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The self-control ability and self-control resources have a different influence on deception, but 
the cognition mechanism of this different influence has not been described yet. In this study, the 
event-related potentials (ERPs) technique was utilized to conduct two experiments exploring the 
effects of self-control ability and self-control resources on deception from two approaches. In Ex-
periment 1, participants with different levels of self-control ability performed a visual perception 
task to measure deception and deception tendencies. The results revealed that individuals with low 
self-control ability exhibited more deceptive behaviors than did individuals with high self-control 
ability. Furthermore, individuals with high self-control ability evoked larger N2 and smaller P3 am-
plitudes than did individuals with low self-control ability. Experiment 2 involved selecting individu-
als with medium self-control ability. The Stroop task and a visual perception task were employed to 
investigate the influence of self-control resources on deception. The results showed that the deple-
tion of self-control resources facilitated smaller N2 and larger P3 amplitudes than did non-depletion 
of self-control resources. In conclusion, these results suggest that individuals with high self-control 
ability are less likely to deceive others in order to obtain more benefits. When individuals have suf-
ficient self-control resources, they resist temptation and reduce deception behaviors. Deception 
and deception tendencies may be more likely  in people with low of self-control and whose self-
control resources are depleted. In people with moderate self-control, deception was still regulated 
by self-depletion.
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INTRODUCTION

Self-control is an ability that helps people maintain composure, fa-

cilitate cooperation, and restrain unnecessary inclination toward au-

tomatic behaviors. Moreover, self-control is considered a supervisory 

mechanism between internal biological impulses and external cultural 

requirements (Hofmann et al., 2009). Self-control, a vital motivator for 

deception recognition, can be widely applied in real life. For instance, 

self-control can be applied to individuals addicted to gambling or 

drugs because they are considered to indulge in deceptive behaviors 

(Christiansen et al., 2012). Research on the role of self-control in de-

ceptive behaviors is extremely crucial (Fan et al., 2016). This is because 

even without any direct evidence proving that individuals with low 

self-control exhibit deceptive behaviors, they can be unfairly judged 

in scenarios such as criminal interrogations and trials. Research has 

indicated that exercising self-control requires using cognitive resources 

that may become temporarily exhausted, causing an individual to 

underperform in an irrelevant follow-up task involving exercising 

self-control (Shmueli & Prochaska, 2009). Schmeichel et al. (2015) 
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claimed that processing negative emotional events rationally appears 

to consume and deplete self-regulatory resources, leaving individu-

als temporarily prone to self-control failure. Self-control ability and 

self-control resources are distinct concepts regarding self-control (Ren 

et al., 2018). Self-control ability is a trait, which remains stable over 

time and rarely changes with the surrounding environment, whereas 

self-control resources are variable, which change with the surround-

ing environment (Tangney et al., 2004). However, whether self-control 

ability and self-control resources differently influence the occurrence 

of deceitful behavior remains unclear.

Humans must maintain self-control to inhibit traits such as he-

donism, selfishness, and vested interests; this inhibition enables a 

group to benefit by focusing more on long-term interests (Righetti & 

Finkenauer, 2011). Individuals with high self-control ability are more 

successful in restraining selfish motives and behaving prosocially 

compared with individuals with low self-control (Martinsson et al., 

2012). In a cooperative environment, individuals may expect a greater 

benefit from cooperation if relatively high self-control is exercised. In 

addition, studies have revealed a series of positive behaviors related to 

the ability to master oneself. For instance, individuals with high self-

control perform better (Duckworth & Kern, 2011) and exhibit fewer 

impulsive behaviors (Peluso et al., 1999) and more health-conscious 

behaviors (Kuijer et al., 2008) than do individuals with low self-

control. Similarly, individuals with high self-control may be more 

trustworthy and behave more responsibly than those with low self-

control. Furthermore, researchers have observed that individuals with 

high self-control score better on goal attainment than do those with 

low self-control (Tangney et al., 2004). Therefore, self-control is key in 

restraining impulsive behavior, satisfying external needs, and fulfill-

ing long-term interests (Hofmann et al., 2009; Righetti & Finkenauer, 

2011). 

According to the theory of limited self-control resources, such 

resources are used when individuals practice intentional and delib-

erate self-control; consequently, such consumption may reduce the 

quality of intentional and deliberate self-control behaviors as the 

individual enters the ego-depletion state (Muraven & Baumeister, 

2000). Baumeister et al. (1998) proposed the ego-depletion model 

suggesting that self-control could enable individuals to refrain from 

instantaneous inappropriate responses and select more appropriate 

responses. When more cognitive resources are used in a certain activ-

ity, the cognitive resources used for self-control may be lowered, po-

tentially leading to a decline or depletion of self-control (Baumeister 

et al., 1998). Recent research has indicated that individuals are more 

likely to behave unethically at night after working the entire morning, 

when a substantial amount of self-control resources have already been 

consumed (Gunia et al., 2014; Kouchaki & Smith, 2014; Roeser et al., 

2016). Selfish deception may be more likely when individuals are in 

the state of ego depletion (Gino et al., 2011). For example, when an 

individual is in a state of ego-depletion and has less control over their 

egoistic impulses, they are more likely to emerge (Mead et al., 2009). 

Exposure to monetary rewards may result in failure of self-control and 

more unethical intentions and behaviors (Vohs, 2015). Studies have 

indicated that compared with those who are not experiencing ego-

depletion, participants experiencing ego-depletion are more prone to 

select previous answer cards, but are less resistant to temptation and 

more likely to indulge in deceptive behaviors (Gino et al., 2011). 

Exploring the cognitive mechanism of self-control provides 

insights into ways in which individuals adjust and control their 

thoughts, behaviors, and emotions. Studies have noted that effective 

self-control depends on the activation level of the prefrontal cortex 

(PFC, Hofmann et al., 2009). The N2 and P3 are endogenous ampli-

tudes of event-related potentials (ERPs) related to people’s perceptual 

or cognitive-psychological processes and cognitive control. The ac-

tivation of these amplitudes depends on the psychological state and 

cognitive efforts induced through tasks, instructions, or experimental 

settings. The N2 and P3 amplitudes in the cognitive control paradigm 

have been a topic of research interest. The N2 amplitude typically peaks 

approximately 200 ms after stimulus onset and is mainly distributed in 

the central region of the forehead. The amplitude of this component 

is linked to cognitive control and response adjustment consistent with 

the target. In the reaction inhibition task, the more negative the N2 

amplitude, the greater the degree of cognitive monitoring required by 

the response; the individual perceives the reaction buttons and adjusts 

the response strategy to suppress the response not fit with the target 

(Folstein & Van Petten, 2008). In addition, evidence from ERP studies 

supports the mandatory involvement of cognitive control processes in 

deception. Furthermore, some studies have indicated that compared 

with honesty responses, more negative N2 components are induced 

by hiding behaviors, deceiving self-preferences, and concealing of true 

memories (Johnson et al., 2008; Johnson et al., 2004; Tu et al., 2009; 

Wu et al., 2009). 

A prominent ERP is the parietal P3 amplitude, which typically 

occurs between 300 and 800 ms post-stimulus and which has been 

related to different psychological concepts (Beauducel et al., 2006; 

Mecklinger et al., 2010). Results of several studies (Ambach et al., 2010; 

Gamer & Berti, 2010) indicate that larger P3 amplitudes occur for de-

ceptive responses, which have been related to the salience of deceptive 

stimuli. Leue et al. (2012) found individual differences in a deception 

task for the early P3 amplitude and for the late P3 amplitude, suggest-

ing that both amplitudes are relevant during deception. Therefore, the 

aim of the present study was to further explore the impact of unusual 

self-control on the P3 effect in the deception task. Deception requires 

more executive control than honesty, and an ERP study found that P3 

amplitude will decrease when the demand for executive control in-

creases (Debey et al., 2012). Meanwhile, ego depletion limits executive 

control (Debey et al., 2012). Therefore, we hypothesized that the P3 

amplitude will increase when people are in the ego depletion state. In 

a word, deception is related to cognitive control. Self-control requires 

executive control, and ego depletion can weaken executive control. 

Therefore, ego depletion can produce more deceptive behaviors and 

induce a larger P3 amplitude. The P3 amplitude takes into account the 

meaning of information and P3 is the main indicator of lie detection 

(Chen et al., 2011). Accordingly, the current study explored whether 
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the influence of self-control ability or self-control resources on decep-

tion can induce the N2 and P3 amplitudes.

People with high self-control sometimes behave unethically. Is it 

possible that the failure of self-control is due to ego-depletion? Past 

results of a behavioral experiment concerning the influence of self-

control ability on deception indicate that individuals with high self-

control ability can better control selfish motivation and consider long-

term interests (Fan et al., 2016). The current study, a continuation 

of our previous research (Fan et al., 2016), explored the influence of 

self-control resources on deception and sought to determine whether 

the results are consistent with of the results for self-control ability. The 

research question posed was whether people with high self-control 

actively suppress selfish motives and reduce profit-oriented deceptive 

behavior. Accordingly, the current study improves our understanding 

of how self-control inhibits impulsive behavior, exploring the neural 

basis of the self-control regulatory mechanism. In line with previous 

studies, we assumed that self-control ability plays a role as a regula-

tory mechanism and that people with high self-control exhibit fewer 

deceptive behaviors than those with low self-control. The cognitive 

mechanism and the neural basis of the self-control regulatory mecha-

nism in the process of deception remain unclear. Self-control ability 

and self-control resources influence deception differently; however, 

the neural basis of these effects is not yet clear. The question we posed 

was whether self-control ability and self-control resources influence 

the occurrence of deception directly or indirectly. To answer this ques-

tion, we used ERPs to examine the impact of self-control on deception 

and its neural basis. The research hypotheses were as follows: (a) indi-

viduals with low self-control will be more likely to engage in deceptive 

behaviors compared with individuals with high self-control; (b) indi-

viduals who have exhausted their self-control resources will exhibit 

a stronger tendency to engage in deceptive behaviors compared with 

individuals who have not exhausted their self-control resources. The 

visual perception task is the most widely used experiment paradigm 

in studies of deception behavior (Kouchaki & Smith, 2014) because it 

can not only determine deception tendency, bur also identify decep-

tion. Kouchaki and Smith (2014) interpret self-interest bias in this task 

as a condition where the participants indicate more dots on the right 

side in an ambiguous condition. In contrast, we interpret this as the 

deceptive tendency.

EXPERIMENT 1: TRAITS OF DECEPTIVE 
BEHAVIOR IN INDIVIDUALS WITH DIFFER-
ENT LEVELS OF SELF-CONTROL ABILITY 

Research Method

PARTICIPANTS
The Ethics Committee of the Institute of Psychology, Hunan Normal 

University granted ethical approval for the experimental procedure. By 

using a self-control scale administered to 300 undergraduates (Tangney 

et al., 2004), we selected the top 10% of the undergraduates exhibiting 

high self-control ability (30 undergraduates: 50% women, 50% men) 

and 10% of the undergraduates exhibiting low self-control ability (30 

undergraduates: 50% women, 50% men). By using G*Power (version 

3.1; Faul et al., 2009), we calculated a sample size of 26 for a small-to-

large effect size of |p| = .5, a significance level of α = .05, and a power of 

0.8 (within-subject design, two-tailed). However, we aimed to recruit 

as large a sample as we could to maximize the statistical power, totaling 

60 participants (Mage = 18.8±0.75 years). All participants were right-

handed, were healthy without neurological diseases, had no history 

of brain injury, and possessed normal or corrected to normal vision. 

The participants signed their informed consent for the experiment and 

were given appropriate remuneration after the experiment. The scores 

of all 60 participants in each dimension are presented subsequently.

EXPERIMENTAL DESIGN
The experiment used a single-factor, between-subject design. The 

independent variable was the level of self-control ability (low vs. high), 

the dependent variables were the results of behavior (the number of 

deceptions and the extent of the tendency to deceive) and the ERP 

results (N1, P2, N2 and P3 amplitudes).

EXPERIMENTAL MATERIALS AND PROCEDURE
All participants completed experiments in separate small rooms; 

the instructions and experimental procedures were presented on com-

puters. The visual perception task examined the participants’ deceptive 

behavior (Kouchaki & Smith, 2014). In the visual perception task, the 

participants were shown 200 squares with red dots. Each square was 

divided into a right half and a left half by a diagonal line, and 20 red 

dots were unevenly distributed on both sides of the diagonal line. The 

participants were required to decide which half contained more red 

dots. The participants received ¥0.2 and ¥0.01 when they indicated 

more red dots on the right and left side, respectively. Finally, the reward 

was calculated according to the number of judgments instead of the 

number of correct judgments. For every 100 trials, 25 instances of hav-

ing more red dots on the left side occurred. The test results indicated 

deception if the number of red dots on the right was greater. There 

were 25 instances of clearly having more red dots on the right side. The 

participants were considered to be honest if the number of red dots on 

the right side was greater. In the other 50 trials, the numbers of red dots 

on the left and right sides were almost equal. If the participants judged 

that the right side contained more red dots, the results were considered 

to indicate a deceptive tendency.

In the formal experiment, a cross was first presented at the center of 

the screen for 300 ms. The 300 ms fixation point was to remind the par-

ticipants to be ready to start the experiment. Next, an empty screen of 

800 to 1200 ms was shown, and then the participants responded to the 

target stimulus with a key press within 500 ms. There were three kinds 

of target stimuli. The last was an empty screen of 1 s. This was a trial 

process. If the participants observed more red dots on the left side, they 

were to press the “F” key; if they observed more red dots on the right 

side, then they were to press the “J” key. After a practice session in the 

experimental environment, the formal experiment of 200 trials begun.
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ELECTROENCEPHALOGRAPHY RECORDING
Online recording was performed using the NeuroScan ERP 

recording and analysis system, which recorded electroencephalogra-

phy (EEG) at a 64-electrode cap extended by the International 10–20 

system. When recording online, the reference electrode was placed at 

the position of the left mastoid. When offline, the bilateral mastoid was 

used as the reference electrode. The external electrode was placed on 

the outside of the eyes to record the horizontal electrooculogram, and 

the upper and lower electrodes were placed on the left eye to record the 

vertical electrooculogram (VEOG). The filter bandpass was 0.05–70 

Hz, the sampling frequency was 500 Hz/conductance, and the scalp 

impedance was <5 KΩ. After continual EEG recording was completed, 

the data were processed offline and NeuroScan was used to correct the 

VEOG and sufficiently discharged other artifacts. Amplitudes greater 

than ±80μV were automatically rejected as artifacts. The time course 

(epoch) analysis was 1 s after the stimulation, and the baseline was 200 

ms before the stimulation.

In the offline analysis, the EEGLab software was used to convert the 

data from the unilateral mastoid recording to the bilateral mastoid, and 

the filtering parameter was 0.1–30 Hz. Independent component analy-

sis was used to eliminate blinks and motion artifacts. Simultaneously, 

we examined the entire EEG data and eliminated high-noise trials such 

as larger EMG, blinking, and ECG artifacts. The rejection of extreme 

values was ±80 μV. The segmentation time was 200 ms before the 

occurrence of the target stimulus and 1 s after the occurrence of the 

stimulus. The baseline correction was performed for the data of −200 

to 0 ms. Based on the existing research (Suchotzki et al., 2015; Yeung 

et al., 2005) and the purpose of this study, 15 electrode positions (F3, 

FC3, C3, CP3, P3, Fz, FCz, Cz, CPz, Pz, F4, FC4, C4, CP4, and P4) 

were selected. Statistical analysis included the average amplitude of N1 

(170–210 ms), P2 (240–280 ms), N2 (280–320 ms), and P300 (380–480 

ms). Accordingly, the average amplitude of the ERP components was 

analyzed through three-factor repeated-measures analysis of variance 

(ANOVA). Each factor was set as 2 (the high self-control ability vs. 

the low self-control ability group) × 3 [hemisphere: left side (F3, FC3, 

C3, CP3, P3), midline (Fz, FCz, Cz, CPz, Pz), right (F4, FC4, C4, CP4, 

P4)] × electrodes location: [frontal area (F3, Fz, F4), frontal–central 

(FC3, FCz, FC4), central (C3, Cz, C4), central–parietal (F3, Fz, F4), 

parietal sites (P3, Pz, P4)]. The degrees of freedom of the F-ratios were 

corrected by using the Greenhouse–Geisser method.

Results

SELF-CONTROL SCALE
The self-control scale revised by Shu-Hua (2008), including im-

pulsive control, healthy habits, resistance to temptation and focus on 

work, comprised 19 items. A 5-point Likert scale was used, ranging 

from 1 = very inconsistent to 5 = very consistent. Fifteen items were 

scored in reverse, and the total score was added after the reverse 

scores were recalculated. The higher the total score, the better a given 

individual’s self-control ability. According to an independent-samples 

t-test, the scores on self-control ability significantly differed between 

the two groups, t(58) = 82, p < .01. Compared with participants with 

low self-control ability, those with high self-control ability had higher 

scores (see Table 1).

BEHAVIORAL RESULTS
The independent-samples t-test revealed that the main effect of 

self-control ability was nonsignificant in determining the number of 

deceptions, t(58) = −1.71, p = .87. Participants with high self-control 

ability (M = 29.05, SD = 6.97) were not significantly different from 

those with low self-control ability (M = 29.47, SD = 7.67). Regarding 

the number of deception tendencies, the main effect of self-control 

was significant, t(58) = 2.81, p = .01, 95% CI = [−5.38, 4.54], d = 0.86. 

Compared with participants with low self-control ability (M = 44.47, 

SD = 7.78), those with high self-control ability (M = 37, SD = 8.18) 

exhibited lower deceptive tendency, as illustrated in Figure 2.

ERP RESULTS
For participants’ deception tendencies, the ERP waveform gener-

ated by C3, CP3, CPZ, and PZ are illustrated in Figure 3. 

N1 (170–210 ms). A repeated-measures ANOVA revealed that the 

main effect of self-control ability was nonsignificant, F(1, 58) = .05, 

p = .83. No significant main effect of hemisphere was observed, F(2, 

116) = 1.47, p = .24.  A significant main effect of electrode location was 

FIGURE 1.

Schematic representation of the visual perception task in Experiment 1. The red frame records the subject's EEG response.
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observed, F(4, 232) = 21.79, p < .001, ηp
2 = .40. Post hoc multiple com-

parisons revealed that parietal sites elicited larger N1 mean amplitudes 

than other regions (all ps < .01). In addition, other interactions were 

nonsignificant (all ps > .11, see Figure 3, left).

P2 (240–280 ms). A repeated-measures ANOVA revealed that the 

main effect of self-control ability was nonsignificant. F(1, 58) = .85, p = 

.37. A significant main effect of electrodes location was observed, F(4, 

232) = 6.96, p < .001, ηp
2 = .17. Post hoc multiple comparisons revealed 

that the frontal region elicited larger N2 mean amplitudes than the fron-

tal–central region (ps = .05) and smaller N2 mean amplitudes than the 

parietal sites (p = .01). Compared with the frontal–central region, larg-

er N2 amplitudes were elicited in the central–parietal and parietal sites 

(ps < .01). The N2 amplitudes in the central and central–parietal region 

were significantly smaller than those in the parietal sites (p < .001).  

A significant main effect of hemisphere was observed, F(2,116) = 11.3, 

p < .001, ηp
2 = .25. Post hoc multiple comparisons revealed that mid-

line laterality elicited lager N2 mean amplitudes than did left laterality  

(p < .01) and smaller N2 mean amplitude than did right laterality (p < 

.01). In addition, other interactions were nonsignificant (all ps > .11, 

see Figure 3, right).

N2 (280–320 ms). A repeated-measures ANOVA revealed that 

the main effect of self-control ability was significant, F(1, 58) = 7.17, 

p = .01, ηp
2 = .17. The group with high self-control ability exhibited 

larger N2 amplitudes compared with the group with low self-control 

ability (see Figure 4). A significant main effect of electrode location 

was observed, F(4, 232) = 3.25, p = .01, ηp
2 = .09. Post hoc multiple 

comparisons revealed that the frontal region elicited larger P2 mean 

amplitude than frontal–central region (all ps = .003). Compared with 

the frontal–central, central, and central–parietal regions, larger P2 

amplitudes were elicited in the parietal sites (all ps < .05). A significant 

main effect of hemisphere was observed, F(2, 116) = 5.34, p = .01, ηp
2  

= .14. Post hoc multiple comparisons revealed that midline laterality 

elicited smaller P2 mean amplitude than left and right laterality (p < 

.01). In addition, other interactions were nonsignificant (all ps > .11).

P3 (380–480 ms). A repeated-measures ANOVA revealed that 

the main effect of self-control ability was significant, F(1, 58) = 4.91, 

p = .03, ηp
2 = .13. Participants with high self-control ability induced 

a smaller amplitude on P3 compared with the group with low self-

control ability. No significant main effect of electrodes location 

was observed: F(4, 232) = 1.32, p = .27. A significant main effect of 

hemisphere was observed, F(2, 116) = 5.28, p = .01, ηp
2 = .14. Post hoc 

multiple comparisons revealed that the right laterality elicited larger 

P3 mean amplitude than left laterality (all ps < .01). In addition, other 

interactions were nonsignificant (all ps > .11, see Figure 5).

CORRELATIONAL ANALYSES BETWEEN BEHAVIOR AND 
ERPS DATA

We found that the two groups not only had significant differences 

in behavioral results, but also significant differences in N2 and P3 am-

plitudes. Next, Pearson correlation was used to explore the relationship 

between behavioral results and ERP results. The correlation analysis 

showed that deception tendencies of the low self-control ability were 

significantly and positives correlated with the P3 (r =.52, p = .03) and 

that deception tendencies of the high self-control ability were not sta-

tistically significant and negatively correlated with the N2 (r = −.41, p  

= .09, see Figure 6).

TABLE 1.  
Scores on the Self-Control Scale

Dimension High self-control 
ability

Low self-control 
ability

Impulsive control 26.93± 2.57 14.25± 4.17
Healthy habit 12.52± 4.52 8.22 ± 2.12
Resistance to temptation 15.24± 3.51 10.84± 2.58
Focus on work 12.06± 4.23 9.66 ± 2.83
Control entertainment 10.23± 2.76 8.46 ± 3.18
Total score 76.98± 2.59 51.43±2.88

FIGURE 2.

Comparison of the resulting deception and deception tendencies. ** p < .01.
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FIGURE 3.

The total average of ERPs induced on C3 and CP3 (left = N1; right = P2).

FIGURE 4.

The ERP total average map, brain topographic map, and N2(280~320ms) amplitude average value of all analysis points of N2 with 
different deception tendency on Cpz electrode points of two groups of participants. **p < .001.

FIGURE 5.

The ERP total average map, brain topographic map, and P3 (380~480ms) amplitude average value of all analysis points of P3 with 
different deception tendency on Pz electrode points of two groups of participants.*p < .05.
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Discussion

The experiment revealed no significant differences in the N1 amplitude 

in the two groups when they exhibited a deceptive tendency. This was 

probably because the participants with different levels of self-control 

ability had just received the information stimulus at that time and had 

not begun to engage in deception.

After the stimulus was presented, the apparent components of P2 

were observed. On the P2 amplitude, the main effect of self-control 

ability was nonsignificant and no difference was observed between the 

two groups. Studies have revealed that P2 components may indicate 

a rapid detection of stimuli features (Thorpe et al., 1996) because the 

two groups of participants received the same stimulus. Accordingly, 

no difference was observed at this time. This result indicated that the 

experimental materials in this study were suitable and that the effects 

on different participants were physically similar.

The experiment also indicated a more apparent N2 component as 

N2 is generally considered a nonspecific component associated with the 

conversion mechanism of attention (Kiehl et al., 2001). The main effect 

of self-control ability on the N2 amplitude was notable. Participants 

with high self-control ability produced a larger N2 than did those with 

low self-control ability. This finding is similar to that reported previ-

ously (Martin & Potts, 2009). Martin and Potts (2009) observed that 

for less impulsive individuals, the low-risk decision-making option was 

the default choice. The participants with high self-control may have 

been better at controlling themselves; accordingly, choosing deception 

to obtain greater rewards required more cognitive processing, thereby 

inducing a greater N2 amplitude (Martin & Potts, 2009). Through cor-

relation analysis, we found that there was no significant correlation 

between deception tendency of high self-control ability and N2. This 

study shows that N2 component does not constitute evidence of decep-

tion tendencies (Tang et al., 2019).

P3 is considered the orientation response of the human brain to 

central control processing in the later stage (Campanella et al., 2004). 

The current study, participants with high self-control ability produced 

a smaller P3 amplitude than did those with low self-control ability. This 

finding was similar to that of previous studies. A prior study observed 

that individuals with high self-control ability tended to choose low-

risk options (Bechara et al., 2003). Other research findings revealed 

that P3 is critically activated from the low-risk selection when less 

impulsive individuals make high-risk choices (Martin & Potts, 2009). 

Furthermore, participants with low self-control were more prone 

to self-deception when facing the temptation of a reward (Fan et al., 

2016). The priority choice for less impulsive individuals was the low-

risk option. The results of the current experiment illustrated that the 

instinctive reaction of individuals with high self-control is to be honest 

when facing a scenario with the option to be deceptive. The scenario in 

this experiment aimed to induce a greater deceptive tendency to obtain 

greater rewards. This was not the priority of individuals with high self-

control, resulting in a smaller P3 when they performed less processing. 

Through correlation analysis, we found that there was a significant cor-

relation between P3 and deception tendencies of the low self-control 

ability. Such research could prove that the P3 component is evidence of 

deception tendencies (Ding et al., 2014).

EXPERIMENT 2: INFLUENCE OF THE  
DEPLETION OF SELF-CONTROL  
RESOURCES ON DECEPTION

Research Methods
PARTICIPANTS

The Ethics Committee of the Institute of Psychology, Hunan 

Normal University granted ethical approval for the experimental 

procedure. By using G*Power (version 3.1; Faul et al., 2009), we 

calculated a sample size of 26 for a small-to-large effect size of |p| = 

.5, a significance level of α = .05, and a power of 0.8 (within-subject 

design, two-tailed). However, we sought to recruit as large a sample 

as we could in order to maximize the statistical power. With the ad-

FIGURE 6.

Left: The correlation between N2 and deception tendencies of the high self-control ability group. Right: The correlation between P3 
and deception tendencies of the low self-control ability group.
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ministration of a self-control scale and the elimination of extreme 

data points (the high and low self-control ability), 70 participants 

(Mage = 19.8 ± 0.25 years) with moderate self-control ability were 

selected and randomly divided into two groups. There were 35 in-

dividuals in the experimental group (17 women and 18 men) and 

35 individuals in the control group (18 women and 17 men). All 

participants were right-handed and healthy without neurological 

diseases, had no history of brain injury, and possessed normal or 

corrected-to-normal vision. They signed their informed consent to 

the experiment and were given appropriate remuneration after the 

experiment.

EXPERIMENTAL DESIGN
The experiment used a single-factor, between-subject design. 

The independent variable was the level of self-control resources 

depletion (depletion vs. non-depletion). The dependent variables 

were the behavioral results (the number of deceptions and decep-

tion tendencies) and the ERP results (N1, P2, N2, and P3 ampli-

tudes).

EXPERIMENTAL MATERIALS AND PROCEDURES
All participants completed experiments in separate small 

rooms. The instructions and experimental procedures were pre-

sented on computers. The participants were randomly assigned 

to two groups. Half of the participants were allocated to the self-

control resources depletion group, and the other half were allo-

cated to the self-control resources nondepletion group. Before the 

start of the formal experiment, the participants in the experimental 

group had to complete a 15-minute Stroop color discrimination 

task (Neshat-Doost et al., 2008). In the Stroop task, the participants 

needed to distinguish the word “red” written in a red-color font, 

the word “blue” written in a red-color font, the word “blue” written 

in a blue-color font, and the word “red” written in a red-colored 

font (see Figure 7, Panel A). The control group only needed to 

complete a simple word recognition task (for a noncolor noun; 

Figure 7, Panel B). Thereafter, the operation test was performed 

to examine the status of self-control resources among different 

participants. The operation test involved a subjective assessment of 

the Stroop task difficulty. A 7-point Likert scale was used, (from 1 

= very easy to 7 = very difficult) and the assessment of the degree of 

effort needed (from 1 = did not have to work hard to 7 = needed to 

apply a significant effort). Afterwards, the participants performed 

the visual perception task (experimental materials and procedures 

were the same as in Experiment 1) which was the formal experi-

ment of deceptive behavior (see Figure 7, Panels A and B).

EEG RECORDING
The EEG recording process was identical to that in Experiment 1.

EEG DATA PROCESSING AND STATISTICS
The ERP data processing and statistics were identical to that in 

Experiment 1. 

FIGURE 7.

Left: The correlation between N2 and deception tendencies of the high self-control ability group. Right: The correlation between P3 
and deception tendencies of the low self-control ability group.
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Results

DESCRIPTIVE RESULTS OF THE STROOP TASK
In the subjective assessment of task difficulty, an independent-

samples t-test revealed that the difference between the two groups was 

significant, t(68) = 1.69, p = .04. Compared with the nondepleted self-

control resources of group, the depleted self-control resources group 

considered the task to be more difficult. In the subjective assessment 

of the degree of effort, the independent-samples t-test revealed that 

the difference between the two groups was significant, t(68) = 1.45, p 

= .03. Compared with the nondepleted self-control resources group, 

the depletion resource of self-control group incurred more efforts to 

perform the task. In summary, significant differences were observed 

between the two groups in the Stroop task.

SELF-CONTROL SCALE
In Experiment 2, the self-control ability scale was used to screen 

the participants with medium self-control ability (Shu-Hua, 2008). The 

results of a one-way ANOVA showed that there were significant differ-

ences in participant scores on the scale, F(2,207) = 12.86, p = .02, ηp
2 = 

.16. Post hoc multiple comparisons revealed that there were significant 

differences between the three groups, ps < .05. Following the aim of the 

current study, only participants with moderate self-control ability were 

selected for the next test (see Table 2).

BEHAVIORAL RESULTS
The independent-samples t-test revealed that the main effect of 

self-control resources on the number of deceptions was not statistically 

significant, t(68) = .95, p > .05. No significant difference was observed 

between the depleted self-control resources group (M = 12.82, SD = 

3.41) and the nondepleted self-control resources group (M = 13.18, 

SD = 2.18). In terms of deception tendencies, the main effect of self-

control resources was not statistically significant, t(68) = .59, p > .05. 

No significant difference was observed between the depleted self-

control resource group (M = 69.94, SD = 14.54) and the nondepleted 

self-control resources group (M = 66.76, SD = 19.68, see Figure 8).

ERP RESULTS
For the participants’ deceptive tendencies, the ERP waveforms gen-

erated by CP3, P3, CPZ, and PZ are illustrated in Figure 9.

N1 (90–130 ms). A repeated-measures ANOVA revealed that the 

main effect of self-control resources was not statistically significant, 

F(1, 68) = .31, p = .59. No significant difference was observed between 

the depleted self-control resources group and the nondepleted self-

control resources group on N1. A significant main effect of electrode 

location was observed, F(4, 272) = 32.80, p < .001, ηp
2 = .50. Post hoc 

multiple comparisons revealed that the parietal sites elicited larger N1 

mean amplitudes than did other regions (all ps < .001). The central–pa-

rietal region elicited larger N1 mean amplitudes than did other frontal, 

frontal–central, and central regions (all ps < .001). The frontal region 

elicited larger N1 mean amplitudes than the frontal–central region 

(all ps < .001). A significant main effect of hemisphere was observed, 

F(2, 136) = 23.43, p < .001, ηp
2 = .42. Post hoc multiple comparisons 

revealed that the midline elicited larger N1 mean amplitudes than left 

and right laterality (all ps < .01). Other interactions were not statisti-

cally significant (all ps > .11, see Figure 9).

P2 (160–240 ms). A repeated-measures ANOVA indicated that 

the main effect of self-control resources was not statistically significant, 

F(1, 68) = .95, p > .05. No significant difference was observed between 

the depleted self-control resources group and the nondepleted self-

control resources group on the P2. A significant main effect of elec-

trode location was observed, F(4, 272) = 19.41, p < .001, ηp
2 = .37. Post 

hoc multiple comparisons revealed that parietal sites elicited larger 

N2 mean amplitudes than other regions (all ps < .001). The central–

parietal region elicited larger N2 mean amplitudes than the frontal, 

frontal–central, and central regions (all ps < .001). The central region 

elicited larger N2 mean amplitudes than the frontal and frontal–central 

regions (all ps < .01). A significant main effect of hemisphere was ob-

served, F(2, 136) = 15.40, p < .001, ηp
2 = .32. Post hoc multiple compari-

sons revealed that the right laterality elicited lager N2 mean amplitudes 

than left and the midline laterality (all ps < .01). Other interactions 

were not statistically significant (all ps > .11, See Figure 9).

N2 (260–340 ms). A repeated-measures ANOVA revealed that the 

main effect of self-control resources was marginally significant, F(1, 

68) = 3.78, p = .06. The depleted self-control resources group exhibited 

a smaller N2 amplitude compared with the nondepleted  self-control 

resource group (see Figure 10). A significant main effect of electrode 

TABLE 2.  
Scores on the Self-Control Scale

Dimension
Self-control ability levels

High Moderate Low
Impulsive control 32. 67± 1.29 24. 37± 2.34 8.71± 2.33
Healthy habit 45.12± 3.17 27.68± 1.52 7.43± 1.45
Resistance to 
temptation 31.59± 2.43 19.35± 2.38 8.21± 2.38

Focus on work 34.76± 3.73 22.46± 2.46 9.25± 2.47
Control 
entertainment 47.38± 1.69 21.73± 1.37 6.38± 1.92

Total score 191.52± 2.53 115.59± 2.63 39.98±2.88

FIGURE 8.

Deception and deception tendencies in each group.
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FIGURE 9.

The total average of ERPs generated on Cp3 and Pz.

FIGURE 10.

The ERP total average map, brain topographic map, and N2 (260~340ms) amplitude average value of all analysis points of N2 with 
different deception tendencies on P3 electrode points of two groups of participants. * p <.05.

FIGURE 11.

The ERP total average map, brain topographic map, and P3 (400~460ms) amplitude average value of all analysis points of P3 with 
different deception tendencies on Cpz electrode points of two groups of participants.
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location was observed, F(4, 272) = 18.78, p < .001, ηp
2 = .36. Post hoc 

multiple comparisons revealed that the frontal region elicited larger P2 

mean amplitudes than other regions (all ps < .001). Compared with 

the central, central–parietal, and parietal regions, larger P2 amplitudes 

were elicited in the frontal–central region (all ps < .001). Compared 

with the central region, smaller P2 amplitudes were elicited in the cen-

tral–parietal and parietal regions (all ps < .001). Compared with the pa-

rietal region, larger P2 amplitudes were elicited in the central–parietal 

and parietal regions (p = .014). A significant main effect of hemisphere 

was observed, F(2, 136) = 1.58, p = .23, ηp
2 = .05. In addition, other 

interactions were nonsignificant (all ps > .11).

P3 (400–460 ms). A repeated-measures ANOVA revealed that 

the main effect of self-control resources was marginally significant, 

F(1,68) = 7.78, p =.01, ηp
2 = .19. Compared with the nondepleted 

self-control resources group, the depleted self-control resources group 

exhibited a larger P3 amplitude (see Figure 11). A significant main ef-

fect of electrode location was observed, F(4, 272) = 14.41, p < .001, 

ηp
2 = .30. Post hoc multiple comparisons revealed that the parietal 

region elicited larger P3 mean amplitudes than the frontal region (all 

ps < .001). Compared with the central–parietal region, smaller P3 

amplitudes were elicited in the frontal and frontal–central regions (all 

ps < .001). Compared with the central region, smaller P3 amplitudes 

were elicited in the frontal and frontal–central regions (all ps < .001). 

Compared with the frontal region, larger P3 amplitudes were elicited 

in the frontal–central region (p < .001). A significant main effect of 

hemisphere was observed, F(2, 136) = 19.38, p < .001, ηp
2 = .37. Post 

hoc multiple comparisons revealed that the midline laterality elicited 

smaller P3 mean amplitudes than the left and the right laterality (p < 

.001). Other interactions were nonsignificant (all ps > .11).

CORRELATIONAL ANALYSES BETWEEN BEHAVIORAL 
AND ERP DATA

We found that the two groups only had significant differences in 

the N2 and the P3 amplitude. Next, we used Pearson correlation to ex-

plore the relationship between behavioral results and ERP results. The 

results showed that deception tendencies of the depleted self-control 

resources group were not correlated with the N2 to a statistically sig-

nificant degree (r =.30, p = .23). However, deception tendencies of the 

depleted self-control resources group were significantly and positively 

correlated with the P3 (r =.69, p = .01, see Figure 12).

Discussion
A more apparent N2 component was also observed in this experiment. 

The main effect of self-control resources on the N2 amplitude was sig-

nificant. Participants in the experimental group produced a larger N2 

compared with participants in the control group. This finding in line 

with those reported previously (Barnes et al., 2011; Christian & Ellis, 

2011; Gino et al., 2011). Individuals in the experimental group were 

more likely to exhibit selfish and egoistic impulses (Christian & Ellis, 

2011; Gino et al., 2011). The P3 is typically associated with elaborative 

processing in the brain at later stages. In this study, like in previous 

studies, the participants in the experimental group exhibited a larger 

P3 than did those in the control group. When an individual was in the 

state of ego depletion, they were more likely to produce an impulse 

that was not socially acceptable (Denson et al., 2011). Through cor-

relation analysis, we found that the deception tendencies of the self-

control resources depletion group were significantly correlated with 

the P3. Although Experiment 2 did not find a significant difference in 

behavioral results in the self-control depletion group, the correlation 

results show that the P3 can be induced significantly when people have 

deception tendencies after self-control resources depletion. This result 

shows that although people did not show obvious deception tendencies 

on the surface, the intrinsic neural mechanism could prove that the P3 

component related to deception was activated (Ding et al., 2013).

Individuals exhibited more deceptive behaviors (Kouchaki & 

Smith, 2014) or antisocial behaviors, such as quarrels (Righetti & 

Finkenauer, 2011), after they depleted a certain level of self-control 

resources. Self-control requires cognitive resources, which are limited. 

When more cognitive resources are used in an activity, these resources 

for self-control may be reduced. In this experiment, the participants in 

the experimental group who performed many highly difficult Stroop 

tasks and experienced self-control depletion failed to control them-

selves under the temptation of money. Accordingly, their deceptive 

processing increased, resulting in greater N2 and P3.

GENERAL DISCUSSION

Intrinsic or Extrinsic Effect of Self-
Control on Deceptive Behavior

Individuals with high self-control are more successful in suppressing 

selfish motives and engaging in prosocial behaviors. Individuals learn 

self-control in their daily interpersonal interactions. If individuals per-

ceive that someone has a stronger self-control ability, they generally be-

lieve they can obtain greater benefits through cooperation with them. 

In fact, some researchers have observed a strong positive correlation 

between an individual’s self-control ability and others’ trust (Righetti 

& Finkenauer, 2011). Individuals with high self-control perform better 

academically (Duckworth & Kern, 2011), exhibit less impulsive be-

havior (Peluso et al., 1999), and exhibit more active health-conscious 

behaviors (Kuijer et al., 2008). Nonimpulsive individuals are charac-

terized by a higher P3 amplitude after making high-risk choices; the 

prior preference of nonimpulsive individuals was a low-risk option. 

Thus, self-control may play a key role in inhibiting impulsive behavior, 

meeting external needs, and satisfying long-term interests (Hofmann 

et al., 2009; Righetti & Finkenauer, 2011). The results of Experiment 

1 indicated that individuals with strong self-control ability can better 

suppress selfish motives, consider long-term interests, and are less 

likely to deceive on the basis of their own interests.

Experiment 1 examined the influence of self-control on deceptive 

behavior, revealing that self-control ability was intrinsic, relatively 

stable, and generally unchangeable. Experiment 2 examined the influ-

ence of self-control resources on deceptive behavior, indicating that 

self-control resources were extrinsic, unstable, and susceptible to en-
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vironmental influences. Muraven et al. (1998) reported that emotional 

regulation, thought suppression, resistance to temptation, and distrac-

tion control can cause individuals to remain in a state of self-control 

depletion. These studies support the notion that the influence of 

self-control resources is extrinsic and easily disturbed. In Experiment 

2, we selected only the participants with moderate self-control ability 

to exclude the influence of different levels of self-control on deceptive 

behavior. The experimental results indicated that participants in the 

depletion group exhibited more deceptive behaviors and deceptive 

tendencies compared with the participants with moderate self-control 

ability in the control group. The level of self-control in individuals with 

moderate self-control ability was relatively high; however, their decep-

tive behavior remained under the influence of self-control resources. 

Accordingly, the effect of self-control on deception may be primarily 

extrinsic. The occurrence of deception may have been primarily re-

strained by self-control resources. This could also explain the reason 

that individuals with strong self-control ability still exhibited deceptive 

behaviors. Three levels of self-control ability, such as high, medium, 

and low, should be considered in future research in order to examine 

the effects of different levels of self-control on deceptive behaviors un-

der the condition of self-control resource depletion and nondepletion. 

This can aid in further determining whether the effect of self-control 

on deceptive behavior is intrinsic or extrinsic.

Individuals who engage in autonomous work feel that they cannot 

be restricted by rules while simultaneously showing high creativity, 

followed by an increase in immoral as well as selfish behavior (Lu, 

Brockner, et al., 2017; Lu, Zhang, et al., 2017). Accordingly, self-control 

helps inhibit impulsive behavior and meet external requirements and 

long-term interests (Hofmann et al., 2009; Righetti & Finkenauer, 

2011).

Psychological Mechanism of the 
Effect of Self-Control Resources on 
Deceptive Behavior
There are two views concerning the influence of self-control resources 

on deceptive behavior. First, the view of energy exhaustion holds 

that self-control resources are significantly consumed in daily tasks, 

thereby reducing the self-control resources that an individual can 

use. Decline in self-control resources to a certain degree results in the 

state of ego depletion. Accordingly, the individual does not possess 

enough self-control resources to support the effective completion of 

the second self-control task. Second, researchers holding the view of 

energy preservation believe that typical daily tasks or self-control tasks 

lead to exhaustion of an individual’s self-control resources, stimulat-

ing the individual’s awareness of the need to preserve the remaining 

self-control resources until they are required. In recent years, most psy-

chology studies seem to be inclined to support the concept of energy 

preservation rather than energy exhaustion (Muraven et al., 2006). For 

instance, Muraven et al. (2006) asked their participants to perform two 

self-control tasks; however, before they performed the second task, 

the experimental group was told that there was a third, more impor-

tant self-control task awaiting. The participants in the experimental 

group gave up more quickly than did those in the control group while 

performing the second self-control task, indicating that the control 

group was saving certain self-control resources for a subsequent more 

important task (Muraven et al., 2006; Muraven et al., 1998). Similar 

results were obtained by Tyler and Burns (2009). In Experiment 2, 

we examined the impact of self-control resources on deceptive be-

havior. Participants in the depleted self-control resources group had 

to complete a 15-minute Stroop color discrimination task followed by 

the operation test and, finally, the visual perception task. The control 

group participants only needed to complete a simple word recognition 

task (noncolor noun), followed by the operation test and finally the red 

dot task. The subjective assessment results revealed that compared with 

the participants in the control group, those in the group with depleted 

self-control resources perceived the task as more difficult; however, the 

two groups did not significantly differ in their evaluation of the level 

of effort. These results indicate that the participants in the self-control 

resources depletion group potentially exhibited more deceptive behav-

iors or tendencies. However, in the previous task with self-control re-

sources consumption (the Stroop task), the resources was not depleted. 

The reserves of self-control resources remained available to cope with 

emergency incidents. Accordingly, our experiments support the con-

cept of energy preservation. Individuals fail to control themselves to 

avoid depleting self-control resources and exhibit increased deceptive 

behaviors and tendencies.
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