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Methods: To fill this gap in the literature, this study used the event-related potential
(ERP) technique to explore the brain mechanisms associated with stereotype threat
in 135 participants.

Results: Behavioral results showed that the rich group (participants from higher-in-
come families) had better inhibition ability than the impoverished group (participants
from lower-income families), with significantly shorter reaction time and signifi-
cantly greater accuracy for poverty-related stimuli when in the nonthreat condition.
Additionally, poverty stereotype threat could improve performance of the impov-
erished group for poverty-related stimuli. The electrophysiological results showed
significantly larger P3 mean amplitude and significantly longer P3 latency in the rich
group than the impoverished group in the nonthreat condition. Although no signifi-
cant between-group differences were found in the threat condition, the results show
that the effect of poverty stereotype threat varies with different income-level per-
sons, for both behavioral and P3 data.

Conclusion: These findings suggest that impoverished people have worse inhibition
abilities. Further, poverty stereotype threat has different effects on people accord-
ing to their income level and could help to explain irrational consumption behaviors

in people.
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1 | INTRODUCTION

Poverty is both a simple and complex social phenomenon. It has a
great effect on people from different aspects. This study aimed to
explore the effects of poverty stereotype threat on inhibitory ability
in people from different income-level families. The purpose of this
study was based on the following reasons.

In recent decades, the potential contradiction between the
rich and the poor has gradually appeared and several stereotypes
of poverty have been established. Inevitably, certain social groups
are stigmatized due to their disadvantages, forming the stereotype
threat. Stereotype threat refers to the phenomenon that, when neg-
ative stereotypes are salient, the stigmatized group performs worse
due to fear of confirming these negative stereotypes as character-
istic of their ingroup (Steele & Aronson, 1995; Steele, Spencer, &
Aronson, 2002). Cozzarelli, Wilkinson, and Tagler (2001) found that
there were significantly more negative and few positive stereotypes
of the poor than of the middle class. For example, individuals from
low-income families are stereotyped as having inferior intellectual
abilities than their peers from high-income families. When low-in-
come participants were asked to take intelligence tests, that is, when
they were under the income-based stereotype threat, they per-
formed worse than their high-income peers (Croizet & Claire, 1998).
Another study showed when the participants were all low-income
students, the participants who were informed they took the intelli-
gence test performed worse than the ones who were not informed
(Spencer & Castano, 2007). In addition, when low-income partici-
pants were told that poor people generally performed worse than
others, they performed worse than when they were not told this
information (Harrison, Stevens, Monty, & Coakley, 2006). Taken
together, these results indicate the existence of income-based ste-
reotype threat. Further, poverty stereotype threats have negative
effects on individuals’ performance.

Economic scarcity as one of the important factors of poverty
makes poor individuals more vulnerable to life pressure and poverty
experience. In contrast, low-income groups are also more likely to
experience stress and poverty. Thus, there are interactions between
the income-based stereotype threat and the poverty stereotype
threat, and the poverty stereotype threat may even involve broader
psychological pressure from living environment or individual per-
sonality. This was why, in the poverty stereotype threat operation
stage, we involved multiple steps, such as collection of household
economic income, presentation of poverty threat materials related
to cognition and feedback of participants’ wealth and poverty sta-
tus, to ensure participants were threatened by poverty stereotypes.
In this regard, we assumed that the poverty stereotype threat had
different impacts on different income groups, and under the threat,
different suppression strategies would be adopted to deal with tasks
which could arouse the perception of wealth or poverty.

Few studies have conducted direct research on poverty stereo-
type threat. Because economic scarcity is one of the basic elements
of poverty, we focused on the findings of income-based stereotype

threat. Some researchers have reported that, in people who live in

poverty (resource scarcity phenomenon), economic insecurity can
reduce personal control (Chou, Parmar, & Galinsky, 2016; Mittal
& Griskevicius, 2014). For instance, the participants who were as-
signed to and informed of the high unemployment rate in their state
of residence (i.e., high economic insecurity) showed a greater lack
of personal control compared to participants who have no informa-
tion about their state's unemployment rate (Chou et al., 2016). Self-
control is a key function for human survival and refers to the ability
of individuals to adjust their behavior to match both personal values
and social expectations. Self-control can trigger or stop specific be-
haviors, such as suppressing impulsive behaviors, resisting tempta-
tion, delaying gratification, and making future plans. Similarly, Laran
and Salerno (2013) manipulated resource scarcity by priming words
related to environmental harshness (e.g., struggle, survival), and
they found that although individuals knew high-calorie foods are un-
healthy, they would still choose to have more high-calorie foods, and
their intake was far beyond individuals who were not threatened. It
even verified that impoverished childhood living environments were
also closely correlated to the lack of self-control under conditions
of economic uncertainty (Mittal & Griskevicius, 2014). Therefore,
the threat of economic scarcity does have a negative impact on
self-control.

Self-control is the aspect of inhibitory control that involves con-
trol over one's behavior to resist temptations and not act impulsively
(Diamond, 2012). Inhibitory control is involved in cognitive inhibition
(inhibition of thoughts and memories), selective or focused attention
(inhibition of attention), and response inhibition (Diamond, 2012).
Therefore, it is inevitable to pay more attention to the ability of
inhibitory control. This is also the reason why this study was con-
ducted from the perspective of inhibitory ability.

Additionally, in social practice of poverty alleviation, there is an
issue of returning to poverty after the poor get out of the poverty
line. Some scholars call it the poverty trap. For this issue, we be-
lieve that good self-control and strong planning ability are not only
beneficial for personal financial development but can also help peo-
ple prevent the recurrence of the poverty trap. However, previous
studies have not shown how self-control was affected by perceived
poverty stereotype threats in high- and low-income groups, nor
how individual performance changes in different situations (threat
vs. nonthreat) when exposed to wealth-related or poverty-related
stimuli. Therefore, the purpose of this paper was to refine the differ-
ence (regarding inhibitory ability) in response to wealth-related and
poverty-related stimuli in people when they were in or out of the
poverty stereotype threat condition.

As we know, when stigmatized individuals experience stereo-
type threats, they are afraid that they will confirm the negative
stereotype to which they belong and, as a result, will engage in ef-
forts to disprove it (Logel, Iserman, Davies, Quinn, & Spencer, 2009;
Pennington, Heim, Levy, & Larkin, 2016; Steele & Aronson, 1995).
Logel et al. (2009) reported that deliberately suppressing negative
thoughts taxes cognitive resources and results in a worse perfor-
mance and that the effect of stereotype threat alone on perfor-

mance is partially mediated by pretest thought suppression. Thus,
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in the present study, we could not be certain that our threat materi-
als would directly cause side effects and considered the possibility
that they would also cause improvements. Furthermore, weakness
of inhibition ability in impoverished people has not been shown
to be a stable characteristic. Thus, this experiment predicted that
the individuals from lower-income families under the poverty ste-
reotype threat would show different resource allocation strategies,
compared with their counterparts who were not under the threat.
Further, we predicted that there would be differences in resource
allocation between lower-income and higher-income individuals.
Living in poverty is accompanied by chronic scarcity, which has
a series of cognitive consequences that may be beneficial or adap-
tive in the short term but highly deleterious if experienced chron-
ically (Daminger, Hayes, Barrows, & Wright, 2015; Mullainathan &
Shafir, 2013). For example, Shah, Mullainathan, and Shafir (2012)
confirmed that scarcity forces individuals to focus their attention
on emergencies, showing a highly rational utilization of limited re-
sources. Meanwhile, Anandi Mani, Mullainathan, Shafir, and Zhao
(2013) found that scarcity can capture the brain and reduce peo-
ple's cognitive ability and executive control ability, thus reducing
the quality of individual decision making. Therefore, we do not
support the conclusion that poverty is completely damaging to in-
dividuals, or that it's completely negative when expressed through
behavior. Moreover, poverty has obvious relativity due to the fact
that self-assessment is always based on comparisons. For exam-
ple, middle-income individuals will feel poor when compared with
someone who is richer than them, but they will feel rich when com-
pared with someone who is poorer than them. This may explain
one of the underlying reasons for some conflicting results about
the effects of poverty. As we know, the impacts of poverty are not
as obvious as those of neuron-trauma, nor directly or obviously
reflecting of behavioral performance. Because of this, this paper
believed that it may be due to differences in neural activities at the
subconscious level, that is, different neural coping strategies are
adopted, resulting in insignificant external behavioral differences
between poor and rich groups. In other words, differences at the
level of neural activity may be more significant than behavioral dif-
ferences. Thus, on the basis that poverty hinders cognition (Mani
et al., 2013; Shah et al., 2012), this paper hypothesized that the
differences in neural activity between individuals from high-in-
come and low-income families under threat were more obvious
than the differences in behavioral performance, and the insignifi-
cant differences in external behavior were actually due to differ-
ent neural coping strategies each participant adopted. Specifically,
we expected that individuals from different income-level families
would show different inhibitory capacities on wealth-related and
poverty-related stimuli, and individuals from lower-income fami-
lies may have longer reaction time and lower accuracy, especially
under poverty stereotype threat. Further some undetected differ-
ences in behavior may show up in neural activity. Therefore, this
paper decided to adopt the event-related potential (ERP) method
combined with behavioral outcomes because ERP technology has

a high temporal resolution for response of neural activity, and it
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has been widely utilized in psychological studies to explore rela-
tive mental activities.

Previous studies have indicated that the frontal area underlies
higher-level processing; for instance, medial and lateral regions of
the prefrontal cortex (PFC), including the anterior cingulate cortex
(ACC) and dorsolateral prefrontal cortex, play a prominent role in
working memory (Colom et al., 2013; Osaka, Komori, Morishita,
& Osaka, 2007) and performance monitoring processes (Osaka
et al., 2007; Ullsperger & Cramon, 2001). Previous reviews on
stereotype threat (Forbes & Leitner, 2014; Forbes, Schmader, &
Allen, 2008) and executive control (Jonkman, 2006; Kanemura,
Aihara, Aoki, Araki, & Nakazawa, 2003; Luna & Sweeney, 2004;
Sowell et al., 1999) have highlighted the importance of the frontal
cortex in monitoring processes and the effects of stereotype threat.
Furthermore, ERP studies have reported that the P3 component
reflects aspects of information processing that are involved in in-
hibitory control (Donchin, 1981; Schmitt, Minte, & Kutas, 2000).
The P3 component is thought to reflect the allocation of atten-
tional resources (Bauer, Kaplan, & Hesselbrock, 2010; Rosenfeld
& Skogsberg, 2006) and inhibitory ability (Baumeister et al., 2014;
Nguyen, Moyle, & Fox, 2016). Therefore, according to the aims of
this study, we focused on task-related modulation of the P3 compo-
nent, which mainly originates from the frontal area.

Furthermore, we referred to and modified the word-color Stroop
paradigm to conduct the research. As we know, researchers often
conduct the Stroop task (Hyodo et al., 2012; Tam, 2013) to measure
inhibitory ability, especially regarding interference inhibition (Chu,
Alderman, Wei, & Chang, 2015; Nigg, 2000; Wéstmann et al., 2013).
The Stroop paradigm has been improved and extensively utilized
in the cognitive field. With the expansion of research, this classic
paradigm has successfully evolved into variants due to exploring
different research problems. The emotional Stroop paradigm is one
of the variants, which could explore the effect of emotional stimuli
on people. This variant utilizes emotional stimuli as priming stimuli
and requires the participant to name the color of the target stimuli.
Thus, based on the purpose of this study, we modified the Stroop
task to conduct our experiments. Based on the purpose of explor-
ing the effects of poverty stereotype threat and poverty-related or
wealth-related subconscious on people from different income-level
families, we modified the emotional priming stimuli in the emotional
Stroop task into poverty-related and wealth-related antecedents,
which was more suitable for our research.

The antecedents were defined as stimuli presented before the
target stimuli to activate the subconscious by semantics of stimuli,
based on the experimental purpose. To distinguish from the neutral
antecedents, the antecedents with wealth-related stimuli or pover-
ty-related stimuli were defined as poverty-related and wealth-re-
lated antecedents. The purpose of the antecedents was to explore
the subconscious influence of wealth and poverty on the subse-
quent performance when people from different income-level fam-
ilies were exposed to the threat or nonthreat condition. Meanwhile,
the color-naming words were changed to poverty-related and

wealth-related stimuli. Similar to the emotional Stroop task, this



WANG anp YANG

MWI LEY_Brain and Behavior

Open Access,

study instructed participants to name the color of target stimuli and
ignore the antecedents and semantic of target stimuli. This study
helped to explore the effects of poverty stereotype threat and the
poverty-related and wealth-related subconscious on inhibitory abil-
ity of people from different income-level families. The changes we
made to the emotional Stroop paradigm helped us to achieve the
study goal more accurately.

Previous studies have verified the importance of the prefrontal
area in higher-level processing, such as executive control processes
(Jonkman, 2006; Kanemura et al., 2003; Luna & Sweeney, 2004;
Sowell et al., 1999), task monitoring, and error detection (Carter
etal., 1998; Zubicaray, Andrew, Zelaya, Williams, & Dumanoir, 2000).
In addition, words were used as stimuli in the current study, which
required participants to inhibit semantic processing. Thus, it is
not possible to complete the task without any semantic process-
ing. More importantly, stereotype threat has a negative effect on
working memory capacity (Schmader, Johns, & Forbes, 2008), and
working memory is responsible for the attention to and inhibition of
competing information, which are sub-served by the prefrontal area
(Engle, 2001). For general consideration, the left prefrontal and left
inferior frontal P3s were analyzed to comprehensively explore our
study's questions.

Therefore, we expected to be able to infer social behavior
through basic experimental findings. That is, we expected to under-
stand, when people with different economic levels under poverty
threat, how their inhibitory ability will affect them, and whether
there would be any differences of inhibition of self-control process-
ing when facing the poverty or wealth labeled goods. This study
could help address the following questions: (1) Do stereotype threats
affect people from different income-level families differently?; (2)
Under poverty (or income-based) stereotype threat, do poor individ-
uals significantly change their behaviors after priming of wealth-re-
lated and poverty-related antecedents?; and (3) Does the inhibition
ability of individuals change according to wealth-related and poverty
antecedents under stereotype threats?; and (4) Under poverty ste-
reotype threat, will the neural activities of different groups reveal
more significant differences at the subconscious level? And, do the
insignificant differences in behavior due to adopting different cop-

ing strategies show at the level of neural activity?

2 | METHODS
2.1 | Participants

A total of 135 participants were recruited from Southwest University
(Mean = 19.45 years old). Participants were allocated to the impov-
erished group or rich group according to the income standard of
poverty households in China as well as trends in arithmetical aver-
age incomes and median household incomes. Participants from a
family whose per capita income was less than ¥1,100 for rural resi-
dents and less than ¥2,250 for urban were defined and placed in the

impoverished group (n = 68), and the remaining participants were

allocated to the rich group (n = 67). Due to the random presentation
of stereotype materials, 32 participants in the impoverished group
and 36 participants in the rich group were presented with poverty
stereotype threat materials. Thus, 36 participants of the impover-
ished group and 31 participants of the rich group were presented
with nonstereotype threat materials.

All participants were Chinese native speakers with normal or
corrected-to-normal vision. The ethics committee of Southwest
University approved this research. All participants provided written

informed consent.

2.2 | Materials and procedure
2.2.1 | Preparation stage

Participants received simple explanations about the principles of
EEG and the experimental procedure before reading and signing a
consent form. We collected information about family income sta-
tus. Participants were told that their family income data would be
compared with our database and we would show a family income
level feedback of themselves later. However, we did not conduct
the comparison, we simply presented a random false feedback to
the corresponding group, which was that they belonged to a rich or
poor family by comparison. After collecting information, participants
were required to read a short report (about 450-500 words) and
complete a five-item questionnaire that was related to the content
of the text.

Participants were randomly assigned to a threat or nonthreat
condition. Participants in the nonthreat condition read a short sci-
entific report, which briefly described the samples and photographs
taken by the Japanese asteroid probe (Hayabusa 2), and were pre-
sented with family income level feedback stating that they belonged
to a relatively rich family. Participants in the threat condition read
the short report, which described the long-term negative effect of
poverty on cognitive processing, and were presented with feedback
stating that they belonged to a poverty-stricken family.

2.2.2 | Experimental stage

Thus, according to our aims, we designed a vocabulary list of wealth-
related and poverty-related words and neutral words by expert
assessment. There were three types of antecedents and target stim-
uli—words associated with wealth, words associated with poverty,
and neutral words. Antecedents comprised two Chinese characters
in white ink (e.g. poverty-related: [ (poor); wealth-related: EF
[rich]; neutral: #K [tree]). Target stimuli were idioms and included
four Chinese characters (e.g., poverty-related: %% [down and
out]; wealth-related: & A[#(E [richer than a king]; neutral: [LI7E/KF5
[picturesque scenery]). The thirty experts who participated in the
evaluation were graduate students and professors of psychology ma-

jors with rich experience of research. The correlation of expression
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of poverty-related and wealth-related words and corresponding
meaning of “poverty” or “wealth,” the familiarity of neutral words,
and the utilization rate of all words in the vocabulary list were as-
sessed by a nine-point Likert scoring questionnaire. The results were
analyzed according to the kinds of words (poverty-related, wealth-
related, and neutral) and the types of stimuli (antecedents with two
Chinese characters and target stimuli with four Chinese characters).
The mean values of correlation and familiarity of each kind of word
were calculated with high assessment scores (range from 7.44 to
8.47), and the assessment scores of utilization rate of words in the
vocabulary list were from 4.32 to 6.67. The whole evaluation process
was in strict accordance with the operation requirements of psycho-
logical questionnaire measurement, and we ensured that there was
no artificial or experimental interference of peripheral persons.

Participants were required to suppress semantic processing and
to focus only on the colors of words. Given that we wanted to study
about question 2 we listed above, antecedents, playing as priming
stimuli, occurred before the target stimuli to arouse awareness of a
wealth/poverty and explore whether this priming would affect the
inhibition ability.

A white priming stimulus appeared for 250 ms after the presen-
tation of a 500-ms fixation cross. Then, a red or blue target stimulus
replaced the antecedents on the screen. Participants were required
to judge, within 1,500 ms, whether the stimulus was red (by press-
ing “F”) or blue (by pressing “J”). The intertrial interval was 500 ms,
during which a blank screen was presented. There were three types
of antecedents and target stimuli—words associated with wealth,
words associated with poverty, and neutral words. Antecedents
comprised two Chinese characters in white ink. Participants com-
pleted a total of 540 trials across three repeated blocks that were
presented in a random order. Five practice trials were completed be-
fore the formal experiment. All stimuli appeared on a 19-inch color
display with 85 Hz refresh rates, 0.1° spatial resolution, a 1,024 by
768-pixel resolution, and a fixed viewing distance of approximately
60 cm.

2.3 | Check manipulation

To check whether participants believed in the false feedback, es-
pecially the participants whose household income was far from the
threshold, we conducted two open questionnaire surveys. The first
questionnaire was a self-assessment to all participants, after the
preparation stage was over and before the formal experiment began,
and it was a two-question questionnaire with the requirement that
the participant had to provide at least five answers to each ques-
tion. The second questionnaire was a survey regarding stereotypes
of impoverished people to participants under the threat condition
after all experiments were over and before the participants left. The
role of the second questionnaire was utilized as supporting proof for
the first questionnaire to prevent participants from answering ques-
tions without substituting into the prerequisites, in other words, to

prevent the individual from not believing the feedback (they were
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belonged to a relatively rich/poverty family) when they filled out
the first questionnaire. To avoid the content of the questionnaire
influencing the participants, there were two versions of the first
guestionnaire survey. For the nonthreatened group, the questions
were as follows: “When you compare yourself with high-tech scien-
tists, what would you say are your strengths?” and “What would you
say are your weaknesses?”. For the threatened group, the questions
were as follows: “When you compare yourself with a very wealthy
man, what would you say are your strengths?” and “What would you
say are your weaknesses?”.

Experimenters screened and categorized the key words form the
participants’ answers. We analyzed the frequency of each type of
word rigorously by using SPSS (v. 22.0). The results revealed that
the implementation of poverty stereotype threat was successful in
both groups. Specifically, in the threat condition, the participants
showed significant feelings of inferiority, poverty, and anxiety, and
the word frequency of inferiority was significantly higher than the
word frequency in their answers about stereotypes of poverty,
indicating that there was indeed a threat effect. The significantly
higher frequency of these keywords in the rich group of the threat
condition and significantly lower frequency of the keywords in the
impoverished group of the nonthreat condition also revealed that
they were supposed to believe false feedback, which was contrary

to their household income level.

2.4 | EEG recordings and data reduction

Electroencephalography (EEG) data were recorded continuously
from 64 scalp electrodes at a sampling rate of 500 Hz. The refer-
ences were the left and right mastoids and a ground electrode at
the medial frontal site. EEGs and electrooculogram (EOG) were am-
plified using a 0.05-100 Hz bandpass. All electrode impedance was
kept below 5 kQ. Offline, data were re-referenced to the average of
the left and right mastoids, and a bandpass filter of 0.1-40 Hz was
applied. Trials with a horizontal EOG voltage exceeding +30 pV and
epochs in which the amplitude exceeded +80 pV were rejected. EEG
data were segmented into 800-ms epochs, which included a 200 ms
prestimulus baseline recording. Additionally, an independent com-
ponent analysis was used to remove ocular artifacts (blinks and sac-
cades), and artifact rejection was performed to exclude the effects

of muscle or recording artifacts and excessive noise.

2.5 | Data analysis
2.5.1 | Behavioral analysis

A repeated-measures analyses of variance (ANOVA) was employed
to assess reaction time and accuracy according to the following
behavioral parameters: condition (threat vs. nonthreat) x group
(impoverished vs. rich) x antecedents (poverty vs. wealth vs. neu-

tral) x target stimulus (poverty vs. wealth vs. neutral).
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2.5.2 | ERP waveform analysis

The ERP analysis was conducted with left inferior frontal sites (F7,
F5, FT7) and left prefrontal sites (AF3, F3, F1) of the P3, where
the components of interest were maximal. Mean P3 amplitudes
and latencies were measured in the 300-500 ms latency window
after stimulus onset. ERP components were measured relative to
the 200-ms prestimulus baseline. A repeated-measures ANOVA
was conducted to analyze condition (threat vs. nonthreat) x group
(impoverished vs. rich) x antecedents (poverty vs. wealth vs. neu-
tral) x target stimulus (poverty vs. wealth vs. neutral) x accuracy
(correct vs. wrong) x electrodes effects.

The threshold for significance was set at p < .05, adjusted by
sphericity violations and the Greenhouse-Geisser correction. When
significant interactions were found, these were analyzed using the
Bonferroni correction. All analyses were performed using SPSS (v
22.0).

3 | RESULTS
3.1 | Behavioral data

There was a significant main effect of target stimulus (F(2,
130) = 5,691.91, p < .001, np2 = 0.989) and a significant interac-
tion effect of target stimulus x group x condition (F(2, 130) = 5.38,

TABLE 1 Mean and standard error of accuracy of the interaction
effect of target stimulus x group x condition in both groups in each
condition

Target stimuli Group Condition Mean SE
Poverty-related 1G TC 0.95 0.01
NC 0.92 0.01
RG TC 0.94 0.01
NC 0.95 0.01
Wealth-related IG TC 0.93 0.01
NC 0.92 0.01
RG TC 0.94 0.01
NC 0.94 0.01
Neutral IG TC 0.50 0.003
NC 0.49 0.003
RG TC 0.49 0.003
NC 0.49 0.003

Abbreviations: |G, participants from lower-income families; NC, did
not in the poverty stereotype threat condition; RG, participants from
higher-income families; TC, in the poverty stereotype threat condition.

p = .006, np2 = 0.076) on accuracy. Post hoc analysis of the main
effect revealed a significantly greater accuracy in response to pov-
erty and wealth target stimuli than to neutral target stimuli (pov-

erty target stimuli: M + SE = 0.94 + 0.01; wealth target stimuli:

TABLE 2 Mean and standard error of reaction time of
interaction effect of target stimulus x group x condition in each
condition

Target stimuli Group Condition Mean SE
Poverty-related 1G TC 479.06 17.05
NC 503.39 16.07
RG TC 484.90 16.07
NC 444.42 17.32
Wealth-related IG TC 474.92 16.81
NC 498.82 15.85
RG TC 478.75 15.85
NC 449.74 17.08
Neutral IG TC 445.88 17.16
NC 477.42 16.18
RG TC 459.63 16.18
NC 421.79 17.44

Abbreviations: IG, participants from lower-income families; NC, did
not in the poverty stereotype threat condition; RG, participants from
higher-income families; TC, in the poverty stereotype threat condition.

TABLE 3 Mean and standard error of reaction time of
interaction effect of antecedents x target stimulus x group in each
condition

Target stimuli Group Condition Mean SE
Poverty-related IG TC 493.21 12.42
NC 461.37 12.52
RG TC 489.64 12.42
NC 467.85 12.52
Wealth-related IG TC 460.20 12.61
NC 439.75 12.72
RG TC 486.24 11.24
NC 468.56 11.33
Neutral IG TC 486.30 11.20
NC 461.99 11.30
RG TC 464.05 11.96
NC 439.09 12.06

Abbreviations: IG, participants from lower-income families; NC, did
not in the poverty stereotype threat condition; RG, participants from
higher-income families; TC, in the poverty stereotype threat condition.

FIGURE 1 Grand-average ERP waveforms at AF3, F3, and F1 electrode sites for all conditions. IG, Impoverished group; RG, Rich Group;
TC, Threat Condition; NC, Nonthreat Condition; P, Poverty stimuli; W, Wealth stimuli; N, Neutral stimuli; (a) = antecedents; (t) = target
stimuli; (1) = trails with poverty antecedents and respond correctly; (2) = trails with poverty antecedents and respond incorrectly; (3) = trails
with wealth antecedents and respond correctly; (4) = trails with wealth antecedents and respond incorrectly; (5) = trails with neutral
antecedents and respond correctly; (6) = trails with neutral antecedents and respond incorrectly



WANG anp YANG

5.5

-3.1 4

F3

5.5 1

5.5

5.5

2.8

-1 %Vzoo 300 400 500
281

| 200 300 400 500

-100 W 200 300 400 500

-3.1

A~

F1

Open Access.

rain an enavior Wl LEYJ—

IG+TC :
IG+TC -
IG+TC :

-100

-2.8

F1

———— IG+TC :
IG+TC :
IG+TC :
— = = IG+NC :
— == IG+NC :
—-— = IG+NC :
IG+NC :
IG+NC :
e JGHNG
=== RG+TC:
== RGHIC
—=—=— RG+TC:
——— RG+TC
RG+TC :
——— RG+TC:
seeneeee RGHNC @
*RGHNC :
sesserenss RGHNG 2
RG+NC :
RG+NC :
RG+NC :

P(a)P(t)correct
P(a)P(tjwrong
P(a)W(t)correct
P(@)W({tjwrong
P(a)N@)correct
P(a)N(wrong
P@)P()correct
P(a)P{tjwrong
P(a)W(t)correct
P(a)W(tjwrong
P(a)N(t)correct
P(a)N()wrong
P(a)P(t)comect
P(@)P(t)wrong
P(a)W(t)comrect
P(a)W(t)wrong
P@)N@)correct
P{a)N(tywrong
P(a)P(t)correct
P(a)P(tywrong
P(a)W(t)correct
P(a)W(tywrong
P(a)N(t)correct
P(a)N(t)wrong

F1

3.1 4

F1

200 300 400 500

IG+TC : W(a)P{t)correct
IG+TC : W(a)P(t)wrong
1G+TC : W(a)W(t)correct
IG+TC : W(a)W(t)wrong
IG+TC : W(a)N(t)correct
IG+TC - W(a)N(tywrang
—-— = IG+NC : W(a)P(t)correct
— — —IG+NC : W(a)P(t)wrong
— - — -~ IG+NC : W(a)W(t)correct
- IGH+NC : Wia)W(t)wrong
IG+NC : Wia)N(t)correct
— = = IG+NC : W(a)N({t)wrong
— == RG+TC : W(a)P(t)correct
— —— RG+TC : W(a)P(t)wrong
——— RG+TC : W(@)W(t)correct
—— — RG+TC : W(a)W(twrong
RG+TC : W(a)N(t)correct
——— RGH+TC : W(a)N(t)jwrong
“eeee RGHNC : W(a)P(t)correct
RG+NC : W(a)P({t)jwrong
»»»»»»»»»» RG+NC : W(a)W(t)correct
RG+NC : W(a)W(t)wrong
RG+NC : W(a)N{t)correct
RG+NC - W(a)N(tjwrong

IG+TC : N(a)P(t)correct
IG+TC : N(a)P(tywrong
IG+TC : N{a)W(t)correct
IG+TC : N(a)W(tjwrong
IG+TC : N(a)N(t)correct
IG+TC : N(a)N(tywrong
————— IG+NC : N(a)P(t)correct
— == IG+NC : N(a)P(t)wrong
————— IG+NC : N{aYW(t)correct
— = IG+NC : N(a)W(tywrong
IG+NC : N(a)N(t)correct
——— IG+NC : N(a)N(t)wrong
— == RG+TC : Nfa)P(t)correct
— —— RG+TC : N(a)P(t)wrong
=== RG+TC : N(a)W(t)correct
— —— RG+TC : N(a)W(t)wrong
RG+TC : N(a)N(t)correct
——— RG+TC : N(a)N(t)wrong
““RG+NC : N(a)P(t)correct
RG+NC : N{a)P{t)wrong
RGNC : N(a)W(t)correct
RG+NC : N(a)W(tjwrong
RG+NC : N(a)N(t)correct

RG+NC : N{a)N{jwrong




MWI LEY_Brain and Behavior

WANG anp YANG

Open Access,

M + SE = 0.93 + 0.01; neutral target stimuli: M + SE = 0.49 + 0.00).
Post hoc analysis of the significant interaction effect revealed a sig-
nificantly greater accuracy in response to poverty and wealth target
stimuli than to neutral stimuli in both groups, independent of con-
dition (all p's < .001). In the threat condition, accuracy in response
to poverty target stimuli was significantly greater than wealth tar-
get stimuli in the impoverished group (p < .001). For poverty target
stimuli, we found that accuracy of the rich group was significantly
greater than that of the impoverished group in the nonthreat condi-
tion (F(1,131) = 6.66,p =.011, np2 =0.048). Within the impoverished
group, response accuracy to poverty target stimuli was significantly
greater in the threat condition than in the nonthreat condition (F(1,
131) = 4.47, p = .036, r]p2 = 0.033). Details of associated mean and
standard error of significant interaction effect we found were pre-
sented in the Table 1.

We found a significant main effect of target stimulus (F(2,
130) = 117.36, p < .001, r)p2 = 0.644) and significant interaction
effects for target stimulus x group x condition (F(2, 130) = 3.59,
p=.030, r]p2 =0.052) and antecedents x target stimulus x group (F(4,
128)=1.22,p=.029, er2 =0.080) onreaction times. Post hoc analysis
of the significant main effect revealed that reaction times to poverty
and wealth target stimuli were significantly longer than that for neu-
tral target stimuli (poverty target stimuli: M + SE = 477.94 + 8.32;
wealth target stimuli: M + SE = 475.56 + 8.20; neutral target stimuli:
M + SE = 451.18 + 8.37). Post hoc analysis of significant interaction
effects indicated that reaction times to poverty and wealth target
stimuli were significantly longer than that for neutral target stimuli
in both groups, across all conditions, and regardless of the anteced-
ents used (all p's < .001). In addition, the impoverished group had
significantly longer reaction times than the rich group for all kinds
of target stimuli in the nonthreat condition (poverty target stim-
uli: F(1, 131) = 6.23, p = .014, np2 = 0.045; wealth target stimuli:
F(1, 131) = 4.44, p = .037, npz = 0.033; neutral target stimuli: F(1,
131) = 5.47, p = .021, er2 = 0.040). All details of associated mean
and standard error of significant interaction effects are presented
in Tables 2 and 3.

3.2 | ERPdata

Regarding the left prefrontal P3, there was a significant main effect
of group (F(1,131) =4.82, p =.030, rjp2 =0.035) on P3 amplitude and
a significant interaction effect for antecedents x group x condition
(F(2, 130) = 3.61, p = .030, r]p2 = 0.053) on P3 latency. Regarding
the amplitude of the left inferior frontal P3, there was a significant
antecedent x group xcondition interaction effect (F(2, 130) = 3.53,
p = .032, npz = 0.052). Regarding the latency of the left inferior

frontal P3, there were significant antecedents x group x condi-
tion interaction (F(2, 130) = 3.77, p = .026, er2 = 0.055) and an-
tecedents x target stimulus x accuracy x group interaction (F(4,
128) = 2.90, p = .024, r]p2 = 0.083) effects.

Post hoc analysis for the main effects revealed that left prefron-
tal P3 amplitude was significantly larger in the rich group than in the
impoverished group (impoverished group: M + SE = 3.63 + 0.39; rich
group: M + SE = 4.84 + 0.39). The post hoc tests for the significant
interaction effects revealed the following simple effects.

In the nonthreat condition: (a) When antecedents were wealthy
words, it showed significantly longer latency and larger amplitude
in the rich group than in the impoverished group, reflecting the left
prefrontal P3 latency (F(1, 131) = 8.82, p =.004, np2 =0.063), the left
inferior frontal P3 latency (F(1, 131) = 6.22, p = .014, r]p2 = 0.045),
and the left inferior frontal P3 amplitude (F(1, 131) = 4.98, p = .027,
np2 = 0.037); (b) When antecedents were poverty words, the left
inferior frontal P3 amplitude was significantly larger in the rich
group than in the impoverished group (F(1, 131) = 5.05, p = .026,
np2 = 0.037); (c) The left prefrontal P3 latency was significantly lon-
ger in response to wealth and neutral antecedents than in response
to poverty antecedents in the rich group (F(2, 130) = 6.90, p = .001,
n,’ = 0.096).

In the threat condition: (a) The rich group showed significantly
longer latency and larger amplitude in response to neutral anteced-
ents than in response to poverty and wealth antecedents in the rich
group, reflected in the left prefrontal P3 latency (F(2, 130) = 6.48,
p = .002, r]p2 = 0.091) and the left inferior frontal P3 amplitude
(F(2, 130) = 5.31, p = .006, npz = 0.075). (b) In the rich group, the
left prefrontal P3 latency in the threat condition was significantly
longer than in the nonthreat condition (F(2, 130) = 4.36, p = .039,
r)p2 = 0.032). (c) In the impoverished group, the left inferior fron-
tal P3 amplitude was significantly larger in response to wealthy an-
tecedents than to poverty antecedents (F(2, 130) = 3.46, p = .034,
n,’ = 0.051).

Figure 1 shows the specific differences of the left prefrontal P3,
Figure 2 presents the differences of the left inferior frontal P3 in
all conditions, and Figure 3 demonstrates specific differences in the
scalp map.

4 | DISCUSSION

The main objective of the current study was to explore poverty ste-
reotype threat on inhibitory differences to wealth-related and pov-
erty-related stimuli in people from different income-level families.
To the best of our knowledge, this is the first study to use behavioral

and electrophysiological approaches to explore underlying neural

FIGURE 2 Grand-average ERP waveforms at F7, F5, and FT7 electrode sites for all conditions. IG = Impoverished group; RG = Rich
Group; TC = Threat Condition; NC = Nonthreat Condition; P = Poverty stimuli; W = Wealth stimuli; N = Neutral stimuli; (a) = antecedents;
(t) = target stimuli; (1) = trails with poverty antecedents and respond correctly; (2) = trails with poverty antecedents and respond incorrectly;
(3) = trails with wealth antecedents and respond correctly; (4) = trails with wealth antecedents and respond incorrectly; (5) = trails with
neutral antecedents and respond correctly; (6) = trails with neutral antecedents and respond incorrectly
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FIGURE 3 Topographical maps in 400 ms in different conditions. IG, Impoverished group; RG, Rich Group; TC, Threat Condition; NC,
Nonthreat Condition; P, Poverty stimuli; W, Wealth stimuli; N, Neutral stimuli; (a) = antecedents; (t) = target stimuli; | = impoverished
group in threat condition; Il = impoverished group in nonthreat condition; Il = rich group in threat condition; IV = rich group in nonthreat
condition; (1) = trails with poverty antecedents and respond correctly; (2) = trails with poverty antecedents and respond incorrectly;

(3) = trails with wealth antecedents and respond correctly; (4) = trails with wealth antecedents and respond incorrectly; (5) = trails with
neutral antecedents and respond correctly; (6) = trails with neutral antecedents and respond incorrectly

mechanisms of such differences. The results revealed that poverty
stereotype threat results in improvements in response accuracy for
poverty-related stimuli and significantly greater effect in lower-in-
come individuals. Moreover, it revealed significant group differences
in reaction time, accuracy, P3 mean amplitude, and latency.

Specifically, behavioral results showed that poverty stereotype
threat can enhance the inhibition ability of people from lower-in-
come families, and the improvement of inhibition ability is greatest
for poverty-related stimuli with significantly improved accuracy.
This is not the case in individuals from higher income-level families.
Moreover, when there were no poverty stereotype threats, individ-
uals from higher income-level families experienced a significantly
shorter reaction time to all kinds of stimuli and significantly greater
accuracy for poverty-related stimuli than individuals from lower in-
come-level families. These behavioral findings suggest that people
from higher-income families have better ability to control motor re-
sponse inhibition, especially for poverty-related stimuli. In addition,
poverty stereotype threat has the effect to reduce the group dis-
crepancy of inhibition ability, and it will cause people from lower-in-
come families to be more sensitive to poverty-related stimuli. Steele
and Aronson (1995) reported that when individuals were threatened
by a negative stereotype, either about themselves or about the
group they belonged to, they worried about verifying those negative
stereotypes and subsequently made more of an effort to disprove it
(Logel et al., 2009; Pennington et al., 2016; Steele & Aronson, 1995),
to perform better (O'Brien & Crandall, 2003). Therefore, significant
group discrepancies disappeared, perhaps because persons from
lower-income families make an effort to improve their performance
and to disprove the negative stereotypes about themselves after
realizing the presence of the poverty stereotype. In other words,
poverty stereotype threat has an improvement effect on inhibition
ability, especially for poverty-related stimuli, in persons from low-
er-income families.

Activation of the stereotype is affected by many factors and can
be consciously inhibited and controlled by individuals rather than
being completely automated (Blair, 2002). Stereotype threat is pri-
marily and negatively affected by stereotype, which does not appear
all the time and requires external stimuli to induce it. Additionally,
its effects may be different between distinct groups and situations
(Beilock, Rydell, & Mcconnell, 2007; O'Brien & Crandall, 2003; Rydell
& Boucher, 2010). Given this view, we tried to explore whether the
absence of any significant differences in the stereotype threat con-
dition was due to different effects. Combined with the results of in-
significant group differences in poverty stereotype threat condition,
we found the opposite effect of poverty stereotype threat on both

groups. This opposite effect was demonstrated through reaction

time, accuracy, and ERPs. Using reaction time as an example, com-
pared with the nonthreat condition, reaction time was shortened in
the impoverished group and was prolonged in the rich group when
in the poverty stereotype threat condition. Thus, combined with
O'Brien and Crandall's findings (2003), we believed that absence of
any significant differences in the threat condition was because of the
opposite effects of poverty stereotype threat on the impoverished
and rich groups. Therefore, we support that the effect of poverty
stereotype threat varies with persons from different income-level
families. However, no significant differences in the threat condition
were ultimately found, yet the exact opposite effects of the poverty
stereotype threat on groups cannot be pointed out directly. It only
can suggest the trending of the opposite effect of stereotype threat
on different income-level crowds.

The results of ERP showed significant differences regarding an-
tecedents between the groups. It comprehensively revealed signifi-
cantly larger P3s mean amplitude and significantly longer P3 latency
after wealth-related antecedents in higher-income people than low-
er-income people, when there was no poverty stereotype threat.
Amplitude of P3 component can reflect attention resource alloca-
tion during information processing, and latency is thought to be an
index of stimulus classification and speed evaluation, independent
of response selection and action. A greater P3 amplitude has also
been associated with an upregulation of inhibitory control (Drollette
et al., 2014; Hillman et al., 2009; Pontifex, Saliba, Raine, Picchietti,
& Hillman, 2013), and a shorter latency indicates a faster processing
speed (Duncan-Johnson, 1981; Verleger, 1997). Our findings suggest
people from higher income-level families have better inhibition abil-
ity, with more attention resources allocated, for poverty-related and
wealth-related stimuli than peers from lower income-level families in
the nonthreat condition, within a trade-off with latency. Analogous
to the behavioral results, we did not reveal any group differences in
the poverty stereotype threat condition. To this, we keep the same
view as above, that is, poverty stereotype threat will promote the
elimination of the significant group difference in inhibition ability
and has the opposite effect on people from different income-level
families. However, we cannot be sure whether poverty stereotype
threat has a positive or negative impact on individuals from lower-in-
come or higher-income families.

In this study, participants were affected by antecedents as well,
except for responding to the target stimuli when they were either
in the threat condition or in the nonthreat condition. Antecedents
were wealth-related, poverty-related, and neutral words and dif-
fered from words of the target stimuli. The antecedents we utilized
were more concise and clearer, and the word frequency shown

in the Chinese corpus is higher than the target words used in the
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current study. Poverty stereotype was threatened to participants,
and we assumed that the antecedents resulted in a wealth-related
or poverty-related awareness by concepts of wealth-related and
poverty-related words. We aimed to explore whether poverty
stereotype threat had a different effect on people from distinct
income-level families and to explain the social behaviors in low-
er-income individuals as much as possible. Given the results of pre-
vious income-based stereotype threat studies, when participants
were under income-based stereotype threat, low-income partici-
pants performed worse in the intelligence tests than high-income
counterparts (Croizet & Claire, 1998); and when low-income par-
ticipants were under income-based stereotype threat, participants
who were informed to take intelligence tests performed worse
than those who were not informed (Spencer & Castano, 2007).
Therefore, antecedents were within-participants factors to arouse
different awareness, and poverty stereotype threat was a be-
tween-group factor in the current study. Interestingly, although
the behavioral results did not reveal the effect of antecedents on
inhibition ability, the ERP results did. Specifically, poverty stereo-
type threat had a more significant effect on processing speed of
wealth-related antecedents in persons from higher income-level
families and lead to significant differences of wealth-related and
poverty-related antecedents in the nonthreat condition in neural
activities to disappear. However, significant differences of atten-
tion allocation emerged on the wealth-related and poverty-related
antecedents in individuals from lower-income families due to the
effect of poverty stereotype threat. In addition, it shows that pov-
erty stereotype threat will reduce group differences. In summary,
poverty stereotype threat has different effects on people from
different income-level families, and the finding of different neural
activities could help to clarify the differences found in behavioral
outcomes in the nonthreat condition and the disappearance of the
behavioral differences of groups in the threat condition. That is,
when under the nonthreat condition, it is due to more attention
allocation by people from higher income-level families than their
peers that reflects significant faster action time with less reaction
time. However, the threat condition promotes people from high-
er-income families to reduce the differences of processing speed
and resource allocation between wealth-related and poverty-re-
lated stimuli and promotes people from lower-income families to
increase differences of resource allocation of wealth-related and
poverty-related stimuli. Thus, it explains the disappearance of be-
havioral differences between groups from the perspective of neu-
ral activities. Further, the neural outcomes also helped explain the
automatic processing of people from lower-income families under
the threat condition, showing the significant differences of accu-
racy between wealth-related and poverty-related stimuli in people
from lower-income families.

Poverty is accompanied by distinct kinds of resource scarcity,
which can lead to greater categorization and stereotyping of indi-
viduals (Krosch & Amodio, 2014; Rodeheffer, Hill, & Lord, 2012)

and can deplete finite self-regulatory resources (Mani et al., 2013;

Vohs, 2013). For example, Cannon, Goldsmith, and Roux (2019) re-
ported that, in consumers who were financially instable, resource
scarcity threatened consumers’ sense of personal control when
they faced the problem of reducing the resource discrepancy in
resource levels. Some people, who suffer the economic scarcity,
engage in the unnecessary consumption behaviors to reduce the
sense of financial security, even if the money scarcity will become
worse after doing this (Cannon et al., 2019). Poor inhibitory control
is highly associated with social, behavioral, and cognitive problems
(Ozonoff & Jensen, 1999; Schultz, Evans, & Wolff, 1999), including
irrational consumption behaviors. The present findings revealed
that the inhibitory ability of people from lower income-level fam-
ilies did worse than people from higher income-level families, and
poverty stereotype threat could reduce the group differences es-
pecially for poverty-related stimuli, even improving their perfor-
mance of inhibition. Thus, we may help lower-income consumers
who make irrational consumption decisions to eliminate the sense
of scarcity insecurity and to make more reasonable plans with bet-
ter inhibition ability under poverty stereotype threat to a certain
extent. Moreover, we did not find the significant effect of arousing
poverty-related or wealth-related awareness on impoverished in-
dividuals’ inhibition ability. Therefore, it is not necessary to inform
impoverished people who have irrational consumption behaviors
of their wealth state, when they were under poverty stereotype
threat. In conclusion, the effect of poverty stereotype threat is not
entirely negative for impoverished people, and it can even improve

impoverished people's inhibitory ability to some extent.

ACKNOWLEDGMENT
This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.

AUTHOR CONTRIBUTION

All authors contributed to conception and design of the study.
Shanshan Wang organized the database and performed the statisti-
cal analysis. Shanshan Wang and Dong Yang wrote the first draft of
the manuscript. All authors contributed to manuscript revision, read,
and approved the submitted version and agree to be accountable for

the content of the work.

PEER REVIEW
The peer review history for this article is available at https://publo
ns.com/publon/10.1002/brb3.1770.

DATA AVAILABILITY STATEMENT
All relevant data are available via Figshare at DOI: https://doi.
org/10.6084/m9.figshare.12044478


https://publons.com/publon/10.1002/brb3.1770
https://publons.com/publon/10.1002/brb3.1770
https://doi.org/10.6084/m9.figshare.12044478
https://doi.org/10.6084/m9.figshare.12044478

WANG anp YANG

ORCID

Shanshan Wang https://orcid.org/0000-0003-0899-8365
Dong Yang https://orcid.org/0000-0003-3744-4070

REFERENCES

Bauer, L.O.,Kaplan,R.F.,&Hesselbrock, V.M. (2010). P300 and the stroop
effect in overweight minority adolescents. Neuropsychobiology, 61,
180-187. https://doi.org/10.1159/000297735

Baumeister, S., Hohmann, S., Wolf, I., Plichta, M. M., Rechtsteiner, S.,
Zangl, M., ... Brandeis, D. (2014). Sequential inhibitory control pro-
cesses assessed through simultaneous EEG-fMRI. Neurolmage, 94,
349-359. https://doi.org/10.1016/j.neuroimage.2014.01.023

Beilock, S. L., Rydell, R. J., & Mcconnell, A. R. (2007). Stereotype threat
and working memory: Mechanisms, alleviation, and spillover. Journal
of Experimental Psychology General, 136, 256-276. https://doi.
org/10.1037/0096-3445.136.2.256

Blair, I. V. (2002). The malleability of automatic stereotypes and preju-
dice. Personality and Social Psychology Review, 6, 242-261. https://doi.
org/10.1207/515327957PSPR0603_8

Cannon, C., Goldsmith, K., & Roux, C. (2019). A self-regulatory model
of resource scarcity. Journal of Consumer Psychology, 29, 104-127.
https://doi.org/10.1002/jcpy.1035

Carter, C. S., Braver, T. S., Barch, D. M., Botvinick, M. M., Noll, D., &
Cohen, J. D. (1998). Anterior cingulate cortex, error detection, and
the online monitoring of performance. Science, 280, 747-749. https://
doi.org/10.1126/science.280.5364.747

Chou, E. Y., Parmar, B. L., & Galinsky, A. D. (2016). Economic insecurity
increases physical pain. Psychological Science, 27, 443-454. https://
doi.org/10.1177/0956797615625640

Chu, C. H.,, Alderman, B. L., Wei, G. X., & Chang, Y. K. (2015). Effects of
acute aerobic exercise on motor response inhibition: An ERP study
using the stop-signal task. Journal of Sport and Health Science, 4, 73-
81. https://doi.org/10.1016/j.jshs.2014.12.002

Colom, R., Burgaleta, M., Roman, F. J., Karama, S., Alvarez-Linera, J.,
Abad, F. J., ... Haier, R. J. (2013). Neuroanatomic overlap between in-
telligence and cognitive factors: Morphometry methods provide sup-
port for the key role of the frontal lobes. Neurolmage, 72, 143-152.
https://doi.org/10.1016/j.neuroimage.2013.01.032

Cozzarelli, C., Wilkinson, A. V., & Tagler, M. J. (2001). Attitudes toward
the poor and attributions for poverty. Journal of Social Issues, 57, 207-
227. https://doi.org/10.1111/0022-4537.00209

Croizet, J. C., & Claire, T. (1998). Extending the concept of stereotype
threat to social class: The intellectual underperformance of stu-
dents from low socioeconomic backgrounds. Personality & Social
Psychology Bulletin, 24, 588-594. https://doi.org/10.1177/01461
67298246003

Daminger, A., Hayes, J., Barrows, A., & Wright, J. (2015). Poverty in-
terrupted: Applying behavioral science to the context of chronic
scarcity. In Ideas (pp. 1-49). https://community-wealth.org/conte
nt/poverty-interrupted-applying-behavioral-science-context-chron
ic-scarcity

Diamond, A. (2012). Executive functions. Annual Review of Psychology, 64,
135-168. https://doi.org/10.1146/annurev-psych-113011-143750

Donchin, E. (1981). Surprisel!... Surprise? Psychophysiology, 18, 493-513.
https://doi.org/10.1111/j.1469-8986.1981.tb01815.x

Drollette, E. S., Scudder, M. R., Raine, L. B., Moore, R. D., Saliba, B.
J., Pontifex, M. B., & Hillman, C. H. (2014). Acute exercise facili-
tates brain function and cognition in children who need it most:
An erp study of individual differences in inhibitory control capac-
ity. Developmental Cognitive Neuroscience, 7, 53-64. https://doi.
org/10.1016/j.dcn.2013.11.001

Duncan-Johnson,C.C.(1981).YoungPsychophysiologistAwardaddress,1980.
P300 latency: A new metric of information processing. Psychophysiology,
18, 207-215. https://doi.org/10.1111/j.1469-8986.1981.tb03020.x

B H dB h . 0 13 of 14
rain an enavior Wl LEYJ—

Open Access,

Engle, R. W. (2001). What is working memory capacity? In H. L. Roediger
111, J. S. Nairne, |. Neath, & A. M. Suprenant (Eds.), Science conference
series. The nature of remembering: Essays in honor of Robert G. Crowder
(pp. 297-314). Washington, DC: American Psychological Association.

Forbes, C. E., & Leitner, J. B. (2014). Stereotype threat engenders neu-
ral attentional bias toward negative feedback to undermine perfor-
mance. Biological Psychology, 102, 98-107. https://doi.org/10.1016/j.
biopsycho.2014.07.007

Forbes, C. E., Schmader, T., & Allen, J. J. (2008). The role of devaluing and
discounting in performance monitoring: A neurophysiological study
of minorities under threat. Social Cognitive and Affective Neuroscience,
3, 253-261. https://doi.org/10.1093/scan/nsn012

Harrison, L. A., Stevens, C. M., Monty, A. N., & Coakley, C. A. (2006). The
consequences of stereotype threat on the academic performance
of White and non-White lower income college students. Social
Psychology of Education, 9, 341-357. https://doi.org/10.1007/s1121
8-005-5456-6

Hillman, C. H., Pontifex, M. B,, Raine, L. B., Castelli, D. M,, Hall, E. E., &
Kramer, A. F. (2009). The effect of acute treadmill walking on cog-
nitive control and academic achievement in preadolescent children.
Neuroscience, 159, 1044-1054. https://doi.org/10.1016/j.neuroscien
ce.2009.01.057

Hyodo, K., Dan, I., Suwabe, K., Kyutoku, Y., Yamada, Y., Akahori, M., ...
Soya, H. (2012). Acute moderate exercise enhances compensatory
brain activation in older adults. Neurobiology of Aging, 33, 2621-
2632. https://doi.org/10.1016/j.neurobiolaging.2011.12.022

Jonkman, L. M. (2006). The development of preparation, conflict mon-
itoring and inhibition from early childhood to young adulthood; a
Go/Nogo ERP study. Brain Research, 1097, 181-193. https://doi.
org/10.1016/j.brainres.2006.04.064

Kanemura, H., Aihara, M., Aoki, S., Araki, T., & Nakazawa, S. (2003).
Development of the prefrontal lobe in infants and children: A
three-dimensional magnetic resonance volumetric study. Brain
and Development, 25, 195-199. https://doi.org/10.1016/s0387
-7604(02)00214-0

Krosch, A. R., & Amodio, D. M. (2014). Economic scarcity alters the per-
ception of race. Proceedings of the National Academy of Sciences of the
United States of America, 111, 9079-9084. https://doi.org/10.1073/
pnas.1404448111

Laran, J., & Salerno, A. (2013). Life-history strategy, food choice, and
caloric consumption. Psychological Science. Psychological Science, 24,
167-173. https://doi.org/10.1177/0956797612450033

Logel, C., Iserman, E. C., Davies, P. G., Quinn, D. M., & Spencer, S. J. (2009).
The perils of double consciousness: The role of thought suppression
in stereotype threat. Journal of Experimental Social Psychology, 45,
299-312. https://doi.org/10.1016/j.jesp.2008.07.016

Luna, B., & Sweeney, J. A. (2004). The emergence of collaborative brain
function: fMRI studies of the development of response inhibition.
Annals of the New York Academy of Sciences, 1021, 296-309. https://
doi.org/10.1196/annals.1308.035

Mani, A., Mullainathan, S., Shafir, E., & Zhao, J. (2013). Poverty impedes
cognitive function. Science, 341, 976-980. https://doi.org/10.1126/
science.1238041

Mittal, C., & Griskevicius, V. (2014). Sense of control under uncertainty
depends on people’s childhood environment: A life history theory
approach. Journal of Personality and Social Psychology, 107, 621-637.
https://doi.org/10.1037/a0037398

Mullainathan, S., & Shafir, E. (2013). Scarcity: Why having too little means
so much. New York, NY: Times Books.

Nguyen, A. T., Moyle, J. J., & Fox, A. M. (2016). N2 and p3 modulation
during partial inhibition in a modified go/nogo task. International
Journal of Psychophysiology, 107, 63-71. https://doi.org/10.1016/j.
ijpsycho.2016.07.002

Nigg, J. T. (2000). On inhibition/disinhibition in developmental psycho-
pathology: Views from cognitive and personality psychology and a


https://orcid.org/0000-0003-0899-8365
https://orcid.org/0000-0003-0899-8365
https://orcid.org/0000-0003-3744-4070
https://orcid.org/0000-0003-3744-4070
https://doi.org/10.1159/000297735
https://doi.org/10.1016/j.neuroimage.2014.01.023
https://doi.org/10.1037/0096-3445.136.2.256
https://doi.org/10.1037/0096-3445.136.2.256
https://doi.org/10.1207/S15327957PSPR0603_8
https://doi.org/10.1207/S15327957PSPR0603_8
https://doi.org/10.1002/jcpy.1035
https://doi.org/10.1126/science.280.5364.747
https://doi.org/10.1126/science.280.5364.747
https://doi.org/10.1177/0956797615625640
https://doi.org/10.1177/0956797615625640
https://doi.org/10.1016/j.jshs.2014.12.002
https://doi.org/10.1016/j.neuroimage.2013.01.032
https://doi.org/10.1111/0022-4537.00209
https://doi.org/10.1177/0146167298246003
https://doi.org/10.1177/0146167298246003
https://community-wealth.org/content/poverty-interrupted-applying-behavioral-science-context-chronic-scarcity
https://community-wealth.org/content/poverty-interrupted-applying-behavioral-science-context-chronic-scarcity
https://community-wealth.org/content/poverty-interrupted-applying-behavioral-science-context-chronic-scarcity
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1111/j.1469-8986.1981.tb01815.x
https://doi.org/10.1016/j.dcn.2013.11.001
https://doi.org/10.1016/j.dcn.2013.11.001
https://doi.org/10.1111/j.1469-8986.1981.tb03020.x
https://doi.org/10.1016/j.biopsycho.2014.07.007
https://doi.org/10.1016/j.biopsycho.2014.07.007
https://doi.org/10.1093/scan/nsn012
https://doi.org/10.1007/s11218-005-5456-6
https://doi.org/10.1007/s11218-005-5456-6
https://doi.org/10.1016/j.neuroscience.2009.01.057
https://doi.org/10.1016/j.neuroscience.2009.01.057
https://doi.org/10.1016/j.neurobiolaging.2011.12.022
https://doi.org/10.1016/j.brainres.2006.04.064
https://doi.org/10.1016/j.brainres.2006.04.064
https://doi.org/10.1016/s0387-7604(02)00214-0
https://doi.org/10.1016/s0387-7604(02)00214-0
https://doi.org/10.1073/pnas.1404448111
https://doi.org/10.1073/pnas.1404448111
https://doi.org/10.1177/0956797612450033
https://doi.org/10.1016/j.jesp.2008.07.016
https://doi.org/10.1196/annals.1308.035
https://doi.org/10.1196/annals.1308.035
https://doi.org/10.1126/science.1238041
https://doi.org/10.1126/science.1238041
https://doi.org/10.1037/a0037398
https://doi.org/10.1016/j.ijpsycho.2016.07.002
https://doi.org/10.1016/j.ijpsycho.2016.07.002

WANG anp YANG

14 of 14 WI LEy_Brain and Behavior

Open Access,

working inhibition taxonomy. Psychological Bulletin, 126, 220-246.
https://doi.org/10.1037//0033-2909.126.2.220

O'Brien, L. T.,&Crandall, C.S. (2003). Stereotype threat and arousal: Effects
on women's math performance. Personality & Social Psychology Bulletin,
29, 782-789. https://doi.org/10.1177/0146167203029006010

Osaka, M., Komori, M., Morishita, M., & Osaka, N. (2007). Neural bases
of focusing attention in working memory: An fMRI study based on
group differences. Cognitive, Affective & Behavioral Neuroscience, 7,
130-139. https://doi.org/10.3758/CABN.7.2.130

Ozonoff, S., & Jensen, J. (1999). Brief report: Specific executive func-
tion profiles in three neurodevelopmental disorders. Journal
of Autism & Developmental Disorders, 29, 171-177. https://doi.
org/10.1023/A:1023052913110

Pennington, C. R., Heim, D., Levy, A. R., & Larkin, D. T. (2016). Twenty
years of stereotype threat research: A review of psychological me-
diators. PLoS One, 11, e0146487. https://doi.org/10.1371/journ
al.pone.0146487

Pontifex, M. B., Saliba, B. J., Raine, L. B., Picchietti, D. L., & Hillman, C. H.
(2013). Exercise improves behavioral, neurocognitive, and scholastic
performance in children with attention-deficit/hyperactivity disor-
der. Journal of Pediatrics, 162, 543-551. https://doi.org/10.1016/j.
jpeds.2012.08.036

Rodeheffer, C. D., Hill, S. E., & Lord, C. G. (2012). Does this recession
make me look black? The effect of resource scarcity on the categori-
zation of biracial faces. Psychological Science, 23, 1476-1478. https://
doi.org/10.1177/0956797612450892

Rosenfeld, J. P., & Skogsberg, K. R. (2006). P300-based stroop study with
low probability and target stroop oddballs: The evidence still favors the
response selection hypothesis. International Journal of Psychophysiology,
60, 240-250. https://doi.org/10.1016/j.ijpsycho.2005.05.010

Rydell, R. J., & Boucher, K. L. (2010). Capitalizing on multiple social iden-
tities to prevent stereotype threat: The moderating role of self-es-
teem. Personality and Social Psychology Bulletin, 36, 239-250. https://
doi.org/10.1177/0146167209355062

Schmader, T., Johns, M., & Forbes, C. (2008). An integrated process model
of stereotype threat effects on performance. Psychological Review,
115, 336-356. https://doi.org/10.1037/0033-295x.115.2.336

Schmitt, B. M., Minte, T. F., & Kutas, M. (2000). Electrophysiological
estimates of the time course of semantic and phonological encod-
ing during implicit picture naming. Psychophysiology, 37, 473-484.
https://doi.org/10.1017/50048577200981782

Schultz, R. T, Evans, D. W., & Wolff, M. (1999). Neuropsychological mod-
els of childhood obsessive-compulsive disorder. Child & Adolescent
Psychiatric Clinics of North America, 8, 513-531. https://doi.
org/10.1192/bjp.175.1.79

Shah, A. K., Mullainathan, S., & Shafir, E. (2012). Some consequences of
having too little. Science, 338, 682-685. https://doi.org/10.1126/
science.1222426

Sowell, E. R., Thompson, P. M., Holmes, C. J., Batth, R., Jernigan, T. L.,
& Toga, A. W. (1999). Localizing age-related changes in brain struc-
ture between childhood and adolescence using statistical para-
metric mapping. Neurolmage, 9, 587-597. https://doi.org/10.1006/
nimg.1999.0436

Spencer, B., & Castano, E. (2007). Social class is dead. Long live social
class! Stereotype threat among low socioeconomic status individ-
uals. Social Justice Research, 20, 418-432. https://doi.org/10.1007/
s11211-007-0047-7

Steele, C. M., & Aronson, J. (1995). Stereotype threat and the in-
tellectual test performance of African Americans. Journal of
Personality and Social Psychology, 69, 797-811. https://doi.
org/10.1037/0022-3514.69.5.797

Steele, C. M., Spencer, S. J., & Aronson, J. (2002). Contending with group
image: The psychology of stereotype and social identity threat. In
Advances in experimental social psychology (pp. 379-440). Cambridge,
MA: Academic Press.

Tam, N. D. (2013). Improvement of processing speed in executive func-
tion immediately following an increase in cardiovascular activity.
Cardiovascular Psychiatry and Neurology, 2013, 1-6. https://doi.
org/10.1155/2013/212767

Ullsperger, M., & Cramon, D. Y. V. (2001). Subprocesses of performance
monitoring: A dissociation of error processing and response com-
petition revealed by event-related fMRI and ERPs. Neurolmage, 14,
1387-1401. https://doi.org/10.1006/nimg.2001.0935

Verleger, R. (1997). On the utility of p3 latency as an index of men-
tal chronometry. Psychophysiology, 34, 131-156. https://doi.
org/10.1111/j.1469-8986.1997.tb02125.x

Vohs, K. D. (2013). The poor’s poor mental power. Science, 341, 969-970.
https://doi.org/10.1126/science.1244172

Wéstmann, N. M., Aichert, D. S., Costa, A., Rubia, K., Mdller, H. J., &
Ettinger, U. (2013). Reliability and plasticity of response inhibition
and interference control. Brain and Cognition, 81, 82-94. https://doi.
org/10.1016/j.bandc.2012.09.010

Zubicaray, G. I. D., Andrew, C., Zelaya, F. O., Williams, S. C. R., &
Dumanoir, C. (2000). Motor response suppression and the prepotent
tendency to respond: A parametric fMRI study. Neuropsychologia, 38,
1280-1291. https://doi.org/10.1016/s0028-3932(00)00033-6

How to cite this article: Wang S, Yang D. The effects of
poverty stereotype threat on inhibition ability in individuals
from different income-level families. Brain Behav.
2020;10:e01770. https://doi.org/10.1002/brb3.1770



https://doi.org/10.1037//0033-2909.126.2.220
https://doi.org/10.1177/0146167203029006010
https://doi.org/10.3758/CABN.7.2.130
https://doi.org/10.1023/A:1023052913110
https://doi.org/10.1023/A:1023052913110
https://doi.org/10.1371/journal.pone.0146487
https://doi.org/10.1371/journal.pone.0146487
https://doi.org/10.1016/j.jpeds.2012.08.036
https://doi.org/10.1016/j.jpeds.2012.08.036
https://doi.org/10.1177/0956797612450892
https://doi.org/10.1177/0956797612450892
https://doi.org/10.1016/j.ijpsycho.2005.05.010
https://doi.org/10.1177/0146167209355062
https://doi.org/10.1177/0146167209355062
https://doi.org/10.1037/0033-295x.115.2.336
https://doi.org/10.1017/S0048577200981782
https://doi.org/10.1192/bjp.175.1.79
https://doi.org/10.1192/bjp.175.1.79
https://doi.org/10.1126/science.1222426
https://doi.org/10.1126/science.1222426
https://doi.org/10.1006/nimg.1999.0436
https://doi.org/10.1006/nimg.1999.0436
https://doi.org/10.1007/s11211-007-0047-7
https://doi.org/10.1007/s11211-007-0047-7
https://doi.org/10.1037/0022-3514.69.5.797
https://doi.org/10.1037/0022-3514.69.5.797
https://doi.org/10.1155/2013/212767
https://doi.org/10.1155/2013/212767
https://doi.org/10.1006/nimg.2001.0935
https://doi.org/10.1111/j.1469-8986.1997.tb02125.x
https://doi.org/10.1111/j.1469-8986.1997.tb02125.x
https://doi.org/10.1126/science.1244172
https://doi.org/10.1016/j.bandc.2012.09.010
https://doi.org/10.1016/j.bandc.2012.09.010
https://doi.org/10.1016/s0028-3932(00)00033-6
https://doi.org/10.1002/brb3.1770

