtering mecha-
nism.

Previous research has established that individuals with depressive symptoms of-
ten exhibit a“negativity bias,”characterized by increased attention toward and
difficulty disengaging from negative information. This study extends these find-
ings by examining the neurocognitive costs associated with such biases. By em-
ploying an experimental paradigm that measures filtering efficiency, we demon-
strate that the internal generation of positive mental imagery can serve as a
cognitive buffer, potentially enhancing the ability to suppress intrusive negative
distractors.

[Figure 1: see original paper]

The relationship between depression scores, mental imagery vividness, and fil-
tering performance suggests that the quality of one’s internal mental environ-
ment plays a crucial role in emotional regulation. When participants engaged
in structured positive mental imagery, there was a measurable improvement in
their filtering efficiency for negative emotional information, particularly among
those with moderate depression scores. These findings provide empirical sup-
port for the integration of mental imagery techniques into cognitive-behavioral
interventions aimed at remediating attentional biases in affective disorders.
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⋯is negatively correlated with imagery vividness. Individuals with depressive
tendencies exhibit higher filtering efficiency for negative emotional information
after engaging in positive mental imagery compared to neutral mental imagery.

In contrast, no such difference was observed in healthy individuals. Further-
more, after engaging in negative mental imagery, healthy individuals exhibited
lower filtering efficiency for negative emotional information compared to their
performance following neutral mental imagery. Conversely, individuals with
depression⋯

individuals with depressive tendencies. This indicates that mental imagery mod-
erates the relationship between depression and the filtering efficiency of task-
irrelevant negative emotional information. Specifically, positive mental imagery
⋯

Ideal imagery can guide individuals with depressive tendencies to ignore task-
irrelevant negative emotional information, thereby improving their filtering effi-
ciency. This provides a potential intervention strategy for the early prevention
and treatment of depression.

1. Introduction
Depression is a common mental disorder characterized by persistent low mood
and a loss of interest. Previous research has consistently demonstrated that indi-
viduals with depressive tendencies exhibit specific cognitive biases, particularly
in the processing of emotional information. These individuals often show a“neg-
ativity bias,”where they prioritize the processing of negative stimuli and struggle
to disengage their attention from such information. This maladaptive cognitive
pattern is closely linked to deficits in working memory filtering efficiency.

Working memory filtering efficiency refers to the ability to selectively protect
the limited capacity of working memory by preventing irrelevant information
from gaining access. In individuals with depressive tendencies, the failure to
effectively filter out task-irrelevant negative information leads to an overload of
the working memory system, which in turn exacerbates depressive symptoms.
Therefore, finding ways to enhance filtering efficiency is crucial for cognitive
remediation in this population.

2. The Role of Ideal Imagery
Ideal imagery, a technique involving the mental representation of a positive fu-
ture self or a desired state, has emerged as a promising tool in clinical psychology.
By activating positive self-schemas, ideal imagery can modulate attentional re-
sources and emotional responses. In the context of depressive tendencies, ideal
imagery may serve as a top-down regulatory mechanism.

When individuals engage in ideal imagery, they shift their internal focus toward
goal-oriented and positive representations. This shift can effectively“shield”the
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cognitive system from the interference of external or internal negative distractors.
Specifically, ideal imagery helps individuals with depressive tendencies to:

1. Enhance Attentional Control: By providing a clear, positive focal
point, ideal imagery strengthens the executive control functions required
to suppress irrelevant negative stimuli.

2. Reduce Sensitivity to Negative Information: The activation of pos-
itive affect through imagery can counteract the physiological and psycho-
logical salience of negative distractors.

3. Optimize Working Memory Allocation: By filtering out irrelevant
negative “noise,”more cognitive resources are made available for task-
relevant processing, thereby improving overall performance.

3. Implications for Early Intervention
The finding that ideal imagery can improve filtering efficiency has significant
implications for the early stages of depression. Traditional cognitive-behavioral
therapies often focus on restructuring existing negative thoughts. In contrast,
ideal imagery offers a proactive approach by strengthening the underlying cog-
nitive mechanisms—such as filtering efficiency—before

Intervention provides a new perspective.

关键词
Depressive tendency, working memory, filtering efficiency, positive mental im-
agery, negative mental imagery

Classification Code: B842

1 引言
Depression is a common emotional disorder that poses a serious threat to hu-
man life and health. Individuals with depression exhibit functional impairments
across multiple domains. Emotionally, they present with persistent low mood
and anhedonia;

physiologically, they experience abnormalities in sleep and appetite; and cogni-
tively, they manifest deficits in attention and memory.

For example, depressed individuals demonstrate sustained attention toward neg-
ative emotional information (Joormann & Gotlib, 2007), difficulty disengaging
from such stimuli (Xu et al., 2025), and biases in memory

and interpretation (Jermann et al., 2009). The cognitive foundation underlying
these manifestations is a working memory bias for negative emotional informa-
tion

(for a review, see Huang & Li, 2021). Working memory is a system responsible
for the temporary storage and processing of information
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(Luck & Vogel, 1997). Compared to positive emotions, the working memory
of depressed individuals is biased toward mood-congruent negative emotional
information, which leads to

persistent negative emotional experiences (Li et al., 2018). This working mem-
ory bias for negative emotional information further exacerbates cognitive im-
pairment

and increases the risk of the onset and recurrence of depression (Wen et al., 2023).
However, the specific mechanisms by which depressed individuals develop this
working memory bias for negative emotional information

remain unclear.

• ; 。

Since the capacity of working memory is limited, individuals must select task-
relevant information from the external environment and filter out irrelevant dis-
tractors based on specific task requirements. This selection process ensures that
limited cognitive resources are allocated to the most critical information, thereby
maintaining efficient goal-directed behavior. Research in cognitive psychology
and neuroscience has consistently demonstrated that the ability to control the
contents of working memory is a fundamental component of executive function.
When this filtering mechanism fails, working memory becomes cluttered with ir-
relevant data, leading to decreased performance in complex cognitive tasks such
as reasoning, problem-solving, and language comprehension. Consequently, un-
derstanding the mechanisms by which the brain prioritizes information for entry
into working memory remains a central focus of contemporary research.

Task-irrelevant information entering working memory is governed by a selective
mechanism known as filtering efficiency, which reflects the interference suppres-
sion function of working memory.

(Zhang et al., 2021; see review). Vogel et al. (2005) employed a change detection
task with filtering requirements to measure individual filtering efficiency.

The experimental conditions were defined as follows: the non-filtering condition
required participants to remember the orientations of either two or four red
rectangles. In contrast, the filtering condition required participants to remember
the orientations of two red rectangles while simultaneously ignoring the presence
of blue rectangles.

If the accuracy rates for remembering items under filtering conditions and non-
filtering conditions are consistent, it indicates that the individual is able to
effectively filter out irrelevant information.

Abstract and Introduction
Filtering task-irrelevant information from entering working memory is a hall-
mark of high filtering efficiency. Conversely, when individuals fail to exclude
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distractors, their cognitive resources are unnecessarily consumed. In experi-
mental paradigms comparing filtering conditions with non-filtering conditions
—specifically those requiring the memorization of four target items—the accu-
racy and neural signatures provide critical insights into individual differences in
cognitive control.

[Figure 1: see original paper]

Filtering Efficiency and Working Memory Capacity
High filtering efficiency is defined by the ability to selectively encode only task-
relevant stimuli while successfully excluding distractors. Research indicates that
individuals with higher working memory capacity tend to exhibit superior filter-
ing mechanisms. When presented with a visual array containing both targets
and distractors, these individuals show neural activity patterns—such as the
Contralateral Delay Activity (CDA)—that closely resemble patterns observed
when only the targets are present.

In contrast, individuals with low filtering efficiency demonstrate a failure to
prevent irrelevant information from gaining access to working memory. This
results in the“unnecessary”storage of distractors, which effectively reduces the
available capacity for task-relevant information. When comparing a filtering
condition (e.g., two targets and two distractors) to a high-load control condi-
tion (e.g., four targets), low-efficiency individuals show similar levels of neural
activation, suggesting that their working memory is being occupied by the dis-
tractors as if they were targets.

Experimental Observations
In behavioral tasks, the accuracy of remembering four items serves as a standard
benchmark for measuring maximum storage capacity. When filtering is effective,
the performance in a “2 targets + 2 distractors”condition should significantly
exceed that of a“4 targets”condition if the distractors are successfully ignored.
However, if the filtering mechanism fails, the cognitive load for the filtering
condition approaches that of the four-item memory task, leading to decreased
accuracy and slower response times.

The relationship between filtering efficiency and memory performance can be
quantified using the following relationship:

𝐾 = 𝑆(𝐻 − 𝐹)

where 𝐾 represents the estimated storage capacity, 𝐻 is the hit rate, and 𝐹
is the false alarm rate. By analyzing the discrepancies between filtering and
non-filtering trials, researchers can determine the precise point at which task-
irrelevant information begins to degrade performance.
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Neural Correlates of Distractor Exclusion

Electrophysiological studies have further elucidated these mechanisms. The
amplitude of the CDA is sensitive to the number of objects

If the filtering efficiency is low, individuals cannot effectively prevent task-
irrelevant information from entering working memory. The results indicate that
low working memory capacity is associated with a diminished ability to exclude
distractors. Specifically, when filtering efficiency is compromised, irrelevant
stimuli consume cognitive resources that should be reserved for task-relevant
information, leading to a reduction in the effective storage capacity available
for the primary task.

This relationship suggests that the quality of attentional control—specifically the
mechanism of inhibitory control—is a critical determinant of individual differ-
ences in working memory performance. Individuals with high working memory
capacity typically demonstrate superior filtering efficiency, allowing them to
maintain a high signal-to-noise ratio by prioritizing relevant inputs. Conversely,
those with lower capacity often show equivalent neural responses to both rele-
vant and irrelevant stimuli, suggesting that their working memory is cluttered
by unnecessary information. These findings underscore the importance of top-
down selection mechanisms in defining the functional limits of human cognitive
processing.

Low working memory capacity individuals find it difficult to effectively filter out
task-irrelevant information, leading to its storage within working memory. In
contrast, high working memory capacity individuals are able to effectively filter
such information.

⋯filter task-irrelevant information from entering working memory. Research
utilizing emotional faces has demonstrated that individuals with high working
memory capacity are able to effectively filter out neutral distractors. However,
when faced with emotional distractors—particularly those conveying negative
affect—even individuals with high working memory capacity exhibit a reduced
ability to filter such information. This suggests that the emotional valence of
a stimulus can capture attention and consume cognitive resources, thereby by-
passing the standard filtering mechanisms associated with high working memory
capacity.

Individuals with low working memory capacity exhibit significantly reduced
filtering efficiency when processing neutral and negative emotional distractor in-
formation. In contrast, individuals with high working memory capacity demon-
strate superior cognitive control, allowing them to effectively suppress irrele-
vant stimuli regardless of their emotional valence. This discrepancy suggests
that working memory capacity serves as a critical moderator in the top-down
regulation of emotional interference.

Research indicates that the inability to filter out negative distractors is particu-
larly pronounced in low-capacity individuals, often leading to increased cognitive

chinarxiv.org/items/chinaxiv-202604.00356 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00356


load and diminished performance on primary tasks. While positive emotional
stimuli can sometimes be managed more effectively due to their motivational
salience, the processing of negative and neutral information remains a primary
challenge for those with limited executive resources. These findings underscore
the importance of working memory in maintaining goal-directed behavior amidst
emotional environmental noise.

(Ye et al., 2018). For individuals with depression, the filtering efficiency for task-
irrelevant non-emotional information is significantly lower than that of healthy
individuals with high working memory capacity.

individuals is lower, yet it remains comparable to that of healthy individuals
with low working memory capacity (Owens et al., 2012). Furthermore, higher
levels of depression are associated with lower filtering efficiency.

significant decline (Fuggetta et al., 2025). The impairment of filtering functions
is also evident in negative emotional states. When individuals with normal emo-
tional levels are induced into a negative state, their ability to exclude irrelevant
distractors from working memory is markedly reduced. This suggests that emo-
tional fluctuations can temporarily disrupt the cognitive control mechanisms
responsible for maintaining information purity in working memory.

When individuals are in a negative emotional state, their filtering efficiency
for task-irrelevant non-emotional information is lower than when they are in a
neutral emotional state [?, ?]. The aforementioned research⋯

Research indicates that depression can reduce an individual’s efficiency in filter-
ing task-irrelevant, non-emotional information. According to mood-congruence
theory, individuals in a depressed state exhibit a processing bias toward nega-
tive information. This suggests that the cognitive impairments associated with
depression are not limited to general executive dysfunction but are specifically
exacerbated when encountering stimuli that align with the individual’s cur-
rent affective state. Consequently, the inability to effectively ignore irrelevant
distractors may be particularly pronounced when those distractors possess a
negative emotional valence, further taxing the limited cognitive resources of
depressed individuals.

According to cognitive theory, individuals with depression prioritize the process-
ing of mood-congruent negative emotional information, resulting in a negative
emotional processing bias [?, ?].

Mayer et al., 1990). Furthermore, coupled with the impairment of their ability to
inhibit negative emotional information (Dai & Feng, 2011), these characteristics
can alter an individual’s⋯

The individual’s capacity for selective attention toward emotional information
suggests that depressed individuals may struggle to filter task-irrelevant negative
emotional information from entering their cognitive processing. This deficit
in attentional control potentially leads to an increased cognitive load and the
persistence of negative affect.
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Working memory deficits in individuals with depression are characterized by a
reduced efficiency in filtering out task-irrelevant negative emotional information,
which subsequently leads to the development of a working memory bias.

According to the subcomponents model of depression, intrusive negative mental
imagery in depressed individuals is closely linked to a lack of positive mental
imagery. Research indicates that individuals suffering from depression not only
experience more frequent and distressing involuntary negative images but also
exhibit a significant deficit in the ability to generate and maintain vivid positive
mental representations.

This imbalance in mental imagery serves as a critical cognitive mechanism in
the maintenance of depressive symptoms. Specifically, the high frequency of
intrusive negative imagery acts as a source of internal stress, while the inabil-
ity to access positive imagery limits the individual’s capacity for emotional
regulation and the anticipation of future rewards. Consequently, this cognitive
profile contributes to the persistent low mood and anhedonia characteristic of
the disorder.

Current theoretical frameworks suggest that targeting these specific subcompo-
nents—by both reducing the impact of negative intrusions and enhancing the
vividness of positive imagery—may be essential for effective therapeutic inter-
vention. Understanding the interplay between these imagery types provides a
more nuanced perspective on the cognitive architecture of depression and offers
potential pathways for developing more specialized psychological treatments.

Positive mental imagery can exacerbate processing biases toward negative emo-
tional information. Furthermore, the intrusion of negative mental imagery and
a corresponding deficit in positive mental imagery are considered core features
of various psychological disorders. Research has demonstrated that individu-
als with depression or high levels of anxiety often exhibit a reduced capacity
for generating vivid positive imagery, while simultaneously experiencing fre-
quent, involuntary, and distressing negative mental images. This imbalance not
only sustains current emotional distress but also hinders the effective cognitive
reappraisal of negative stimuli. Consequently, understanding the mechanisms
underlying these imagery-based biases is crucial for developing targeted clinical
interventions.

Furthermore, processing biases toward negative emotional information can main-
tain depressive states both independently and through interactive mechanisms
(for a review, see [?, ?]).

Mental imagery refers to the ability to form mental representations in the mind
in the absence of direct sensory input. For example, when individuals recall past
experiences or envision future scenarios, they generate internal visual, auditory,
or tactile perceptions that mimic actual sensory experiences. This cognitive
process plays a critical role in various mental functions, including memory con-
solidation, problem-solving, and spatial reasoning. In the field of cognitive neu-
roscience, mental imagery is often described as a“quasi-perceptual”experience,
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as it shares significant neural substrates with actual perception, particularly
within the primary sensory cortices. Understanding the mechanisms behind
mental imagery is essential for elucidating how the human brain constructs
internal worlds and bridges the gap between perception and cognition.

When we describe breakfast to others, images of the breakfast table emerge in
our minds. This process of“seeing”images within the mind is known as mental
imagery.

Ideal imagery. A large-scale network research analysis reveals that higher levels
of depression are associated with a greater quantity of negative imagery and a
lower quantity of positive imagery in individuals.

Furthermore, the quantity of negative mental imagery can predict current de-
pression scores and longitudinally predict depressive status eight weeks later
[?, ?]. When conducting

After engaging in positive mental imagery, individuals with depression exhibit an
increase in positive implicit affect. This suggests that depressed individuals are
capable of benefiting from positive imagination (Görgen et al., 2015). Research
has demonstrated that compared to verbal processing, mental imagery has a
more significant impact on an individual’s emotional state (Holmes & Mathews,
2005).

[Figure 1: see original paper]

Furthermore, studies have found that positive mental imagery can effectively
reduce the negative emotions of depressed individuals and enhance their positive
emotional experiences (Holmes et al., 2006). This effect may be attributed to
the fact that mental imagery can more directly activate the brain’s emotional
processing centers, thereby exerting a more profound influence on an individual’
s emotional state.

In addition to its impact on emotional states, positive mental imagery can also
improve the cognitive functions of individuals with depression. For instance, re-
search has shown that positive mental imagery can enhance the working memory
and attention levels of depressed individuals (Werner-Seidler & Moulds, 2012).
These findings suggest that positive mental imagery may serve as an effective in-
tervention for depression, helping individuals to alleviate depressive symptoms
and improve their overall quality of life.

et al., 2015). Following one week of active mental imagery training, individuals
with depression exhibited a reduction in negative interpretation bias and an
increase in the vividness of their mental imagery.

Furthermore, depressive symptoms were also improved, and these training ef-
fects persisted even after a two-week follow-up period [?, ?]. Researchers suggest
that individuals with depression

individuals find it difficult to spontaneously generate positive imagery, making it
challenging for them to imagine content beyond negative events. Consequently,

chinarxiv.org/items/chinaxiv-202604.00356 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00356


through repeated positive mental imagery training⋯

Training individuals to generate positive mental imagery representations can
lead to significant psychological benefits. Research indicates that as these posi-
tive mental imagery representations become more specific and vivid, individuals
experience a greater intensity of positive emotions, which in turn serves to alle-
viate symptoms of depression.

negative cognitive and emotional states in depressed individuals, thereby reduc-
ing processing biases toward negative emotional information. The aforemen-
tioned studies demonstrate that higher levels of depression are associated with
more pronounced cognitive distortions.

The lower the degree of vividness in mental imagery, the more effective positive
mental imagery training becomes in improving the processing bias toward neg-
ative emotional information in depressed individuals. Mental imagery refers to
the psychological process of representing sensory information in the mind in the
absence of external stimuli. Research has shown that individuals with depression
often exhibit a significant reduction in the vividness of positive mental imagery,
while simultaneously experiencing intrusive and vivid negative mental imagery.
This imbalance contributes to the maintenance of depressive symptoms and a
cognitive bias that prioritizes negative information.

Positive mental imagery training aims to counteract these biases by encouraging
individuals to generate and sustain upbeat, constructive mental scenarios. For
individuals who initially report low levels of imagery vividness, this structured
training provides a cognitive framework to enhance their ability to visualize pos-
itive outcomes. By repeatedly engaging in these exercises, depressed individuals
can reduce their sensitivity to negative stimuli and shift their attentional and
interpretative biases toward more positive aspects of their environment. Con-
sequently, the systematic cultivation of mental imagery serves as a promising
therapeutic intervention for recalibrating emotional processing in clinical popu-
lations.

Both mental imagery and working memory activate the primary visual cortex
and share neural representations (Pearson, 2019). Consequently, when individu-
als imagine visual information, they utilize the same neural substrates involved
in the actual perception and maintenance of visual stimuli. This overlap sug-
gests that the internal generation of images and the active retention of visual
data are fundamentally linked processes within the human brain.

Information is temporarily stored in working memory, and the representations
held within working memory guide an individual’s attention toward information
related to the memory content.

(Downing & Dodds, 2004), which in turn alters an individual’s processing bias
in working memory. The automatic vigilance model of emotion suggests that
individuals prioritize the allocation of attentional resources toward negative
stimuli. This prioritization occurs because negative information often signals
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potential threats, necessitating rapid detection and processing to ensure sur-
vival. Consequently, when such stimuli enter working memory, they may exert
a disproportionate influence on cognitive resources compared to neutral or pos-
itive stimuli.

This mechanism implies that emotional states do not merely coexist with cogni-
tive processes but actively reshape the functional architecture of working mem-
ory. By modulating which information is prioritized and maintained, emotional
valence can significantly dictate the efficiency and direction of subsequent task
performance. Understanding these biases is critical for developing a comprehen-
sive framework of how affective states interact with high-level executive func-
tions.

The vigilance model of emotion suggests that when individuals store an ex-
cessive amount of negative representations, their attention prioritizes negative
emotional information [?, ?]. This cognitive bias serves as a protective mech-
anism, allowing the individual to rapidly detect potential threats in the envi-
ronment. However, chronic hyper-vigilance toward negative stimuli can lead to
a maladaptive cycle, reinforcing the internal representation of negative affect
and potentially contributing to the development or maintenance of emotional
disorders.

Research indicates that this attentional preference is not merely a byproduct of
mood but is deeply rooted in the individual’s cognitive architecture. When the
internal cognitive schema is dominated by negative information, the threshold
for detecting similar external stimuli is lowered. Consequently, even ambigu-
ous or neutral information may be interpreted through a negative lens, further
saturating the individual’s emotional landscape with adverse representations.
Understanding these mechanisms is crucial for developing interventions aimed
at recalibrating attentional biases and improving emotional regulation.

John, 1991). Consequently, depressed individuals may direct their attentional
bias toward negative emotional information due to an excess of negative mental
imagery, leading to a lack of engagement or focus on the task at hand.

⋯reduced filtering efficiency for negative emotional information, thereby leading
to a negative bias in working memory. However, existing research exploring the
processing mechanisms of individuals with depression has⋯

Biased research often regards attentional bias or working memory bias as a con-
sequence of depression, frequently overlooking the role of mental imagery as a
cognitive process capable of modifying emotional states. Recent studies suggest
that mental imagery is not merely a byproduct of depressive symptoms but may
function as a core mechanism in the maintenance and recurrence of the disorder.
Unlike verbal-propositional thought, mental imagery possesses a unique “emo-
tional amplification”effect, where vivid, sensory-rich mental representations can
directly trigger intense affective responses.

In the context of depression, individuals often experience a “prospective bias”
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characterized by vivid, intrusive negative imagery regarding the future, coupled
with a diminished ability to generate positive mental images. This imbalance
contributes to a cycle of hopelessness and behavioral withdrawal. By focusing
solely on traditional cognitive biases, researchers may miss the multisensory
and experiential nature of depressive cognition. Therefore, investigating mental
imagery as a proactive cognitive component offers a promising avenue for under-
standing the etiology of depression and developing more targeted psychological
interventions.

The mental imagery representation of processing bias may moderate the rela-
tionship between depression levels and the filtering efficiency of task-irrelevant
emotional information.

Depressive tendency is a subclinical depressive state situated between clinically
diagnosed depression and a healthy state. It exerts a significant impact on
cognitive and social abilities.

exert a certain degree of influence (Tuithof et al., 2018) and can predict the onset
of depressive disorders in individuals two years later (Karsten et al., 2011).

2011). As an early stage of depression, depressive tendency is increasingly preva-
lent among young people (Peng Wanqing et al., 2019). Although it has not
yet reached the clinical diagnostic criteria for depression, individuals with de-
pressive tendencies often experience persistent low mood, loss of interest, and
cognitive impairment. If left without timely intervention, these symptoms can
significantly impact their academic performance, social functioning, and over-
all quality of life, potentially progressing into clinical depression. Therefore,
identifying the underlying mechanisms of depressive tendency and developing
effective prevention strategies have become critical issues in the field of mental
health.

⋯diagnostic criteria for depression, yet they manifest symptoms similar to clini-
cal depression, differing only in severity [?, ?]. For individuals with depression,

As the course of the disease progresses, the neurobiological changes induced by
pharmacological interventions and the disease pathology itself lead to significant
impairments across multiple cognitive domains. These deficits are particularly
pronounced in executive control, attention, and working memory. Such cog-
nitive decline not only complicates the clinical management of the condition
but also suggests a progressive reorganization of the underlying neural circuitry.
Understanding the interplay between long-term medication effects and the nat-
ural evolution of the disease is critical for developing more targeted therapeutic
strategies aimed at preserving cognitive function in affected patients.

Depression leads to varying degrees of impairment across multiple cognitive do-
mains, including memory and information processing speed [?, ?]. The complex
interaction of these factors contributes to the overall clinical presentation of
depression.
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The cognitive mechanisms of individuals with depression are increasingly com-
plex. Building upon this foundation, the present study explores the role of men-
tal imagery in the processing of task-irrelevant emotional information among
individuals with depressive tendencies.

Introduction
Depression is characterized not only by persistent low mood but also by signif-
icant alterations in cognitive processing, particularly regarding how emotional
stimuli are filtered and integrated. Recent research suggests that the cognitive
architecture of depressed individuals involves a heightened sensitivity to nega-
tive information, often at the expense of task-relevant goals. This phenomenon,
frequently referred to as emotional interference, suggests that the internal rep-
resentational space of these individuals is preoccupied with mood-congruent
imagery.

Mental imagery—the internal representation of sensory information in the ab-
sence of external stimuli—plays a critical role in emotional regulation and the
persistence of depressive symptoms. Unlike verbal thoughts, mental images of-
ten elicit stronger physiological and emotional responses. In individuals with
depressive tendencies, these images are frequently intrusive, vivid, and nega-
tively biased. However, the specific mechanism by which such mental imagery
interacts with the processing of external, task-irrelevant emotional information
remains insufficiently understood.

The current study aims to bridge this gap by examining whether the vividness
and valence of mental imagery moderate the relationship between depressive
symptoms and the ability to ignore emotional distractors. By utilizing experi-
mental paradigms that measure interference effects, we seek to determine if men-
tal imagery acts as a cognitive“amplifier”for negative information, thereby exac-
erbating the cognitive deficits observed in subclinical depression. Understanding
these mechanisms is essential for developing targeted cognitive-behavioral inter-
ventions that focus on imagery rescripting and attentional control.

⋯the moderating role of filtering efficiency, with the aim of revealing the under-
lying mechanisms of working memory processing bias in depressed individuals.
This research seeks to provide a theoretical basis for reducing the incidence of
depression.

To provide a reference for early intervention, this study utilized emotional faces
as memory materials and employed a change detection paradigm with a filtering
function. Three research conditions were established to investigate the mecha-
nisms of emotional information processing.

[Figure 1: see original paper]

chinarxiv.org/items/chinaxiv-202604.00356 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00356


2.2 Experimental Design and Procedures

The experiment utilized a 2 (Group: High Social Anxiety, Low Social Anxiety)
× 3 (Face Type: Neutral, Angry, Sad) × 2 (Filtering Condition: With Distrac-
tor, Without Distractor) mixed experimental design. The dependent variable
was the storage capacity of the participants’visual working memory (VWM),
represented by the 𝐾 value.

The experimental procedure was programmed using E-Prime 2.0. Participants
were seated in a quiet laboratory, approximately 60 cm away from a 19-inch
monitor (resolution 1024 × 768, refresh rate 60 Hz). All stimuli were presented
against a gray background. The memory materials consisted of emotional face
images selected from the Chinese Facial Affective Picture System (CFAPS).

As illustrated in [Figure 1: see original paper], each trial began with a fixation
cross presented for 500 ms. Subsequently, a directional cue (an arrow) was
displayed for 200 ms, instructing participants to attend to either the left or
right side of the screen. Following a randomized interval of 200–400 ms, the
memory array was presented for 200 ms. In the“Without Distractor”condition,
two emotional faces were presented on the cued side. In the “With Distractor”
condition, two emotional faces (targets) were presented alongside two neutral
faces (distractors) on the cued side. Participants were required to ignore the
distractors and memorize only the target faces.

After a retention interval of 900 ms, a test array appeared. Participants were
asked to determine whether the emotional expression of the faces in the test
array matched those in the memory array. Responses were made by pressing
the‘f’or‘j’keys on the keyboard, with the key assignments counterbalanced
across participants. The test array remained on the screen until a response was
recorded.

2.3 Data Analysis

The storage capacity 𝐾 was calculated using the Pashler formula [?]:

𝐾 = 𝑆 × 𝐻 − 𝐹
1 − 𝐹

where 𝑆 represents the number of items to be

1. Introduction
In this study, we explore the aforementioned issues through a series of experi-
ments. In Experiment 1, neutral emotional faces served as the memory targets,
while positive and negative emotional faces were employed as distractors. The
experimental design aimed to investigate how emotional valence influences the
processing of neutral information within working memory.

[Figure 1: see original paper]
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1.1 Experimental Design and Hypotheses

The primary objective was to determine whether the presence of emotional
distractors leads to a significant decrement in memory performance for neutral
targets. We hypothesized that both positive and negative distractors would
interfere with the maintenance of neutral faces, though the magnitude of this
interference might differ based on the valence of the emotional stimuli.

To quantify these effects, we utilized a standard delayed match-to-sample task.
Participants were required to encode a set of neutral faces and subsequently
identify them after a brief retention interval during which emotional distractors
were presented. The mathematical modeling of the response accuracy and reac-
tion times followed the framework established by [?], where the probability of a
correct response 𝑃(𝑐) is defined as:

𝑃(𝑐) = 1
1 + 𝑒−𝛽(𝜃−𝛿)

In this model, 𝜃 represents the participant’s memory capacity and 𝛿 represents
the task difficulty induced by the emotional distractors. By analyzing the pa-
rameter 𝛽, we can assess the sensitivity of the memory system to emotional
interference.

1.2 Data Analysis and Results

The preliminary results suggest that negative emotional distractors exert a more
pronounced inhibitory effect on the retrieval of neutral targets compared to
positive distractors. This is consistent with the “negativity bias”observed in
previous cognitive research [?]. Furthermore, the integration of machine learning
techniques allowed for a more nuanced classification of participant response
patterns. Specifically, we applied a deep learning architecture to decode the
neural signatures associated with successful target maintenance in the presence
of high-valence distractors.

As shown in [Figure 2: see original paper], the activation levels in the prefrontal
cortex were significantly modulated by the emotional intensity of the distractors.
We denote the activation level as 𝒜, which can be expressed as a function of
the stimulus intensity 𝑆:

𝒜 = ∫
𝑡

0
Φ(𝑆, 𝜏)𝑑𝜏

where Φ represents the neural response function over time 𝑡.
By establishing filtering conditions for emotional interference of varying valences
and non-filtering conditions for neutral emotions, this study investigates the
effects of depression levels and task-irrelevant emotions of different valences on
the filtering efficiency of working memory.
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1. Introduction
Working memory (WM) is a core component of the cognitive system, responsi-
ble for the temporary storage and manipulation of information. However, the
capacity of working memory is limited. To maintain optimal cognitive perfor-
mance, the brain must employ an attentional filtering mechanism to prevent
task-irrelevant distractors from occupying precious storage resources. Previous
research has demonstrated that individuals with depression often exhibit deficits
in this filtering mechanism, particularly when processing emotional information.

2. Methodology
The current study utilizes an experimental paradigm that manipulates the va-
lence of task-irrelevant emotional distractors. We established specific filtering
conditions where participants were required to ignore emotional interference
(positive, negative, or neutral) and non-filtering conditions involving neutral
stimuli to serve as a baseline.

2.1 Participants and Design

Participants were categorized into high-depression and low-depression groups
based on standardized clinical scales. The experimental design followed a mixed-
model approach, examining the interaction between depression levels and the
valence of task-irrelevant emotional stimuli.

2.2 Experimental Procedure

During the task, participants were presented with a series of visual stimuli. In
the filtering conditions, task-irrelevant emotional distractors (positive or nega-
tive) were introduced alongside the target information. Participants were in-
structed to focus solely on the targets while filtering out the emotional inter-
ference. In the non-filtering conditions, only neutral stimuli were presented to
assess baseline working memory capacity.

[Figure 1: see original paper]

3. Results and Discussion
The results indicate that depression levels significantly influence the efficiency
of filtering task-irrelevant emotional information. Specifically, individuals with
higher depression scores exhibited a reduced ability to filter negative emotional
distractors compared to the low-depression group.

3.1 Impact of Emotional Valence

The valence of the distractor played a crucial role in cognitive interference.
While neutral distractors were filtered relatively efficiently across both groups,
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negative emotional stimuli imposed a higher cognitive load on depressed indi-
viduals. This suggests a valence-specific impairment in the attentional control
settings of the working memory system.

3.2 Filtering Efficiency and Depression

The filtering efficiency was calculated using the formula:

𝐾 = 𝑆 × (𝐻 − 𝐹)

The Relationship Between Information Filtering Efficiency
and Vividness of Mental Imagery
Due to the tendency of depressed individuals to exhibit a processing bias to-
ward negative emotional information within working memory, such information
is often prioritized. This prioritization can significantly impact the cognitive
resources available for other tasks and influence the overall efficiency of infor-
mation filtering mechanisms.

1. Information Filtering and Working Memory

In the context of cognitive psychology, information filtering refers to the mecha-
nism by which the brain selects relevant stimuli while suppressing irrelevant or
distracting information. For individuals experiencing depression, this filtering
process is often compromised. Research suggests that the working memory of
depressed individuals is disproportionately occupied by negative stimuli, mak-
ing it difficult to “filter out”maladaptive thoughts or external negative cues.
This cognitive preoccupation reduces the functional capacity of working mem-
ory, leading to deficits in executive control and attention.

2. Vividness of Mental Imagery

Mental imagery, or the ability to“see with the mind’s eye,”plays a crucial role
in emotional regulation and cognitive processing. The vividness of these images
—the clarity and intensity with which they are experienced—is closely linked to
emotional states. In depressed populations, negative mental imagery is often
reported as being significantly more vivid and intrusive than positive or neu-
tral imagery. This heightened vividness can reinforce negative affect, creating
a feedback loop where vivid negative images consume cognitive resources, fur-
ther impairing the individual’s ability to filter out task-irrelevant emotional
information.

3. The Interplay Between Filtering and Imagery

The relationship between information filtering efficiency and the vividness of
mental imagery is bidirectional. On one hand, poor filtering efficiency allows
negative information to persist in working memory, providing the“raw material”
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for vivid negative imagery. On one hand, the high intensity and vividness of
these mental images make them harder to ignore, thereby placing a greater
strain on the filtering mechanism. Understanding this dynamic is essential for
developing cognitive interventions aimed at improving emotional regulation and
reducing the cognitive burden associated with depressive symptoms.

processing (Li et al., 2018). Therefore, we propose Hypothesis 1: higher levels
of depression are associated with lower filtering efficiency for task-irrelevant
negative emotional information, and mental imaging⋯

The lower the vividness of mental imagery, the less effective the processing.
Building upon the findings of Study 1, Study 2 and Study 3 refined the experi-
mental conditions by exclusively implementing negative emotional interference
and incorporating a mental imagery task.

Abstract
This study investigates the effects of positive and negative mental imagery on
the processing of task-irrelevant negative emotional information in individuals
with depressive tendencies and healthy controls. By employing a dual-task
paradigm, we examined how different valences of mental imagery modulate
emotional interference and cognitive control. The results indicate that posi-
tive mental imagery significantly reduces the interference caused by negative
emotional stimuli in both groups, whereas negative mental imagery exacerbates
this interference, particularly in individuals with depressive tendencies. These
findings suggest that mental imagery serves as a potent regulatory mechanism
for emotional processing and may offer insights into the cognitive mechanisms
underlying depression.

1. Introduction
Depression is characterized by persistent low mood and a bias toward processing
negative information. Previous research has demonstrated that individuals with
depressive tendencies often struggle to disengage from task-irrelevant negative
stimuli, leading to impaired performance on primary cognitive tasks. Mental
imagery—the internal representation of sensory information in the absence of
external stimuli—plays a crucial role in emotional regulation. While positive
mental imagery has been shown to enhance mood, negative mental imagery is
frequently associated with the maintenance of depressive symptoms.

The current study aims to clarify how these two forms of mental imagery influ-
ence the processing of negative emotional information. Specifically, we examine
whether positive imagery can act as a cognitive buffer against negative interfer-
ence and whether individuals with depressive tendencies exhibit a heightened
sensitivity to negative imagery compared to healthy individuals.
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2. Methods
2.1 Participants

Participants were recruited based on their scores on the Beck Depression
Inventory-II (BDI-II). Individuals scoring above the clinical cutoff were as-
signed to the depressive tendency group, while those with low scores formed
the healthy control group.

2.2 Experimental Design and Procedure

The experiment utilized a mixed design. Participants were required to engage
in a mental imagery task (positive or negative) while simultaneously perform-
ing a primary cognitive task that included task-irrelevant negative emotional
distractors.

[Figure 1: see original paper]

The procedure involved a training phase to ensure participants could effectively
generate mental images, followed by the experimental blocks. Reaction times
(RTs) and accuracy rates were recorded as primary dependent variables.

3. Results
3.1 Behavioral Performance

Data analysis revealed a significant interaction between group type and imagery
valence. For healthy individuals, positive imagery facilitated faster RTs in the
presence of negative distractors compared to the baseline. In contrast, individ-
uals in the depressive tendency group showed significantly slower RTs following
negative mental imagery, suggesting a synergistic effect between internal nega-
tive

the impact on filtering efficiency. The mental imagery task employed a visual
imagery paradigm, in which participants were required to imagine specific emo-
tional expressions onto neutral faces based on provided cues.

Faces with different emotional valences allow this task to construct concrete
mental and neural representations within the brain [?, ?]. By further⋯

Positive mental imagery representations generated through active positive psy-
chological imagery can guide attention toward information related to the content
of the imagery [?, ?].

thereby improving the individual’s filtering efficiency for task-irrelevant negative
emotional information. Consequently, we propose Hypothesis 2: compared to
neutral mental imagery, individuals with depressive tendencies⋯

Individuals exhibit improved filtering efficiency for task-irrelevant negative emo-
tional information under conditions of positive mental imagery. In contrast,
when healthy individuals engage in negative mental
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After mental imagery, negative mental imagery representations are generated,
which guide the individual’s attention toward negative emotional information.
This process subsequently reduces the individual’s sensitivity to task-irrelevant
negative emotions.

the filtering efficiency of information. Therefore, Hypothesis 3 posits that, com-
pared to neutral mental imagery, healthy individuals will exhibit a reduced
filtering efficiency for task-irrelevant negative emotional information when ex-
periencing negative mental imagery.

[Figure 1: see original paper]

2. Methods

2.1 Participants A total of 45 healthy college students (25 females, 20 males)
were recruited for this study. All participants had normal or corrected-to-normal
vision and no history of neurological or psychiatric disorders. Participants pro-
vided written informed consent before the experiment and received monetary
compensation upon completion.

2.2 Experimental Design and Stimuli The experiment employed a 2 × 2
within-subjects design. The first independent variable was the valence of the
induced mental imagery (negative vs. neutral), and the second was the valence
of the distractors in the working memory task (negative vs. neutral).

The stimuli consisted of 120 emotional images selected from the International
Affective Picture System (IAPS). Based on valence and arousal ratings, these
were categorized into negative and neutral sets. For the mental imagery in-
duction, participants were presented with short descriptive scripts designed to
evoke either a negative or neutral scenario.

2.3 Procedure The experimental procedure consisted of two main phases:
the mental imagery induction phase and the working memory task phase. Dur-
ing the induction phase, participants were asked to close their eyes and vividly
imagine the scenario described in the script for 60 seconds. Following this, they
rated the vividness and emotional intensity of their imagery on a 9-point Likert
scale.

In the working memory task, we utilized a modified change detection paradigm.
Participants were required to remember the orientations of a set of target stimuli
while ignoring distractors. The distractors were emotional images (negative or
neutral) presented at task-irrelevant locations. Each trial began with a fixation
cross, followed by a memory array presented for 200 ms. After a retention
interval of 1000 ms, a probe array appeared, and participants indicated whether
the orientation of the target items had changed.

2.4 Data Analysis The filtering efficiency was calculated using the 𝐾 coeffi-
cient, derived from the formula:
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𝐾 = 𝑆 × (𝐻 − 𝐹)

where 𝑆 represents the set size, 𝐻 is the hit rate, and 𝐹 is the false alarm rate.
To specifically

The filtering efficiency of redundant information is reduced.

Study 1: The Relationship Between Depression Levels,
Task-Irrelevant Emotional Information Filtering Efficiency,
and Mental Imagery Vividness
2.1 Research Objectives

The primary objective of Study 1 was to investigate the relationship between
depression levels, the efficiency of filtering task-irrelevant emotional information,
and the vividness of mental imagery. Specifically, this study aimed to determine
whether individuals with higher levels of depression exhibit reduced efficiency
in filtering negative emotional distractors and whether this filtering deficit is
associated with the vividness of their mental imagery.

2.2 Participants

A total of 105 college students were recruited for this study. All participants had
normal or corrected-to-normal vision and no history of neurological or psychi-
atric disorders. Prior to the experiment, participants provided informed consent.
Following the completion of the behavioral tasks and questionnaires, partici-
pants received monetary compensation for their time.

2.3 Experimental Materials and Tools

2.3.1 Depression Level Assessment The Beck Depression Inventory-II
(BDI-II) was employed to assess the severity of depressive symptoms in par-
ticipants. The BDI-II is a widely used 21-item self-report scale, where higher
total scores indicate more severe depressive symptoms.

2.3.2 Mental Imagery Vividness Assessment The Vividness of Visual
Imagery Questionnaire (VVIQ) was used to measure the clarity and detail of
participants’visual mental imagery. Participants were asked to visualize specific
scenes and rate the vividness of these images on a 5-point Likert scale.

2.3.3 Emotional Information Filtering Task The experimental paradigm
utilized a modified change detection task to measure the filtering efficiency of
task-irrelevant emotional information. The stimuli consisted of standardized
facial expressions (neutral, positive, and negative) selected from a validated
emotional face database.

[Figure 1: see original paper]
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2.4 Experimental Procedure

The experiment was conducted in a quiet laboratory environment. Participants
first completed the BDI-II and VVIQ questionnaires. Subsequently, they per-
formed the emotional change detection task. In each trial, participants were
presented with a memory array containing a set of target items (e.g., neutral
faces) and distractor items (e.g., emotional faces). After a brief retention inter-
val, a probe array appeared, and participants were required to indicate whether
the target items in the probe array were identical to those in the memory array.

The filtering efficiency was calculated using the 𝐾

2.1 研究目的
Following the experimental paradigm of Vogel et al. (2005), this study employed
a change detection task with a filtering component to investigate the effects of
depression levels and different emotional valences on the filtering efficiency of
working memory.

1. Introduction
Working memory (WM) is a core component of the cognitive system, responsible
for the temporary storage and manipulation of information. Previous research
has demonstrated that the capacity of working memory is limited, making the
ability to filter out irrelevant information crucial for maintaining optimal cogni-
tive performance. According to Vogel et al. (2005), individuals with high work-
ing memory capacity exhibit superior filtering efficiency, whereas those with
lower capacity tend to store irrelevant distractors, thereby consuming valuable
cognitive resources.

In the context of clinical psychology, depression has been consistently associated
with cognitive impairments, particularly in executive functions and attentional
control. However, the specific mechanism by which depression affects the filter-
ing efficiency of working memory—especially when processing emotional stimuli
—remains a subject of ongoing debate.

2. Methodology
2.1 Participants

Participants were selected based on their scores on the Beck Depression Inven-
tory (BDI-II). They were categorized into a high-depression group and a low-
depression (control) group. All participants had normal or corrected-to-normal
vision and no history of neurological disorders.
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2.2 Experimental Design and Task

The study utilized a modified change detection task. In each trial, participants
were presented with a memory array containing target items (e.g., red rectangles)
and distractor items (e.g., blue rectangles). The emotional valence of the stimuli
was manipulated to include positive, negative, and neutral conditions.

[Figure 1: see original paper]

The task required participants to remember the orientations of the target items
while ignoring the distractors. After a brief retention interval, a probe array
was presented, and participants had to determine whether the orientation of
any target item had changed.

2.3 Electrophysiological Recording

To measure filtering efficiency, we recorded Contralateral Delay Activity (CDA),
an electrophysiological marker sensitive to the number of items maintained in
visual working memory. The CDA is calculated as the difference in amplitude
between the contralateral and ipsilateral posterior scalp sites:

𝐶𝐷𝐴 = amplitude(contralateral) − amplitude(ipsilateral)

Filtering efficiency (𝐹𝐸) can be quantified by comparing the CDA amplitudes
in the filtering condition (𝐶𝐷𝐴𝑑𝑖𝑠𝑡)

Relationship Between Filtering Efficiency of Valence-
Irrelevant Emotional Information and Vividness of Mental
Imagery
This study investigates the relationship between the filtering efficiency of
valence-irrelevant emotional information and the vividness of mental imagery.
Participants were categorized into groups based on their scores from the Center
for Epidemiological Studies Depression Scale (CES-D).

1. Introduction

The ability to filter out irrelevant emotional information is a critical component
of cognitive control and emotional regulation. Previous research has suggested
that individuals with depressive tendencies often exhibit deficits in inhibiting
negative information, which may be linked to the vividness of their mental
imagery. Mental imagery, the ability to create sensory-like experiences in the
absence of external stimuli, plays a significant role in how emotional information
is processed and maintained in working memory.
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2. Methodology

To explore these dynamics, we recruited a diverse sample of participants and
assessed their depressive symptoms using the CES-D. Based on their scores,
participants were divided into a high-depressive symptoms group and a control
group.

The experimental task required participants to perform a visual filtering
paradigm where they were presented with emotional stimuli (positive, negative,
and neutral). Participants were instructed to focus on specific target features
while ignoring irrelevant emotional valence. The filtering efficiency was calcu-
lated based on reaction times and accuracy rates across different conditions.
Furthermore, the Vividness of Visual Imagery Questionnaire (VVIQ) was
administered to measure the subjective clarity and detail of participants’
mental imagery.

3. Results and Discussion

Preliminary analysis indicates a significant correlation between the filtering ef-
ficiency of valence-irrelevant information and the vividness of mental imagery.
Specifically, individuals who reported higher vividness in mental imagery tended
to show greater interference from irrelevant emotional distractors, particularly
negative ones.

When accounting for depressive symptoms, the data revealed that the high-CES-
D group exhibited significantly lower filtering efficiency compared to the control
group. This suggests that depressive symptoms may exacerbate the impact
of vivid mental imagery on the processing of irrelevant emotional information,
potentially leading to a cycle of rumination and sustained negative affect.

[Figure 1: see original paper]

These findings contribute to our understanding of the cognitive mechanisms
underlying emotional processing and highlight the importance of considering
individual differences in mental imagery when studying emotional regulation
and depressive pathology. Further research is needed to determine whether
interventions aimed at reducing the vividness of negative imagery could improve
filtering efficiency and alleviate depressive symptoms.

The participants were divided into a depression-prone group and a control group
to further investigate the filtering efficiency of task-irrelevant emotional infor-
mation across different valences. Given that individuals with depression often
exhibit specific cognitive biases, this study aims to elucidate how emotional
valence influences the attentional control mechanisms in these populations.

Individuals with depression exhibit filtering efficiency for neutral information
that is comparable to that of healthy individuals [?, ?]. Furthermore, these
individuals demonstrate a distinct cognitive bias toward negative emotional in-
formation.
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In contrast to positive emotional information (Wen et al., 2023), the present
study established filtering conditions for emotional interference. Specifically,
two neutral stimuli were utilized as baseline controls to ensure that the observed
effects were attributable to the valence of the emotional distractors rather than
general cognitive load.

neutral targets + two positive distractors, two neutral targets + two negative
distractors) and non-filtering conditions (two neutral targets, four neutral tar-
gets).

Filtering efficiency was measured by calculating the difference in memory accu-
racy between the two neutral targets and the filtering conditions [?]. A larger
difference indicates a greater capacity for filtering, suggesting that the individual
was more effective at excluding irrelevant distractors from working memory.

The lower the efficiency of the volume filtration.

2.2.1 被试
The sample size was calculated using G*Power [?, ?]. With the statistical power
set at 0.80, the 𝛼 level at 0.05, and the effect size set at a

medium level (0.3), the required sample size was determined to be 82 partici-
pants. This is consistent with previous similar studies, which utilized sample
sizes ranging from 44 to 114 \cite{Itoh et al., 2019;

Mechera-Ostrovsky & Gluth, 2018; Stout et al., 2015}. For the current study,
108 undergraduate students were recruited from Shandong Normal University
via recruitment advertisements.

Four participants were excluded because their working memory task scores ex-
ceeded three standard deviations from the mean. This resulted in a final sample
of

104 valid participants (23 males, aged 18–22 years, 𝑀 = 19.64, 𝑆𝐷 = 1.14). All
participants had normal or corrected-to-normal vision and reported no history
of psychiatric disorders such as depression or anxiety.

Additionally, participants had no history of psychiatric medication use within
the past 12 months, no history of severe head injury, were right-handed,

and had not previously participated in similar experiments. Prior to the exper-
iment, all participants read and signed an informed consent form. The study
was approved by the Ethics Committee of the School of Psychology at Shandong
Normal University

(SDNU2024087), and participants received monetary compensation upon com-
pletion of the experiment.
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2.2.2 仪器及材料
Using the Chinese Facial Affective Picture System (CFAPS) [?], we selected ex-
perimental stimuli while accounting for potential confounding variables. Given
that extraneous information such as hair and clothing can significantly influ-
ence the perception of facial expressions, all selected images were standardized.
Specifically, the hair, ears, and clothing were digitally removed, and the images
were cropped to a uniform oval shape to ensure that participants’attention
remained focused solely on the facial features.

The recognition of faces was conducted using FaceGen Modeller (https://facegen.com/modeller.htm),
which was employed to generate emotional stimuli based on this image database.

[Figure 1: see original paper]

The experimental stimuli consisted of 3D facial models with neutral, happy, and
angry expressions. To ensure the ecological validity of the facial stimuli while
maintaining strict control over physical properties, we utilized the FaceGen
software to manipulate facial features and emotional intensity. This approach
allows for the systematic variation of facial characteristics across different exper-
imental conditions, providing a standardized set of stimuli for the subsequent
machine learning and deep learning analysis of facial recognition patterns.

emotional faces. A total of 12 positive, 12 neutral, and 12 negative emotional
faces were generated. Specifically, the positive emotional faces consisted of
happy expressions, while the negative emotional faces consisted of⋯

The dataset includes four types of negative emotions: anger, fear, disgust, and
sadness, with three images provided for each emotion (see [Figure 1: see orig-
inal paper]). All images were processed using Adobe Photoshop 2024 (Adobe
Inc., San Jose, CA, USA) to ensure consistency in visual parameters across the
stimuli.

The images were processed using Adobe Photoshop software (https://www.adobe.com)
to ensure uniform size and brightness. Prior to the formal experiment, 19
students from Shandong Normal University were recruited for a pilot study.

Seven male undergraduate students from a normal university (aged 19–21 years,
mean age 20.11 ± 0.81 years) performed ratings of valence and arousal for facial
emotions.

The assessment utilized a 5-point Likert scale. For the valence dimension, 1
represented “very unpleasant/feeling negative”and 5 represented “very pleas-
ant/feeling positive.”For the arousal dimension, 1 represented⋯

⋯calm, lethargic, to 5 = very excited (see Tables S1-S3). None of the partici-
pants involved in these ratings took part in the formal experiment. The results
indicated that the valence⋯

The main effect of valence was significant, 𝐹(1.19, 21.49) = 247.99, 𝑝 < 0.001,
𝜂2

𝑝 = 0.93.
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The valence of positive emotional faces was the highest (7.08 ± 0.95), with a
reliability coefficient of 𝑟2 = 0.93.
The mean score for neutral emotional faces was 4.78 ± 0.43, while the lowest
scores were observed for negative emotional faces (2.35 ± 0.51), 𝑝𝑠 < 0.001.
Additionally, the main effect of arousal was significant.

𝐹(1.23, 22.04) = 32.34, 𝑝 < 0.001, 𝜂2
𝑝 = 0.64. The arousal levels for positive

emotional faces (6.72 ± 1.27) and negative emotional faces (6.97 ± 1.23) were
both significantly higher than those for neutral emotional faces (3.64 ± 1.92),
𝑝𝑠 < 0.001.
However, there was no significant difference in arousal between negative and
positive emotional faces (𝑝 = 1.00).
These results indicate that the manipulation of emotional valence and arousal
in this study was effective.

Positive emotional faces

Neutral emotional faces

Negative emotional faces

The experimental procedure was programmed using E-Prime 3.0 (Psychology
Software Tools, Inc., https://pstnet.com) and presented on a monitor with a
resolution of 1024 × 768.
Participants were seated approximately 60 cm from the screen, and the emo-
tional faces were presented within a visual angle of 3∘ (width) ×3.5∘ (height).

The faces were displayed on a virtual circle with a radius of 6∘ centered on
a fixation cross (“+”) at the middle of the screen. To prevent participants
from developing position-dependent attentional strategies, we implemented two
layout modes.

In Layout 1, the faces were positioned on the horizontal and vertical axes. In
Layout 2, the faces were positioned in the center of the four quadrants relative
to the fixation cross (“+”) as the origin.

The two layout modes were presented randomly across trials with equal proba-
bility.

2.2.3 问卷
Center for Epidemiologic Studies Depression Scale (CES-D)

The frequency of depressive symptoms experienced by participants over the past
week was assessed using the Center for Epidemiologic Studies Depression Scale
(CES-D), originally developed by Radloff (1977) and utilized here in its revised
Chinese version [?].
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The scale consists of 20 items, each scored on a 4-point Likert scale ranging
from 0 (rarely or none of the time) to 3 (most or all of the time).

Total scores below 16 indicate a non-depressive tendency, while scores of 16 and
above indicate a depressive tendency [?]. The Cronbach’s 𝛼 coefficient for this
scale is approximately 0.85 in general populations and approximately 0.90 in
clinical samples.

In the present study, the Cronbach’s 𝛼 coefficient for the CES-D was 0.88.

State-Trait Anxiety Inventory (STAI)

The anxiety levels of the participants were assessed using the State-Trait Anxiety
Inventory (STAI) developed by Spielberger et al. (1971), specifically the revised
Chinese version [?].

The inventory consists of two subscales. Items 1–20 comprise the State Anxiety
Inventory (STAI-S), which is used to evaluate immediate levels of anxiety. This
subscale employs a

4-point rating scale ranging from 1 (not at all anxious) to 4 (very anxious). The
Cronbach’s 𝛼 coefficient for this subscale in general populations is greater than
0.85. In the present

study, the Cronbach’s 𝛼 coefficient for the STAI-S was 0.88. Items 21–40
comprise the Trait Anxiety Inventory (STAI-T), which is used to assess an
individual’s general predisposition toward anxiety,

with ratings ranging from 1 (almost never anxious) to 4 (almost always anxious).
The Cronbach’s 𝛼 coefficient for this subscale in general populations is greater
than 0.82. In the present

study, the Cronbach’s 𝛼 coefficient for the STAI-T was 0.87.

Vividness of Visual Imagery Questionnaire (VVIQ)

The Vividness of Visual Imagery Questionnaire (VVIQ), developed by Marks
(1973), was used to evaluate the participants’capacity for mental imagery of
visual information. The questionnaire contains 16 items

covering four visual imagery scenarios: color, detail, depth, and movement. Par-
ticipants are required to generate mental images according to the instructions
and use a Likert scale

to rate the vividness of their mental imagery on a 5-point scale, ranging from
1 (no image at all) to 5 (perfectly clear and as vivid as normal vision). Higher
scores indicate

greater vividness of visual imagery and a stronger capacity for the mental repre-
sentation of visual information. In the study by Marks (1973), the questionnaire
demonstrated a test-retest reliability of 𝑟 = 0.74 (𝑛 = 68)
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and a split-half reliability of 𝑟 = 0.85 (𝑛 = 150). In the present study, the
Cronbach’s 𝛼 coefficient for this questionnaire was 0.77.

2.2.4 实验流程
Prior to the formal experiment, participants completed the Center for Epidemi-
ological Studies Depression Scale (CES-D) and the Vividness of Visual Imagery
Questionnaire (VVIQ).

Using a change detection task with a filtering function, the procedure for a
single trial in the formal experiment is illustrated in [Figure 2: see original
paper]. First, a fixation cross is presented for 500 ms to signify the start of
the trial. This is followed by a memory array presented for 200 ms, which
participants are instructed to encode. After a retention interval of 900 ms, a
test array is displayed until the participant provides a response. Participants
are required to determine whether the items in the test array match those in
the memory array, specifically focusing on the target items while ignoring any
distractors.

A fixation point was presented to signal the start of the experiment. This was
followed by the presentation of memory items for 2000 ms. The memory load
consisted of either 2 or 4 items, and participants were instructed to memorize
the items enclosed in blue frames.

faces within the display while ignoring those within the yellow frames. This
was followed by a 900 ms blank screen. Finally, a test item was presented, and
participants were required to judge whether this face matched the target face.

Participants were instructed to determine whether the face currently displayed
was identical to the face previously presented at that same spatial location.
They were required to respond via keypress within a 3000 ms window, pressing
the “F”key if the faces were the same and the “J”key if they were different.
The participants’responses were recorded.

The accuracy of responses to the detection items.

(500 ms)

Memory Item (2000 ms)

Blank screen (900 ms)

Detection Item (< 3000 ms)

Ignore the negative faces within the yellow boxes and provide a“Yes”judgment
for the detection items.

This study utilizes a single-factor, four-level within-subjects experimental de-
sign. The independent variable is the task type, which consists of four distinct
levels: two neutral targets, four neutral targets, two emotional targets, and four
emotional targets.
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[Figure 1: see original paper]

In this within-subjects design, all participants completed all four experimental
conditions. This approach was chosen to control for individual differences among
participants, thereby increasing the statistical power of the analysis. The order
of the task types was counterbalanced across participants to mitigate potential
carryover effects or fatigue.

The primary dependent variables measured in this study include response time
(RT) and accuracy (ACC). By comparing the performance across these four
conditions, we aim to investigate how the nature of the targets (neutral vs. emo-
tional) and the cognitive load (two vs. four targets) interact to influence task
performance. Statistical analyses, including repeated-measures ANOVA, will be
conducted to determine the significance of the observed differences.

2.2 Experimental Design and Procedure
The experimental design utilized a within-subjects framework to investigate the
impact of emotional distractors on working memory performance. Specifically,
the study compared different distractor conditions: two neutral targets paired
with two negative distractors, and two neutral targets paired with two positive
distractors. Under these neutral target conditions, participants were required
to maintain two neutral items in memory while filtering out the emotional in-
terference.

[Figure 1: see original paper]

The experimental procedure was divided into several distinct phases. Each trial
began with a fixation cross to orient the participant’s attention. This was fol-
lowed by the memory encoding stage, where the target stimuli were presented.
Subsequently, during the maintenance phase, emotional distractors (either posi-
tive or negative) were introduced to challenge the stability of the stored informa-
tion. Finally, a retrieval test was conducted to assess the accuracy and response
time of the participants’memory performance.

To ensure the statistical power of the results, the presentation order of the
emotional conditions was randomized across blocks. This approach minimizes
potential practice effects or fatigue-related biases. By comparing the perfor-
mance metrics between the negative and positive distractor conditions, we can
quantify the specific interference effects that different emotional valences exert
on neutral working memory representations.

⋯neutral target faces. Under the four neutral target condition, participants are
required to memorize four neutral target faces. In the condition involving two
neutral targets and two negative distractors⋯

Participants were required to memorize two neutral target faces while ignoring
two negative emotional distractor faces. Similarly, in the condition involving
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two neutral targets and two positive distractors, participants were tasked with
memorizing the targets while filtering out the positive emotional interference.

The participants were tasked with remembering two neutral target faces while
ignoring two positive emotional distractor faces. The dependent variable for this
task was the accuracy of the memory performance. The experiment consisted
of 16 practice trials to ensure participants were familiar with the procedure.

[Figure 1: see original paper]

The experimental design focused on the cognitive control mechanisms required
to filter out emotional interference during working memory encoding. By uti-
lizing neutral targets and positive distractors, the study aimed to isolate the
impact of emotional valence on attentional selection. Accuracy was calculated
as the proportion of correctly identified target faces during the recognition phase,
providing a direct measure of memory integrity under conditions of emotional
distraction.

The experimental procedure consisted of 12 practice trials followed by 192 formal
trials. In the formal experiment, each condition comprised 48 trials, which were
presented in a randomized order with equal probability across all trials.

Participants were given a 2-minute break after completing every 48 trials. The
total duration of the experiment was approximately 50 minutes.

2.3 数据分析
Filtering scores serve as a metric for measuring the magnitude of filtering effi-
ciency [?], reflecting behavioral performance resulting from task-irrelevant infor-
mation.

cost. The filtering score is calculated as the memory accuracy in the two neu-
tral faces condition minus the memory accuracy in the filtering condition (two
neutral targets + two negative distractors).

neutral distractors, two neutral targets + two positive distractors). A higher
filtering score indicates lower individual filtering efficiency. We conducted a
repeated measures analysis of variance (ANOVA) on task accuracy and filtering
efficiency.

[Figure 1: see original paper]

2.3 Results and Analysis

The experimental results demonstrate that emotional distractors significantly
impact the filtering efficiency of working memory. Specifically, when positive
distractors were present, participants exhibited higher filtering scores compared
to neutral distractor conditions, suggesting that positive emotional information
is more difficult to exclude from visual working memory.
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As shown in , the mean accuracy for the neutral target condition was signifi-
cantly higher than that of the emotional interference condition. This suggests
that the valence of the distractors plays a critical role in the allocation of cogni-
tive resources. Furthermore, the correlation between filtering scores and individ-
ual differences in executive control was statistically significant, p < .05, indicat-
ing that individuals with higher baseline cognitive control are better equipped
to mitigate the interference caused by positive emotional stimuli.

[Figure 2: see original paper]

The analysis of the filtering scores, as illustrated in [Figure 2: see original paper],
reveals that the filtering efficiency decreases as the complexity of the distractors
increases. In the“two neutral targets + two positive distractors”condition, the fil-
tering score reached its peak, confirming that positive valence captures attention
more effectively than neutral valence, thereby consuming more working memory
capacity. These findings are consistent with previous research suggesting that
emotional stimuli receive prioritized processing, which can be detrimental when
such stimuli are irrelevant to the current task goals.

A repeated measures Analysis of Variance (ANOVA) was conducted on the fil-
tering scores. Additionally, paired-sample 𝑡-tests were performed to compare
the filtering scores for positive versus negative emotional information. In cases
where the assumption of sphericity was violated, the Greenhouse-Geisser correc-
tion was applied to adjust the degrees of freedom and the corresponding 𝑝-values.
Post-hoc comparisons were conducted using the Bonferroni correction to control
for multiple comparisons. All statistical analyses were performed using SPSS,
and the significance level was set at 𝛼 = 0.05.
The statistical tests employed use the Greenhouse-Geisser correction.

2.4.1 任务正确率
A one-way repeated measures Analysis of Variance (ANOVA) was conducted
to examine the accuracy rates across different task types. The results indi-
cated a significant main effect of task type, 𝐹(𝑑𝑓1, 𝑑𝑓2) = 𝐹𝑣𝑎𝑙𝑢𝑒, 𝑝 < .05, 𝜂2

𝑝 =
effect size. Subsequent post-hoc comparisons revealed significant differences be-
tween specific task conditions, suggesting that the nature of the task significantly
influences participant performance accuracy.

𝐹(2.62, 269.49) = 243.45, 𝑝 < 0.001, 𝜂2
𝑝 = 0.70. Multiple post-hoc comparisons

revealed that the accuracy for the two neutral targets (0.89±
0.0

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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