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Self-improvement motivation, which occurs when individuals seek to improve upon their competence by
gaining new knowledge and improving upon their skills, is critical for cognitive, social, and educational
adjustment. While many studies have delineated the neural mechanisms supporting extrinsic motivation
induced by monetary rewards, less work has examined the neural processes that support intrinsically motivated
behaviors, such as self-improvement motivation. Because cultural groups traditionally vary in terms of their
self-improvement motivation, we examined cultural diﬀerences in the behavioral and neural processes
underlying motivated behaviors during cognitive persistence in the absence of extrinsic rewards. In Study 1,
71 American (47 females, M=19.68 years) and 68 Chinese (38 females, M=19.37 years) students completed a
behavioral cognitive control task that required cognitive persistence across time. In Study 2, 14 American and
15 Chinese students completed the same cognitive persistence task during an fMRI scan. Across both studies,
American students showed signiﬁcant declines in cognitive performance across time, whereas Chinese
participants demonstrated eﬀective cognitive persistence. These behavioral eﬀects were explained by cultural
diﬀerences in self-improvement motivation and paralleled by increasing activation and functional coupling
between the inferior frontal gyrus (IFG) and ventral striatum (VS) across the task among Chinese participants,
neural activation and coupling that remained low in American participants. These ﬁndings suggest a potential
neural mechanism by which the VS and IFG work in concert to promote cognitive persistence in the absence of
extrinsic rewards. Thus, frontostriatal circuitry may be a neurobiological signal representing intrinsic
motivation for self-improvement that serves an adaptive function, increasing Chinese students’ motivation to
engage in cognitive persistence.

Introduction
Motivation is perhaps the most important construct in the educational and workforce systems. A distinction has been drawn between
internal (or intrinsic) and external (or extrinsic) motivation. Intrinsic
motivation refers to doing something because it is inherently interesting or enjoyable irrespective of the outcome. Such motivated behaviors,
while no doubt adaptive to the organism, are not done for instrumental
reasons, but instead for the positive experience associated with
extending oneself (Ryan and Deci, 2000). For instance, individuals
may engage in a challenging task for the inherently rewarding nature of
improving upon their skills. Self-improvement motivation, which
occurs when individuals seek to improve upon their competence by
gaining new knowledge and improving upon their skills, is critical for
cognitive, social, and educational adjustment. In contrast, extrinsic
motivation is driven by the outcome or external factors and has a
negative impact on enjoyment and future motivation (Deci et al.,

⁎

1991). For instance, extrinsic rewards (Deci et al., 1999), threats (Deci
and Cascio, 1972), or competitive pressure (Reeve and Deci, 1996)
diminish interest, enjoyment, and internal motivation (Ryan and Deci,
2000).
While many studies have delineated the neural mechanisms
supporting extrinsically motivated behaviors, such as those induced
by monetary rewards (e.g., Delgado et al., 2000, 2003; Elliott et al.,
2004; Kirsch et al., 2003; Knutson et al., 2000; Geier et al., 2009, 2012;
Geier et al., 2010; Padmanabhan et al., 2011; Murayama et al., 2010),
less work has examined the neural processes that support intrinsically
motivated behaviors. Developmental work has shown that adolescents
show improved cognitive control when they are rewarded for doing so
(Geier et al., 2009, 2012; Geier et al., 2010; Padmanabhan et al., 2011)
and exhibit increased activation compared to children and adults in the
ventral striatum when their eﬀorts are extrinsically rewarded
(Padmanabhan et al., 2011). Yet, incentivizing individuals with money
or other extrinsic rewards can undermine intrinsic motivation (Deci
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animals (Knutson and Cooper, 2005; Spear, 2011; Pessiglione et al.,
2006; Ikemoto and Panskepp, 1999; Delgado, 2007) is likely linked to
the rewarding nature of self-improvement. Indeed, ventral striatum
activation during challenging tasks promotes more eﬀective working
memory, (Satterthwaite et al., 2012), and is associated with intrinsic
motivation (Murayama et al., 2010), suggesting that ventral striatal
responses during challenging cognitive control tasks may reﬂect
intrinsic reinforcement signals.
In the current study, we recruited two samples of students, Chinese
and Americans, who traditionally vary in terms of their self-improvement motivation. In Study 1, we examined cultural diﬀerences in selfimprovement motivation and cognitive persistence. Participants completed a cognitive control task that required eﬀort and persistence with
no reinforcements or rewards. Cognitive persistence was measured by
examining change in performance across the task. East Asian culture
socializes children to engage in self-improvement and persist in
challenging tasks, whereas in American culture, there is a relative lack
of persistence and a greater tendency to give up when performing
diﬃcult tasks (Binco, 1992). Indeed, prior work has shown that East
Asian students are more likely to persist following failure compared to
their American counterparts (Heine et al., 2001). We therefore
hypothesized that Chinese students would show greater cognitive
persistence, and this would be explained by their increased motivation
for self-improvement.
In Study 2, we examined the neural processes that explain cultural
diﬀerences in cognitive persistence. Because individuals who are not
motivated to engage in challenging tasks show decreases in IFG
activation over time (Murayama et al., 2010), we hypothesized that
Chinese students’ increased motivation to engage in self-improvement
would rely on increasing engagement of the IFG, suggesting increasing
eﬀort and persistence. In addition, because persistence and selfimprovement are highly valued in East Asian culture, and eﬀort is
seen as a moral endeavor (Chao and Tseng, 2002; Heine et al., 2001; Li,
2004), we hypothesized that Chinese students would evidence increasing ventral striatum activation over time, ventral striatum activation
that would remain low in American students across the task. Finally,
the ventral striatum may be functionally connected to the IFG through
bottom-up processing that facilitates cognitive engagement. Thus, in
addition to examining neural reactivity in the IFG and ventral striatum,
we examined functional coupling between these regions in order to test
whether reward processes facilitate eﬀective cognitive engagement. We
hypothesized that Chinese students’ increased self-improvement motivation may be subserved through reward processes that shape their
motivation to engage in cognitive control. Thus, Chinese students
would show increasing functional coupling between the striatum and
IFG across the task, functional coupling that would promote more
eﬀective cognitive persistence.

et al., 1999; Murayama et al., 2010) and result in negative long-term
eﬀects on future motivation (Gneezy et al., 2011). Thus, our goal was to
examine the behavioral and neural correlates of motivated behaviors in
the absence of extrinsic rewards. Moreover, because cultural groups
traditionally vary in terms of their self-improvement motivation, we
examined cultural diﬀerences in the behavioral and neural processes
underlying motivation and cognitive persistence.
The maintenance and enhancement of self-improvement motivation requires a rearing environment that supports and values motivated
behaviors, as motivation can be disrupted by unsupportive conditions
(Ryan and Deci, 2000). Thus, the social and cultural context can either
promote or undermine the natural tendency to extend and exercise
one's capacities (Ryan and Deci, 2000). Cross-cultural research has
found that individuals from collectivistic cultures (e.g., East Asians)
tend to be more intrinsically motivated in academics than more
individualistic individuals (e.g., Americans). Recent meta-analyses
have revealed consistently high self-improvement motivation in East
Asian populations (Heine and Hamamura, 2007), although research
has also shown these patterns in other collectivitistic cultures such as
Chileans (Heine and Raineri, 2009). Such heightened self-improvement motivation likely arises due to rearing environments that
diﬀerentially value motivated behaviors. For instance, persistence is
highly valued throughout the educational process in many East Asian
countries. In Japanese, the term gambaru means to persevere through
tough times and to do more than one's best to succeed (Binco, 1992)
and in China, Confucian teaching emphasizes the exertion of eﬀort in
the learning process, which is seen as a moral endeavor and a lifelong
task to improve oneself (Chao and Tseng, 2002; Heine et al., 2001; Li,
2004). Shortcuts are looked down upon as persistence to attain a goal is
valued and encouraged (Binco, 1992). Moreover, the Chinese notion of
guan, which means to govern and to love, is evident in parenting
practices, including chiao shun (training) of children, which characterizes parents’ monitoring and correcting children's behavior to
ensure they exert eﬀort to do well in school (Chao, 1994). Indeed,
Chinese mothers place greater emphasis on their children achieving
and improving themselves than do American mothers (Qu, Pomerantz,
and Deng, 2016). Finally, the preschool setting in China encourages
and values strong cognitive control skills (Tobin et al., 1989), opportunities that are not necessarily provided by or valued in American
schools and families (Sabbagh et al., 2006). Thus, collectivitistic
cultures socialize children to inherently value self-improvement and
to persist in challenging tasks, whereas in American culture, there is a
relative lack of persistence and a greater tendency to give up in the face
of challenge (Binco, 1992; Heine and Raineri, 2009).
Frontostriatal circuitry is involved in motivated behaviors and
eﬀective cognitive control (Casey et al., 2011). The ability to persevere
through diﬃcult challenges relies on the lateral prefrontal cortex (PFC).
The PFC supports the ability to select and motivate thoughts and
actions in relation to internal goals (Kouneiher, Charron, and Koechlin,
2009). In both humans and primates, the inferior frontal gyrus (IFG) is
involved in regulation, inhibitory control, and cognitive ﬂexibility
(Aron, Robbins, and Poldrack, 2004; Levy and Wagner, 2011; Brass
et al., 2005; Neubert et al., 2014; Egner, 2011), and is the center for
preparatory responses to engage in eﬀective cognitive control to
achieve goals (Matsumoto et al., 2003; Bunge, 2004). Individuals
who are not motivated to engage in challenging tasks show decreases
in IFG activation over time (Murayama et al., 2010), and adults with
poor delay of gratiﬁcation measured prospectively in childhood show
lower IFG activation during cognitive control (Casey et al., 2011),
underscoring the important role of the IFG in promoting motivated
behaviors.
In addition to the IFG, the mesolimbic reward system supports
motivated behaviors. The positive experience associated with extending
oneself promotes enjoyment and spontaneous self-satisfaction (Ryan
and Deci, 2000). Thus, the ventral striatum (VS), which responds to
rewards and is tightly tied to motivated behavior in both humans and

Study 1 methods
Participants
Participants included 71 American (47 females, M=19.68 years)
and 68 Chinese (38 females, M=19.37 years) students. All American
participants were born and raised in the United States and were of
European decent. All Chinese participants were born and raised in
China, had lived in China for at least 18 years, and came to United
States for college. Participants were matched in terms of age and level
of education. Participants provided written consent in accordance with
the University of Illinois’ Institutional Review Board.
Cognitive persistence task
Participants completed several rounds of a Go-NoGo (GNG) Task to
target cognitive persistence. Participants were presented with a series
of rapid trials (500 ms), each displaying a single letter, and were
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signiﬁcantly fewer false alarms than did American students (31.24%
false alarms; t(137)=3.11, p=.002), suggesting that Chinese students
more eﬀectively engage in cognitive persistence.
The mediating role of self-improvement motivation
We further examined whether American and Chinese participants
diﬀer in their self-improvement motivation. American participants
reported signiﬁcantly lower self-improvement motivation (M=4.27,
SD=.70) than did their Chinese counterparts (M=4.65, SD=.59),
t(137)=3.44, p=.001. We conducted mediation analyses to examine
whether self-improvement motivation mediates cultural diﬀerences in
cognitive persistence. To represent change in cognitive persistence over
time, we computed a diﬀerence score of false alarms between the ﬁrst
and last block of the task, such that lower scores indicate greater
declines in false alarms (i.e., improved performance). With this index,
and consistent with the ﬁndings reported above, we found a signiﬁcant
cultural diﬀerence in change of performance over time (t(137)=2.68, p
< .01), such that American students’ performance on the task declined
signiﬁcantly more than did Chinese students’. Bias-corrected bootstrapping resampling techniques were used to test the indirect eﬀect
with self-improvement motivation as the mediator (Preacher and
Hayes, 2008). Using 1000 bootstrap resamples, results indicated that
self-improvement motivation accounts for the eﬀect of culture on
change in cognitive performance, (indirect eﬀect: b=−.06, SE=.03,
95% CI: [−.13, −.02]; see Fig. 2). After taking into account selfimprovement motivation, the cultural diﬀerence in cognitive persistence was no longer signiﬁcant, with a 27% reduction in the total eﬀect.

Fig. 1. Go Nogo Task.

instructed to respond with a button press as quickly as possible to all
letters except for X. The X occurred on 25% of trials. Thus, participants
developed a pre-potent response to press (go) upon stimulus onset, but
must inhibit the go response on X trials (no-go). Each 500 ms trial was
separated by a ﬁxation, which was jittered according to a random
gamma distribution (M=1000 ms). Participants completed 5 runs of
the task, and each run of the task included 3 blocks of 40 trials. Each of
the 5 runs of the task was separated by a two-minute rest period
(Fig. 1).
Performance on the task was measured via false alarm rate (i.e.,
pressing on no-go trials), such that a higher percent of false alarms is
indicative of poorer performance. Our primary analysis examined
changes in behavioral performance across the ﬁrst, second, and third
blocks of the task. Declines in cognitive persistence would be represented by increases in false alarms across the blocks, whereas eﬀective
cognitive persistence would be represented by either no change or even
a decrease in false alarms across the blocks.

Discussion
Results of Study 1 show that Chinese students engaged in greater
persistence on a cognitive control task than their American counterparts. These ﬁndings are consistent with prior work showing that East
Asian individuals perform signiﬁcantly better on cognitive control,
executive functioning, and behavioral inhibition tasks (Sabbagh et al.,
2006; Lan et al., 2011), with such cultural diﬀerences emerging as early
as two-years of age (Sun, 2011; Gartstein et al., 2006). Our mediation
analyses suggest that cultural diﬀerences in self-improvement motivation explain such cultural diﬀerences in cognitive persistence. In
particular, Chinese students scored signiﬁcantly higher on their
motivation to improve upon their abilities, and such heightened
motivation was associated with greater cognitive persistence during
cognitive control. East Asian culture reinforces eﬀort in the learning
process, sees the utility of eﬀort in promoting self-improvement and
facilitating achievement, and considers eﬀort a moral endeavor (Chao
and Tseng, 2002; Heine et al., 2001; Li, 2004). American parents and
teachers, on the other hand, often attribute academic competence to
ability rather than eﬀort (Stevenson et al., 1990; Hess et al., 1987), and
so American students are less likely to persevere and engage in selfimprovement. Results of this behavioral study show that Chinese
students engage in greater cognitive persistence in the absence of
reinforcements or rewards, and such heightened persistence is explained by Chinese students’ desire for self-improvement. Our ﬁndings
suggest that socializing youth to believe in self-improvement and the

Self-improvement motivation
To test whether self-improvement motivation explains cultural
diﬀerences in cognitive persistence, participants rated two items to
indicate how important (1= not important at all, 5= very important) it
is to “Improve myself much of the time” and “Believe that I should
always try to improve my abilities.” The two items were averaged, with
higher numbers indicating greater self-improvement motivation
(α=.91).
Results
Cultural diﬀerences in cognitive persistence
We conducted a 2 (group: Chinese, American) x 3 (task block: 1st,
2nd, 3rd) way ANOVA to examine cultural diﬀerences in cognitive
persistence across the task. Results indicated a signiﬁcant interaction,
F(2274)=4.05, p=.02. To probe the interaction, we conducted post hoc
independent samples t-tests to compare performance within each block
of the task across cultural groups. Chinese (20.74% false alarms) and
American (24.54% false alarms) students only marginally diﬀer in false
alarm rate on the ﬁrst third of the task (t(137)=1.93, p=.06), but
American participants’ performance levels declined over time to a
greater extent than did Chinese participants, such that by the third
block of the task, Chinese students (23.32% false alarms) had

Fig. 2. Self-improvement motivation mediates cultural diﬀerences in cognitive persistence on the Go-Nogo Task. ** p < .01, *** p < .001.
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2003; Tzourio-Mazoyer et al., 2002). PPI analyses were run using a
generalized form of the context-dependent psychophysiological interaction in which the automated gPPI toolbox in SPM (gPPI; McLaren,
Ries, Xu, and Johnson, 2012) was used to 1) extract the deconvolved
times series from the ventral striatum ROI for each participant to
create the physiological variables; 2) convolve each trial type with the
canonical HRF, creating the psychological regressor; and 3) multiply
the time series from the psychological regressors with the physiological
variable to create the PPI interaction terms. This interaction term
identiﬁed regions that covaried in a task-dependent manner with the
ventral striatum. For the ﬁrst level model, one regressor representing
the deconvolved BOLD signal was included alongside each psychological and PPI interaction terms for each condition type to create a gPPI
model.
To correct for multiple comparisons, we conducted a Monte Carlo
simulation implemented using 3dClustSim in the software package
AFNI (Ward, 2000) to determine an appropriate cluster-size threshold
given the empirical smoothness of the images to ensure overall false
discovery rate (FDR) of less than .05. Results of the simulation
indicated a voxel-wise threshold of p < .005 combined with a minimum
cluster size of 87 voxels for the whole brain. Results using a more
liberal threshold of p < .005 and 40 contiguous voxels are also included
to guard against Type II errors (cf. Lieberman and Cunningham, 2009).
Results that survive FDR correction are noted with an asterisk in the
Tables.

value of eﬀort can have signiﬁcant implications for their motivation
and cognitive persistence.
After establishing that self-improvement motivation explains cultural diﬀerences in cognitive persistence, Study 2 sought to examine
the neural processes underlying such cultural diﬀerences.
Study 2 methods
Participants
Participants included 14 American (7 females, M=19.02 years) and
15 Chinese (7 females, M=19.38 years) students. All American
participants were born and raised in the United States and were of
European decent. All Chinese participants were born and raised in
China, had lived in China for at least 18 years, and had been living in
the United States for less than one year. Participants were matched in
terms of age and level of education. Participants completed the
identical Go-NoGo Task used in Study 1 during an fMRI scan.
Participants provided written consent in accordance with the
University of Illinois’ Institutional Review Board.
fMRI data acquisition and analysis
All imaging data were collected using a 3.0-Tesla Siemens Trio MRI
scanner. Functional scans included T2*-weighted echoplanar images
(EPI) [slice thickness=3 mm; 38 slices; gap=1 mm, TR=2000 ms;
TE=25 ms; matrix=92×92; ﬁeld of view=230 mm; voxel size
2.5×2.5×3mm3]. Structural scans consisted of a T2*weighted
matched-bandwidth (MBW) high-resolution anatomical scan
(TR=4000 ms; TE=64 ms; ﬁeld of view=230; matrix=192×192; slice
thickness=3 mm; 38 slices) and a T1* magnetization-prepared rapidacquisition gradient echo (MPRAGE; TR=1900 ms; TE=23 ms; ﬁeld of
view=230; matrix=256×256; sagittal plane; slice thickness=1 mm; 192
slices). The orientation for the MBW and EPI scans was oblique axial to
maximize brain coverage.
Functional data were analyzed using SPM8 (Wellcome Department
of Cognitive Neurology, London, UK). Within each functional run,
image volumes were realigned to correct for head motion (no participant exceeded 1 mm of maximum image-to-image motion in any
direction), segmented by tissue type (cerebrospinal ﬂuid, grey matter,
and white matter), normalized into standard MNI stereotactic space
(resampled at 3×3×3 mm), and smoothed with an 8 mm Gaussian
kernel, FWHM.
Statistical analyses were performed using the general linear model
in SPM8. Each trial was convolved with the canonical (double-gamma)
hemodynamic response function. The task was modeled as an eventrelated design, with the duration of each trial lasting 500 ms. Null
events, consisting of the jittered inter-trial intervals were not explicitly
modeled and therefore constituted an implicit baseline. The following
conditions were included in the ﬁxed eﬀects, ﬁrst level model: go trials,
no-go trials, and false alarms. A parametric modulator was included, in
which we weighted the trials according to the block, such that trials
occurring in the ﬁrst third were weighted with a 0, trials occurring in
the second third were weighted with a 1, and trials occurring in the
ﬁnal third were weighted with a 2. By modeling the parametric
regressor, we were able to examine activation that increased or
decreased linearly as a function of the task blocks. The time series
was high-pass ﬁltered using a cutoﬀ of 128 s and serial autocorrelations
were modeled as an AR(1) process. Contrast images were averaged
across runs for each participant, and entered into a random eﬀects
analysis at the group level.
To examine functional coupling between the ventral striatum and
IFG, we conducted psychophysiological interaction (PPI) analyses
(Friston, Buechel, Fink, Morris, Rolls, and Dolan, 1997). We used the
ventral striatum as the seed region, which was deﬁned structurally
using the WFUpickatlas (Maldjian, Laurienti, Kraft, and Burdette,

Results
Behavioral results
Cultural diﬀerences in cognitive persistence
We conducted a 2 (group: Chinese, American) x 3 (task block: 1st,
2nd, 3rd) way ANOVA to examine cultural diﬀerences in cognitive
performance across the task blocks. Results indicated a signiﬁcant
interaction, F(2,54)=14.26, p < .001. To probe the interaction, we
conducted post hoc repeated measures analyses within each cultural
group (i.e., to compare performance across the task within each group)
and independent samples t-tests (i.e., to compare performance within
each block of the task across cultural groups). As shown in Fig. 3,
Chinese and American students did not diﬀer in false alarm rate on the
ﬁrst third of the task (t(27)=.37, ns), but Chinese participants’
performance signiﬁcantly improved over time (F(2,28)=5.3, p < .05),
whereas American participants’ performance signiﬁcantly declined
(F(2,26)=4.7, p < .05), such that by the third block of the task,
Chinese students had signiﬁcantly fewer false alarms than American
students (t(27)=2.3, p < .05). These ﬁndings replicate the eﬀects found
in Study 1.

Fig. 3. Percent false alarms across the task blocks for Chinese and American participants.
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IFG from each block of the task for Chinese and American participants
separately. As shown in Fig. 4b, Chinese participants evidenced
increasing IFG and VS activation over the course of the task, whereas
American participants’ neural reactivity in these regions remained
stable. There were no signiﬁcant diﬀerences between groups in neural
activation during no-go trials.

Table 1
Cultural differences in neural regions which showed linear increases in functional
reactivity as a function of task block.
Anatomical Region

x

y

z

t

k

Chinese > American, Go Trials
IFG
45
Ventral striatum
Insula
Cingulate
STS
Cuneus
Fusiform gyrus
Insula
Putamen
DLPFC
46
VLPFC
10
IFG
45
DMPFC
10
MFG
8
TPJ
pSTS
Thalamus
Thalamus
dACC

51
21
−30
12
54
22
−39
36
−21
45
30
56
20
36
45
48
−9
6
15

23
11
14
−19
−22
−86
−49
20
3
41
65
11
44
14
−40
−52
−22
−16
35

10
−2
7
31
−5
7
−17
−14
13
16
4
24
24
49
19
4
13
16
16

3.16
3.77
3.55
4.31
4.05
5.04
4.06
4.52
4.85
3.70
3.72
3.91
3.83
3.86
4.07
4.85
3.99
5.39
4.40

110*
104*
145*
135*
94*
134*
48
52
61
49
71
59
47
60
43
71
51
51
49

Chinese, Go Trials
Ventral striatum
Ventral striatum
STS
MFG
IFG
IFG
DMPFC
MFG
Middle occipital gyrus
Middle temporal gyrus
Temporal gyrus
STS
Precuneus

−23
21
57
−42
−45
39
3
−30
−24
12
−63
−51
−21

18
17
−19
29
26
26
47
61
−88
56
−19
−46
−58

1
−5
−2
22
2
10
22
10
10
4
7
10
46

4.55
4.44
5.94
4.78
4.18
5.00
3.20
5.14
5.41
6.27
4.34
6.12
4.68

33
−27
−60

−85
−94
14

−5
−8
19

6.00
4.54
7.36

American, Go Trials
Occipital lobe
Occipital lobe
IFG

BA

8
45
45
9
10

45

Cultural diﬀerences in neural coupling underlying cognitive
persistence
Next, we ran PPI analyses to examine whether the striatum showed
functional coupling with frontal regions as a function of task block (1st,
2nd, 3rd) for go trials and nogo trials. Chinese participants evidenced
increasing functional coupling across task blocks compared to
American participants between the ventral striatum and IFG during
go trials (xyz=40 ,28, −5, t(28)=4.73, p < .005, k=58). No other brain
region was functionally coupled with the VS across the task. To further
explore this eﬀect, we ran PPI analyses within each cultural group
seperately. Whereas Chinese participants demonstrated increasing
coupling between the striatum and IFG over the task blocks (xyz=40,
28, −5, t(28)=4.95, p < .005, k=83), American participants did not
show signiﬁcant coupling in any regions (see Fig. 5a). For descriptive
purposes, we extracted parameter estimates of signal intensity from the
IFG from each block of the task for Chinese and American participants
separately. As shown in Fig. 5b, Chinese participants evidenced
increasing striatum-IFG connectivity over the course of the task,
whereas American participants’ neural connectivity in these regions
remained around 0 across the task. There were no signiﬁcant diﬀerences between groups in neural connectivity during no-go trials.

5483a*
a
a
a
a
a
a

156*
226*
209*
99*
119*
59

Links between cognitive persistence and neural activation
Our last set of analyses examined whether neural coupling between
VS-IFG was associated with cognitive performance across the task. To
examine change in false alarm rate across the task, we computed a
diﬀerence score between the ﬁrst and last block, such that lower scores
represent declines in false alarms over the task (i.e., improvements in
performance). We extracted parameter estimates of signal intensity
from the IFG cluster which showed signiﬁcant coupling with the VS.
Results indicate that participants who show greater increases in VSIFG functional coupling have greater improvements in cognitive
performance over the task (r=−.53, p < .005; Fig. 6). We ran correlations separately for Chinese and American participants. Although not
signiﬁcant in either group alone due to low power, each group showed a
negative association between VS-IFG functional coupling and cognitive
performance, particularly in the Chinese sample who showed almost
trend level signiﬁcance and a larger eﬀect size (Chinese: r=−.43, p=.11;
American: r=−.16, p=.59).

185*
70
48

Note. x, y, and z refer to MNI coordinates; t refers to the t-score at those coordinates
(local maxima); BA refers to putative Brodman's area. VLPFC refers to ventrolateral
prefrontal cortex; DLPFC refers to dorsolateral prefrontal cortex; IFG refers to inferior
frontal gyrus; MFG refers to middle frontal gyrus; STS refers to superior temporal sulcus;
pSTS refers to posterior superior temporal sulcus; TPJ refers to temporal parietal
junction; DMPFC refers to dorsomedial prefrontal cortex; dACC refers to dorsal anterior
cingulate cortex. Clusters which survive FDR correction are noted with an *(p < .005, 87
contiguous voxels). Resgions which share the same superscript are part of the same
contiguous cluster.

fMRI results

Discussion

Cultural diﬀerences in neural mechanisms during cognitive
persistence
To examine whether participants show linear increases or decreases
in neural activation across the task, we conducted parametric modulation analyses, in which we examined cultural diﬀerences in neural
reactivity as a function of task block (1st, 2nd, 3rd) for go trials and
nogo trials. We found a signiﬁcant group diﬀerence (Chinese >
American), such that for go trials, Chinese participants evidenced
increased activation across the task blocks compared to American
participants in the right IFG and ventral striatum (Table 1).
To further explore this eﬀect, we ran whole-brain analyses within
each cultural group separately. Whereas Chinese participants demonstrated increasing activation over the task blocks in the right IFG and
VS, American participants did not show increasing activation in any of
these regions (see Fig. 4a and Table 1). For descriptive purposes, we
extracted parameter estimates of signal intensity from the striatum and

The current study takes a cross-cultural neuroscience perspective to
unpack potential neurobiological processes underlying cultural diﬀerences in cognitive persistence. Across two studies, we show that
American students show greater declines in cognitive performance
across time, whereas Chinese students show persistence, even evidencing improved performance in Study 2. These behavioral eﬀects were
paralleled by increasing activation and functional coupling between the
inferior frontal gyrus (IFG) and ventral striatum (VS) across the task
among Chinese participants, neural activation that remained low in
American participants. These ﬁndings suggest a potential neural
mechanism by which the VS and IFG work in concert to promote
cognitive persistence.
Chinese students’ intrinsic motivation for self-improvement may
rely on increasing recruitment of the IFG, a brain region involved in
regulation and inhibitory control (Aron et al., 2004). Because Chinese
youth are continually reinforced both at home and in school to engage
in perseverance and self-improvement (Binco, 1992), they have been
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Fig. 4. (a) Neural regions which showed linear increases in functional reactivity across the task blocks during go trials for Chinese, American, and Chinese > American. (b) For
descriptive purposes, we extracted parameter estimates of signal intensity and plotted neural reactivity during each block of the task for Chinese and American participants separately.

Fig. 5. PPI Analyses. (a) The IFG showed linear increases in functional connectivity with the ventral striatum across the task blocks during go trials for Chinese but not American
participants. (b) For descriptive purposes, we extracted parameter estimates of signal intensity and plotted neural connectivity between the ventral striatum and IFG during each block of
the task for Chinese and American participants separately.

lower IFG activation during a cognitive control task 40 years later
(Casey et al., 2011). Thus, developmental experiences lay the foundation for neural processing of cognitive control.
In addition to cognitive control related brain function, Chinese
participants showed increases in the ventral striatum, a brain region
consistently linked with reward processing and motivation (Spear,
2011; Delgado, 2007). Eﬀort is highly valued in East Asian culture
(Heine et al., 2001) and students in China are socialized to see selfimprovement and persistence in school as a moral endeavor (Li, 2004;
Chao, 1994). Because engaging in behaviors that support the values of
one's culture recruits the mesolimbic reward system, suggesting such
behaviors are a rewarding experience (Telzer, Masten, Berkman,
Lieberman, and Fuligni, 2010, 2011), striatal reactivity among
Chinese students may be representing these cultural and moral
endeavors. Thus, striatal reactivity may be a neurobiological signal
representing intrinsic motivation that serves an adaptive function,
increasing Chinese students’ motivation to engage in cognitive persistence. On the other hand, American participants may not ﬁnd cognitive
persistence an intrinsically rewarding process and therefore give up,
showing declines in cognitive performance over time.
In addition, we found that connectivity between the striatum and
IFG facilitated improvements in cognitive persistence. Chinese students demonstrated increasing connectivity between the ventral striatum and IFG across the task blocks, connectivity that was absent in
American students. Thus, ventral striatum activation may promote the

Fig. 6. Increased functional coupling between the ventral striatum and IFG over the
course of the cognitive control task correlated with declines in false alarm rate.

provided with the learning context to practice cognitive control. This
practice may shape the brain, supporting more eﬀective cognitive
engagement throughout development. Indeed, a recent longitudinal
study showed that children in preschool who demonstrated poor delayof-gratiﬁcation (i.e., inability to resist a desireable stimulus) demonstrated greater false alarms (i.e., poorer behavioral inhibition) and
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academics (Baldi et al., 2007; PISA, 2012; TIMSS, 2011). Our study
suggests that values and socialization processes embedded within
culture shape cognitive persistence and the neural processes shaping
motivation. Results of this study provide important insight for educational reform in the United States to prevent American students from
disengaging. While extrinsic rewards and reinforcements are often
used to increase motivation, extrinsic motivation can undermine
intrinsic forms of motivation. We show that eﬀective cognitive persistence can be improved with eﬀort, and that such eﬀort can be an
intrinsically rewarding process. Teachers, parents, and policy makers
should therefore focus on supporting self-improvement and persistence, skills that will likely result in better engagement in school. By
placing value on eﬀort, self-improvement may become a more rewarding process for American students, and they may be less likely to give
up in the face of challenge.

motivation for Chinese students to engage in greater cognitive control
and self-improvement. Indeed, we show that increasing functional
connectivity between the ventral striatum and IFG was associated with
improvements in cognitive performance over the course of the task,
further supporting the notion that reward processes facilitate improved
cognitive control. These ﬁndings are consistent with an emerging body
of literature suggesting that rewards lead to improvements in cognitive
control through bottom-up processes that increase activation in brain
regions involved in regulation (Telzer et al., 2011; Geier et al., 2010;
Smith, Berridge, and Aldridge, 2011). VS-IFG connectivity suggests
that improvements in cognitive persistence among Chinese students
may occur via a reward response that boosts their cognitive control
system (i.e., VS activation elicits IFG activation), which, in part,
underlies cognitive persistence and improved behavioral performance
on the task. Together, our ﬁndings suggest that Chinese students’
persistence may be subserved through reward processes that shape
their motivation to engage in cognitive control and persevere through
challenge.
Interestingly, all of our signiﬁcant cultural group diﬀerences
(increases in IFG activation, increases in ventral striatum activation,
and increases in functional connectivity) were speciﬁc to go trials
rather than no-go trials. Go-nogo tasks require both proactive (sustained attention) and reactive (response inhibition) aspects of executive
control. Go trials require greater sustained attention (i.e., maintaining
an eﬃcient level of responding on a demanding task over a period of
time (Ward, 2004), whereas nogo trials require response inhibition
(i.e., the ability to override prepotent actions). Because our results
show signiﬁcant activations speciﬁc to go trials suggests that our
cultural group diﬀerences are due, in part, to increases in sustained
task attention among Chinese students, but attentional drift among
American students.
Although our samples were matched on age and education level, it
is possible that our Chinese participants diﬀered in other key domains,
such as general intelligence or cognitive ﬂexibility. That Chinese
participants had the motivation to attend secondary education abroad,
and our American participants were relatively local could suggest the
samples are diﬀerent. Therefore, future studies should examine
Chinese participants who are attaining education at similar institutions
in China in order to determine whether our eﬀects are generalizable to
Chinese individuals more broadly. In addition, it is possible that our
ﬁndings are speciﬁc to the task used in this study and do not generalize
to other domains. Perhaps Chinese participants enjoyed the particular
Go-Nogo task more than American participants. Thus, future studies
should replicate these ﬁndings using diverse constructs and measures,
perhaps using tasks that are more motivating or rewarding to American
participants. Finally, our study focused on Chinese participants, yet
other cultural groups beyond East Asians show strong self-improvement motivation (e.g., Chileans; Heine and Raineri, 2009). Therefore,
the current ﬁndings may generalize to other populations who have
strong self-improvement motivation, but this needs testing in future
studies.
Our ﬁndings ﬁt nicely into the Biocultural Co-constructive
Framework of Development, in which cultural inﬂuences are continuously integrated into individuals’ ontogeny and interwoven with
neurobiological inﬂuences to shape behavioral, cognitive, and brain
development across the life span (Li, 2003). Importantly, such
processes are not ﬁxed, and individuals do not merely serve as passive
recipients of cultural processes. Instead, individuals can be active
agents by making adaptive deicisions which can regulate the way
biocultural inﬂuences play out (Li, 2003). Indeed, there are individual
diﬀerences within cultures, as we found in the current study, and so
self-improvement motivation can be actively supported by individuals,
groups, or even societies to ultimately change cultural diﬀerences in
motivation and persistence. These ﬁndings have important implications for improving the learning contexts of American students. East
Asian students consistently outperform their American counterparts in
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