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Previous studies have found the effects of stereotype threat (ST) on cognitive processes,
emotions, and motivations which could account for the underperformance in domain
tasks. Efficient brain function does not require the function of different brain regions during
specific tasks, but it does require the brain networks on which information is transported.
Based on these, the effects of ST on the degree centrality under the resting state of brain
regions related to these processes were investigated under math-related ST. The results
showed that RSDC was decreased in the left hippocampus and left middle occipital gyrus
(MOC), while RSDC was increased in the left precuneus, the right angular gyrus (AG), and
the right superior parietal gyrus (SPG) under ST. Interestingly, we also found that the right-
left anterior temporal lobe (ATL) and the right hippocampus were negatively correlated
with manipulation check (MC) score in the ST group, while the right-left ATL and the right
hippocampus were positively correlated with MC score in the control group. These results
might reflect those individuals who attempted to inhibit the negative emotions induced by
the negative stereotypes under ST conditions while increasing the self-relevant processes
by retrieving episodic memory or autobiographical memory.

Keywords: stereotype threat, rest-state fMRI, degree centrality, functional network, stereotype

INTRODUCTION

Stereotype threat (ST) refers to the feeling of threat which is induced when individuals are worried
that their behavior might confirm a stereotype or stigmatize the social identity of their in-group
(Schmader and Johns, 2003; Jamieson and Harkins, 2007; Wout et al., 2009). Based on this, it has
been confirmed that the negative stereotypes about a social identity could add pressure or concern
and lead to underperformance in domain tasks (Steele and Aronson, 1995; Steele, 1997). Although
numerous studies show mechanisms of underperformance in domain tasks under ST (e.g., Martens
et al., 2006; Wraga et al., 2007; Johns et al., 2008; Krendl et al., 2008), there are only two studies
that attempted to uncover the neural mechanisms of ST by using functional magnetic resonance
imaging (fMRI) (Wraga et al., 2007; Krendl et al., 2008). Thus, it is helpful to learn more about the
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neural basis of ST by using the resting-state fMRI (RS-fMRI) to
investigate the effects of ST on the degree centrality in this study.

It has been suggested that the negative stereotype could be
threatened when it is self-relevant (Steele, 1997). According
to the integrated process model of ST, ST first induces an
imbalance among the concepts of in-group, the ability of domain
tasks, and self, which also implies that ST must be self-relevant
(Schmader et al., 2008; Liu et al., 2021). Thus, when the ability
of domain tasks is threatened by ST information, it can lead
to the processes of self-doubt and self-validating the stereotype
(Steele and Aronson, 1995), where negative thinking (Cadinu
et al., 2005) and negative emotions (Johns et al., 2008) are further
generated. To reduce the detrimental effects of negative thinking
and negative emotions on performance, individuals attempt to
suppress them, which reduces the working memory capacity
required by the performance of domain tasks (Schmader and
Johns, 2003; Johns et al., 2008).

Considering the effects of ST on self-relevant processes,
negative emotions, and working memory capacity, the brain
function related to them might be influenced by ST. For example,
it has been found that the brain regions related to social
emotion [e.g., angular gyrus (AG), left parietal cortex, and
prefrontal cortex] were more active when a domain task was
performed under an ST condition (Krendl et al., 2008). Wraga
et al. (2007) also found that the brain regions associated with
emotional load (e.g., medial prefrontal cortex, anterior cingulate
cortex, and amygdala) were activated when a domain task was
performed under an ST condition. Moreover, Forbes and Leitner
(2014) found that negative feedback to the performance of
domain tasks elicited a larger P100 component when individuals
were under an ST condition, confirming that the working
memory capacity is easily taxed by ST information. Mangels
et al. (2012) found that the negative feedback related to event-
related potential components is influenced by ST, implying that
individuals are prone to disengage from domain tasks influenced
by negative emotions.

Efficient brain function does not require the functioning of
different brain regions during specific tasks, but it does require
information being transported between them (Van Den Heuvel
and Hulshoff Pol, 2010). Although some brain regions have
been confirmed to be associated with ST, the brain network
being influenced by ST is not clear. RS-fMRI can use the
blood-oxygen-level-dependent (BOLD) signal of spontaneous
activations during low-frequency fluctuations (0.01-0.1 Hz) to
depict brain networks (Lowe et al., 2000; Van Den Heuvel and
Hulshoft Pol, 2010). RS-fMRI degree centrality (RSDC) is a graph
theory-based network analysis of the number of edges connecting
to a node or the node strength for a given node (a voxel) in a
whole-brain network (Zuo et al., 2012; Li et al., 2016). It has been
found that RSDC has test-retest reliability and high sensitivity
(Zuo and Xing, 2014) and that it can find the hubs of brain
networks and provide functional connectivity of the entire brain
(Zhang et al., 2019).

In previous studies (e.g., Schmader and Johns, 2003; Johns
et al., 2008; Schmader et al., 2008), the female math ST was
widely used to study the ST effect and had common mechanisms
with other ST to some extent. Thus, the current study aimed to

TABLE 1 | The demographic information of Stereotype threat (ST) and control
subjects.

ST group Control group T-value
Mean age 20.40 £1.71 2113+ 1.84 —1.43
Sex 25 females 23 females
Education 14.44 +1.26 14.87 £1.29 —-1.17

investigate the effects of ST on RSDC under math ST. According
to the results of ST studies (Martens et al., 2006; Wraga et al.,
2007; Johns et al,, 2008; Krendl et al., 2008), we speculated
that the RSDC of brain regions related to the regulation of
social emotions (e.g., the medial prefrontal cortex and anterior
cingulate cortex) might be increased. Considering the roles of the
hippocampus in the generation of stressful responses (Buss et al.,
2007; McEwen and Gianaros, 2010; Tottenham and Sheridan,
2010), we hypothesized that the RSDC of the hippocampus might
be decreased under ST, which might make individuals more
prone to experience stress-based arousal. Except in this region,
due to the self-relevant processes being increased by ST (Steele
and Aronson, 1995), we thought that the RSDC of the brain
regions related to self-memory should be increased. Therefore,
we further speculated that the RSDC of the brain regions, such
as the right posterior parietal regions (PPC), related to the
retrieval of episodic memory or autobiographical memory might
be increased (Cabeza, 2008; Cabeza et al., 2011).

METHODS

Subjects

Forty-eight female undergraduates (25 in the ST group and 23
in the control group), aged 18-26 years (mean age 20.75 £ 1.79
years), participated in the experiment (as shown in Table 1). All
the subjects gave written informed consent, were right-handed,
had no current or past neurological or psychiatric illness, and had
a normal or corrected-to-normal vision.

Experimental Materials

ST and Control Materials

In the present study, math ST was induced by reading math
ST material. This material was introduced to subjects with
statements such as “women are bad at math across all cultures.”
To make the ST material more compelling, a table was provided
which showed the percentage differences between men and
women for a math ability test. In the control condition, the
subjects were instructed to read a scientific investigation about
two fictitious mountain peaks.

Math Problem Examples

Three math problems were used as examples in this study. There
were three numbers (30, 26, 7) in each math problem. The
subjects were asked to calculate whether the result of subtraction
of the first and second numbers could be divided by the third
number; for example, whether the result of “(30 - 26) ~ 7 = ?”
was an integer.
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Manipulation Check

Previous studies suggested that self-threat in ST might result
from concerns over the evaluation about themselves based on
the negative stereotype of their ingroup. Thus, to assess the
reliability of the ST manipulation, subjects were asked to rate how
strongly they agreed with the statement “I am worried that the
experimenters will conclude that women are bad at math based
on my performance” on a 7-point scale (from strongly disagree
to strongly agree).

ST and Control Material Verification

To verify whether the ST materials could induce ST, 112 female
subjects (56 subjects each for ST and control groups) were
selected from the Southwest University in China. First, the
subjects were asked to read ST materials (ST group) or control
materials (control group). Then, the subjects were asked to
complete 20 math problems similar to the examples. The results
showed that the mean accuracies of math problems were 0.589 £
0.149 for the control group and 0.500 £ 0.137 for the ST group.
The mean accuracy of math problem answers was lower for the
ST group than for the control group [#(;10) = 3.286, p = 0.001].

Experimental Procedure

When the participants arrived individually at the magnetic
resonance imaging (MRI) lab, a male experimenter greeted
them and instructed them, and then they were led to the MRI
scanner by a male scanning technician. When placed into the
MRI scanner and prepared, the subject was allowed to adapt
to the MRI scanner for ~8 min. Subjects were asked to relax,
keep their eyes open, and focus on the “+4” that appeared at
the center of the screen, and not to move their body or head.
After the RS-fMRI scanning pre-test, the manipulation materials
(ST or control materials) were presented, and the subjects were
randomly assigned to the ST or control group based on the
materials they read. Thereafter, a male experimenter told the
subjects that they had about 8 min to prepare for the math
aptitude test and presented the three examples of the math
problem. The instructions for the post-test RS-fMRI scanning
were the same as those used for the pre-test. Each RS-fMRI
included 242 scans with 484 s in duration. When the RS-fMRI
scanning was over, the male experimenter informed the subjects
that there were 20 math problems to be completed and asked
them to complete the MC inside the scanner within 3 min. When
the MC was completed, the subjects were informed that the
experiment was over.

MRI Image Acquisition and Pre-Processing
MRI Image Acquisition

The whole-brain RS-fMRI images were acquired from a Siemens
3T scanner (MAGENTOM Trio, a Tim system) with a gradient-
echo echo-planar imaging sequence: echo time (TE) = 30 ms;
repetition time (TR) = 2,000 ms; flip angle = 90°; slices = 32;
slice thickness = 3.0 mm; slice gap = 1 mm; field of view (FOV) =
220 x 220 mm; resolution matrix = 64 x 64; in-plane resolution
= 3.4 x 3.4 mm,; interslice skip = 0.99 mm. For each subject, 242
functional images were acquired.

In addition, high-resolution T1-weighted anatomical images
were acquired using a magnetization-prepared, rapid gradient
echo sequence (TR = 1,900 ms; TE = 2.52 ms; inversion time =
900 ms; flip angle = 9°; resolution matrix = 256 x 256; slices =
176; thickness = 1.0 mm; voxel size =1 x 1 x 1 mm).

Image Pre-Processing

The RS-fMRI images were pre-processed using statistical
parametric mapping software (SPM8, http://www.filion.ucl.ac.
uk/spm) and a toolbox for Data Processing and Analysis for
Brain Imaging (DPABI: http://rfmri.org/dpabi) in MATLAB
8.1.0 (http://cn.mathworks.com/). First, the DICOM data were
converted to NIFTI images, and the first 10 images were
discarded. Then, the remaining images were slice timed and
realigned. A head motion correction was then performed to
estimate and modify head movements. The various covariates,
including white matter, cerebrospinal fluid, and the Friston 24-
parameter, were regressed out of the data to reduce the potential
impact of physiological artifacts. Then the anatomical images
were co-registered to the mean functional image and were
subsequently segmented. Thereafter, all the functional images
were normalized to the Montreal Neurological Institute (MNI)
space of 3 x 3 x 3mm voxel sizes using the segmented
data. The normalized images were spatially smoothed with a
Gaussian kernel having a full width at half maximum (FWHM)
of 8 mm. Finally, linear trends were removed, and the images
were temporally band-pass filtered (0.01-0.08 Hz) to reduce low-
frequency drift and high-frequency noise.

Degree Centrality Analysis

The Calculation of RSDC

The RSDC was calculated using DPABI. The algorithm for RSDC
has been reported previously (Zuo et al., 2012) and can be briefly
summarized as follows. First, the time series for each voxel
was extracted from the pre-processed RS-fMRI data to calculate
a correlation matrix using the temporal Pearson’s correlation
of the time series between certain voxels and others. Then,
fully connected binary and weighted graphs were built with a
threshold of correlation r = 0.25. In the binary graph, the value
was 1 if the correlation between two voxels was larger than the
threshold; otherwise, the value was 0. In the weighted graph,
the value was the correlation if the correlation between two
voxels was larger than the threshold; otherwise, the value was 0.
According to the adjacency matrix of the graph, the RSDC was
calculated for each voxel by the addition of the correlations of
each voxel. Finally, the values in each voxel were transformed to
z-values using the Fisher z-transformation to improve normality.

Mixed-Effect Analysis

After the RSDC z-values for the pre-test and post-test, RS-fMRIs
of the two groups were calculated, we performed a whole-brain
2 (test: pre-test vs. post-test) x 2 (ST: ST group vs. control
group) mixed-effect analysis for binary and weighted graphs. The
statistical criterion was set at a Gaussian random field (GRF)
corrected threshold (p < 0.001 at the voxel level, and p < 0.05
at the cluster level) for the main effect of the test, the main
effect of ST, and the interaction effect between ST and test.
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According to the results, the peak coordinate of each significant
cluster was used to create a spherical region of interest (ROI)
with an 8-mm radius, and the RSDC values of each ROI were
extracted by using the “ROI Signal Extractor” of DPABI To
analyze the sample effect of the interaction effect, the analysis
of covariance was used to compare the mean RSDC of each
ROI in the post-test between ST and control groups, where the
RSDC values in the pre-test were seen as covariables. Finally, the
correlations between each ROI and MC score were analyzed by
using Pearson’s correlation, where the threshold was p < 0.05
with Bonferroni correction applied.

Interaction Between ST and MC Score Predicting
RSDC

To further analyze the relationships between RSDC and MC
score, the post-test RSDC values for ST and control groups were
input to the SPM to analyze the interaction between the MC score
and ST by setting the MC score as the covariate in the two-sample
t-test of SPM 12. This method has been successfully employed in
previous studies to analyze the interaction between variables and
the index of structural and functional MRI (Takeuchi et al., 2013;
Li et al, 2014, 2018; Wei et al., 2015). The interactions between
ST and MC scores were assessed by using t-contrasts [(1, —1)
or (—1, 1)], where the statistical inference was p < 0.005 at the
voxel level with GRF-corrected p < 0.05 at the cluster level. Based
on the significant results, the clusters that showed interactions
were saved as masks, and their RSDC values were extracted by
using the “ROI Signal Extractor” of DPABI. Finally, to analyze the
modulating roles of ST on the relationships between the post-test
RSDC of these regions and the MC score, Model 1 of PROCESS
3.0 (www.guilford.com/p/hayes3) was used.

RESULTS

Results of the MC

The results showed that the MC score for the ST group was 4.52
=+ 1.58, while the MC score for the control group was 3.47 & 1.31.
The two-sample ¢-test analysis showed that the mean MC score
for the ST group was significantly higher than that of the control
group [t(46) = 2.47, p = 0.017].

Results of RSDC Analysis

Mixed-Effect Analysis of the Binary Graph

The results of 2 (test: pre-test vs. post-test) x 2 (ST: ST group
vs. control group) mixed-effect analysis for the binary graph
showed that the main effect of the test was significant in the left
hippocampus, middle cingulate gyrus (MCG), right cerebellum,
and left precentral gyrus (PCG), while the interaction between
the test and ST was significant in the left cerebellum anterior
lobe, left hippocampus, left precuneus, and left MOC (as shown
in Figure 1; Table 2).

For the brain regions that had a significant main effect of the
test, the results showed that the mean RSDC z-value only in MCG
was higher for the ST group relative to the control group [F(;, 4s)
= 4.883, p = 0.032]. Of those brain regions that had significant
interactions, the mean RSDC z-value in the left cerebellum was
lower for the ST group relative to the control group [F(; 45y =

8.484, p = 0.006]; the mean RSDC z-value in the right superior
parietal gyrus (SPG) was higher for the ST group relative to the
control group [F(;, 45) = 8.453, p = 0.006]; the mean RSDC z-
value in the left precuneus was higher for the ST group relative to
the control group [F(;, 45y = 8.426, p = 0.006]; the mean RSDC
z-value in the left MOG was higher for the ST group relative to
the control group [F(j, 45y = 7.522, p = 0.009]; the mean RSDC
z-value in the right AG was higher for the ST group relative to the
control group [F(j, 45) = 8.976, p = 0.004]; and the mean RSDC z-
value in the left hippocampus was lower for the ST group relative
to the control group [F(;, 45) = 7.851, p = 0.007]. However, the
RSDC for these regions was not significantly correlated with the
MC score (as shown in Table 2).

Mixed-Effect Analysis of the Weighted Graph
The results of whole-brain 2 (test: pre-test vs. post-test) x 2
(ST: ST group vs. control group) mixed-effect analysis for the
weighted graph showed that the main effect of the test was
significant in the left hippocampus, left MCG, right cerebellum,
and left PCG, while the interaction between the test and ST was
significant in the left cerebellum anterior lobe, left precuneus, left
MCQG, right SPG, and right AG (as shown in Figure 2; Table 2).
For the brain regions that had a significant main effect of the
test, the results showed that the mean RSDC z-value only in MCG
was higher for the ST group relative to the control group [F; 45)
= 4.854, p = 0.033]. For the brain regions that had significant
interactions, the mean RSDC z-value in the left cerebellum was
lower for the ST group relative to the control group [F(j 45 =
4.228, p = 0.046]; the mean RSDC z-value in the right SPG was
higher for the ST group relative to the control group [F(j 45) =
7.594, p = 0.008]; the mean RSDC z-value in the left precuneus
was higher for the ST group relative to the control group [Fj 45)
=8.900, p = 0.005]; the mean RSDC z-value in the left MOG was
higher for the ST group relative to the control group [F(j 45) =
7.571, p = 0.009]; and the mean RSDC z-value in AG was higher
for the ST group relative to the control group [F(; 45) = 9.199, p =
0.004]. However, the RSDC for these regions was not significantly
correlated with the MC score (as shown in Table 3).

The Modulating Roles of ST in the Relationships
Between RSDC and MC Score

The interaction between ST and MC score was significant in the
right anterior temporal lobe (ATL) [peak in (51, —3, —24)] and
the right hippocampus/amygdala [peak in (36, —12, —24)] for the
binary graph, while only the right hippocampus/amygdala [peak
in (36, —12, —24)] showed significant results for the weighted
graph (as shown in Figure 3).

For the binary graph, the results showed that the interaction
between ST and post-test RSDC of the right ATL was significant
[AR? = 0.246, F,43) = 17.743, p < 0.001]. The sample slope test
showed that the post-test RSDC for the ST group was negatively
correlated with the MC score (B = —0.548, t = —2.438, p =
0.019), while the post-test RSDC for the ST group was positively
correlated with the MC score ( = 0.517, t = 3.234, p = 0.002).
The interaction between ST and post-test RSDC of the right
hippocampus was significant [AR? = 0.300, F(; 43y = 23.11, p
< 0.001]. The sample slope test showed that the post-test RSDC
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Main effect of test

FIGURE 1 | The brain regions that were significant in the mixed-effect analysis of the binary graph.

Interaction effect

TABLE 2 | The brain regions that were significant in the mixed-effect analysis of the binary graph.

Cluster size Brain region Cohen’s 2 F/T Peak Correlated with MC score
(mmd) Labels Value (%, Y, 2) ST Control
Main effects of test

7,047 Left hippocampus 1.073 T=7.03 6,0, —12 0.202 —0.005
3,996 Middle cingulate gyrus 0.541 T =499 0, —45, 36 0.093 —0.026
1,755 Right cerebellum 0.492 T=-328 39, —54, —42 —0.033 —0.240
1,296 Left precentral gyrus 0.586 T=-331 —-15,-18,78 —0.002 —0.003
Main effects of ST

No significant voxel was found

Interaction

513 Cerebellum 0.459 F=2111 —15, —42, —-33 0.096 0.141
378 Right superior parietal gyrus 0.399 F=18.36 24, —66, 57 —-0.179 —0.226
324 Left precuneus 0.361 F=16.67 -3, —66, 48 0.153 —0.082
297 Left middle occipital gyrus 0.414 F=19.08 27, =75,27 0.018 —0.031
270 Right AG 0.489 F=2251 383, —60, 36 0.057 0.315
243 Left hippocampus 0.333 F=15.34 —-12, -12, -9 —0.021 0.466

of the right hippocampus was negatively correlated with the MC
score in the ST group (f = —0.416, t = —2.470, p = 0.018), while
the post-test RSDC of the hippocampus was positively correlated
with the MC score in the control group (B = 0.731, t = 3.907, p
< 0.001) see Figure 4.

For the weighted graph, the results showed that the interaction
between ST and post-test RSDC of the right ATL was significant
for the weighted graph [AR? = 0.239, F(143 = 16.998, p <
0.001]. The sample slope test showed that the post-test RSDC
for the ST group was negatively correlated with the MC score
(B = —0.561, t = —2.446, p = 0.019), while the post-test RSDC
for the ST group was positively correlated with the MC score (B
= 0.501, t = 3.175, p = 0.003). The interaction between ST and
post-test RSDC of the right hippocampus was significant [AR? =

0.295, F(j 43) = 22.50, p < 0.001]. The sample slope test showed
that the post-test RSDC of the right hippocampus was negatively
correlated with the MC score in the ST group (B = —0.458, t =
—2.431, p = 0.019), while the post-test RSDC of the hippocampus
was positively correlated with the MC score in the control group
(B =0.660, t = 3.535, p < 0.001) see Figure 4.

DISCUSSION

In the present study, the effects of ST on the RSDC of brain
networks were investigated using RS-fMRI under math ST
conditions. The results showed that the RSDC decreased in the
left MOG and the left hippocampus, while the RSDC increased

Frontiers in Psychology | www.frontiersin.org

August 2021 | Volume 12 | Article 705363


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Wu and Zhao

Stereotype Threat

Main effect of test

Interaction effect

FIGURE 2 | The brain regions that were significant in the mixed-effect analysis of the weighted graph.

TABLE 3 | The brain regions that were significant in the mixed-effect analysis of the weighted graph.

Cluster size Brain region Cohen’s 2 F/T Peak Correlated with MC score
(mm?3) Labels value (x,, 2) ST Control
Main effect of test

5,265 Left hippocampus 1.031 T =6.89 6,0, —12 0.195 —0.015
4,698 Left middle cingulate gyrus 0.547 T=5.02 0, —45, 36 0.057 —0.034
1,890 Cerebellum 0.644 T=-3828 48, —54, —33 —0.048 —0.243
1,647 Left precentral gyrus 0.618 T=-38.30 —15,-18,78 0.008 0.009
Main effect of ST

No significant voxel was found

Interaction

459 Cerebellum 0.447 F =20.57 —15, —42, —33 0.101 0.134
297 Left middle occipatal gyrus 0.421 F=19.39 —27, 75,27 0.012 —0.027
297 Left precuneus 0.371 F=17.06 -3, —66, 48 0.128 —0.039
297 Right superior parietal gyrus 0.359 F=16.54 24, —66, 54 —-0.132 —0.221
243 Right AG 0.456 F=2251 33, —60, 36 0.057 0.290

in the right MCG, right SPG, right AG, and left precuneus.
Furthermore, the results also showed that the right ATL and right
hippocampus were negatively correlated with the MC score in the
ST group, while the right ATL and the right hippocampus were
positively correlated with the MC score in the control group.

It has been found that brain regions in the posteromedial
cortex, such as the precuneus and posterior cingulate cortex
(PCCQC), are the hubs of the structural and functional networks
of the brain (Hagmann et al, 2008), which means that
these regions are highly connected to cortical and subcortical
networks (Hagmann et al, 2008; Leech et al., 2012). These
characteristics are involved in broad mental processing, such

as episodic memory (autobiographical memory), mentalizing
(Muscatell et al., 2012), self-referential processing, or self-
reflection (Northoft and Bermpohl, 2004; van der Meer et al.,
2010), and they allow the brain to acquire information from
functionally distinct brain networks easily (Leech et al., 2012).
Moreover, the left precuneus is a part of the default mode
network (DMN) and plays an important role in self-generated
thoughts (Andrews-Hanna et al., 2014; Axelrod et al., 2015).
Therefore, we speculated that the increased RSDC in the left
precuneus and MCG might reflect that some self-relevant
thoughts are generated by retrieving autobiographical memory or
episodic memory.
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FIGURE 3 | The interaction between stereotype threat (ST) and manipulation check (MC) score when predicting the degree centrality under the resting state (RSDC).
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FIGURE 4 | The modulating roles of ST on the relationships between RSDC and MC score.

The self-relevant processes under ST could also be reflected  and ventral parietal cortex (VPC), where the DPC includes
by the increased RSDC in the PPC. Previous studies suggested  the intraparietal sulcus and SPG, and the VPC includes the
that the PPC can be divided into the dorsal parietal cortex (DPC)  supramarginal and angular gyri (Cabeza, 2008; Cabeza et al.,
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2011). Although both VPC and DPC are involved in the retrieval
of autobiographical memory or episodic memory, the DPC is
mainly involved in the top-down attention of retrieving these
memories, and the VPC is mainly related to the bottom-up
attention of these memories that are activated automatically
(Cabeza, 2008; Cabeza et al., 2011; Wu et al., 2015). Moreover,
the PPC is also located in the DMN and plays an important role
in self-generated thoughts (Andrews-Hanna et al., 2014; Axelrod
et al., 2015). Therefore, the increased RSDC in PPC for the ST
group might further reflect that the self-relevant processes were
induced by ST.

It has been suggested that ST increases stress-based arousal,
such as increasing the activation of the sympathetic nervous
system (Murphy et al., 2007), blood pressure (Blascovich et al.,
2001), and cardiovascular responses (Mendes et al., 2002). Results
from both animals and humans confirm that the experience
of stress has significant negative effects on the hippocampus
(Buss et al., 2007; McEwen and Gianaros, 2010; Tottenham and
Sheridan, 2010), where glucocorticoids and mineralocorticoids
are released to regulate the hypothalamic-pituitary-adrenal
(HPA) axis on which physiological processes depend (Henry
et al,, 1994; Kudielka et al., 2004). The hippocampus is an
important brain region for the regulation of stress hormones
(Kim and Diamond, 2002; Glover et al., 2010), such as inhibiting
the HPA axis through glucocorticoid-mediated negative feedback
to terminate the stress response (Sapolsky, 1992; McEwen and
Sapolsky, 1995). According to the results, the RSDC of the
left hippocampus was decreased, and the RSDC of the right
hippocampus was negatively correlated with the MC score under
the ST condition. These results might reflect that the importance
of the hippocampus in the brain networks was decreased by the
ST condition, which might make individuals prone to exhibit
stress-based arousal mentioned earlier.

It has been found that the role of the ATL was related to
linking person-specific memories to representations of faces at
the perception level for face processing (Olson et al.,, 2007)
and is associated with the processes of comprehending the
mind of others based on personal memories (Moriguchi et al.,
2006). In addition, the ATL has an important role in social
concepts (Olson et al., 2013). For example, previous studies
have shown that stereotypes (a social concept) are represented
by the ATL, which might play an important role in linking
certain types of people to specific personality or behavioral
traits (Olson et al., 2013). According to the results, the RSDC
of the right ATL was negatively correlated to the MC score
in the ST group, while the RSDC of the right ATL was
positively correlated to the MC score in the control group.
These findings reflect that the relative importance of the brain
regions related to social concepts is decreased under ST, especially
for more threatened individuals. It is dangerous to increase
the self-relevant processes related to ST and at the same time
decrease the functions of social concepts. Doing so might
make individuals prone to be influenced by their stigmatized
social identity and discount other beneficial social identities.
Consistent with this perspective, a previous study found that
learning other beneficial social identities can decrease the effects
of ST (Rydell et al., 2009).

CONCLUSION

We detected the effects of ST on brain network degree centrality
by directly comparing the RSDC between the ST and control
groups. These findings expand the knowledge of the neural
basis of ST. Specifically, the results suggest that ST decreases
the importance of brain regions related to social concepts and
stress regulation in the whole brain networks and, at the same
time, increases the importance of brain regions associated with
self-relevant processes. We acknowledge several limitations of
the study. First, the performance of the math problem was
not measured in an RS-fMRI study, and we did not confirm
whether the altered RSDCs were related to underperformance
under ST. Second, Steele and Aronson (1995) found that ST could
lead to some self-concerning processes, such as self-doubts, self-
validating the stereotype, and stereotype avoidance. Although
we speculate that the altered RSDCs might be related to these
mental processes, we could not provide direct evidence for them
because behavior related to these processes was not measured.
Third, due to this evidence being exclusively from female math
ST, future studies should verify whether these results generalize
to other STs (e.g., racial ST or ST related to social status).
Therefore, we suggest that a sophisticated experiment integrating
behavioral, task, and RS-fMRI may be required to reveal the
detailed mechanism of ST.
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