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Abstract

Our current work examined the interface of thinking style and mental health
at both behavioral and neuropsychological levels which describe a predisposi-
tion to psychopathology. Thirty-nine Chinese participants were divided into
high and low holistic thinkers based on the triad task scores, completed the
Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ),
and performed structural and resting-state functional magnetic resonance imag-
ing. We found that high holistic thinkers were much less sensitive to reward
than low holistic thinkers. Furthermore, their bilateral nucleus accumbens and
right amygdala volumes were smaller than those of low holistic thinkers. Our
integrated results showed that the relationship between holistic thinking ten-
dency and the amygdala volume was mediated by the nucleus accumbens and
the sensitivity to reward. Finally, resting-state functional connectivity results
showed increased FC between left nucleus accumbens and bilateral amygdala in
high holistic thinkers. The present synthetical results suggest that dialectical
thinking may lead to better mental health outcomes.
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Abstract

Our current work examined the interface of thinking style and mental health at
both behavioral and neuropsychological levels, which describe a predisposition
to psychopathology. Thirty-nine Chinese participants were divided into high
and low holistic thinkers based on triad task scores, completed the Sensitivity
to Punishment and Sensitivity to Reward Questionnaire (SPSRQ), and under-
went structural and resting-state functional magnetic resonance imaging. We
found that high holistic thinkers were significantly less sensitive to reward than
low holistic thinkers. Furthermore, their bilateral nucleus accumbens and right
amygdala volumes were smaller than those of low holistic thinkers. Our inte-
grated results showed that the relationship between holistic thinking tendency
and amygdala volume was mediated by the nucleus accumbens and sensitivity
to reward. Finally, resting-state functional connectivity results demonstrated
increased FC between left nucleus accumbens and bilateral amygdala in high
holistic thinkers. These synthetic results suggest that dialectical thinking may
lead to better mental health outcomes.
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Introduction

A growing body of research has illuminated profound differences between East
Asians and Westerners in attention, perception, and cognition. East Asians
tend to think holistically while Westerners think analytically. Holistic thinking
involves understanding a system by sensing its larger-scale patterns and giv-
ing broader attention to context, relationships, and background elements. In
contrast, analytical thinking involves understanding a system by examining its
parts and how they work together to produce larger-scale effects, with a nar-
row focus on foreground objects and a tendency to disentangle phenomena from
their contexts. Holistic thinkers attend to the entire field, assign causality to it,
make relatively little use of categories and formal logic, and rely on “dialectical”
reasoning.

Dialectical thinking influences how East Asians evaluate themselves, their lives,
and their subjective well-being. Cross-cultural research demonstrates that East
Asians report less positive affect, lower life satisfaction, and reduced psychologi-
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cal well-being compared to Westerners. Although most researchers have shown
that dialecticism correlates with lower psychological well-being, it remains un-
clear whether dialecticism has positive or negative impacts on mental health.
Holistic thinking cultures accept constant change and contradiction, and holis-
tic thinkers embrace the coexistence of positive and negative emotions (emo-
tional complexity), exhibiting higher levels of emotional complexity than North
Americans. Non-dialectical thinkers tend to polarize their emotional experi-
ences, maximizing positive emotions while minimizing negative ones, whereas
dialectical thinkers maintain a balance between moderate emotions and prefer
emotional moderation. Therefore, a dialectical thinker may report less frequent
high arousal of positive affect not because of lower subjective well-being, but
because high arousal positive affect does not align with their conceptualizations
of well-being.

A critical question concerns the relationship between dialectical thinking and
mental health—specifically, whether dialectical thinking is associated with better
or poorer mental health outcomes. However, the dominant concept of subjective
well-being consists of positive emotions and the absence of negative emotions,
reflecting European and American cultural values. Dialectical thinkers, who
discourage extreme emotions, may balance positive emotions by accepting nega-
tive ones, and their tendency to accept negative emotional experiences may lead
to lower subjective well-being. Therefore, it is preferable to measure positive
and negative affect as separate dimensions and examine indicators more closely
related to mental health.

In our current work, we proposed examining the associations among thinking
style, emotional experiences, and behavioral reactivity as a means to resolve
these issues. Gray’ s Reinforcement Sensitivity Theory (RST), a prominent neu-
roscience theory of personality, consists of three major brain systems that regu-
late the intensity of approach and withdrawal behavior in response to emotional
stimuli: the Behavioral Inhibition System (BIS), the Behavioral Activation Sys-
tem (BAS), and the Fight-Flight-Freeze System (FFFS). The BAS is responsible
for approach behavior in response to pleasant stimuli and positive emotional ex-
periences. The BIS controls behavior in response to goal conflict, becoming
activated when a goal conflict stimulus is presented and producing anxiety that
inhibits otherwise dominant behavior while seeking the best resolution. The
FFFS system is activated by all conditioned and unconditioned aversive stimuli,
regulating defensive avoidance behavior along with negative emotional experi-
ences (fear). These systems reflect brain structures that influence sensitivity to
reinforcing events and control emotional experiences.

RST identifies two general traits that can be assessed with self-report question-
naires. The first is punishment sensitivity (SP), which reflects the responsiveness
of the FFFS and BIS, and the second is reward sensitivity (SR), which reflects
the responsiveness of the BAS. Individuals with high SR/BAS experience more
positive emotions and exhibit more approach behavior to achieve positive re-
inforcement, whereas individuals with high SP/BIS experience more negative
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emotions and exhibit more behavioral inhibition. Thus, RST provides meaning-
ful information for understanding individuals’ positive and negative emotional
experiences and behavioral responses, allowing assessment of the extent to which
individuals pursue positive emotions (BAS) and avoid negative emotions (BIS)
separately using well-validated questionnaires.

Prior research has demonstrated that SP/BIS and SR/BAS are valid predic-
tors of various forms of psychopathology. Studies have shown that higher SP
generalizes to anxiety disorders, anxiety-depression mixed disorders, obsessive-
compulsive disorders, and longer duration of schizophrenia, while lower punish-
ment sensitivity can predict unipolar depression. Furthermore, higher BAS can
predict hyperactive-impulsive attention-deficit /hyperactivity disorder behaviors
and addictive behaviors. At the opposite extreme, some researchers have linked
depression disorders to lower BAS activity. Therefore, RST can provide an effec-
tive assessment of the psychopathological vulnerability of holistic and analytical
thinkers.

The responsiveness of the BIS/BAS system depends on environmental inputs,
while the sensitivity of the system is biologically based. Self-report question-
naires measure more of an individual’ s responsiveness or perception of a stim-
ulus, whereas biometric measures are direct indicators of individual sensitivity.
Neurobiological factors such as brain structure and function play a vital role
in understanding different thinking styles and their mental health risk. Of par-
ticular interest, the nucleus accumbens and amygdala are involved in social
and emotional processing as well as reward and punishment processing, and
their structural alterations have been associated with psychopathology. One
pathway by which holistic/dialectical thinking may confer mental health risk
is through changes to the amygdala and nucleus accumbens. Thus, examining
structural and functional differences in these regions between holistic and an-
alytical thinkers may provide insights into the emergence of psychopathology,
as these structures can directly reflect how individuals with different thinking
styles sensitize to positive and negative emotions.

Therefore, our work aimed to investigate the relationship between thinking styles
and mental health from two perspectives. First, we linked thinking styles to
Gray’ s Reinforcement Sensitivity Theory as a predictor of psychopathology.
Second, we examined whether structural and functional differences of the nu-
cleus accumbens and amygdala exist between holistic and analytical thinkers.
Finally, we integrated thinking styles, reinforcement sensitivity, and neural sub-
strates. We examined group differences in participants with holistic versus an-
alytical thinking styles using the triad task, where participants selected one of
two images that matched a target image. One selection type belongs to the
same abstract category (analytical thinking) as the target picture (e.g., chick-
ens and cattle belong to the animal category), and the other has a functional
relationship (holistic thinking) with the target picture (e.g., cattle eats grass).
A disadvantage of cross-cultural research comparing these styles is the difficulty
controlling for other culture-specific variables that might covary with analytical-
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holistic cognitive styles. Therefore, we studied holistic and analytical partici-
pants within Chinese culture, as there exists a spectrum of individuals with
analytical to holistic cognitive styles within each culture. We calculated the ra-
tio of selected relational pairings to overall selections, representing individuals’
holistic thinking tendency. We used the Sensitivity to Punishment and Sensi-
tivity to Reward Questionnaire (SPSRQ) to evaluate the extent and sensitivity
to which individuals experience positive and negative emotions, as this ques-
tionnaire is suitable for assessing self-reported sensitivity to social reward and
punishment and social tendency and avoidance behavior. Furthermore, we col-
lected structural and resting-state functional images using magnetic resonance
imaging to examine the structure and function of the nucleus accumbens and
amygdala.

We first tested the hypothesis that holistic thinkers would be less prone to posi-
tive reward and negative threat. Then, we related thinking styles to the volume
of the amygdala and nucleus accumbens and their functional connectivity in
the resting state. Finally, we examined relationships among thinking style, re-
inforcement sensitivity, and neural substrates.

Materials and Methods

Participants

Fifty Chinese adult participants who were young and healthy completed the
magnetic resonance imaging scanning experiment and the triad task. Thirty-
nine of them (18 males; age range: 18-28 years; mean age: 21 years) completed
the MRI scanning experiment, the triad task, and online survey. Exclusion
criteria included neurological or psychiatric disorders, psychotropic medication
use, and any history of substance or alcohol abuse. Approval was obtained from
the Institutional Review Board of the Institute of Psychology, Chinese Academy
of Sciences, and all participants provided written informed consent.

Questionnaires

The Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SP-
SRQ) counsists of 48 yes-no response items containing two independent 24-item
scales: sensitivity to punishment (SP) and sensitivity to reward (SR). The Chi-
nese version of SPSRQ (SPSRQ-CV) removed 12 items that were not closely
related to Chinese life or inconsistent with Chinese ways of thinking but was
basically consistent with the original SPSRQ scale structure. The internal con-
sistency coefficients of SR, (16-item) and SP (18-item) were 0.64 and 0.80, respec-
tively, and the test-retest reliability of SR and SP were 0.89 and [value missing
in original].
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Assessment of Holistic-Analytical Thinking Styles

Participants were asked to freely select one of two images that they thought
matched the target image (see Fig. 3A [Figure 3: see original paper]). Selected
items included two types: one belonged to the same abstract category (i.e.,
analytical thinking) as the target picture (e.g., chickens and cattle belong to
the animal category), and the other had a functional relationship (i.e., holistic
thinking) with the target picture (e.g., cattle eats grass). The task consisted of
14 different selection trials (see supplementary materials for all stimuli). The
task-fMRI experiment obtained the number of two types of pictures selected by
participants. Results showed that thirty-nine participants chose more relational
pairings (the number of relational pairings: 9.38 + 2.84; the number of category
pairings: 4.13 4+ 2.92; T35 = 5.74, p < .00001). We calculated the ratio of
selected relational pairings to overall selection. Participants in the top 1/3 of the
ratio score were categorized into the high holistic thinker group /holistic thinking
tendency (0.90 4 0.07), while those in the bottom 1/3 were categorized into the
low holistic thinker group/analytical tendency (0.51 + 0.19). The difference
between the two groups was considerable (Tqy.q; = 7.64, p < .00001).

MRI Data Acquisition

MRI data were acquired on a GE MR750 3.0T scanner with 8-channel cranial
coil at the MRI Research Center, Institute of Psychology, Chinese Academy of
Sciences. T1-weighted anatomical images were acquired using a 3D-SPGR pulse
sequence (192 sagittal slices, repetition time (TR) = 6.652 ms, echo time (TE)
= 2.928 ms, flip angle (FA) = 12 degrees, field of view (FOV) = 256 mm x 256
mm, matrix size = 256 x 256, slice thickness = 1 mm, voxel size =1 x 1 x 1
mm?). Functional data were acquired with echo-planar imaging (EPI) sequence
(37 axial slices, TR = 2000 ms, TE = 30 ms, FA = 90 degrees, FOV = 224 mm
X 224 mm, matrix size = 64 X 64, slice thickness = 3.5 mm, voxel size = 3.5 X
3.5 x 3.5 mm?).

MRI Data Analysis

Cortical and subcortical volumetric segmentation was performed with
DPABISurf (http://rfmri.org/DPABISurf) based on Freesurfer 6.0.1
(http://surfer.nmr.mgh.harvard.edu). The volumes of bilateral nucleus accum-
bens and amygdala were extracted from Freesurfer. Resting-state functional
MRI data preprocessing was performed using the toolbox for Data Processing
& Analysis of Brain Imaging (Yan et al., 2016) (http://rfmri.org/DPABI)
based on Statistical Parametric Mapping (http://www.fil.ion.ucl.ac.uk/spm).
Preprocessing comprised slice-timing and head motion correction, normaliza-
tion to MNI space by DARTEL. Band-pass temporal filter (0.01-0.1 Hz) and
spatial smoothing (4mm FWHM kernel) were applied to normalized functional
images. We defined bilateral amygdala and nucleus accumbens as anatomical
regions of interest (Chao et al.) and extracted the average time series from each
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ROI, calculating their functional connectivity (FC) between each ROI-pair by
Pearson correlation.

Mediation Analysis

We used the PROCESS tool in SPSS (Hayes, 2017) to test relationships among
holistic thinking tendency, sensitivity to reward (SR), bilateral nucleus accum-
bens, and amygdala. The bootstrap approach was used to test significance with
5000 bootstrap resampling to generate 95% confidence intervals.

Results
Group Differences in Sensitivity to Reward and Punishment

Holistic thinking tendency was negatively correlated with reward sensitivity
(Spearman’ s rho (39) = -0.366, p = 0.022) but not correlated with punishment
sensitivity (Spearman’ s rho (39) = 0.198, p = 0.228) (Table 1 ). Furthermore,
high holistic thinkers were significantly less sensitive to reward than low holistic
thinkers (Fig. 1A [Figure 1: see original paper|; Tog = -2.465, p = 0.020, Coher’
s d = -0.902, 95% CI = (-3.858, -0.356)), while sensitivity to punishment did
not differ between groups (Fig. 1A; Tog = 1.336, p = 0.192, Cohen’ s d = 0.489,
95% CI = (-1.047, 4.976)).

Nucleus Accumbens and Amygdala Volume Differences Between
Groups

High holistic thinkers had smaller volumes in the left nucleus accumbens (Fig.
1B; Tyg = -3.614, p = 0.001, Cohen’ s d = -1.323, 95% CI = (-155.013, -42.866))
and right nucleus accumbens (Fig. 1B; Tyg = -3.279, p = 0.003, Cohen’ s d =
-1.200, 95% CI = (-152.158, -35.142)) compared to low holistic thinkers. The
volume of the right amygdala was also smaller in high holistic thinkers (Fig. 1C;
Tyg = -2.170, p = 0.039, Cohen’ s d = -0.794, 95% CI = (-321.984, -9.286)).
Left amygdala volumes were likewise smaller in high holistic thinkers, but the
difference was not significant (Fig. 1C; Ty = -1.610, p = 0.119).

Correlation and Mediation Analysis

We examined relationships among holistic thinking tendency, sensitivity to re-
ward and punishment, and volumes of nucleus accumbens and amygdala. Pos-
itive correlations existed between bilateral nucleus accumbens and bilateral
amygdala volumes (Table 1; Pearson’ s r = 0.420, p = 0.008; Pearson’ s r
= 0.490, p = 0.002; Pearson’ s r = 0.494, p = 0.001; Pearson’ s r = 0.556, p
< .001). Holistic thinking tendency was negatively related to bilateral nucleus
accumbens volumes (Table 1; Left: Spearman’ s rho (39) = -0.523, p < .001;
Right: Spearman’ s rho (39) = -0.463, p = 0.003) and right amygdala volume
(Table 1; Spearman’ s rho (39) = -0.321, p = 0.047). Sensitivity to reward was
positively correlated with left nucleus accumbens volume (Spearman’ s rho (39)
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=-0.379, p = 0.017), with the correlation between reward sensitivity and right
nucleus accumbens volume being borderline significant (Spearman’ s rho (39)
= -0.311, p = 0.054). No significant correlation was found between punishment
sensitivity and other variables.

Mediation analysis revealed that sensitivity to reward had a partial mediating
effect between thinking tendency and left nucleus accumbens volume (Fig. 1D,
Table 2 ). For the right nucleus accumbens, the mediating effect of SR was
not significant, though the regulating effect was significant (Fig. S1). The
relationship between holistic thinking tendency and bilateral amygdala volume
was fully mediated by nucleus accumbens volume (Fig. 1D, Table 2, a2b2;
Fig. S2). Moreover, reward sensitivity could influence this relationship through
nucleus accumbens volume (Fig. 1D, Table 2, ala3b2).

Resting-State Functional Connectivity

High holistic thinkers demonstrated increased FC between left nucleus accum-
bens and bilateral amygdala compared to low holistic thinkers (Fig. 1E; LNAcc-
LAmy: Tog = 3.209, p = 0.003, Cohen’ s d = 1.174, 95% CI = (0.069, 0.314);
LNAcc-RAmy: Tog = 2.518, p = 0.018, Cohen’ s d = 0.921, 95% CI = (0.027,
0.261)).

Discussion

To our knowledge, this is among the first studies to link Reinforcement Sensitiv-
ity Theory and neural substrates of holistic versus analytical thinking, providing
behavioral and biological mechanisms to support the connection between differ-
ent ways of thinking and mental health indicators.

We used the SPSRQ based on RST to evaluate individual sensitivity to posi-
tive and negative emotions. High holistic thinkers showed lower sensitivity to
reward than low holistic thinkers, suggesting they are less likely to pursue ex-
treme positive emotions. Different thinkers’ beliefs about mental health may
partially explain these results. Tsai et al.” s work shows that Hong Kong Chi-
nese value high-arousal positive affect less and low-arousal positive affect more
than European Americans. Since values influence behavior and people promote
mental health by seeking experiences that fit their beliefs, holistic beliefs em-
phasizing moderation may result in lower levels of high-arousal positive affect
and approach behavior, as the pursuit of positive affect is less relevant to these
beliefs.

Substantial research has shown that SP/BIS and SR/BAS are associated with
various psychological disorders, particularly punishment sensitivity. Reward
sensitivity is less associated with mental illness and mainly manifests in addic-
tive behaviors, where addicts show high reward sensitivity. An epidemiological
study shows that BIS is a vulnerability factor for anxiety and depression, while
BAS relates to drug abuse and non-comorbid alcohol diagnoses, though no rela-
tionship exists between BAS and depression diagnoses. However, distinguishing
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subtypes of depressive symptoms reveals that low BAS predicts anhedonic de-
pression but not mixed anxiety-depression symptoms. Since BIS and BAS are
functionally interdependent with antagonistic effects, low BAS may exacerbate
high BIS effects on anhedonic depressive symptoms. Hundt et al. show that
when life stress is low, low BAS and high BIS predict anhedonic depression.
We found no differences in punishment sensitivity between groups, whereas re-
ward sensitivity was lower in high holistic thinkers, suggesting that high holistic
thinkers may have a predisposition to anhedonic depression, particularly when
life circumstances are generally good, as dialectical tendencies to “look for the
bad in the good” and reduced pursuit of positive emotions may increase anhe-
donia.

The amygdala and nucleus accumbens are closely related to emotions and re-
spond to both negative and positive signals, with structural alterations asso-
ciated with psychopathology. Trait anxiety correlates positively with bilateral
nucleus accumbens volume, and higher social anxiety predicts increased gray
matter volume in the right amygdala and bilateral nucleus accumbens. Ado-
lescents with major depressive disorder show larger nucleus accumbens volume
compared to healthy controls. A meta-analysis of amygdala volume in mood
disorders shows increased left amygdala volume in adults with bipolar disorder,
with left amygdala volume larger in unipolar inpatients than controls, though
no significant changes appear in unipolar outpatients. The largest MDD study
did not detect differences in amygdala and nucleus accumbens volumes, though
hippocampal volumes were lower. Our work suggests that bilateral nucleus ac-
cumbens and right amygdala are smaller in high holistic thinkers, indicating
that individuals with a high holistic thinking style may be at lower risk for anxi-
ety and depression. Based on neural mechanisms, we may state that individuals
with dialectical thinking report lower subjective well-being, but this does not
necessarily mean their thinking styles result in poor mental health outcomes.

Our results indicate that the relationship between holistic thinking tendency
and amygdala volume is fully mediated by nucleus accumbens volume. Across
various species, the amygdala and nucleus accumbens respond to both nega-
tive and positive signals, with the amygdala responding most dramatically to
negative stimuli and the nucleus accumbens most consistently responsive to re-
ward stimuli. Numerous neuronal connections between these regions have been
implicated in cue-reward associations. Our results show that holistic thinking
tendency is negatively correlated with reward sensitivity, which is positively
related to nucleus accumbens volume, and there is a negative correlation be-
tween holistic thinking tendency and nucleus accumbens volume. Therefore,
high holistic thinkers’ insensitivity to reward could partly explain their smaller
bilateral nucleus accumbens volumes, which further mediates the relationship
between holistic thinking tendency and amygdala volume.

In addition to finding that high holistic thinking individuals are reward-
insensitive and have smaller bilateral nucleus accumbens and right amygdala
volumes, we also found significantly higher resting-state functional connectivity
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between left nucleus accumbens and bilateral amygdala in high versus low
holistic thinkers. Beyeler et al. demonstrate that projections between amygdala
and nucleus accumbens preferentially encode positive valence, and optogenetic
activation of bilateral amygdala terminals in nucleus accumbens drives positive
reinforcement, which may facilitate approval behavior. Therefore, resting-state
FC between these regions may reflect individual spontaneous responsiveness
strength to reward-related stimuli. Although high holistic thinkers self-report
reward insensitivity, their brain functions may be more authentic and credible.
The increased functional connectivity may illustrate that high holistic thinkers
are sensitive to reward stimulus responses, whereas self-reported reward
insensitivity may reflect their beliefs about seeking positive emotions rather
than actual sensitivity.

In conclusion, our study shows that individuals who score high on holistic think-
ing have lower sensitivity to reward. In terms of neural substrates, individuals
with a high holistic thinking tendency had smaller volumes in bilateral nucleus
accumbens and right amygdala than those with a low holistic thinking tendency.
Furthermore, we found increased resting-state functional connectivity between
bilateral amygdala and nucleus accumbens in high holistic thinkers. Taken
together, these results manifest the complex relationships between dialectical
thinking and mental health, which await future research to uncover.
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Fig. S1. The effect of sensitivity between thinking tendency and nucleus
accumbens volume: moderate effect (A) and partial mediating effect (B).

Fig. S2. The full mediating effect of right nucleus accumbens volume between
thinking tendency and bilateral amygdala volume.

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