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word-face Stroop study
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Xinjiang Normal University, Urumgi, China, 2School of Marxism, Xinjiang Normal University, Urumai,
China

Background: Although incentives modulate cognitive processes, their differential
effects of monetary versus social reward gradients on emotional conflict resolu-
tion in subclinical depression remain poorly understood. This study investigated
how reward type and magnitude influence emotional congruency effects in this
population.

Methods: Two experiments used a word-face Stroop paradigm with a Latin
square design. Ninety-nine undergraduates (47 with subclinical depression) com-
pleted monetary (0, 20, 100, 500 CNY) and social (no praise to university-level
praise) reward tasks. A mixed-design ANOVA examined effects of reward level,
emotional congruency, and group.

Results: The subclinical depression group showed reduced emotional congru-
ency, marked by lower accuracy in congruent trials than controls. Monetary
rewards exhibited a threshold effect: accuracy gains plateaued beyond 100 CNY
with no further improvement at 500 CNY. Social reward modulation was similar
between groups, though reaction times under class-level praise were significantly
higher in incongruent trials. Notably, under high monetary rewards (500 CNY),
the subclinical group demonstrated shorter reaction times in congruent trials,
indicating heightened sensitivity to substantial incentives.

Conclusion: Emotional conflict processing in subclinical depression is differen-
tially modulated by reward type and magnitude. Monetary rewards show satu-
rating effects, while social rewards elicit uniform nonlinear influences. These
findings highlight reward sensitivity as a crucial factor for cognitive-affective
profiling and targeted interventions.

KEYWORDS
emotional congruency effect, monetary reward, reward gradient, social reward,
subclinical depression, word-face Stroop task

1 Introduction

Emotion exerts dual facilitative and inhibitory effects on cognitive processes, with emo-
tional conflict representing a central focus in cognitive psychology research (Hu et al., 2008).
Classical Stroop paradigms and their derivatives, such as the word-face Stroop task, provide
essential tools for investigating the integration of multimodal information during cognitive
processing (Fan et al., 2018). Although incentive mechanisms are known to modulate cognitive
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performance (Padmala and Pessoa, 2011), extant research primarily
contrasts healthy populations with clinically diagnosed affective dis-
order patients, leaving a significant gap in understanding individuals
with subclinical depressive tendencies.

Epidemiological studies indicate that a substantial proportion of
college students worldwide experience mental health challenges. The
WHO’s “World Mental Health International College Student” initia-
tive reported that approximately 35% of first-year students across 19
universities in eight countries met criteria for at least one common
psychiatric disorder (Auerbach et al., 2018). A more recent multi-
center study conducted in 2022, which sampled 1,670 university stu-
dents from Germany, Sweden, and Portugal, revealed alarmingly high
rates of mild to severe depressive symptoms, with prevalence reach-
ing 72.7% in Germany, 62.9% in Sweden, and 60.3% in Portuga
(Pinho et al., 2025). Similarly, Report on the development of Chinese
national mental health (2023-2024) revealed that depressive symp-
toms peak among young adults aged 18-24, with 18.5% demonstrat-
ing significant depressive tendencies and associated emotional
conflict features (CAS Institute of Psychology, 2025). Although these
symptoms do not meet clinical diagnostic thresholds, they substan-
tially impair academic functioning and subjective well-being
(Wongtongkam, 2019). While emerging studies have begun to char-
acterize subclinical populations with social anxiety and trait anxiety
(du Rocher and Pickering, 2024), the emotional-cognitive profiles
and intervention pathways for college students with depressive ten-
dencies remain poorly defined. This subclinical group constitutes a
critical transitional stage on the mental health continuum; without
timely intervention, their emotional dysregulation may escalate to
clinical states (Tan et al., 2010).

1.1 Emotional conflict and the word-face
Stroop paradigm

Emotional conflict arises when an individual experiences contra-
dictory affective responses to competing options or situations (Zhu et
al.,, 2010). The word-face Stroop paradigm, a derivative of the classical
Emotional Stroop task, serves as a critical tool for assessing cognitive
control under emotional interference by systematically manipulating
stimulus congruency. This paradigm offers superior ecological validity
compared to traditional tasks, as it simulates real-world scenarios
requiring the simultaneous processing of facial expressions and lin-
guistic cues (Botvinick et al., 2001). By superimposing emotionally
valenced words onto congruent or incongruent facial expressions, it
enables the examination of how multisource emotional information
facilitates or interferes with cognitive processing (Zhu et al., 2010).
Consequently, the word-face Stroop paradigm provides a vital meth-
odological framework for studying social cognition and emotion
regulation in near-naturalistic settings.

Emotional conflict is implicated in various mental health disor-
ders, including Major Depressive Disorder (MDD) (Maunsell, 2004;
Xue et al., 2017). Individuals with MDD often exhibit difficulties in
emotional conflict processing, potentially linked to functional abnor-
malities in specific neural circuits. For example, patients with treat-
ment-resistant depression show reduced accuracy on face-word
Stroop tasks, indicating impaired conflict resolution (Xue et al., 2017).
Studies demonstrate that depressed individuals typically perform
worse on the word-face Stroop task than healthy controls (Bob et al.,
2009), particularly under incongruent conditions (e.g., a happy face
paired with a negative word), manifesting as lower accuracy and
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slower reaction times due to greater difficulty inhibiting task-irrele-
vant emotional information.

1.2 Subclinical depression: a critical
transitional stage

Subclinical depression, also termed subsyndromal symptomatic
depression, describes a depressive state in which individuals exhibit
significant symptoms but do not meet the full diagnostic criteria for
MDD (Kou et al., 2022). This condition occupies an intermediate posi-
tion on the affective spectrum, yet its persistent symptoms are associ-
ated with substantial functional impairment. Empirical research
indicates that college students with subclinical depression often lack
access to systematic interventions, which may exacerbate cognitive-
emotional dysregulation (e.g., attentional biases) and precipitate
somatic symptoms (Ba and Wang, 2023).

Although subclinical depression and MDD represent distinct phe-
notypic expressions along the depression spectrum, their differences
in emotional conflict processing mechanisms are not fully elucidated.
MDD is characterized by persistent negative affect and marked func-
tional impairment (Beblo and Dehn, 2019), whereas subclinical
depression may reflect a stable vulnerability or personality trait
(Hartlage et al., 1998). These differences manifest across emotional
experience, cognitive processing, and neurobiological mechanisms.
For instance, individuals with subclinical depression may exhibit fea-
tures analogous to depressive personality traits, such as negative reac-
tivity and constrained hedonic capacity, which may represent both
epiphenomena of the subthreshold state and enduring traits. Research
suggests that depressive symptom severity influences Stroop task per-
formance, with more severe symptoms correlating with greater cogni-
tive control deficits (Chen et al., 2022; Ros et al., 2023). While direct
evidence on the word-face Stroop performance in subclinical depres-
sion is lacking, investigating the nuanced relationship between symp-
tom severity and task performance could elucidate cognitive
mechanisms across the depression spectrum, informing targeted
interventions.

1.3 The role of reward modulation

Reward processing represents a critical perspective for under-
standing motivational deficits in depression. Individuals with MDD
often exhibit reduced sensitivity to both monetary and social rewards
(Ait Oumeziane et al., 2019; Nie et al., 2025), a feature known as anhe-
donia. Anhedonia is commonly parsed into two dissociable compo-
nents: anticipatory anhedonia (the diminished capacity to look
forward to and desire future rewards) and consummatory anhedonia
(the reduced ability to experience pleasure in the moment). Notably,
deficits in anticipatory pleasure may be particularly prominent in
depression (Rutherford et al., 2023; Guo et al., 2023). Notably, such
alterations may extend to subclinical populations, suggesting transdi-
agnostic significance (Liu et al., 2015). Although depressive symptoms
dampen reward sensitivity, incentives may still modulate task perfor-
mance. For example, appropriate motivation can enhance effort
expenditure in depressed individuals (Klawohn et al., 2022). However,
traditional paradigms like the incentive delay task may have limita-
tions in distinguishing between monetary and social reward process-
ing (Sankar et al, 2019). Recent studies incorporating reward
magnitude variations reveal that individuals with subclinical depres-
sion exhibit blunted reward sensitivity under high-probability
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conditions, with no difference between reward types, implying that
reward magnitude may be a more sensitive parameter than reward
type for detecting deficits (Ba and Wang, 2023). Investigations into
reward magnitude effects have yielded complex patterns, including
linear relationships (Rosell-Negre et al., 2017), inverted U-shaped
curves (Bijleveld et al., 2023), and evidence suggesting that social
rewards may sometimes exert stronger motivational effects than mon-
etary rewards (Wang et al., 2017). Therefore, implementing ecologi-
cally valid reward gradients (e.g., multi-level monetary/social rewards)
could precisely delineate reward sensitivity in subclinical depression,
uncovering distinct mechanisms.

Research on reward processing in depression has extensively
examined sensitivity to reward magnitude—the objective value or size
of a reward (e.g., large vs. small monetary incentives). However, a
complementary line of inquiry highlights impairments in reward effi-
cacy—the subjective valuation of a reward’s worth and the efficiency
with which that value translates into motivated behavior (Shenhav,
2024). For instance, even when reward magnitudes are perceptible,
individuals with depression may exhibit blunted neural and behavioral
responses to reward-predicting cues, suggesting a deficit in the ability
to generate motivation from anticipated rewards. This is consistent
with findings that adolescents with major depression show impair-
ments in episodic future thinking and anticipatory pleasure, which are
closely tied to the constructive valuation of future rewards (Lakshmi
etal., 2023).

1.4 Present study

The present study primarily manipulates reward magnitude (both
monetary and social) to investigate how this objective dimension
modulates cognitive conflict processing in subclinical depression.
While not directly measuring reward efficacy, our design acknowl-
edges that the observed effects of magnitude may be modulated by
underlying differences in how rewards are subjectively valued—a criti-
cal avenue for future research.

Building directly on the theory of deficits in anticipatory anhe-
donia, the present study aims to dissect how distinct types of
rewards—monetary (extrinsic) versus social (intrinsically valenced)—
differentially modulate emotional conflict processing in subclinical
depression. By systematically manipulating reward gradients within a
validated emotional conflict paradigm, we can directly test for specific
impairments in the motivational system. Crucially, comparing the
modulatory effects of monetary and social rewards allows us to inves-
tigate whether potential deficits are generalized across reward domains
or are particularly pronounced in social motivation processing—a
distinction with significant theoretical implications for understanding
the heterogeneity of anhedonia. This approach not only refines the
cognitive-affective profile of subclinical depression but also provides
a more nuanced framework than examining either reward type in
isolation.

To this end, this study aims to investigate the emotional con-
gruency effect and the modulatory role of reward magnitude in
college students with subclinical depression using the word-face
Stroop paradigm. Two experiments will employ a Latin square
design to compare monetary (Experiment 1) and social reward
(Experiment 2) gradients, each comprising four levels (0, 20, 100,
500 CNY for monetary; no praise to university-level praise for
social). This design allows direct comparison of behavioral
responses (reaction time and accuracy) while controlling for

Frontiers in Psychology

10.3389/fpsyg.2026.1767155

practice effects. By examining how varying reward magnitudes
influence emotional conflict processing, this research seeks to
clarify the cognitive-affective mechanisms in subclinical depres-
sion and contribute to the development of finely tuned
interventions.

Based on the theory of deficits in anticipatory anhedonia, we
hypothesize that:

H1: Compared to the healthy control group, individuals with
subclinical depression will exhibit a reduced emotional congru-
ency effect in emotional conflict processing.

H2: The facilitative effects of monetary rewards on behavioral
performance in the subclinical depression group will demon-
strate a threshold effect, such that beyond a certain moderate
magnitude, higher rewards will not yield additional gains.

H3: The modulatory patterns of social rewards on emotional
conflict processing will be relatively similar between the two
groups; however, the subclinical depression group may show

heightened sensitivity to specific levels of social evaluation.

2 Experiment 1

2.1 Methods
2.1.1 Participants

Based on established screening criteria for non-clinical popula-
tions (Beck et al., 1996; Yang and Xiong, 2016; Zhang et al., 2020), the
subclinical depression group comprised individuals with BDI-II
scores >15 and SDS index scores >0.5, whereas the healthy control
group consisted of individuals with BDI-II scores <14 and SDS index
scores <0.5. A BDI-II score >15 is widely used to indicate the presence
of mild to moderate depressive symptoms in community and student
samples. It is important to note that a formal diagnosis of Major
Depressive Disorder requires a structured clinical interview (e.g.,
SCID) based on full DSM-5 or ICD-11 criteria. The current study
aimed to explore the symptom continuum; therefore, formal clinical
diagnosis was not performed, and the term “subclinical depression”
specifically refers to individuals exhibiting significant symptomatol-
ogy via questionnaire measures without a confirmed clinical diagno-
sis. Following a rigorous screening process, a final valid sample of 110
participants was selected, with 55 individuals assigned to each group
(subclinical depression and healthy control); gender distribution was
balanced across both groups. To counterbalance potential order
effects, participants were randomly assigned to one of two experimen-
tal sequences using a Latin square design. Group A (n = 55, including
27 individuals with subclinical depression) first completed the mon-
etary reward task (Experiment 1), followed by the social reward task
(Experiment 2) after a one-week interval. Group B (n = 55, including
28 individuals with subclinical depression) completed the tasks in the
reverse order. This design ensured that the task order variable (mon-
etary-social vs. social-monetary) was balanced across all experimental
conditions, thereby minimizing confounding effects due to practice,
fatigue, or transfer. The one-week inter-session interval was imple-
mented to reduce residual carryover effects (e.g., emotional priming
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or response strategy inertia) from the first task, ensuring that each
experiment was conducted under relatively independent conditions.

An a priori power analysis was conducted using G*Power software
for a2 x 2 x 4 repeated-measures analysis of variance (ANOVA). With
a significance level () of 0.05, an effect size (f) of 0.25 (nﬁ =0.06),
and a statistical power of 0.80, the analysis indicated a minimum
sample size of 24 participants. After excluding outliers beyond three
standard deviations from the mean in reaction times or accuracy on
the word-face Stroop task, data from 99 participants were retained for
the final analysis. The final sample included 47 individuals in the sub-
clinical depression group (24 males; mean age = 18.63 + 1.44 years)
and 52 in the healthy control group (25 males; mean
age = 18.88 + 1.07 years). All participants reported normal visual and
auditory function, were right-handed, had no history of neurological
or psychiatric disorders, and provided voluntary informed consent
before receiving corresponding compensation.

2.1.2 Experimental apparatus and materials

Stimulus presentation was controlled by an HP Pavilion Laptop
15 with a screen resolution of 1920 x 1080. All visual stimuli were
edited and standardized using Adobe Photoshop CS3. Experimental
materials comprised 80 facial expressions selected from the standard-
ized Chinese Facial Affective Picture System (Gong et al., 2011), all
with high ecological validity (recognition rate > 90%). The experiment
began with a block of 32 practice trials, followed by the formal test
comprising a total of 256 trials. Within the formal trials, congruent
(word-expression match) and incongruent (mismatch) conditions
were equally represented, with 128 trials each. Positive (happy) and
negative (sad) expressions were equally represented (50% each) and
gender ratio was strictly balanced (1:1). Emotional words (“happy” or
“sad”) were superimposed onto the central region of each face to
create the congruent and incongruent conditions. Participants were
instructed to ignore word semantics and judge the facial expression
valence. All stimuli were converted to grayscale to enhance emotional
interference. A pseudo-randomized sequence (maximum two

10.3389/fpsyg.2026.1767155

consecutive trials of the same type) was implemented via E-Prime 2.0
to control for order effects.

2.1.3 Experimental design

A 4 (monetary reward: 0, 20, 100, 500 CNY) x 2 (emotional cond-
tion: congruent, incongruent) x 2 (group: subclinical depression, healthy
control) mixed-design was employed. The dependent variables were
reaction time and accuracy. The group factor was a between-subjects
variable, whereas reward level and emotional condition were treated as
within-subjects factors. This design enables robust examination of main
and interaction effects among reward magnitude, emotional conflict, and
group membership on cognitive-affective processing.

2.1.4 Experimental procedure

Participants first completed a 32-trial practice block. The formal
task consisted of two blocks (128 trials each, 256 total), with self-paced
breaks between blocks. Each trial followed this sequence: a reward cue
(amount + ¥ symbol) for 2000 ms; a 600-1,000 ms blank screen; a
1,000 ms target (word—face compound); performance feedback (dis-
played until response); and a final 600-1,000 ms blank screen.
Response mappings were fixed: “F” for positive and “J” for negative
expressions. After practice, participants could proceed or repeat based
on self-assessed readiness. For reward trials, correct responses trig-
gered gain feedback (“+20” to “+500”), while errors showed “0,” with
cumulative earnings displayed throughout. This design ensured
explicit incentive salience and ecological engagement (see Figure 1).

2.2 Research results

A repeated-measures ANOVA on reaction time data revealed a
significant main effect of reward level (see Tables 1, 2). Post hoc tests
(LSD) indicated that reaction times under the 500 CNY condition
were significantly shorter than those under both the 0 CNY condition
(p<0.01) and the 20 CNY condition (p <0.05). No significant

20¥%

2000ms

600~100ms

1000ms

1000ms

FIGURE 1

600~1000ms

Trial sequence in the monetary reward condition. Facial images reproduced from Gong et al. (2011) with permission from the Chinese Facial Affective
Picture System (CFAPS) by Shenzhen Brain & Intelligence Development Technology Co., Ltd., under the terms of the AGREEMENT FOR THE USE OF
THE CHINESE EMOTIONAL STIMULI MATERIALS DATABASE. Source: Shenzhen Brain & Intelligence Development Technology Co., Ltd.
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TABLE 1 Mean reaction times and accuracy (M + SD) for the subclinical depression group and healthy control group.

Emotional 100 CNY 500 CNY
condition
Reaction times
Subclinical Incongruent 676.15 £ 92.06 692.31 £ 103.38 681.98 + 95.38 674.34 £ 114.34
depression Congruent 635.95 + 84.09 627.53 £76.10 617.90 * 86.27 620.70 + 91.06
Incongruent 696.73 £ 100.14 679.58 £ 116.10 688.16 + 105.58 664.10 + 109.10
Healthy control
Congruent 639.73 £ 92.41 635.34 £ 93.62 630.55 £ 99.47 625.55 + 100.62
Accuracy
Subclinical Incongruent 0.91 +0.05 0.92 +0.07 0.93 +0.08 0.93 +0.09
depression Congruent 0.96 £ 0.06 0.96 £ 0.05 0.98 £0.03 0.98 + 0.04
Incongruent 0.90 £0.10 0.92 £0.08 0.91 £0.10 0.93 +0.07
Healthy control
Congruent 0.98 £ 0.04 0.98 £ 0.04 0.98 £0.03 0.98 + 0.04

TABLE 2 ANOVA for reaction times in the subclinical depression and healthy control groups.

TABLE 3 ANOVA for accuracy rates in the subclinical depression and healthy control groups.

Source of

variation

Monetary 3 9197.80 5.06 0.002 0.096
reward (MR)

Emotional 1 549466.18 196.08 0.000 0.667
condition (EC)

Group 1 197.76 0.03 0.875 0.000
MR* Group 3 3026.83 1.67 0.175 0.037
EC * Group 1 1995.78 0.71 0.401 0.006
MR * EC 3 2085.95 1.23 0.301 0.003
MR * EC * 3 3409.75 2.00 0.114 0.054
Group

difference was observed between the 500 CNY and 100 CNY condi-
tions (p > 0.05), and reaction times among the 0, 20, and 100 CNY
conditions did not differ significantly.

A significant main effect of emotional condition was also found.
Participants responded significantly faster in the congruent condition
than in the incongruent condition (p < 0.01). No interaction effects
reached significance.

For accuracy data, the ANOVA showed a significant main effect
of monetary reward (see Table 3). Post hoc tests demonstrated that
accuracy under the 500 CNY condition was significantly higher than
under both the 0 CNY (p < 0.01) and 20 CNY conditions (p < 0.05),
with no significant difference compared to the 100 CNY condition
(p > 0.05). A significant main effect of emotional condition was also
identified. Accuracy was significantly higher in the congruent condi-
tion than in the incongruent condition (p < 0.01). No significant inter-
actions were observed.

To address a potential confounding effect of gender, an exploratory
four-way mixed-design ANOVA was conducted on the primary depen-
dent variables (reaction time and accuracy), with Gender (male, female)
added as an additional between-subjects factor to the original model.
This analysis examined all possible interactions involving Gender, Group,
Reward Level, and Emotional Condition. Results revealed no significant
main effect of Gender on either reaction time (F < 1) or accuracy [F(1,
95) = 0.42, p = 0.52, np* = 0.004]. Furthermore, no significant two-way,
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Source of

variation

MR 3 0.01 3.53 0.015 0.035
EC 1 0.65 104.51 0.000 0.519
Group 1 1.01 0.00 0.993 0.000
MR* Group 3 0.00 0.94 0.424 0.002
EC * Group 1 0.02 2.59 0.111 0.025
MR * EC 3 0.00 0.85 0.469 0.020
MR * EC * 3 0.01 1.73 0.162 0.041
Group

three-way, or four-way interactions involving Gender were found (all ps>
0.15). These exploratory results suggest that gender did not significantly
moderate or confound the key effects of monetary reward gradients on
emotional conflict processing reported in the primary analyses.

In summary, Experiment 1 demonstrated that monetary reward
magnitude modulated task performance in a threshold-dependent
manner. Specifically, the highest reward (500 CNY) facilitated faster
responses and higher accuracy compared to lower or no-reward con-
ditions, with performance gains saturating beyond 100
CNY. Furthermore, a robust emotional congruency effect was
observed across all reward levels, indicating universally faster and
more accurate responses in congruent trials. These findings suggest
that while high-magnitude monetary incentives can enhance both the
speed and precision of emotional conflict processing, this facilitative
effect is subject to a nonlinear saturation point.

3 Experiment 2
3.1 Methods
3.1.1 Participants

The participant cohort in Experiment 2 was identical to that
described in Experiment 1. After excluding outliers beyond three
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standard deviations from the mean in reaction time or accuracy on
the word-face Stroop task, data from 93 participants were retained for
analysis. The final sample consisted of 44 undergraduates with sub-
clinical depression (21 males; mean age = 18.94 + 1.56 years) and 49
healthy controls (23 males; mean age = 18.36 + 1.17 years). All proce-
dural details, including task administration and environmental condi-
tions, were consistent with Experiment 1.

3.1.2 Experimental apparatus and materials

The apparatus and experimental setup remained unchanged from
Experiment 1. The key modification involved replacing monetary
reward cues with social reward images, which depicted varying levels
of social approval (no praise, class-, school-, and university-level
praise). All other stimulus parameters-including facial expression
stimuli, word-face compound design, and grayscale processing-were
identical to those previously described.

The social reward images used in this study were selected and
standardized through a pre-experimental validation procedure.
Specifically, a set of candidate images depicting positive social interac-
tions (e.g., smiling, applause, approval gestures) was compiled. These
images, along with a set of neutral control images (e.g., household
objects), were then rated by an independent sample of 20 participants
(who did not partake in the main experiments) on three 9-point Likert
scales: valence (1 = very unpleasant to 9 = very pleasant), arousal
(1 = very calming to 9 = very exciting), and social relevance (1 = not
at all social to 9 = highly social). As intended, the social reward images
were rated significantly higher than the neutral images on both
valence [t(19)=8.84, p<0.001, d=1.03] and social relevance
[t(19) = 12.14, p < 0.001, d = 1.15]. The final set of images was chosen
based on these ratings to ensure they were high in positive valence and
perceived social content.

3.1.3 Experimental design

A 4 (social reward: no praise, class-, school-, university-level
praise) x 2 (emotional condition: congruent, incongruent) x 2 (group:

10.3389/fpsyg.2026.1767155

subclinical depression, healthy control) mixed-design was employed.
The dependent variables were reaction time and accuracy.

3.1.4 Experimental procedure

The procedure mirrored that of Experiment 1, with the exception
that social reward cues were substituted for monetary incentives (see
Figure 2).

3.2 Research results

A repeated-measures ANOVA on reaction time data revealed no
significant main effect of reward level (see Tables 4, 5). However, a
significant main effect of emotional condition was observed with
faster responses in congruent trials. The main effect of group was not
significant.

Critically, a significant interaction emerged between emotional
condition and reward level. Simple effect analyses showed that under
the incongruent condition, reward level had no significant effect, F (3,
90) = 1.81, p > 0.05, n,” = 0.008. However, pairwise comparisons indi-
cated that reaction times under class-level praise were significantly
higher than under no praise, school-level, or university-level praise
(ps< 0.05), with no differences among the latter three. Under the con-
gruent condition, reward level significantly influenced performance,
F(3,90) = 2.87, p < 0.05,1,” = 0.089. Reaction times under university-
level praise were significantly higher than under no praise (p < 0.01)
and class-level praise (p < 0.01), but not school-level praise (p > 0.05).

For accuracy data, no significant main effects were found for
social reward level or group (see Table 6). A significant main effect of
emotional condition was observed with higher accuracy in congruent
trials. A key interaction between emotional condition and group was
detected. Simple effects analysis revealed no group difference under
the incongruent condition (p > 0.05). However, under the congruent
condition, the healthy control group demonstrated significantly
higher accuracy than the subclinical depression group, F (1, 90) = 7.86,
p <0.01, n,> = 0.080. Within-group comparisons showed that both
groups had higher accuracy in congruent trials (ps< 0.01).

]

=5

2000ms

600~100ms

1000ms

1000ms

FIGURE 2

600~1000ms

Trial sequence in the social reward condition. Facial images reproduced from Gong et al. (2011) with permission from the Chinese Facial Affective
Picture System (CFAPS) by Shenzhen Brain & Intelligence Development Technology Co., Ltd., under the terms of the AGREEMENT FOR THE USE OF
THE CHINESE EMOTIONAL STIMULI MATERIALS DATABASE. Source: Shenzhen Brain & Intelligence Development Technology Co., Ltd.
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TABLE 4 Mean reaction times and accuracy (M + SD) for the subclinical depression group and healthy control group.

Emotional No praise Class-level praise Class-level praise  University-level
condition praise
Reaction times
Subclinical Incongruent 639.64 £ 110.59 649.51 + 108.32 632.10 £ 91.91 636.80 + 114.63
depression Congruent 600.36 + 90.20 605.62 + 87.04 611.45 + 106.89 624.97 +100.62
Incongruent 622.78 + 82.81 633.01 + 84.36 618.38 + 88.11 620.71 +79.34
Healthy control
Congruent 574.62 +77.04 567.92 + 83.32 577.17 +78.32 579.04 + 77.08
Accuracy
Subdlinical Incongruent 0.90 + 0.09 0.89 + 0.08 0.90 +0.10 0.91 +0.08
depression Congruent 0.94 +0.07 0.94 £ 0.06 0.94 £ 0.06 0.92 +0.08
Incongruent 0.89 +0.09 0.89 + 0.09 0.89 +0.10 0.89 +0.08
Healthy control
Congruent 0.95 +0.06 0.97 +0.05 0.95 +0.06 0.95 +0.07

TABLE 5 ANOVA for reaction times in the subclinical depression and healthy control groups.

Source of df

variation

Social reward 3 1673.02 1.06 0.368 0.012
(SR)

EC 1 278293.87 74.97 0.000 0.454
Group 1 15305.03 2.37 0.127 0.026
SR* Group 3 797.74 0.50 0.680 0.006
EC * Group 1 18547.35 4.10 0.028 0.053
SR * EC 3 7287.96 3.23 0.023 0.035
SR * EC * 3 848.38 0.38 0.771 0.004
Group

TABLE 6 ANOVA for accuracy rates in the subclinical depression and healthy control groups.

Source of df

variation

Social reward 3 0.00 0.20 0.894 0.002
(SR)

EC 1 0.44 64.35 0.000 0417
Group 1 0.00 0.51 0.478 0.998
SR* Group 3 0.00 0.35 0.792 0.004
EC * Group 1 0.05 7.42 0.008 0.076
SR * EC 3 0.01 1.33 0.264 0.015
SR * EC * Group 3 0.00 0.43 0.734 0.005

A parallel exploratory four-way mixed-design ANOVA was per-
formed for the social reward experiment, incorporating Gender as an
additional between-subjects factor. The analysis indicated no signifi-
cant main effect of Gender on reaction time [F(1, 89) = 0.89, p = 0.35,
np” = 0.010] or accuracy (F < 1). Critically, none of the interactions
involving Gender reached statistical significance (all ps> 0.10), includ-
ing the Gender x Group and Gender x Group x Emotional Condition
interactions. This pattern of null findings indicates that the modula-
tory effects of social reward levels and the observed group differences
in emotional conflict processing were not significantly influenced by
participant gender in this study.
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In summary, Experiment 2 revealed that social rewards modu-
lated emotional conflict processing in a context-dependent manner,
with key interactions involving reward level and group. Unlike mon-
etary rewards, social praise did not produce a uniform main effect but
interacted with emotional context: class-level praise uniquely slowed
responses in incongruent trials, whereas university-level praise slowed
responses specifically in congruent trials. Critically, group differences
emerged only in accuracy during congruent trials, where the subclini-
cal depression group performed worse than controls. This pattern
indicates that social evaluation exerts a more complex, situation-spe-
cific influence on performance, and highlights a specific deficit in
processing congruent social-emotional cues within the subclinical
depression group.

4 Discussion

The present study investigated the differential effects of monetary
versus social rewards on emotional conflict processing in college stu-
dents with subclinical depression using a word-face Stroop paradigm.
Our findings reveal distinct modulation patterns: while both reward
types influenced performance in the subclinical depression group,
monetary rewards primarily enhanced response accuracy under high-
magnitude conditions following a threshold pattern, whereas social
rewards elicited a more uniform, non-linear modulation on reaction
times across groups. These results highlight the multifaceted nature of
reward processing in subclinical depression and provide insights into
potential intervention strategies.

4.1 Altered emotional conflict processing in
subclinical depression

Students with subclinical depression exhibited a stable emo-
tional congruency effect, demonstrating the characteristic perfor-
mance degradation during incongruent trials observed in healthy
populations. When confronted with incongruent emotional infor-
mation, individuals showed markedly slower responses and
reduced accuracy, reflecting the cognitive process of inhibiting
task-irrelevant stimuli (Basgoze et al., 2015). This finding aligns
with previous research by Haas et al. (2006), Etkin et al. (2006), and
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Xue et al. (2017), further validating the universality of the emo-
tional congruency effect. The emotional congruency effect under-
scores that cognitive processing is facilitated when emotional
information aligns with task demands, leading to faster and more
accurate responses. Conversely, when emotional conflicts arise,
reaction times prolong and accuracy declines, highlighting the dis-
ruptive impact of emotional interference on cognitive efficiency.
This emphasizes the importance of maintaining consistency
between emotional cues and task requirements to optimize cogni-
tive performance during complex emotional information
processing.

Further analysis revealed that college students with subclinical
depression and their healthy counterparts exhibited distinct emo-
tional congruency effects during the word-face Stroop task. A sig-
nificant group difference was observed specifically under the
congruent condition, where the healthy control group demon-
strated significantly higher accuracy than the subclinical depression
group. In contrast, no significant performance difference was found
between the two groups under the incongruent condition. This pat-
tern suggests a specific impairment in emotional conflict process-
ing among individuals with depressive tendencies. Existing
literature provides potential mechanisms for these findings. Healthy
individuals typically exhibit slowed reaction times when processing
incongruent information, reflecting their capacity to inhibit task-
irrelevant stimuli (Basgoze et al., 2015). Conversely, Studies have
found that MDD patients typically display an attentional bias
toward negative emotional information during Stroop tasks, which
may lead to increased interference effects in the word-face Stroop
paradigm (Guo et al,, 2018). Furthermore, alterations in cognitive
and emotional processing may persist even during remission peri-
ods in MDD (Fang et al., 2022). Neuroimaging studies indicate that
individuals with depression may show altered activation in the
anterior cingulate cortex (ACC) during emotional Stroop tasks
(LoefHler et al., 2019), potentially explaining their differential per-
formance across congruency conditions. Furthermore, individuals
with depressive tendencies often demonstrate an attentional bias
toward negative stimuli (Wingenfeld et al., 2011), which may
diminish the typical advantage observed in congruent conditions
by amplifying interference from negative emotional content regard-
less of congruency. Notably, within the monetary reward task of the
current study, the subclinical depression group continued to show
lower accuracy than the healthy controls under congruent condi-
tions. This persistent deficit suggests that depressive tendencies
may exert long-term negative effects on cognitive processing. Even
under the modulation of external reward incentives, these inherent
cognitive impairments may not be fully compensated, highlighting
the profound and enduring nature of cognitive dysfunction associ-
ated with subclinical depression.

4.2 Monetary reward modulation: threshold
effects and neural mechanisms

This study revealed that the influence of monetary rewards on
college students with subclinical depression is not a simple “more
is better” relationship, but rather a complex nonlinear one.
Specifically, the findings showed that the reaction times of students
with subclinical depression on emotionally congruent tasks were
significantly shorter than those of healthy controls, indicating that
appropriate monetary incentives can enhance the effort level of
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these individuals (Jia et al., 2021). This difference was particularly
pronounced under the 100 CNY and 500 CNY reward conditions.
This suggests that monetary rewards of a relatively higher magni-
tude may possess a powerful motivational effect, effectively captur-
ing the attention of students with subclinical depression and
thereby optimizing their performance on congruent trials, further
supporting the positive modulatory role of monetary rewards on
their cognitive processing.

A key finding was the presence of a distinct threshold character-
istic in the incentive effects of monetary rewards. When the reward
amount increased from low levels (0 CNY, 20 CNY) to medium and
high levels (100 CNY, 500 CNY), the behavioral performance of the
subclinical depression group showed significant improvement—reac-
tion times under the 500 CNY condition were significantly shorter
than those under the 0 CNY and 20 CNY conditions, and accuracy
under both the 100 CNY and 500 CNY conditions was significantly
higher than under the 0 CNY and 20 CNY conditions. However, no
statistically significant differences were found in either accuracy or
reaction time between the 100 CNY and 500 CNY reward conditions.
This indicates that once the reward amount reaches a certain critical
point (e.g., 100 CNY), its incentive effect tends to saturate and does
not increase linearly with further increases in the monetary amount.

From a cognitive-neurobiological perspective, this nonlinear rela-
tionship may be closely linked to the core feature of a blunted reward
system function in individuals with subclinical depression. Patients
with MDD frequently exhibit reduced neural reactivity to reward
stimuli, indicative of decreased reward sensitivity (Toobaei et al.,
2025). A relatively low monetary amount, such as 20 CNY, may pos-
sess an incentive salience that is insufficient to surpass the activation
threshold of their compromised reward system, thereby failing to
effectively mobilize effort. In contrast, when the reward amount
reaches a level such as 100 CNY or 500 CNY, the stimulus intensity
may be adequate to activate their reward circuitry, leading to subse-
quent improvements in behavioral performance. However, once this
“activation threshold” is exceeded, further increases in the monetary
amount fail to produce a linear enhancement in performance, likely
due to constraints in fundamental cognitive resources or neural
responsiveness. This mechanistic account explains the absence of a
significant difference in effects between the 100 CNY and 500 CNY
conditions.

4.3 Social reward modulation: normative
patterns and cultural specificity

The study found that the modulatory effect of social reward levels
on emotional conflict in college students with subclinical depression
was consistent with that observed in healthy controls. Cognitive con-
trol refers to an individual’s ability to regulate their thoughts and
behaviors. Research has consistently demonstrated that this capacity
is impaired in individuals with MDD, which may underlie their
poorer performance on tasks requiring the inhibition of interfering
information, such as incongruent emotional trials (Chen et al., 2022).
However, the finding that the performance of the subclinical depres-
sion group on the incongruent task did not significantly differ from
that of the healthy control group in the present social reward context
suggests that their inherent cognitive control deficits might have been
compensated for by other factors. Social rewards are a plausible can-
didate for such a compensatory mechanism. The motivational salience
of social approval may enhance engagement and resource allocation,
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potentially normalizing behavioral outputs despite underlying neuro-
cognitive differences. In this study, it is likely that the modulatory
influence of social rewards contributed to the consistent behavioral
patterns observed between students with subclinical depression and
healthy controls across both emotional conflict and congruency situ-
ations. This alignment in performance underscores the potential of
socially meaningful incentives to engage motivational circuits and
facilitate adaptive cognitive-emotional functioning even in the pres-
ence of subclinical depressive symptoms.

Social reward, as a form of external incentive, may influence emo-
tional conflict through multiple mechanisms. Firstly, receiving social
rewards (e.g., recognition, praise, or support) can enhance an indi-
vidual’s self-esteem and social self-efficacy (Lee and Jeon, 2024).
Heightened social self-efficacy may increase an individual’s confidence
in managing emotional conflicts, thereby mitigating the impact of
negative emotions. Secondly, social support plays a critical role in
coping with stress and negative emotions. Research indicates that
social support can act as a buffer against emotional distress, alleviating
depressive symptoms (Lee and Jeon, 2024). For college students with
subclinical depression, who may experience greater difficulty in
acquiring and maintaining supportive social relationships, the positive
interactions facilitated by social rewards could be particularly
significant.

A distinct pattern emerged regarding social reward hierarchy
effects. During emotional conflict trials, reaction times under class-
level praise were significantly longer than other conditions for both
groups, likely due to heightened evaluation pressure in immediate
social circles—a phenomenon amplified by collectivistic cultural
norms emphasizing “face” preservation. Conversely, in congruent
trials, university-level praise elicited longer reaction times, reflecting
the high value placed on institutional recognition within Chinese aca-
demic culture. This demonstrates that social reward value and cogni-
tive demand interact to shape resource allocation similarly across
groups, despite baseline differences in depressive tendencies. The find-
ings underscore the culturally embedded motivational power of social
rewards in modulating cognitive-emotional processing.

The dissociation between reward types underscores the impor-
tance of tailored interventions. Monetary rewards with optimal mag-
nitude may enhance low-level perceptual tasks, while social
recognition might better support complex socio-emotional regulation.
These findings advocate for reward-sensitivity-informed approaches
that consider both reward type and magnitude in cognitive-affective
interventions for subclinical depression. Additionally, the cultural
embeddedness of reward perception highlights the need for culturally
adapted strategies in educational and clinical settings.

This study had several limitations, including its focus on a specific
age group and the use of laboratory-based rewards. Although both
reward types significantly modulated emotional and behavioral
responses, their underlying neural mechanisms appear distinct
(Anderson, 2016; Li et al., 2020; Toobaei et al., 2025). Future research
should examine these mechanisms across diverse populations, incor-
porate neural imaging to elucidate underlying circuits, and explore
longitudinal interventions that systematically vary reward types and
magnitudes to refine personalized approaches.

4.4 Educational implications

These findings offer practical guidance for educational sup-
port. For students with depressive tendencies, high-value, tangible
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incentives may effectively boost engagement in learning tasks.
Educational approaches could leverage this by incorporating clear,
achievement-contingent rewards. Furthermore, since these stu-
dents showed specific sensitivity to class-level (proximal) rather
than school-level (distal) praise, feedback from close peers or
teachers may be more motivating. Tailoring feedback to be more
immediate and socially proximate could enhance its efficacy.
Finally, their relative difficulty with emotionally congruent infor-
mation suggests that simplifying emotional valence in instruc-
tional materials may reduce cognitive load and improve learning
efficiency.

5 Conclusion

In summary, this study demonstrates that individuals with
subclinical depression exhibit altered emotional conflict process-
ing, which is differentially modulated by monetary and social
reward gradients. For monetary rewards, a nonlinear threshold
effect is observed, where improvements in performance (e.g.,
accuracy) reach a plateau after a specific reward magnitude, with
no significant gains beyond that point. In contrast, social rewards
exert a more uniform influence across groups, modulating perfor-
mance in a similar pattern for both subclinical depression and
healthy control participants without exhibiting a clear saturating
threshold. These findings suggest that while basic cognitive-affec-
tive deficits exist in subclinical depression, motivational pathways
remain accessible but are reward-type dependent. These findings
suggest that while basic cognitive-affective deficits exist in sub-
clinical depression, motivational pathways remain accessible but
are reward-type dependent. Specifically, high-magnitude mone-
tary incentives may partially normalize response speed in simple
tasks, whereas social rewards engage broader cognitive-control
networks that mitigate conflict-processing impairments. These
results underscore the importance of incorporating reward-sensi-
tivity gradients into the cognitive-affective profiling of subclinical
populations. Future studies should leverage neuroimaging tech-
niques to delineate the neural circuits underlying these dissociable
effects and explore their translational potential for targeted behav-
ioral interventions. Furthermore, while our exploratory analyses
suggested no significant confounding effect of gender, future
research should intentionally balance gender across groups and
include it as a key factor to systematically examine its potential
moderating role in reward-motivated emotional processing.
Finally, it is important to note that our experimental design
manipulated reward magnitude but did not directly assess reward
efficacy (i.e., the subjective value or ‘wanting’ associated with a
reward). Future studies could therefore employ paradigms that
dissociate these components to better understand their unique
contributions to motivational deficits in depression.
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