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Background: Impulsivity trait as a risk factor which typically displayed in risk decision among school
youth. This study aims to examine behavioral and cognitive problems of risky decision among Chinese young
people aged 15-25 years. The balloon analogue risk task (BART) and event-related potential (ERP) were
combine used to explore the neural mechanism of risky decision process whether infected by impulsivity
trait.

Methods: A total of 31 subjects were included, including 16 experimental subjects with risk behavior
(RS), and 15 health control subjects with non-risk behavior (HC). BART were used to measure risk-taking
propensity and ERP were to record in real time. RS vs. HC were compared to explain the relationship
between impulsivity and risky decision.

Results: Behavioral data in BART task shown that the RS subjects tended to make risky decisions. ERP
results illustrate that P300 in RS subjects is more significant positive-going than HC that means dysfunction
of cognitive control, and FRN in RS subjects is more negative-going than HC in negative feedback
condition, which means individual with high impulsive would be more sensitive to unexpected outcome.
Conclusions: Impulsiveness is a risk factor for school adolescent, because RS subjects performed more
risky decision than control group, the evidence indicate that individual with high impulsiveness would lead
to be less sensitive to harmful consequences and more inclination to immediate rewards. Therefore, the

inclination of risk taking can be powerfully informed by different levels of impulsiveness.
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Introduction behavioral measured evidence, impulsivity is mainly caused

From 15 to 25 years of age is a period of increasing risky by inability to wait for a delayed reward but inclination to

behavior, such as smoking, binge drinking, physical
violence, and self-harm. Risk taking is even more likely to
increase between 13 and 17 years (1,2). Impulsivity trait
defined as responding with a deficient assessment of the
context, which referred to inability to wait for a delayed
potential reward, or the rapid response model (3). In
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rapid response without adequate assessment of potential
risk. Advances in cognitive neuroscience have shown that
the interaction of emotion and executive control helps to
explain the phenomenon of risk taking in young adulthood.
Risk taking tendencies are emphasized in the individual

pursuit of potential rewarding stimuli and can be motivated
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by novelty-seeking (4,5). In line with this suggestion,
cognitive theory has increasingly shown that risky behavior
is linked to change in the prefrontal cortex (PFC) and
some limbic brain areas, and dopamine (DA) input to these
areas (6,7). In particular, research shows that the PFC is
developed during adolescence, when about fifty percent of
all synapses are lost (8), different receptors (including DA
receptors) are overproduced and pruned (9), fiber density
in the PFC becomes higher than both before and after
15-20 years (10), and the mesocortical DA input is higher,
while subcortical DA activity is lower (11). Based on these
suggestions that rewarding stimuli and novelty-seeking are
drivers of risk taking behavior for adolescence, their prone
to risk behavior mainly attribute to the brain’s biological
mechanisms that DA system plays an important function of
adjust the balances between take-risk and reward stimuli.
Theoretically, the dual-process model theory provides
two neural systems to explain an individual making a risky
decision (12). The model considers the affective system to
be automatic and spontaneous and driven by the midbrain
dopaminergic center, however, the analytic decision system
depends on high order brain structures that are involved
in anterior cingulate cortex (ACC) and prefrontal cortex
(PFC) (13). The models hypothesize a “hot” experiential
system that refers to when the affective system is inclined
by arousal toward risk taking and stimulates an individual
to make an impulsive or emotional decision (14-16). The
model also hypothesizes a “cold” system that refers to
the analytic decision system which is involved in rational
decision making due to its promise of short-term rewards
(17,18). Many studies have found that activation of the
fronto-limbic circuits is a brain area related to reward,
which involves the ventromedial prefrontal cortex (vmPFC),
the amygdala, and the insula (19,20). The hot impulsive
system mentioned above is significantly driven by the urge
to seek novelty and reward. These findings are in line
with the suggestion that an unbalanced DA reward system
may lead to risk-prone behavior in adolescence and that
the imbalance can be modulated in late adolescence and
adulthood (21,22). This prolonged maturation provides an
extended window for external environment factors to exert
influence on the development of an individual’s cognitive
control ability, which has downstream consequences for the
adolescent involved in risky behaviors (23,24).

Our study combines used event-related potential
(ERP) and BART to explore the cognitive mechanism
of risk taking decision in school youth. ERP are induced
exogenous by environmental stimuli (such scenario events
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or sensory stimuli) or endogenous by cognitive processes
(such as decision making or conscious attention), and also
ERP is a real-time record tool the underlying neural process
during a psychological experiment task. Impulsivity can be
measured by personality questionnaire, while laboratory
trail in rewarding discounting model can provide behavioral
and cognitive manifestation. BART is a computer-based
tool, which designed the subjects engage in risk-taking
pump balloon and would respond an index to reflect the
degree of risk-taking. Convincingly, Lejuez et al. (25)
evaluated the task experimental validity, the evidence shown
that behavioral BART score is closely correlated with risky
related trait and also with risky taking behaviors in real
world. These similar results also examined in other research
especially in young sample with sensation seeking (26)
impulsivity (27), and alcoholism (28).

Two ERP components: P300 and feedback-related
negativity (FRN, were elicit in BART task, which have been
found to be related to risk taking and risky decision making.
P300 amplitude is feedback related reward processing and
positivity occurring at 300-400 ms, and which is thought
to reflect noradrenergic system and locus coeruleus activity
when the evaluation immediate stimulus and resulting
decision making (29). Several researchers revealed (30,31)
that P300 is sensitive to the magnitude of reward, that
means a more positive-going P300 linked to a larger
reward. FRN is a typical ERP response to the loss or gain
outcome in 250-350 ms time window, it has been found
to be sensitive to outcome valence, that means the more
violation of expectation will elicit more negative FRN (32).
FRN is identified to originate from the anterior cingulated
cortex (ACC), so it may reflect the mechanisms of stimuli
monitoring and controlling behavior (33,34).

In light of these considerations, our research is a
laboratory-based ERP experiment. BART task was used
to examine the neural processes related to risk taking
decision making in a sample of 15 to 25 years old. RS
was investigated using a Chinese version-risk behavior
questionnaire for school youth (RBQ-SY). Our samples
were recruited from one public high school and one
university in Hubei province. The classic BART task was
used to explore the role of impulsivity and underlying
neural processes involved in risky decision making. The
findings are comparison between experiment sample with
risk behavior and non-risk behavior and RS sample be
more prone to make risky decisions than non-RS sample is
expected, to indicate impulsivity trait as a risk factor that led
to behavioral and cognitive risk taking in adolescent.

Transl Pediatr 2022;11(1):127-137 | https://dx.doi.org/10.21037/tp-21-594


file:///C:/Users/DELL/AppData/Local/youdao/dict/Application/8.9.9.0/resultui/html/index.html#/javascript:;
C:/Users/DELL/AppData/Local/youdao/dict/Application/8.9.6.0/resultui/html/index.html#/javascript:;

Translational Pediatrics, Vol 11, No 1 January 2022

We present the following article in accordance with
the MDAR reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-21-594/rc).

Methods
Subjects

All subjects were students enrolled in the public high school
and university in Hubei province. They were recruited
during a physical and mental health survey for school youth.
The sample included 15 males and 16 females who were
right-handed adults and ranged in age from 15 to 25 (mean
age 21.35+3.16 years). We used an experiment vs. control
design. The RSQ-SY questionnaire were used to investigate
the happen of risk behavior in school youth. The total
sample were divided into two groups according to whether
happened risk behavior at least three times in a month in the
past 1 year. The double-blind method was used to ensure
each group subject to displayed authenticity in experiment.
The experimental subjects (RS) refer to happened one or
more risk behaviors at least three times in a month in the
past 1 year. The health control subjects (HC) refer to non-
risk behavior happened reach to above criteria. All subjects
had normal visual acuity or corrected visual acuity, no color
blindness or color weakness, no neurological disorders,
no history of mental and brain diseases, no history of drug
abuse, and has never participated in a class experiment.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
Third Xiangya Hospital Ethics Committee (Authorization
number: 2020-S512). All the participants received oral and
written information, and written consent forms were signed
by all participants before participating, and for those under
age of 18, the informed consents were obtained from their
parents/guardians.

Measures

Psychometric measures
The Barratt impulsiveness scale (BIS-11) was used (35). The
revised Chinese scale was adopted as a self-report tool to
measure impulsiveness trait, and the scale contain 30 items
in three dimensions. Cronbach’s a coefficient for the total
scale was 0.785.

The Chinese version-risk behavior questionnaire for
school youth (RBQ-SY) was compiled items from the

© Translational Pediatrics. All rights reserved.

129

Adolescent Health Risk Behavior Monitoring System
(YRBSS) of the United States of America, and the Canadian
version of the Risk Behavior Questionnaire (RSQ-A),
interviews of the surveyed population. The RSQ-SY
was self-report and contain 18 items in five dimensions:
(I) aggressive violence; (II) substance dependence; (III)
intentional injury; (IV) unsafe sex; and (V) illegal behavior.
Cronbach alpha value of RBQ-SY total scale was 0.816.

Balloon analogue risk task (BART)

BART task was proposed by Lejuez et al. (2002) and is
a well-established and validated metric of risk-taking
propensity (36). BART task included 60 balloons that were
classified into three blocks, there was a certain probability
that the balloon would burst. Two boxes presented on
screen, one is titled “current account” and the other titled
“total earned”, which used to notify the participant of
whether their accumulated decision was gain or deficit.
During the task, the computer screen presented a game
with a small, simulated balloon. The participants were
instructed to press a button to simulate inflation. Each
pump air into the balloon was accompanied a sound to
hint the subjects whether decide to stop pumping, if the
balloon was not burst, the temporary earnings would be
transferred to permanent bank; if the balloon was pumped
explosion, the temporary earning would be lost. With the
experiment advancing the participant could adjust their
decision strategies according to the current account is gain
(positive feedback) or lost (negative feedback). Finally, each
participant’s BART score was used as their behavior data
to examine their risk seeking tendency. The BART score
referred to the number of un-burst balloons (UB) divided
by the total number of times the participant pressed to
inflate the balloon (TP). The higher of BART score means
the more inclination to engage in risk-taking.

ERP experiment

The participants were seated 1 m in front of a computer.
Each wore a cap with a 64-channel array of electrodes. They
were asked to press the left or right button on a keyboard.
The task feedback appeared on the screen to report the
trial outcome. The feedback screen stayed on until the task
was completed. After we acquired each participant’s written
informed consent, the experiment started with a direct
questionnaire, followed by the placement of an electrode
cap. Electroencephalo-graph (EEG) were recorded during
in BART trial. All subjects received a small financial
remuneration depend on their BART score when finished
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Table 1 Mean of BART scores and BIS between RS and HC (mean + SD)

Total score RS (n=16) HC (n=15) Test statistic P value
BART 21.32+2.10 17.55+3.14 9.36 0.031
BIS 25.31+5.71 17.63+6.52 12.03 0.024

BART, balloon analogue risk task; BIS, Barratt impulsiveness scale; RS, experimental subjects with risk behavior; HC, health control

subjects without risk behavior.

Table 2 Pearson’s correlations among BART, BIS and EEG components

Factors BART BIS P300 FRN
BART - - - -
BIS 0.711 - - -
P300 -0.395 -0.533" - -
FRN -0.617" -0.556" -0.187 -

P300 and FRN indicates the average amplitude (V) of two EEG components that were elicited in the BART. BART, balloon analogue risk
task; BIS, Barratt impulsiveness scale; EEG, electroencephalo-graph; FRN, feedback-related negativity. *, P<0.05; **, P<0.01.

the experiment.

ERP was recorded was from the 64-channel amplifier
and acquisition software (NEUROSCAN 4.5) positioned
according to the “10/20 International System”. An offline
common reference was computed to limit the problem of
signal-to-noise ratio. A ground electrode was located at
each subject’s forehead, and a vertical electro-oculogram
(VEOG) and a horizontal electro-oculogram (HEOG)
were located on the outer side of the participant’s eyes.
Continuous EEG readings were recorded using a sampling
rate of 1,000 Hz and a digital bandpass filtered from 0.1
to 30 Hz. The impedance of all electrodes was kept below
5 Q. EEG epochs were extracted from 200 ms before to
1,000 ms after presentation of the outcome stimulus, then
were corrected based on a baseline. the EEG in different
experimental conditions were averaged as ERPs results.

We analyzed two early components: P300 and FRN.
These typically emerged in risk taking tasks and have been
shown to be highly sensitive to manipulations of reward
parameters (37,38). EEG recorded at scalp electrodes as
follows: P300 corresponding time window is 300-500 ms
and located at Pz; FRN corresponding time window is 200-
280 ms and located at Fz.

Statistical analysis

We used SPSS 20.0 (IBM Corp, Armonk, NY, USA) for

Windows for statistical analysis and set the significant
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level P values at 0.05. Impulsiveness of BIS score and the
BART score were compared between the experimental
and control subjects, the significant differences within-
goup are expected. The RS data were extracted to analyze
the correlation among BIS, BART, and ERP components,
which were assessed by using Pearson’s correlations
coefficient. For ERPs, three-way repeated Analysis of
Variance (ANOVA was used to examine the effects of
within three factors (group, feedback, block) in a mixed
design: 2 groups (RS/HC) x3 blocks (1/2/3) x2 feedback
(P/N). Simple contrasts were computed to indicate the
significant main and interaction effects. We carried out
Mauchly’s test for the assumption of sphericity and Levene’s
test for the assumption of homogeneity of variances.

Results
Questionnaire findings

The questionnaire data are summarized in 7able 1. The
mean score of the BART and BIS conducted independent
t-tests is also shown. Comparison of mean score between
RS and HC subjects, the results demonstrated a significant
difference in BART score (t=9.36, P=0.031), and in BIS
(t=12.03, P=0.024).

Pearson’s correlation test was conducted among variables
of BART, BIS, and EEG components. Results are shown in
Table 2. There was significantly positive relation between
BART and BIS (r=0.711, P<0.01), which suggests that
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Table 3 Description of P300 and FRN average amplitude in the BART task (uV)

P300 FRN

Block-feedback HC RS HC RS

Mean SD Mean SD Mean SD Mean SD
1-P 5.20 0.25 3.82 0.23 4.34 0.16 4.34 0.16
1-N 5.74 0.24 3.02 0.21 4.84 0.13 4.84 0.13
2-P 4.88 0.56 2.42 0.22 4.04 0.50 4.04 0.50
2-N 4.32 1.13 2.76 0.26 4.22 0.18 4.22 0.18
3-P 4.67 0.23 2.68 0.10 3.93 0.76 3.93 0.76
3-N 4.91 0.27 3.95 0.39 4.10 0.30 4.10 0.30
Total 4.95 0.69 3.1 0.63 4.24 0.49 4.24 0.49

P300 and FRN indicates the average amplitude (uV) of two EEG components that were elicited in the BART. RS, experimental subjects
with risk behavior; HC, health control subjects without risk behavior; BART, balloon analogue risk task; EEG, electroencephalo-graph.

Table 4 The result of the repeated ANOVA of the average amplitude P300 and FRN

P300 FRN
Variance factor
SS df MS F SS df MS F

a 85.52 1.00 85.52 35.76™* 41.14 1.00 41.14 16.10**
b 1.55 1.00 1.55 6.37* 1.50 1.00 1.50 2.00
c 0.61 2.00 0.31 1.22 6.71 2.00 3.36 7.52*
axb 5.13 1.00 5.13 16.37* 0.09 1.00 0.09 0.11
axc 1.64 2.00 0.82 2.77 0.03 2.00 0.02 0.03
bxc 13.54 2.00 6.77 23.69** 31.12 2.00 15.56 16.16**
axbxc 3.83 2.00 1.92 5.62* 3.88 2.00 1.94 5.50*

2 group; °, feedback; °, block; *, P<0.05; **, P<0.01. SS, sum of squares from mean; df, degree of freedom; MS, mean square; ANOVA,
analysis of variance; P300, positive amplitude at 300 ms; FRN, feedback-related negativity

greater impulsivity was correlated with greater risk-taking
behavioral inclination. BIS was significantly negative
correlated with two EEG components of P300 (r=-0.533,
P<0.05) and FRN (r=-0.556, P<0.01), and the significantly
negative correlation also occurred between behavioral

BART score and FRN (r=-0.617, P<0.01).

ERP findings

The study featured a 2 (group: RS/HC) x2 (feedback: gain/
lost) x3 (block: 1/2/3), the EEG and behavioral data were
designed to compare between experimental subjects (RS)
and health control subjects (HC). The average amplitude of
P300 and FRN are summarized in 7able 3.

© Translational Pediatrics. All rights reserved.

P300

A repeated ANOVA test revealed a significant main effect
and interactive effect. Results are shown in 7able 4. The
main effect of within-group was {F[1,29] =35.76, P<0.01}.
The main effect of within-feedback was {F[1,29] =16.37,
P<0.05}. There were significant interaction effect between
block and feedback, the result was {F[2,29] =23.69, P<0.01},
and the significant interaction also found in group x
block x feedback, the results was {F[2,29] =5.62, P<0.05}.
the mean amplitude of P300 were compared between
RS and HC, Figure 1 shows that there were totally four
blocks demonstrate HC > RS. Figure 2 shows that the
EEG waveform for the average amplitude of P300 in HC
(indicated by the blue line) displayed a more positive trend
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Figure 1 Comparison of the average amplitude of P300 between
RS and HC in BART feedback-P/N. Red parentheses indicates the
significant difference in average amplitude of P300 between RS
(indicated by the green band) and HC (indicated by the blue band).
RS, experimental subjects with risk behavior; HC, health control
subjects without risk behavior; BART, balloon analogue risk task.

than the trend shown by RS (indicated by the red line)
under both conditions of positive and negative feedback.

FRN

Tuble 4 shows that there were significant main effects of
within-group: {F[1,29] =16.10, P<0.01}, and main effects
of within-block {F[1,29] =7.52, P<0.01}. The significant
interaction effect in block x feedback was {F[2,29] =16.16,
P<0.01} and in group x block x feedback was {F[2,29]
=5.50, P<0.05}. The comparison of the mean amplitude of
FRN between RS and HC (Figure 3) shows a significant
difference in block 2-N and block 3-N. Figure 4 shows that
the EEG waveform for the average amplitude of FRN in
HC (indicated by the blue line) was more negative-going
than it in RS (indicated by the red line) under negative
feedback condition, while RS and HC responded to
similarly in positive feedback condition.

Discussion

Our study firstly investigated the occurrence of risk behavior
in school youth which students aged 15 to 25 years, and

© Translational Pediatrics. All rights reserved.

Gong et al. Impulsivity and risky decision of youth in BART task

individuals with risk behavior and non-risk behavior were
compared by laboratory risk-taking decision task. Behavioral
data and psychological measures were obtained, as such,
the evidence was expected to reveal the differences between
experiment subjects (RS) and health control subjects (HC) is
related to potential impulsivity trait, which overt risk-taking
behavior and ERP responses give convincing explanation.

P300 value can be seen as a reliable index of cognitive
capability and personality. The current study, when subjects
engaged in a series of risk evaluations in BART task, the
RS subjects had a higher BIS score than the HC sample,
and the RS sample presented a higher BART behavioral
score, that the HC sample. We found that the RS sample
displayed reduced P300 amplitude. According to the
existing research suggestion that a lower P300 is associated
with dysfunction of cognitive control. Thus, P300 reduction
can be considered a risk factor that reflects disinhibition.
Our results of P300 declination were in line with Moeller
FG viewpoint (39) that a lower P300 amplitude was
correlated with behavioral laboratory impulsivity score.
This point can also be verified by the significant positive
relationship between BIS and BART (r=0.711). Our results
illustrate that impulsivity is a risk factor for risk-taking
behavior and that P300 response to risk taking behavior in
RS individuals was associated with the reason for impaired
cognitive control. Conversely, the correlation between P300
and the impulsivity-related trait can have a zero relation (40),
and the positive relation (41). as the positive amplified P300
effect represent the attention and motivational maker of
events perceived as significant, and reflect a post feedback
evaluation to proactive control the future behavior and
increase rewards. Conversely, the lowered P300 amplitudes
in our RS sample indicated that individual insensitive to
negative feedback and dysfunction to monitor and adjust
in process, which in line with higher BART score of RS
sample that means higher inclination to risk decision.

The significant negative correlation (r=-0.533)
between P300 and impulsiveness trait of BIS score were
also analyzed in our study, this evidence is convincing to
explain individuals with high impulsivity would have more
risky behavior. The negative relation was also observed
between P300 and BART (r=-0.395), but without statistic
significantly. The negative correlation that emerged
between impulsivity and P300 amplitude was consistent
with previous studies that sampled participants with
psychopathology, for instance, clinical depression (42),
conduct disorder (43) and schizophrenia (44). In addition,
existing studies have also examined healthy sample with
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Figure 2 Grand-average P300 waveform elicited by BART feedback-P/N. The average amplitude of FRN was compared between HC
(indicated by the blue line) and RS (indicated by the red line) and are labelled to illustrate that HC showed a more positive trend than the
trend shown by RS in both conditions of feedback-N (life) and feedback-P (light). BART, balloon analogue risk task; FRN, feedback-related
negativity; RS, experimental subjects with risk behavior; HC, health control subjects without risk behavior.
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Figure 3 Comparison of average amplitude of FRN between RS
and HC in BART feedback-P/N. The red parentheses show the
significant difference in average amplitude of FRN between RS
(indicated by the green band) and HC (indicated by the blue band).
FRN, feedback-related negativity; RS, experimental subjects with
risk behavior; HC, health control subjects without risk behavior;
BART, balloon analogue risk task.

substance use disorders (45), and alcoholism (46), which
also found a reduced P300 amplitude. Although these
studies support the contention that executive function in

© Translational Pediatrics. All rights reserved.

the anterior right ventral (ARV) brain region was impaired
when an impulsive individual is in a risk taking context,
other studies presented converse findings in impulsivity
related trait measures, such as sensation seeking (47),
novelty seeking (48), indicating that more studies are
needed to further explore this issue.

FRN shows a negative deflection at 200-300 ms post-
feedback onset (49), and it is likely to be from the neural
source of the dorsal anterior cingulate cortex (dACC) (50),
which is a region proposed to play an important role in
cognitive control for risk taking (51). FRN was typically
taken as a component to represent a reward-prediction
error which was more positive when outcomes met a
person’s expectation and more negative when the outcome
was worse than the participant’s expectation (52). Sambrook
and Goslin (53) reviewed more than 25 studies in a meta-
analysis which shows FRN will be more positive for
unexpected rather than expected positive outcomes. Meta-
analysis revealed that FRN was a predicted index for
the outcome of expectations, for instance, the amplitude
of FRN was more positive when outcomes exceeded
expectations and more negative when outcomes were
worse than expectations (54). FRN depends on both of
outcome valence and expectedness (55). Based on this work,
we hypothesized that the RS sample would have a more
negative FRN than HC sample, because the RS sample
would be more sensitive to unexpected outcomes. This
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Figure 4 Grand-average FRN waveform elicited by BART feedback-P/N. The average amplitude of FRN was compared between HC

(indicated by the blue line) and RS (indicated by the red line) and are labelled to illustrate that HC results were more significantly negative
than the results of RS in feedback-N. The two lines are close to each other in feedback-P. BART, balloon analogue risk task; FRN, feedback-
related negativity; RS, experimental subjects with risk behavior; HC, health control subjects without risk behavior; BART, balloon analogue

risk task.

hypothesis was supported in our findings, which showed
that a significant negative correlation existed between BIS
and FRN (r=-0.556) and also between BART behavioral
score and FRN (r=-0.617). These results are consistent
with Yamaguchi finding (56) that the non-planning score of
BIS was negatively correlated with FRN amplitude (r=-0.60)
which means individual with higher in impulsivity is more
sensitive to unexpected outcome that led to FRN negative-
going. making risky choices. In addition, our EEG (Figure 4)
showed that the RS sample has a more descending
FRN waveform than the HC sample. According to the
interpretation of the FRN as a reward prediction error
component, it is possible that the RS sample in our research
with higher impulsivity, so their risk taking choice could be
accounted for maladaptive feedback processing which less
evaluate the negative feedback. Similar findings were also
reported in neurological and psychiatric clinical samples
in which the FRN amplitude was decreased in participants
with schizophrenia (57) and alcoholism (58), while the
increased FRN amplitude also reported in hyperactivity
disorder (59) and depression (60). therefore, FRN can be
seen as an indicator for monitor information received from
our internal or external cues, and give matched feedback
between attended behavior and the error-feedback signal.
Taken together, one of the main findings of current study
was that the RS subjects with more risk behaviors that not

© Translational Pediatrics. All rights reserved.

only reflected in higher score of psychological measurement
of the BIS questionnaire, and also obviously in behavioral
task (BART score) and EEG components (P300 and FRN).
This RS subjects' characteristic was more inclination to
risk taking which related to impulsiveness, and impulsivity-
related EEG components also demonstrated that activity
patterns of P300 is more positive-going than HC subjects,
and FRN was more negative-going than HC subjects.
The negative correlation between personal impulsivity
(BIS, BART) score and cognitive ERP components (P300;
FRN) were in line in with existing studies, that provide
more evidence to explain that impulsivity trait would put
individuals into poor display cognitive control and less
sensitive to negative consequence, which lead to be more
involve in risk behaviors. The impulsiveness can be seen
as age-related trait in youth people, which characteristic
involved acting without thinking or non-planning, this
problem should be prevented by promote youth awareness
of potential risk and reduce environmental lure such as
(pornography advertising or violent online).

The limitations and strengths in our study as follow: first,
the school-aged youth sample is a small part of total youth
people, therefore our conclusion only partially represented
a wide spectrum. second, we investigated the risk behavior
by RSQ-SY questionnaire that typically contain items
from school youth, so the certain age group and campus
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environment is limitation to predict the whole epidemic of
risk behavior in total young people, so the larger samples
that include in a variety of sample should be considered to
enrich the conclusion in risk behavior in different sample
and related different personality. As to neuroscience study,
except typically impulsiveness-related components P300
and FRN, other EEG components should be further
explored to provide an abundant illustration of this issue.
The strength of this study is that BART results have been
shown to powerfully predict risk-taking behavior in the real
world for multiple populations, behavioral experiment and
ERP method can provided convincing evidence for related
research, as a basis material to enlighten further research
reveal the neural mechanism of risk behavior in real society.
Therefor the current study can enlighten the psychological
intervention to promote the balanced awareness between
potential risk and the immediate reward, the evidence that
balanced awareness accompanied with the reduce of risky
behavior can be expected in future study.

Conclusions

Our study provides psychological and cognitive evidence
that risky decision can be partially attributed to impulsive
trait, which lead individual to immediate rewards and
relatively deficient in evaluation of long-term consequences.
the inclination can display in P300 and FRN reduction,
the results can shed light on the future research to explore
other EEG components to explain the cognitive mechanism
in risk decision.
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