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Abstract
Background

Depression-related negative emotional bias is widely regarded as a core cognitive mechanism underlying the maintenance of
depressive states. However, it remains unclear whether such biases disrupt fundamental cognitive enhancement processes
driven by transient arousal. The Attentional Boost Effect (ABE) reflects a transient, phasic arousal mechanism triggered by
target detection and is thought to operate relatively independently of emotional valence. This study examined whether ABE
remains intact in depression-prone individuals and how alerting cues and emotional valence modulate this effect.

Method

A 2 (Group: depression-prone vs. healthy control) x 2 (Alerting cue: Cue vs. No-Cue) x 3 (Emotional valence: positive vs. neutral
vs. negative) x 2 (Stimulus type: target vs. distractor) mixed design was employed. Eighty-one university students completed a
classic ABE paradigm.

Result

(1) Both depression-prone and control participants exhibited a robust ABE, suggesting that arousal-driven encoding
enhancement mechanisms remain functionally preserved in subclinical depression; (2) During encoding, a positivity advantage
emerged under the No-Cue condition, whereas alerting cues significantly improved detection efficiency and attenuated valence-
related differences; (3) During recognition, alerting cues amplified the ABE magnitude for emotional stimuli, with a particularly
pronounced enhancement for positive information.

Conclusion

Depressive negative bias did not impair the fundamental arousal-regulation pathway. Instead, cognitive processing in
depression proneness showed contextual modulation. Exogenous alerting cues may function as compensatory signals,
optimizing attention allocation and memory enhancement. These findings provide direct behavioral evidence distinguishing
valence-driven and transient arousal-driven cognitive enhancement pathways and offer theoretical support for personalized
intervention strategies based on arousal modulation.

1 Introduction

Cognitive processing abnormalities related to depression are widely regarded as core features of the disorder. Among the most
robust and consistently replicated findings is a negative bias in the processing of emotional information. A large body of
research has demonstrated that, in both clinically depressed patients and individuals with subclinical depressive tendencies [1],
this attentional bias is primarily manifested as difficulty disengaging from negative stimuli, a tendency to interpret ambiguous
situations negatively, and a memory advantage for negative events [2—-4]. For example, behavioral and cognitive neuroscience
evidence indicates that depressed individuals are more readily captured by negative stimuli and show greater difficulty
disengaging from them [5], while also exhibiting avoidance [6] or attenuated processing of positive information [7]. This
persistent negative processing bias has been closely linked to deficits in emotion regulation and impaired cognitive flexibility
[8], and is considered a key mechanism underlying the maintenance of depressive states.

Although emotional processing biases in depression have been well documented, an important yet insufficiently explored
question is whether such biases extend to basic cognitive mechanisms that are relatively independent of emotional valence
under normal conditions. More specifically, does depression-related negative bias interfere with memory enhancement
processes driven by non-emotional arousal? Addressing this question is crucial for understanding the relationship between
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emotional processing systems and general cognitive regulatory systems in depression. A central challenge lies in distinguishing
between different types of cognitive enhancement mechanisms.

The Attentional Boost Effect (ABE) provides an important experimental paradigm for examining this issue. In the ABE paradigm,
participants are required to encode background stimuli while performing a target detection task. Findings consistently show
that background stimuli presented simultaneously with target detection events are remembered better than those paired with
non-target events [9]. This phenomenon runs counter to predictions derived from traditional resource competition models of
attention and is typically interpreted as reflecting the enhancement of information encoding by a transient alerting response
elicited by target detection. Converging evidence suggests that the ABE is associated with phasic activation of the locus
coeruleus—noradrenergic (LC—-NE) system. Specifically, the transient arousal response triggered by target events enhances
perceptual and encoding processes that are temporally synchronized with those events [10]. Accordingly, the ABE is generally
regarded as a prototypical arousal-driven memory enhancement mechanism.

At the functional level, depression-related emotional bias and the arousal-based regulatory mechanism underlying the ABE may
involve distinct processing pathways. Negative bias in depression is typically associated with relatively sustained, top-down
abnormalities in emotional processing and regulation [11, 12], whereas the ABE primarily depends on transient, bottom-up
neuromodulatory processes [13] Although prior research has distinguished between the effects of valence and arousal on
memory through different pathways [14], direct evidence remains lacking as to whether arousal-driven memory enhancement
mechanisms remain intact in individuals vulnerable to depression. If depression-related bias disrupts transient arousal systems,
this would suggest that the impact of depression extends beyond emotional domains to more fundamental cognitive
mechanisms. Conversely, if the ABE remains stable in individuals with depressive tendencies, this would support the functional
separability of distinct cognitive enhancement mechanisms.

Emotional valence itself has also been considered a key variable influencing the ABE; however, existing findings remain
inconsistent. Some studies have suggested that highly arousing negative stimuli attenuate the ABE [15]. Other research has
reported the presence of the ABE under both positive and neutral stimulus conditions, with no significant difference between
them [16]. Still other studies have found that both positive and negative emotional stimuli may enhance the ABE [17, 18]. These
mixed findings indicate that emotional valence may exert a complex modulatory influence on the ABE. Specifically, the effect of
emotional attributes on the ABE may not represent a fixed effect, but rather may be moderated by individual differences or task
context.

In addition, alerting state has been identified as an important factor influencing the ABE. Exogenous alerting cues can
transiently elevate arousal levels and effectively orient individuals toward upcoming target events, thereby enhancing task
expectancy and preparatory states, which in turn facilitate the allocation and release of attentional resources [19, 20]. Moreover,
previous research has shown that manipulating alerting cues can significantly increase response speed and enhance the
magnitude of the ABE [21]. However, whether alerting states further modulate the influence of emotional valence on the ABE—
particularly whether such modulation produces compensatory or amplifying effects in individuals vulnerable to depression—has
not yet been systematically examined.

Based on the foregoing theoretical and empirical considerations, the central question of the present study is whether
depression-related negative emotional bias interferes with memory enhancement mechanisms driven by transient arousal. In
other words, does the phasic alerting regulatory system underlying the ABE remain functionally intact in individuals with
depressive tendencies? Furthermore, is the influence of emotional valence on the ABE modulated by exogenous alerting cues,
and does such modulation exhibit distinct patterns in depression-prone individuals?

To address these questions, the present study systematically manipulated emotional valence and alerting state within the
classic ABE paradigm [11]. By simultaneously examining target detection performance during encoding and ABE effects during
recognition, we aimed to functionally distinguish between a “valence-driven emotional processing pathway” and a “transient
arousal-driven cognitive enhancement pathway,” and to test their functional separability in individuals with depressive
tendencies. If the ABE remains stable in this population, the findings would support the relative independence of arousal
regulatory systems and emotional bias mechanisms. Conversely, disruption of the ABE would suggest that depression affects
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more fundamental neuromodulatory pathways. Through this mechanistic dissociation, the present study seeks to provide new
empirical evidence for understanding the relationship between emotional abnormalities and basic cognitive regulatory systems
in depression.

2 Methods
2.1 Participants

This study was approved by the Biomedical Research Ethics Committee of Fujian Medical University (Approval No. 2025 - 212).
To ensure adequate statistical power, an a priori sample size estimation was conducted using G*Power 3.1 [22]. The test family
“repeated-measures ANOVA: within—between interaction” was selected, with parameters set at f = 0.25 (medium effect size), a
=0.05,and 1 - B =0.95. The analysis indicated that a minimum total sample size of 18 participants (9 per group) was required.

As illustrated in Fig. 1, a total of 1,184 undergraduate students were recruited via the online survey platform “Wenjuanxing” for
initial screening. The Beck Depression Inventory—Il (BDI-Il) was used as the screening instrument. Individuals with BDI-Il scores
> 14 were assigned to the depression-prone group [23], whereas those with scores < 13 were classified into the healthy control
group. Ultimately, 83 eligible participants were enrolled in the formal experiment. Two participants whose recognition accuracy
fell beyond three standard deviations from the overall sample mean were excluded from the final analyses. The final valid
sample consisted of 81 participants, including 42 in the depression-prone group (20 males, 22 females) and 39 in the healthy
control group (19 males, 20 females).

On the BDI-Il, the depression-prone group (20.70 + 5.47) scored significantly higher than the healthy control group (1.13 + 1.52),
t(81) =-21.86, p < 0.001. All participants were right-handed, had normal intelligence, and reported normal or corrected-to-
normal vision without color blindness or color weakness. Upon completion of the experiment, each participant received RMB 15
as compensation.

To further exclude the possibility of clinical depression or other psychiatric disorders, all participants underwent a post-
experimental diagnostic verification. Two rigorously trained graduate students in clinical psychology conducted structured
interviews based on the Structured Clinical Interview for DSM-5 (SCID-5). Exclusion criteria included: (1) recent major stressful
or traumatic events (e.g., bereavement); (2) bipolar disorder, major depressive disorder, anxiety disorders, or other psychiatric
diagnoses; (3) a personal or family history of severe psychiatric disorders such as schizophrenia; (4) regular medication use or
substance use potentially affecting the central nervous system; and (5) a history of neurological disorders. The results
confirmed that none of the individuals in the depression-prone group met the diagnostic criteria for clinical depression, thereby
ruling out the inclusion of clinically depressed participants.

2.2 Experimental Design

The study employed a 2 (Group: healthy control vs. depression-prone) x 2 (Alerting cue: present vs. absent) x 3 (Emotional
valence: positive vs. neutral vs. negative) x 2 (Stimulus type: target vs. distractor) mixed factorial design. Group was a between-
subjects factor, whereas alerting cue, emotional valence, and stimulus type were within-subjects factors.

The experimental task consisted of two phases: an encoding phase and a test phase. During the encoding phase, participants
performed a target detection task. Behavioral performance was assessed using target detection accuracy and reaction time,
reflecting task execution under different experimental conditions. During the test phase, the Attentional Boost Effect (ABE) was
examined by comparing recognition performance for previously presented words paired with targets versus those paired with
distractor during encoding.

In addition, a difference score (d) representing the magnitude of the ABE was calculated as: d = recognition accuracy for target-
paired stimuli - recognition accuracy for distractor-paired stimuli. This index was used to quantify the strength of the ABE and
to further analyze the moderating effects of alerting cues, emotional valence, and group on the ABE.

2.3 Materials
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A total of 480 two-character Chinese emotional words were selected from the Chinese Affective Word System developed by
Wang, Zhou [24], including 160 positive words (e.g., “BE,” lively), 160 neutral words (e.g., “IE,” body), and 160 negative words (e.g.,
“UR," despair). All words had been normatively rated on three dimensions: stroke count, emotional valence, and arousal, ensuring
comparability across emotional categories.

Specifically, one-way analyses of variance (ANOVAs) were conducted with emotional valence (positive vs. neutral vs. negative)
as the independent variable and each of the three indices as dependent variables. For stroke count, the main effect of valence
was not significant, F(2, 477) = 0.21, p > 0.05, indicating that positive (17.88 + 2.77), neutral (17.71 + 2.63), and negative words
(17.88 + 2.78) were evenly matched in visual complexity. For emotional valence ratings, the main effect was significant, F(2,
477) =3313.38, p < 0.001. Positive words (6.75 + 0.25) were rated significantly higher than neutral words (5.10 * 0.56), which in
turn were rated significantly higher than negative words (3.18 + 0.30), all ps < 0.001. For arousal, the main effect was also
significant, F(2, 477) = 14.54, p < 0.001. Positive (4.99 + 0.54) and negative words (5.06 + 0.54) were rated as significantly more
arousing than neutral words (4.76 + 0.50), all ps < 0.001, whereas no significant difference was found between positive and
negative words (p > 0.05). These results indicate that the three categories of two-character words were well matched in stroke
count and clearly differentiated in valence and arousal, satisfying the requirements for experimental control.

Within each emotional valence category (positive, neutral, negative), words were randomly divided into two sets for the No-Cue
and Cue experimental conditions, respectively. In each experimental task, 40 two-character words were presented during the
encoding phase, including 20 target detection words (paired with a red circle) and 20 distractor rejection words (paired with a
green circle). In the test phase, the 40 previously studied (“old”) words were randomly intermixed with 40 new words.

In addition, to increase cognitive task complexity and reduce predictability regarding target occurrence, 804 additional two-
character words were selected from the same database as filler items. These filler words were presented only during the
encoding phase and were neither included in the recognition test nor entered into the final data analyses.

2.4 Procedure

The experiment was programmed using E-Prime 2.0, following the paradigms described by Swallow and Jiang [9] and Huang,
Guyang [21]. The experiment was conducted individually in a quiet behavioral laboratory cubicle using a 14-inch laptop
computer (resolution: 1366 x 768). Participants completed the tasks using a standard keyboard according to on-screen
instructions.

Each participant completed two experiments: a No-Cue condition and a Cue condition. The No-Cue experiment was always
administered before the Cue experiment to control for order effects.

In the No-Cue experiment, two-character words were divided into three separate tasks based on emotional valence (positive,
neutral, negative). Each task consisted of three phases: encoding, distraction, and test. Participants were allowed short breaks
between tasks.

During the encoding phase, a two-character word appeared at the center of the screen with a colored circle (red or green)
presented 1 cm below it. Both stimuli were displayed simultaneously for 100 ms, after which the circle disappeared while the
word remained for an additional 400 ms, followed by a 500 ms blank screen. Participants were instructed to silently read each
word while judging the color of the circle. They were required to press the spacebar when a red circle appeared (target
detection) and withhold responses when a green circle appeared (distractor).

Participants completed 20 blocks, each containing 5 two-character words: 2 critical words and 3 filler words. Among the two
critical words, one was a target detection word paired with a red circle and fixed at the third position of the sequence; the other
was a distractor rejection word paired with a green circle and randomly presented at either the first or fifth position. The three
filler words were all paired with green circles.

To minimize participants’ awareness of positional regularities and expectancy effects, 0—3 additional filler words were
randomly inserted between blocks. All filler words were paired with green circles. The presentation sequence during encoding
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was as follows: target and word presented simultaneously for 100 ms, circle disappeared while the word remained for 400 ms,
followed by a 500 ms blank screen, and then the next trial commenced.

After the encoding phase, participants completed a serial subtraction-by-three task to prevent short-term memory rehearsal,
and then proceeded to the test phase.

During the test phase, 40 previously studied words (20 target-paired and 20 distractor-paired) were randomly intermixed with 40
new words. Participants performed an old/new recognition task, pressing the “F” key for new words and the “J” key for old
words. Words remained on the screen until a response was made.

The Cue experiment followed the same general procedure as the No-Cue experiment, with the addition of an orange circle
during the encoding phase as an alerting cue. Participants were instructed not to respond to the orange circle. The appearance
of the orange circle signaled that the subsequent word would be a target detection word (i.e., paired with a red circle). The cue
stimulus always appeared immediately before the target word (i.e., at the second position in the sequence). The word presented
simultaneously with the orange circle served as a cue word and was not included in the data analysis.

Prior to the formal experiment, all participants completed a practice session to familiarize themselves with the instructions and
procedures. Practice data were not included in the final analyses. All two-character words were presented in white, 90-point
bold font against a gray background, and the circles were displayed at a size equivalent to 120-point font. The overall
experimental procedure is illustrated in Fig. 2.

2.5 Data Analysis

Data were analyzed according to the standard ABE procedure and consisted of three parts. First, performance on the target
detection task during the encoding phase (accuracy and reaction time) was analyzed to assess participants’ processing
characteristics for target words. Second, recognition accuracy during the test phase was examined to determine the effects of
alerting cues, group, and emotional valence on overall recognition performance. Finally, the ABE magnitude was calculated as d
= recognition accuracy for target-paired stimuli - recognition accuracy for distractor-paired stimuli, in order to investigate the
moderating effects of these variables on the Attentional Boost Effect.

All statistical analyses were conducted using SPSS 29.0. Analytical methods included independent-samples t tests, mixed-
design ANOVAs, simple effects analyses, and effect size estimation (partial n?). To control for Type | error inflation due to
multiple comparisons, the Least Significant Difference (LSD) method was used for exploratory pairwise comparisons of main
effects. For simple effects analyses following significant interactions, the Sidak correction was applied. The Sidak procedure is
suitable for a set of related comparisons and provides slightly greater statistical power than the Bonferroni correction while
effectively controlling the familywise error rate (FWER) [25]. All comparisons in the present study followed these correction
strategies to ensure statistical rigor and reliability.

3 Results

3.1 Encoding Phase: Analysis of the Target Detection Task

First, accuracy for the target detection task during the encoding phase was analyzed (see Table 1 and Figure 3). Across all
conditions, target detection accuracy was significantly above chance level (0.50), ts > 14.38lps < 0.001Eindicating that
participants were able to perform the target detection task effectively.

Table 1 Accuracy of the target detection task under different conditions.
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Group No-Cue Cue
Positive Neutral Negative Positive Neutral Negative
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Healthy Control Group 0.91(0.10) 0.84(0.17) 0.81(0.17) 0.87(0.12) 0.84(0.16) 0.85(0.15)
Depression-Prone Group ~ 0.88(0.14)  0.81(0.19)  0.76(0.19) 0.83(0.16)  0.84(0.14) 0.83(0.15)

A 2 (Group: healthy control vs. depression-prone) x 2 (Alerting cue: No-Cue vs. Cue) x 3 (Emotional valence: positive vs. neutral
vs. negative) mixed ANOVA was conducted on target detection accuracy. The main effect of emotional valence was significant,

F(2,78) =17.94,p < 0.001, Mpz = 0.32. Accuracy for positive words was significantly higher than for neutral (p < 0.001) and
negative words (p < 0.001), and neutral words were detected more accurately than negative words (p = 0.04).

The interaction between alerting cue and emotional valence was significant, F (2, 78) = 14.45, p < 0.001, sz =0.27. Simple
effects analysis revealed that under the No-Cue condition, accuracy for positive words was highest, and neutral words were
detected more accurately than negative words (p = 0.007). Under the Cue condition, no significant differences were found
among the three valence categories (ps > 0.05). The main effect of group was not significant, F (1, 79) = 1.09, p = 0.31.

Reaction times (RTs) in the target detection task during the encoding phase is presented in Table 2.

Table 2 Reaction times in the target detection task

.Group No-Cue Cue
Positive Neutral Negative Positive Neutral Negative
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Healthy 378.36(37.39)  393.25(33.94)  393.50(34.05) 211.40(64.14) 216.03(71.68)  209.62(80.51)

Control Group

Depression- 382.52(32.71)  400.14(35.92) 409.22(31.80) 238.01(68.11)  233.24(74.36) 234.31(77.60)
Prone Group

The same mixed ANOVA was conducted on RTs for correct responses. The main effect of alerting cue was significant, F (1, 79)
=531.98, p < 0.001, MPQ = 0.87, with shorter RTs in the Cue condition than in the No-Cue condition (p < 0.001). The main effect of
emotional valence was also significant, Fii2, 78l1= 6.38lp < 0.001 MNPZ = 0.14. RTs were faster for positive words than for neutral
(p = 0.006) and negative words (p = 0.001), and faster for neutral than for negative words (p = 0.001).

The interaction between alerting cue and emotional valence was significant, F (2, 78) = 8.06, p < 0.001, sz =0.17. Simple effects

analysis showed that in the No-Cue condition, RTs for positive words were significantly faster than for neutral (p < 0.001) and
negative words (p < 0.001), with no significant difference between neutral and negative words (p > 0.05). In the Cue condition,
no significant RT differences were observed among the three valence categories (ps > 0.05). Neither the main effect of group
nor related interactions reached significance.

In summary, under the No-Cue condition, individuals exhibited higher detection accuracy and faster RTs for positive words.
Under the Cue condition, alerting cues significantly shortened overall RTs and reduced valence-related differences. No
significant group effects were observed during the encoding phase.

3.2 Test Phase: Recognition Task Results
1. Overall Recognition Accuracy
Recognition accuracy for old words under different conditions is presented in Table 3.
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Table 3 Accuracy in the old/new recognition task under different conditions.

No-Cue Cue
Group Trial Type  Positive Neutral Negative Positive Neutral Negative
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Healthy Control Group Target 0.36(0.19) 0.37(0.17) 0.30(0.16) 0.31(0.14) 0.34(0.17) 0.30(0.19)
Distractor  0.26(0.14) 0.18(0.17)  0.19(0.12) 0.13(0.14) 0.21(0.15) 0.17(0.15)
Depression-Prone Group  Target 0.30(0.18) 0.33(0.21)  0.28(0.20) 0.29(0.17)  0.34(0.21)  0.30(0.19)
Distractor  0.18(0.16)  0.18(0.15)  0.19(0.13) 0.16(0.13)  0.19(0.15)  0.14(0.11)

A 2 (Alerting cue: Cue vs. No-Cue) x 2 (Group: healthy control vs. depression-prone) x 3 (Emotional valence: positive vs. neutral
vs. negative) x 2 (Stimulus type: target-paired vs. distractor-paired) mixed ANOVA was conducted on recognition accuracy for
old words.

The main effect of stimulus type was significant, F (1, 79) = 208.07, p < 0.001, sz = 0.73. Recognition accuracy was significantly
higher for target-paired words than for distractor-paired words, indicating a robust Attentional Boost Effect (ABE).

The main effect of emotional valence reached marginal significance, F (2,78) = 3.04lip = O.OSMP2 = 0.07, with neutral words
recognized more accurately than negative words (p = 0.02). The main effect of alerting cue showed a marginal trend, F (1, 79) =
3.21,p= O.OSMNP2 =0.39, with higher recognition accuracy in the No-Cue condition compared to the Cue condition.

The three-way interaction among alerting cue, emotional valence, and stimulus type approached significance, F(2,78) = 3.02,
p= O.OSIMP2 = 0.07. Simple effects analyses showed that both groups exhibited significant ABE effects under both Cue and No-
Cue conditions (all ps < 0.001). For distractor-paired words, recognition accuracy for positive and negative words was higher in
the No-Cue than in the Cue condition (p < 0.001; p = 0.02). In the Cue condition, neutral words were recognized more accurately
than positive (p = 0.02) and negative words (p = 0.03).

For target-paired words in the No-Cue condition, neutral words were recognized more accurately than negative words (p = 0.03),
whereas no significant differences were found between positive and neutral (p = 0.76) or positive and negative words (p = 0.26).
Other higher-order interactions were not significant.

Overall, participants demonstrated a robust ABE across conditions, with higher recognition accuracy for target-paired than
distractor-paired words. Recognition performance varied as a function of alerting cue, emotional valence, and stimulus type. In
the No-Cue condition, recognition accuracy for positive and negative words was higher than in the Cue condition, suggesting
that emotional valence exerted a stronger influence on memory when no alerting cue was present. Neutral words exhibited a
recognition advantage in certain conditions, and alerting cues may have reduced emotional modulation by attenuating emotion-
related attentional biases.

2. Analysis of ABE Magnitude

To more directly quantify the magnitude of the Attentional Boost Effect (ABE), an ABE index was computed for each condition
by subtracting distractor-paired recognition accuracy from target-paired recognition accuracy (d = target-paired accuracy -
distractor-paired accuracy). The descriptive statistics are presented in Table 4 and illustrated in Figure 4.

Table 4 Magnitude of the Attentional Boost Effect in the recognition task.
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Group No-Cue Cue
Positive Neutral Negative Positive Neutral Negative
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
Healthy Control Group 0.10(0.17) 0.19(0.14) 0.11(0.13) 0.17(0.15) 0.13(0.14) 0.13(0.15)
Depression-Prone Group  0.11(0.16)  0.15(0.17)  0.10(0.20) 0.13(0.14)  0.15(0.17) 0.16(0.19)

The ABE indices were submitted to a 2 (Alerting cue: Cue vs. No-Cue) x 2 (Group: healthy control vs. depression-prone) x 3
(Emotional valence: positive vs. neutral vs. negative) mixed-design ANOVA. The results revealed a significant interaction

between alerting cue and emotional valence, F (2, 78) = 3.02fp = 0.05, sz =0.07.

Simple-effects analyses indicated that in the No-Cue condition, the ABE magnitude for neutral words was significantly greater
than that for both positive (p = 0.04) and negative words (p = 0.01), whereas no significant difference was observed between
positive and negative words (p = 0.99). In contrast, under the Cue condition, no significant differences in ABE magnitude were
found among the three emotional valence categories (ps > 0.05).

For positive words, the ABE magnitude differed significantly between Cue and No-Cue conditions (p = 0.04), with a larger ABE
observed in the Cue condition. For negative words, a marginally significant trend suggested a greater ABE magnitude in the Cue
condition compared to the No-Cue condition (p = 0.08). No significant cue-related difference was observed for neutral words (p
=0.20).

The three-way interaction among group, alerting cue, and emotional valence showed a marginal trend, F (2, 78) = 2.44, p = 0.09,
npz = 0.06. Simple effects analysis revealed that in the No-Cue condition among healthy controls, the ABE magnitude for neutral
words was greater than for positive (p = 0.05) and negative words (p = 0.07), with no difference between positive and negative
words (p > 0.5). In the depression-prone group, no significant valence differences were observed (p > 0.5). In the Cue condition,
neither group showed significant valence-related differences in ABE magnitude (p > 0.5).

In summary, the magnitude of the Attentional Boost Effect was not fixed but was modulated by the interaction between alerting
cues and emotional valence. Specifically, valence-related differences in ABE were more pronounced under the No-Cue condition
and attenuated under the Cue condition. The moderating effect of depressive tendency was generally weak, showing only trend-
level influences.

4 Discussion

The present study systematically examined the performance of depression-prone individuals in the Attentional Boost Effect
(ABE) paradigm by manipulating alerting cues and emotional valence. Several important findings emerged. First, depression-
prone individuals exhibited a robust ABE, suggesting that the transient arousal-driven memory enhancement triggered by target
detection remains intact in subclinical depression. Second, exogenous alerting cues reshaped emotional processing during
encoding, eliminating valence-related differences observed under the No-Cue condition and reflecting an optimization of
attentional allocation. Third, the magnitude of the ABE was jointly modulated by alerting state and emotional valence, indicating
functional dissociation and dynamic interaction between arousal-driven mechanisms and emotion-bias mechanisms. Finally,
depression proneness exerted only marginal moderating effects, implying that negative bias may be context-dependent rather
than indicative of structural impairment within fundamental arousal systems.

4.1 Stability of Arousal-Driven Encoding Enhancement in Depression
Proneness

Although depression proneness is frequently associated with negative attentional bias, memory dysfunction, and executive
impairment [26], the present findings demonstrate that the ABE was not attenuated in the depression-prone group. On the
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contrary, a reliable ABE was observed under target-detection conditions, indicating that the transient encoding enhancement
triggered by behaviorally relevant events remains preserved in subclinical depressive states.

This finding carries important theoretical implications, as it challenges the generalized assumption that depression necessarily
entails a broad impairment of cognitive enhancement mechanisms. According to the Dual-Task Interaction Model 2.0 (DTI 2.0),
the ABE critically depends on phasic activation of the locus coeruleus-norepinephrine (LC—NE) system. Depression-prone
individuals have often been reported to show reduced LC—-NE functioning alongside heightened negative attentional bias [12,
27], which might be expected to weaken the ABE. However, our results suggest that depression proneness does not uniformly
disrupt all attention—memory enhancement mechanisms.

A more nuanced interpretation is that depressive cognitive alterations may be selective rather than global. As a subclinical
condition, depression proneness may reflect biases in processing priorities or regulatory inefficiencies rather than fundamental
deficits in underlying neural mechanisms. From a neurocognitive perspective, emotional attentional bias in depression primarily
involves dysregulated interactions within prefrontal-limbic circuits, including bottom-up affective pathways (e.g., amygdala,
anterior cingulate cortex) and top-down control systems (e.g., dorsolateral prefrontal cortex) [28—30]. Functional connectivity
reductions and impaired regulatory efficiency within these networks contribute to exaggerated emotional bias and difficulty
resolving affective conflict [30, 31].

In contrast, the ABE is thought to rely predominantly on phasic LC—NE activation. Target detection elicits brief bursts of LC
firing, resulting in widespread cortical norepinephrine release that transiently enhances encoding of temporally coincident
information while suppressing irrelevant input [12, 32, 33]. Because this mechanism primarily depends on evolutionarily
conserved brainstem~-cortical alerting pathways rather than high-level executive control processes, it may remain functionally
intact even when prefrontal regulatory systems are compromised.

Thus, the present findings support a functional dissociation between emotion-bias systems and arousal-driven encoding
enhancement mechanisms. Even when depression-prone individuals show vulnerabilities in emotional regulation or cognitive
control, their foundational arousal-mediated attentional gating system appears preserved, enabling a stable ABE. It should be
noted, however, that LC—NE activity was not directly measured in this study; therefore, neural interpretations remain inferential
and require future validation using physiological or neuroimaging indices

4.2 Emotional Modulation of Memory Enhancement Depends on
Alerting State

A further key finding is that alerting cues substantially altered the processing of emotional information. Under the No-Cue
condition, emotional valence differences were evident, reflecting spontaneous allocation biases. However, the introduction of
alerting cues attenuated these valence-related differences while simultaneously improving overall processing efficiency and
reaction speed. This pattern supports the view that emotional processing depends on limited cognitive resources and that
arousal state critically determines how emotion influences memory.

According to cognitive resource theories, processing capacity is finite, and emotionally salient stimuli tend to capture
disproportionate attention under low-control conditions [19]. In the No-Cue condition, individuals were in a relatively low
preparatory state, allowing emotional valence to guide attentional allocation and generate observable bias effects. By contrast,
alerting cues function as potent temporal expectation signals that activate the brain’s alerting network prior to stimulus onset
[34]. This preparatory activation enhances top-down task readiness, concentrating resources on task-relevant dimensions and
thereby counteracting interference from emotionally salient but task-irrelevant information.

This shift can also be interpreted through the cue-utilization theory of Easterbrook [35]. Under heightened arousal (Cue
condition), attentional focus narrows toward central task-relevant cues, reducing processing of peripheral emotional
information. The cognitive mode thus shifts from valence-driven allocation to task-driven prioritization. Importantly, the present
results further suggest that alerting cues do not simply suppress emotional processing. Rather, they reorganize attentional
gating priorities. When emotional information becomes temporally aligned with task-relevant events, its encoding can be
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selectively strengthened under heightened alertness. In this sense, alerting cues recalibrate rather than eliminate emotional
influences.

Taken together, the emotional modulation of the ABE appears highly dependent on background alerting state. Alerting cues
simultaneously reduce irrelevant emotional interference and deepen processing of target-relevant information. This dual-gain
mechanism has important implications for understanding attentional bias in depression proneness. By externally modulating
arousal levels, it may be possible to reduce excessive reactivity to irrelevant negative stimuli while enhancing goal-directed
attentional focus. This mechanism parallels everyday experiences in which intense task engagement diminishes subjective
awareness of negative emotional distractions.

4.3 Depression Proneness as a Context-Triggered Rather Than
Persistent Cognitive Bias

A notable finding of the present study is the absence of a significant main effect of group, alongside the clear context-
dependent pattern of depression-proneness effects. Specifically, under the Cue condition, depression-prone and healthy control
participants did not differ reliably in task performance or ABE magnitude. In contrast, under the No-Cue condition, emotional
differences in ABE became more pronounced, and group-related tendencies were more likely to emerge. This pattern suggests
that depression proneness may not reflect a chronically active processing bias, but rather a vulnerability that becomes
expressed when cognitive control support is reduced.

This interpretation aligns with state-dependent cognitive models of depression. Previous research has shown that depressive
cognitive biases are more likely to manifest when executive control resources are limited or when environmental structure is
weak [36]. In contexts lacking exogenous guidance, individuals must rely more heavily on endogenous control to maintain task
goals. Because depression-prone individuals often exhibit elevated rumination and increased cognitive resource depletion, their
limited executive resources may be more easily captured by emotionally salient processing, thereby amplifying bias effects. By
contrast, in the Cue condition, explicit temporal structure and exogenous alerting signals likely enhanced attentional
coordination efficiency, effectively normalizing performance in the depression-prone group.

Importantly, the moderating effects of depression proneness in this study were generally modest and often limited to trend-level
differences. This pattern indicates that subclinical depressive vulnerability does not necessarily produce stable cognitive
impairment, but rather increases sensitivity to task-control demands. In other words, depression proneness may primarily affect
the resilience of cognitive control systems rather than induce a constant bias toward emotional stimuli.

From a neurocognitive perspective, this context dependence is theoretically plausible. Depression-related abnormalities are
frequently observed in sustained regulatory networks, such as the dorsolateral prefrontal cortex (dIPFC) and rostral anterior
cingulate cortex (rACC) [30], whereas the ABE is thought to rely primarily on transient arousal-driven mechanisms. According to
the locus coeruleus—norepinephrine (LC—NE) model, target detection triggers phasic LC activation that enhances encoding of
temporally coincident information [37]. If this phasic arousal system remains relatively intact in depression-prone individuals,
exogenous alerting signals may compensate for limitations in sustained control resources. This explanation further supports
the functional dissociation between emotion-bias systems and arousal-driven encoding enhancement mechanisms.

Taken together, the findings support a state-dependent framework: depression-prone individuals may maintain relatively
normative cognitive performance in structured, task-driven environments, yet become more vulnerable to processing biases
under low-structure or low-alert conditions. Such context sensitivity may help explain fluctuations commonly observed in
depressive functioning, whereby individuals perform adequately under high task demands but experience greater emotional-
cognitive difficulties during periods of reduced vigilance or control.

4.4 Clinical Implications
The present findings carry important implications for both theoretical modeling and clinical translation.

First, at the level of cognitive theory, the results demonstrate that depression does not universally impair all enhancement-
related cognitive mechanisms. The remarkable stability of the arousal-driven attention—memory mechanism (i.e., ABE) in
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subclinical depression highlights the heterogeneity of depressive cognitive functioning. Future cognitive models of depression
should explicitly distinguish between sustained control systems and transient arousal mechanisms. In particular, incorporating
the concept of dynamic attentional gating may help explain why negative bias becomes more pronounced under low-control
states (e.g., rumination, fatigue), rather than representing a fixed processing trait. Recognizing this state dependency enables
more precise identification of cognitive vulnerabilities and their triggering conditions.

Second, from an intervention perspective, the findings suggest a promising “indirect pathway” strategy for cognitive
remediation. Because depression-prone individuals retain sensitivity to exogenous alerting signals, therapeutic protocols may
capitalize on this relatively preserved, automatic arousal pathway to enhance treatment efficacy. For example, cognitive training
or positive information encoding paradigms could incorporate brief exogenous alerting inductions (e.g., salient auditory tones
or visual flashes). By transiently elevating arousal, such manipulations may promote prioritized encoding of adaptive or
therapeutic content, effectively bypassing fatigued or inefficient prefrontal regulatory systems.

This arousal-based modulation approach could enhance cognitive restructuring efficiency and provides an empirical basis for
personalized digital interventions, such as mobile applications incorporating adaptive alerting cues. Conceptually, this strategy
reframes intervention not as direct suppression of negative bias, but as optimization of attentional state to reshape encoding
priorities.

4.5 Limitations and Future Directions

Despite revealing the robustness and multi-level modulation of the ABE in depression proneness, several limitations warrant
consideration.

First, the issue of sample representativeness should be noted. Participants were university students with subclinical depressive
tendencies rather than clinically diagnosed patients. Subclinical and clinical depression may differ qualitatively in cognitive
impairment severity and neurobiological alterations (e.g., degree of LC-NE dysfunction). Therefore, generalization to clinically
depressed populations should be made cautiously. Future studies should include clinically diagnosed groups to examine
whether ABE patterns vary across severity levels and illness stages.

Second, limitations of the experimental paradigm should be acknowledged. The present study employed word-based stimuli,
without examining cross-modal materials such as images or sounds. Additionally, the alerting cue manipulation was relatively
fixed and did not systematically vary cue intensity, timing, or sensory modality. Future research should incorporate more
ecologically valid stimuli (e.g., emotional faces or real-life scenes) and develop dynamic alerting manipulations to better
delineate the boundary conditions of the ABE.

Third, emotional dimensions were primarily operationalized through valence, without fully dissociating arousal level, semantic
concreteness, or personal relevance. These variables may independently modulate encoding and ABE magnitude. More refined
stimulus sets with multidimensional parameter control are needed to disentangle the complex interaction between emotional
properties and transient arousal mechanisms.

Finally, the absence of physiological measures limits mechanistic inference. The ABE is theorized to involve phasic LC-NE
activation and dynamic interactions with prefrontal control networks. Future research should combine behavioral paradigms
with event-related potentials (ERP), functional magnetic resonance imaging (fMRI), pupillometry, or eye-tracking techniques to
clarify the temporal dynamics and neural circuitry underlying ABE modulation in depression-prone populations.

5 Conclusion

The present study systematically investigated the Attentional Boost Effect (ABE) in depression-prone individuals under varying
alerting states and emotional valence conditions. The results indicate that a robust ABE persists in the absence of alerting
cues, suggesting that transient arousal-driven encoding enhancement remains relatively intact in subclinical depression.
Furthermore, exogenous alerting cues exert stage-specific modulation effects, altering how emotional valence influences
memory processing.
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Overall, the ABE in depression-prone individuals demonstrates pronounced contextual sensitivity, jointly shaped by alerting state
and emotional characteristics. These findings provide novel behavioral evidence for understanding attention—-memory
interactions in depressive vulnerability and offer an empirical foundation for future investigations into arousal-based cognitive
mechanisms and intervention strategies.
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Figure 1

Non-Clinical Depression or other Mental
Disores (n =43)
» Conducted by : 2 clinical paychology
graduate students
» Tool : Structured Clinical Interview for
DSM-5

Received allocation and completed the
experiment (n = 40)

Excluded (n =1)

(Accuracy beyond triple SD)

Excluded (n =1)
(Accuracy beyond triple SD)

Analysed (n =42)

Analysed (n = 39)

Flowchart of participant recruitment and inclusion.
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Schematic diagram of the encoding and test phases.
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