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Event-related potentials (ERPs) were used to explore the influence of ego depletion on spontaneous 
deception under time pressure. The Stroop Color–Word test was used to manipulate the participants’ 
ego depletion in the experiment. A visual perception task was employed to assess the participants’ 
deceptive tendency. The results indicated that the ego-depleted group was more prone to engaging 
deception and induced a larger P3 amplitude than did the nondepleted group. The no-time pressure 
group was more likely to deceive and induced a larger P3 amplitude than did the high-time pressure 
group. These results suggest that individuals with sufficient resources for self-control are more likely 
to resist temptation and less likely to engage in self-serving deception. Higher time pressure made 
subjects more likely to cheat. Deception is automatic and spontaneous under certain conditions. Ego 
depletion and high time pressure promote the occurrence of deception.
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INTRODUCTION

People who are extremely exhausted, pressed, or busy are more likely 

to succumb to various temptations, even lying, than those who are 

energized and focused. Resisting unethical temptations requires self-

control (Gino et al., 2011; Tabatabaeian et al., 2015). Determining the 

automatic behavior of ego-depleted people when they have the oppor-

tunity to use unethical means to obtain greater benefits is challenging. 

Two competing theories have been proposed: the “will” and the 

“grace” hypotheses (Greene & Paxton, 2009). The will hypothesis pos-

its that selfish and dishonest behaviors are usually instinctive, whereas 

the grace hypothesis proposes that honest behaviors are instinctive. 

Studies have yet to determine whether deception induced by ego 

depletion is spontaneous. This study indirectly evidences that decep-

tion induced by ego depletion may be spontaneous under high time 

pressure. No empirical study has been conducted on the influence of 

ego depletion on spontaneous deception under time pressure. Our 

study is based on the dual-process models in the field of moral conflict 

decision-making (Kahneman, 2011). These models include an intui-

tive System 1 that is fast and inflexible and a deliberate System 2 that 

is slow and flexible. We suggest that the deception induced by ego 

depletion may be spontaneous, and it is influenced by System 1, which 

enriches the exploration of instinct and moral decision-making.

Spontaneous deception refers to dishonest behavior that is auto-

matic. According to social and cognitive psychology, spontaneous 

behavior is fast, parallel, and not easily disturbed. It is also charac-

terized by automation (Evans, 2017; Shi & Liu, 2019). Scholars hold 

diverse views on the reasons why self-control resource depletion in-

creases deception. A meta-analysis suggested that egoism leads to an 

increase in lying behavior in people (Köbis et al., 2019). When people 

have an opportunity to deceive, rewards play a crucial role. The higher 

the reward, the easier it is for people to decide to engage in decep-

tion (Allingham & Sandmo, 1972). When individuals are in a state 

of ego depletion, their self-control drops sharply, and they are more 

likely to exhibit selfish impulses. That is, such impulses increase the 

tendency of spontaneous decision-making (Anderman et al., 2009). 
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Ego depletion negatively affects execution resources, hampering the 

individual’s ability to judge whether deception is moral or not (Gino et 

al., 2011). Therefore, the immoral behavior of ego-depleted individu-

als can be regarded as spontaneous. However, studies have revealed 

that deception is a complex cognitive process (Vrij et al., 2008; Vrij 

et al., 2011). Deception requires a considerable amount of time and 

energy (Suchotzki et al., 2017; Verschuere et al., 2018). When de-

ception occurs, people must invest effort into clarifying the truth in 

their minds, and more cognitive skills are required in this complex 

cognitive process (Vrij et al., 2006). Therefore, immoral behaviors 

cannot be regarded as an automatic process in ego-depleted indi-

viduals. Studying the conditions of spontaneous deception is essential. 

In daily life, when people are confronted with the conflict between 

violating moral standards to meet their own interests and adhering to 

these moral standards, how they make decisions is a critical question. 

Research has revealed that cognitive control prompts cheaters to make 

honest decisions, and it enables honest people to exhibit deceptive ten-

dencies (Speer et al., 2020). One possible reason for this phenomenon 

is that personal self-control ability can regulate people’s behavior. 

Moreover, time pressure (Shalvi et al., 2012), sleep deprivation, and 

taxed self-regulation resources (Wagner et al., 2012) reduce people’s 

self-control ability, leading to an increase in immoral behavior in the 

presence of temptation. Therefore, exploring the conditions and brain 

mechanisms underlying spontaneous deception can enrich the dual 

processing model of self-serving deception. 

Numerous studies have investigated the influence of self-control 

resources on deception, but an in-depth study on spontaneous de-

ception is lacking. When people perform self-control tasks, they 

consume certain cognitive resources. In that moment, these resources 

are in a state of temporary exhaustion, which hampers an individual’s 

performance in subsequent, even unrelated, self-control tasks. These 

resources are called self-control resources (Baumeister et al., 2007). 

The heavy consumption of self-control resources may result in their 

temporary depletion, which is referred to as ego depletion (Tice et al., 

2007). In the process of self-control resource depletion, the automatic 

and instinctive cognitive process remains basically intact, but the re-

striction of conscious and complex thinking tends to result in cogni-

tive errors (Pocheptsova et al., 2009). In one study, ego-depleted indi-

viduals exhibited poorer performance in logical reasoning tasks than 

those in a control group. However, no difference was noted in simple 

and automatic cognitive tasks, such as mechanical recitation and recall 

of general knowledge (Schmeichel et al., 2003). Whether ego deple-

tion would trigger people’s spontaneous deception reaction merits 

investigation. One study reported that individuals are more likely to 

use cognitive heuristic strategies in case of resource depletion (Pohl 

et al., 2013). Social heuristic strategies are a type of decision-making 

strategy that can save time and effort. Ego-depleted individuals tend 

to gradually shift to a social heuristic thinking mode when they con-

sider ideal decisions (Masicampo & Baumeister, 2008; Pocheptsova et 

al., 2009). Ego depletion causes individuals to pay greater attention 

to material rewards and increases their motivation for impulsive be-

havior. (Anderman et al., 2009). Therefore, ego-depleted individuals 

are unwilling to control themselves rather than unable to do so (Wu 

et al., 2019). This finding suggests that ego depletion causes an indi-

vidual’s motivation to shift from self-control to self-interest (Inzlicht & 

Schmeichel, 2012). Some scholars have restricted participants’ delib-

erate thinking through cognitive load (Welsh & Ordonez, 2014), time 

pressure (Shalvi et al., 2012), mental or physical depletion (Kouchaki 

& Smith, 2014), and priming of intuition concepts (Zhong, 2011) to 

increase self-serving dishonesty. These studies have revealed that de-

ception is spontaneous under certain situations.

To examine whether deception is an automatic behavior under 

time pressure, researchers have employed various experimental opera-

tions but have obtained inconsistent results. Time pressure increases 

the likelihood of an individual’s deceptive behavior. Under time pres-

sure, regardless of whether the individual can justify their deceptive 

behavior, more deceptive behaviors occur (Shalvi et al., 2012). In 

situations involving temptation, the individual’s instinctive response 

is self-interest, and even deception. Under time pressure, individu-

als instinctively employ deception to obtain rewards. A related study 

(Capraro, 2017) revealed contrasting finding that individuals are more 

honest under time pressure. On the basis of the social heuristic hy-

pothesis, that study proposed that when individuals have no time to 

evaluate all the available options, they tend to rely on heuristic strate-

gies to make the most appropriate choices in daily life. Honesty is the 

optimal approach in daily life, whereas deception is the most desirable 

option in the short term. Therefore, people are likely to be more honest 

under time pressure (Capraro, 2017). In these two studies, individuals 

provided spontaneous responses with diverse motivations. Therefore, 

exploring further which spontaneous response people select in differ-

ent situations may yield insightful findings. 

In this study, we indirectly explored the role of spontaneous think-

ing induced by time pressure and cognitive load in terms of moral 

judgment and behavior. Our results indicate that in the case of time 

pressure or cognitive load, participants tend to exhibit unethical be-

havior when making decisions. In cognitive and social psychology, 

when people make decisions under time pressure or cognitive load, 

they tend to favor spontaneity over deliberation (Tinghög et al., 2016). 

However, whether ego-depleted individuals still employ the instinc-

tive approach to deceive in their effort to obtain more benefits remains 

to be seen. To address the aforementioned concerns, exploring the 

influence of time pressure and self-control resources on deception is 

imperative. Studies have investigated the effects of high time pressure 

and ego depletion on cooperative behavior. Their results revealed that 

time pressure can reduce cooperative behavior, and ego depletion can 

reduce cooperative behavior under certain conditions (Capraro & 

Cococcioni, 2016). The effect of time pressure on automatic response 

is greater than that on reflective response, and time pressure can pro-

mote impulsive thinking (Rand et al., 2014). Ego depletion involves 

cognitive manipulation according to the self-regulatory strength 

model, which posits that all acts of self-control draw on a common 

resource. Ego-depleted individuals tend to act impulsively in subse-

quent tasks (Gino et al., 2011). When people are in situations of ego 
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depletion or time pressure, they act on their instinctive, self-interested 

impulses.

Deception requires the participation of executive control. Imaging 

studies have revealed that deception involves the prefrontal cortex 

and its surrounding areas. When individuals deceive, the brain areas 

that are responsible for executive control are activated (Christ et al., 

2008). Three executive functions increase cognitive cost in the process 

of deception: working memory, inhibition control, and task switching 

(Miyake et al., 2000). Working memory is involved when the truth 

is withheld, inhibition control is involved when the real response is 

suppressed, and task switching is involved when switching from an 

honest to deceptive response (Christ et al., 2008; Spence et al., 2001). 

The N2 and the P3 are electrophysiological markers of executive 

control, and they are regarded as markers of response inhibition or 

response conflict (Groom & Cragg, 2015). Deception-related electro-

encephalography (EEG) studies have also indicated that both required 

deception and voluntary deception induced a larger N2 amplitude 

and a smaller P3 amplitude. Compared with an honest response, a 

deceptive response induced a larger N2 amplitude in the prefrontal 

area, and the increase in N2 amplitude reflected the improvement of 

the conflict monitoring level (Hu et al., 2015). Deception is generally 

regarded as a type of immoral behavior that violates social norms. 

Individuals experience conflict between cognition and morality when 

they deceive, which induces greater N2 amplitude (Ofen et al., 2016). 

Deception requires more executive control than does honesty. A study 

employing event-related potentials (ERPs) suggested that a reduced 

P3 amplitude reflects the involvement of executive control. When 

executive control demand increases, P3 amplitude decreases (Debey 

et al., 2012). When experimental tasks increase the need for executive 

control, P3 amplitude decreases. These tasks include perceptual load, 

dual tasks, fuzzy classification, and stimulus–response incompatibility 

(Christ et al., 2008; Cui et al., 2017; Hu et al., 2015; Wu et al., 2009). 

Moreover, ego depletion seriously impedes executive control (Debey 

et al., 2012). Therefore, we propose that P3 amplitude increases when 

individuals are in a state of ego depletion. In sum, deception is related 

to executive control. Self-control requires executive control, and ego 

depletion can weaken executive control. Thus, ego depletion is likely 

to result in more deceptive behaviors and induce an increase in P3 

amplitude. 

Some scholars have reported that individuals deceive more under 

time pressure (Shalvi et al., 2012). People tend to pursue rewards 

(Custers & Aarts, 2010). In situations involving temptation, people 

automatically tend to be selfish, or even deceive (Shalvi et al., 2012). 

Studies have revealed that the P3 is a fast encoding of motivation 

(Carlson et al., 2015; Hajcak et al., 2010; Kleih et al., 2010; Lubman 

et al., 2008). The P3 is also a motivational signal of the midbrain 

limbic reward system (Cox et al., 2015; Flores et al., 2015). When 

an individual perceives the opportunity to obtain a reward, P3 am-

plitude increases (Pfabigan et al., 2014). Therefore, the P3 reflects the 

individual’s instinctive motivation to pursue reward. Under time pres-

sure, individuals automatically choose to deceive in order to obtain a 

greater monetary reward. We propose that time pressure also leads to 

larger P3 amplitude.

The purpose of this study was to explore the effects of time pressure 

and self-control resources on spontaneous deception. We used ERPs 

to examine whether deception induced by ego depletion is spontane-

ous or deliberate as well as its neural basis. Our research hypotheses 

were as follows: (a) individuals under high time pressure will be more 

likely to engage in deceptive behaviors and exhibit stronger deceptive 

tendencies than individuals not under time pressure; (b) compared 

with non-ego depleted individuals, ego-depleted individuals will ex-

hibit a stronger deceptive tendency when a time pressure element is 

added. We used the Stroop task to manipulate the participants’ self-

control resources. The visual perception task is the most widely used 

experimental paradigm in studies of deception behavior (Kouchaki 

& Smith, 2014) because it can be used not only to determine decep-

tive tendency but also to identify deception. Kouchaki and Smith 

(2014) interpreted self-interest bias in this task as a condition where 

the participants indicate more dots on the right side in an ambiguous 

condition. By contrast, we interpret this as deceptive tendency. Before 

completing the visual perception task, the participants in the no-time 

pressure group were instructed to ensure accuracy, whereas those in 

the high-time pressure group were instructed to be fast and accurate.

METHODS

Participants
We randomly divided 80 participants into four groups, with 20 partic-

ipants in each group. The EEG data of all participants were collected. 

Because of the heavy EEG artifacts of some participants, the data of 

69 participants were finally analyzed. Participants were randomly as-

signed to four conditions: ego depletion with high time pressure (n = 

18), ego depletion without time pressure (n = 18), non-ego depletion 

with high time pressure (n = 16) and non-ego depletion without time 

pressure (n = 17). The participants were all right-handed and healthy, 

and they had no neurological diseases, no history of brain injury, nor-

mal vision or corrected visual acuity, and no color blindness. Before 

the experiment, the participants provided written informed consent, 

and they received a small reward after the experiment. The study was 

approved by the Ethics Committee of Hunan Normal University.

Design
We used a 2 (time pressure: high time pressure vs. no time pressure) 

× 2 (self-control resources: depletion vs. nondepletion) between-

subjects design in the experiment. The dependent variables were the 

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

tive tendency) and the ERP results (N2 and P3 amplitudes).

Procedure
All the participants completed the experiment in a separate small 

room. The participants wore EEG caps to complete the Stroop task 

and visual perception task. The EEG data of the participants were 

collected during the visual perception task but not during the Stroop 
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task. The instructions and experimental programs were presented on 

a computer. First, participants in the depletion group completed a 15 

min color discrimination Stroop task (Neshat-Doost et al., 2008). In 

the Stroop task, the participants were instructed to identify the font 

color of the word, but not the word being spelled out. The participants 

were required to identify the red “red,” the red “blue,” the blue “blue,” 

and the blue “red.” The presentation time of the stimulation was 500 

ms, including 25 trials for each of the four conditions, yielding 100 

trials. The participants in the nondepletion group were only required 

to complete a simple task of font color discrimination in the same time 

(see Figure 1). In this task, the presentation time of the stimulus was 

500 ms, and 100 trials were conducted. Subsequently, the operation 

test was performed to assess the self-control resources of different 

groups. A 7-point scale, ranging from 1 (very easy) to 7 (very difficult), 

was used to evaluate task difficulty. The degree of effort required for 

the task was also evaluated from 1 (no effort required) to 7 (great effort 

required). After the assessment, the participants performed a visual 

perception task.

The visual perception task was used to examine the participants’ 

deceptive behavior (Kouchaki & Smith, 2014). In this task, 200 

squares with red dots were presented to the participants. The square 

was divided into left and right halves by a diagonal line, and 40 red 

dots were randomly and unevenly distributed on both sides of the 

line. In total, 80 trials had significantly more red dots on the left, 20 

trials had significantly more red dots on the right, and 100 trials had a 

nearly equal number of red dots on both sides. In the experiment, the 

participants were instructed to determine which side of each square 

had more red dots; the participants were informed that they would 

receive ¥0.5 for each time they judged that more red dots were located 

on the right. When they judged that more red dots were located on the 

left, they received ¥0.1. The researcher ensured that the participants 

understood the reward rules. Finally, the reward was calculated ac-

cording to the number of judgments instead of the number of cor-

rect judgments. In the case of obvious distribution, when there were 

more red dots on the left side of the line, the participants judging that 

there were more red dots on the right was considered as deception. 

In the case of unclear point distribution, 20 red dots were randomly 

distributed on both the left and right sides, making it impossible for 

the participants to accurately determine which side had more red dots 

within 500 ms. If the participants determined that the right side had 

more red dots, deceptive tendency was coded.

In the experimental procedure, a cross was presented in the center 

of the screen for 300 ms. Subsequently, a random black screen was 

presented for 800–1200 ms. Then, a target stimulus was presented for 

300 ms. Finally, a black screen was displayed for 1000 ms (see Figure 

2). This experiment involved three conditions: more red dots on the 

left, more red dots on the right, and an approximately equal number 

of red dots on the left and right sides. Participants in the high-time-

pressure group were instructed to press the selection button quickly 

and accurately when the target stimulus was presented, whereas 

participants in the no-time pressure group were instructed to simply 

answer accurately. Participants pressed “1” if they thought more red 

dots were located on the left, and they pressed “2” if they thought 

more red dots were located on the right. After the practice phase, the 

participants completed 200 trials of the formal experiment. The 200 

trials were completed twice. Finally, all participants completed the 

time stress measurement questionnaire (α = 0.85). A 7-point Likert 

scale was used, ranging from 1 (complete disagreement) to 7 (complete 

agreement; Inman & McAlister, 1994).

EEG Records
The Neuro ERP system was used for analysis. The EEG was recorded 

using a 64-conductive cap expanded by the international 10–20 

system. The left mastoid line was used as the reference electrode for 

online recording, and the same line was converted to bilateral mas-

toid as the reference electrode after offline recording. The horizontal 

ophthalmic was recorded by placing electrodes on the lateral side of 

both eyes offline, and the vertical ophthalmic (VEOG) was recorded 

by placing electrodes above and below the left eye. The filter band pass 

was 0.05–70 Hz, the sampling frequency was 1000 Hz/conduction, 

and the scalp impedance was < 5 KΩ.

ERP Data Processing
After continuous EEG recording was conducted, the data were pro-

cessed offline. NeuroScan was used to correct the VEOG and suf-

ficiently discharged other artifacts. The EEG data after stimulation 

presentation were analyzed and superimposed with baseline EEG. 

An amplitude greater than ±100μV was regarded as an artifact and 

automatically eliminated. The data regarding deceptive tendency and 

deception frequency of the participants in the visual perception task 

were analyzed, and the deception frequency and deceptive tendency 

were analyzed as a new dimension of deception. The analysis time pe-

riod was from 200 ms before stimulus presentation (baseline) to 1000 

ms after stimulus presentation. On the basis of the butterfly diagram 

FIGURE 1.

Stroop task.

FIGURE 2.

A trial in a visual perception task.
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analyzed offline and related research results, the average amplitudes 

of N2 (250–400 ms) and P3 (600–800 ms) were statistically analyzed 

(Carlson et al., 2015; Cui et al., 2017). The six N2 electrodes selected 

in the frontal area were F4, FZ, F3, FC3, FCz, and FC4. The six elec-

trodes selected in the top area of P3 were CP3, CPz, CP4, P3, Pz, and 

P4. Accordingly, the average amplitude of the ERP components was 

analyzed using three-factor repeated-measures analysis of variance 

(ANOVA). Each factor was set as 2 (self-control resources: depletion 

vs. nondepletion) × 2 (time pressure: high time pressure vs. no time 

pressure) × 6 [electrode location: frontal area (F4, Fz, F3, FC3, FCz, 

and FC4), top area (CP3, CPz, CP4, P3, Pz, and P4)]. The degrees of 

freedom of the F ratios were corrected using the Greenhouse–Geisser 

method.

RESULTS

Manipulation Check

In the Stroop task operation test, the accuracy rate of the depletion 

group (M = 91.17, SD = 21.22) and nondepletion group (M = 92.18, 

SD = 15.71) reached 90%, indicating that participants had the ability 

to complete these two tasks. The results of an independent-samples 

t test revealed that the depletion group had a significantly longer re-

sponse time than the nondepletion group, t(67) = −9.23, p < .001.

As for the subjective evaluation of task difficulty, compared with 

the participants in the nondepletion group, those in the depletion 

group rated the task as significantly more difficult, t(67) = 3.78, p < 

.05. Regarding the subjective evaluation of effort, the independent-

samples t test indicated no significant difference between the two 

groups, t(67) = 1.21, p > .05.

In terms of time pressure evaluation, the participants in the time-

pressure group (M = 5.21, SD = 0.81) experienced significantly more 

time stress than those in the no-time pressure group, M = 2.91, SD = 

0.82; t(67) = −7.37, p < .01.

Behavior Results

DECEPTION AND DECEPTIVE TENDENCY
A two-factor ANOVA for deceptive behavior indicated that the 

main effect of time pressure was significant, F(1, 65) = 10.65, p < 

.01, η2
p = 0.16, and the high-time pressure group (M = 10.46, SD = 

11.03) exhibited more instances of deception than did the no-time 

pressure group (M = 2.23, SD = 7.33). The main effect of self-control 

resources was nonsignificant, F(1, 65) = 0.06, p = .8, and we observed 

no significant difference between the depletion group (M = 7.43, SD = 

12.17) and nondepletion group (M = 6.21, SD = 8.26). The interaction 

between time pressure and self-control resources was nonsignificant, 

F(1, 65) = 2.58, p = .11. Under high time pressure, the depletion group 

(M = 12.71, SD = 14.09) exhibited more instances of deception than 

did the nondepletion group (M = 8.06, SD = 6.01). By contrast, the 

depletion group (M = 0.54, SD = 1.45) had fewer deceptions than did 

the nondepletion group (M = 3.92, SD = 10.19) in the absence of time 

pressure. Regarding the instances of deceptive tendency, the main ef-

fect of time pressure was significant. The no-time pressure group (M 

= 81.77, SD = 16.26) exhibited more deceptive tendency than did the 

high-time pressure group (M = 66.36, SD = 17.76), F(1, 65) = 12.06, 

p < .001, η2
p = 0.18. The main effect of self-control resources was 

nonsignificant. We observed no significant differences between the 

depletion group (M = 73.6, SD = 17.22) and nondepletion group (M 

= 72.69, SD = 20.31), F(1, 65) = 0.01, p = .95. The interaction between 

time pressure and self-control resources was nonsignificant, F(1, 65) 

= 2.51, p = .12. Under high time pressure, the depletion group (M = 

69.94, SD = 14.54) exhibited more instances of deception than did the 

nondepletion group (M = 62.56, SD = 20.43). By contrast, the deple-

tion group (M = 78.38, SD = 19.77) exhibited fewer deceptions than 

did the nondepletion group (M = 85.15, SD = 11.63) in the absence of 

time pressure (see Figure 3).

REACTION TIME OF DECEPTION AND DECEPTIVE 
TENDENCY

A two-factor ANOVA revealed that the main effect of time pres-

sure was significant for the response time of deception, F(1, 65) = 

62.81, p < .001, η2
p = 0.53, and the reaction time of the high-time-

pressure group (M = 340.53, SD = 42.44) was longer than that of the 

no-time-pressure group (M = 75.35, SD = 183.05). The main effect of 

self-control resources was nonsignificant, F(1,65) = 0.08, p = .78, and 

we observed no significant difference in response time between the 

depletion group (M = 230.29, SD = 189.02) and nondepletion group 

(M = 216.83, SD = 177.2). The interaction between time pressure and 

self-control resources was nonsignificant, F(1, 65) = 0.001, p = .94. As 

for the reaction time of deceptive tendency, the main effect of time 

pressure was significant, F(1, 65) = 73.48, p < .001, η2
p = 0.57, and the 

reaction time of the no-time pressure group (M = 924.25, SD = 346.47) 

was longer than that of the high-time pressure group (M = 397.67, SD 

= 32.66). The main effect of self-control resources was nonsignificant, 

F(1, 65) = 0.2, p = .66, and we observed no significant difference in 

response time between the depletion group (M = 637.81, SD = 359.86) 

and nondepletion group (M = 621.35, SD = 343.73). The interaction 

between time pressure and self-control resources was nonsignificant, 

F(1, 65) = 0.16, p = .69 (see Figure 4).

FIGURE 3.

Deception and deception tendency in each group.
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RESULTS OF THE NEW DIMENSION OF DECEPTION
The frequencies of deception and deceptive tendency were trans-

formed into ratios, forming a new dimension of deception. We per-

formed a three-factor repeated-measures ANOVA of 2 (self-control 

resources: depletion vs. nondepletion) × 2 (time pressure: high time 

pressure vs. no time pressure) × 2 (deception: deceptive behavior, de-

ceptive tendency). The main effect of deception was significant, F(1, 65) 

= 868.98, p < .01, η2
p = 0.94, and the instances of deceptive tendency 

(M = 0.73, SD = 0.19) were significantly higher than those of decep-

tive behavior (M = 0.07, SD = 0.1). The interaction between deception 

and time pressure was significant, F(1, 65) = 26.56, p < .01, η2
p = 0.33. 

Simple effect analysis revealed that the high-time pressure group exhib-

ited more deceptive behavior than the no-time pressure group, and the 

deceptive tendency of the no-time pressure group was greater than that 

of the high-time pressure group (p = .001). The interaction among other 

variables was nonsignificant.

ERP RESULTS FOR N2 (250–400 MS)
A repeated-measures ANOVA revealed that the main effect of 

self-control resources was nonsignificant, F(1, 65) = 0.01, p = .91. We 

observed no significant difference in amplitude between the depletion 

group (−2.17 ± 3.87) and nondepletion group (−2.47 ± 4.68). The 

main effect of time pressure was nonsignificant, F(1, 65) = 0.78, p = 

.38. We noted no significant difference in amplitude between the time 

pressure group (−2.73 ± 4.68) and no-time pressure group (−1.77 ± 

3.61). The interaction between self-control resources and time pres-

sure was nonsignificant, F(1, 65) =1.13, p = .29 (see Figure 5, left 

panel). A significant main effect was observed for electrode location, 

F(1, 65) = 15.76, p < .001, η2
p = 0.23. The amplitude of Fz (−3.09 ± 

0.64) was the largest, and the amplitudes of F3 (−3.01 ± 0.67) and Fz 

(−3.09 ± 0.64) were significantly larger than those of F4 (−1.55 ± 0.58) 

and FC4 (−1.12 ± 0.55). The amplitude difference between FC3 (−2.28 

± 0.58) and FCz (−2.44 ± 0.69) was nonsignificant. The interaction 

between electrode position and time pressure was significant, F(1, 65) 

= 6.07, p < .001, η2
p = 0.10. The simple effect analysis revealed that 

the F3 amplitude of the time pressure group was significantly higher 

than that of the no-time pressure group (p = .03). None of the other 

interactions were significant (see Figure 6).

Deceiving behavior and deceptive tendency were taken as a new 

dimension of deception. A repeated-measures ANOVA revealed no 

significant main effect for deception, F(1 ,65) = 1.25, p = .27. The main 

effect of time pressure was significant, F(1, 65) = 16.90, p < .001, η2
p 

= 0.24. The amplitude of the time-pressure group (15.24 ± 1.89) was 

significantly higher than that of the no-time-pressure group (3.38 ± 

2.18). The main effect of self-control resources was nonsignificant, 

F(1, 65) = 0.12, p = .73. The main effect of electrode location was non-

significant, F(5, 325) = 2.36, p = .11. None of the other interactions 

were significant (see Figure 7, left panel).

ERP RESULTS FOR P3 (600–800 MS)
A repeated-measures ANOVA revealed that the main effect edge 

of self-control resources was significant, F(1, 65) = 3.43, p = .069, η2
p 

= 0.069. The depletion group (3.72 ± 5.19) exhibited a larger P3 am-

plitude than the nondepletion group (1.09 ± 5.76). The main effect 

of time pressure was significant, F(1, 65) = 6.93, p = .01, η2
p = 0.11. 

The high-time pressure group (4.03 ± 6.18) induced greater P3 am-

plitude than the no-time pressure group (0.36 ± 3.90). The interaction 

between time pressure and self-control resources was nonsignificant, 

F(1, 65) = 0.17, p = .69; see figure 5, right panel). A significant main 

effect was observed for electrode location, F(1, 65) = 13.76, p < .001, 

η2
p = 0.20. The amplitude of CPz (4.27 ± 0.91) was the largest, and the 

amplitudes of CPz (4.27 ± 0.91) and CP4 (3.78 ± 0.88) were signifi-

cantly higher than those of P3 (0.33 ± 0.72), Pz (0.69 ± 0.78), and P4 

(0.69 ± 0.78). The interaction of electrode location and time pressure 

was significant, F(1, 65) = 5.65, p < .001, η2
p = 0.10. The simple effect 

analysis indicated that the amplitudes of CPz, CP4, and P4 were sig-

nificantly larger in the high-time pressure group than in the no-time 

pressure group (p < .05). None of the other interactions were signifi-

cant (see Figure 6).

Deceptive behavior and deceptive tendency were employed as a 

new dimension of deception. A repeated-measures ANOVA revealed 

that the main effect of time pressure was nonsignificant, F(1 ,65) = 

2.83, p = .10. The main effect edge of self-control resources was sig-

nificant, F(1, 65) = 3.41, p = .07, η2
p = 0.06. The depletion group (4.18 

± 1.33) exhibited a larger P3 amplitude than the nondepletion group 

(0.65 ± 1.38). The main effect of deception was nonsignificant, F(1, 65) 

= 0.10, p = .76. The main effect of electrode location was significant, 

F(5, 325) = 5.91, p = .008, η2
p = 0.10. The amplitudes of CPz (4.90 ± 

0.77) and CP4 (3.99 ± 0.96) were significantly greater than those of P3 

(−0.38 ± 1.90) and P4 (2.16 ± 0.84), and the amplitude of CP3 (1.75 ± 

1.47) was significantly larger than that of P3 (0.38 ± 1.90). Moreover, 

the amplitude of CPz (4.90 ± 0.77) was significantly larger than that of 

Pz (2.06 ± 0.61). The interaction between electrode location and time 

pressure was significant, F(1, 65) = 3.54, p = .046, η2
p = 0.06. The sim-

ple effect analysis revealed that the amplitudes of CPz, CP4, Pz, and P4 

in the high-time-pressure group were significantly larger than those of 

the no-time-pressure group (p < .05). None of the other interactions 

were significant (see Figure 7, right panel).

FIGURE 4.

Reaction time of deception and deception tendency in each group.
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DISCUSSION

Self-interested deception is instinctive, and it is influenced by cogni-

tive, motivational, and situational factors (Köbis et al., 2019). By in-

troducing the time pressure variable, this study indirectly evidenced 

that deceptive behavior caused by ego depletion may be spontaneous, 

which lays the foundation for future research. The principal findings 

of this study are discussed in the following sections.

1. More Spontaneous Self-Serving 
Deceptive Behaviors Occur Under 
High Time Pressure, and More 
Deceptive Tendencies Occur Under 
No Time Pressure

The behavioral results revealed that the time pressure group exhibited 

more deceptive behaviors, which is consistent with previous studies. 

Individuals are more inclined to deceive under high time pressure, 

and they intuitively opt for self-serving deception under time pressure 

(Shalvi et al., 2012). Under the condition of anonymity, the individual’s 

automatic response is self-interested, even to the point of employing 

deception. Notably, the no-time pressure group exhibited more decep-

tive tendency than did the high time-pressure group. When previous 

researchers used the visual perception task to study deception, they 

defined participants’ selections for maximizing monetary rewards 

in unclear point distribution contexts as self-serving bias (Kouchaki 

& Smith, 2014). Our research defined this behavior as deceptive 

tendency (Fan et al., 2016). The results for reaction time revealed a 

significant difference in deceptive tendency between the high-time 

FIGURE 5.

The bar diagram of the mean amplitude of all analysis points. Left: 
N2. Right: P3.

FIGURE 6.

The total average of ERPs induced on Fz, FCz, Cz, CPz, and Pz when the participants were inclined to deceive.

FIGURE 7.

A topographic map of the brain of a participant with the tendency to deceive.
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pressure group and the no-time pressure group, with the no-time 

pressure group exhibiting a longer reaction time. A study by Pittarello 

et al. (2015) indicated that the unclear points distribution situation 

increases people’s self-interested behavior, and the lack of clarity can 

provide a justification for moral disengagement. In the absence of time 

pressure, individuals had sufficient time to rationalize their motivation 

and tended to deceive more, which is consistent with the findings of 

previous studies (Shalvi, 2012). Time pressure increased individuals’ 

deceptive behaviors. Under high time pressure, individuals deceived 

more regardless of whether they could justify their deceptive behav-

iors. In situations involving temptation, people’s automatic response is 

self-interested behavior, or even deception, to maximize the potential 

benefit. Under time pressure, an individual intuitively opts to deceive 

for the reward.

The EEG results revealed that the amplitude of N2 in the high-time 

pressure group was significantly larger than that in the no-time pres-

sure group, which is consistent with the behavioral results. The N2 is 

an electrophysiological marker of executive control, and it responds to 

inhibition or conflict (Groom & Cragg, 2015). Studies have indicated 

that deception elicits a larger N2 amplitude in the prefrontal region 

than does an honest response; N2 indicates that the conflict monitor-

ing level is increasing (Hu et al., 2015). Deception is generally regarded 

as an immoral behavior that violates social norms. When participants 

deceive, they face the dual conflict of cognition and morality (Ofen et 

al., 2016), which results in a greater N2 amplitude. In terms of the P3 

component, that of the time pressure group was larger than that of the 

no-time pressure group. As a rapid encoder of motivation (Carlson et 

al., 2015; Hajcak et al., 2010; Kleih et al., 2010; Lubman et al., 2008) and 

a motivational signal of the midbrain limbic reward system (Cox et al., 

2015; Flores et al., 2015), the P3 reflects the individual’s intuitive moti-

vation to pursue reward, and a large P3 amplitude is the neural signal of 

intuitive prosocial motivation (Carlson et al., 2015). When a situation 

involves monetary temptation, the individual’s spontaneous response is 

self-interested, even if they need to deceive to benefit. Under time pres-

sure, the individual intuitively opts to deceive to maximize the reward. 

The P3 amplitude in the high-time pressure group was larger than that 

of the no-time pressure group, which is also reflected in the executive 

control. The cognitive load induced by time pressure increases the de-

mands on executive control and makes deceiving more difficult. Shalvi 

et al. (2012) reported that individuals are more likely to deceive under 

high time pressure. However, how time pressure affects deception 

remains unclear. Ego depletion can weaken executive control (Debey 

et al., 2012). In the current study, the time-pressure group exhibited a 

larger P3 amplitude, which indicates that cognitive load caused by time 

pressure may also affect the executive control process, weaken the abil-

ity to resist temptation, and generate more deceptive behaviors.

2. Ego Depletion and High Time 
Pressure Promote The Occurrence 
of Self-Serving Deception
The behavioral results indicated an opposite pattern between the 

depletion and nondepletion groups under different time pressures 

in terms of deception and deceptive tendency. According to previous 

studies, ego-depleted individuals exhibit more deceptions and decep-

tive tendencies than those who were not ego-depleted; this result may 

be attributed to the long experimental time. That is, the depleted self-

control resources might have partially recovered.

The EEG results in the current study revealed that the depletion 

group exhibited a larger P3 amplitude than the nondepletion group, 

which is consistent with the finding of a previous study. Wu et al. 

(2019) reported that ego depletion caused individuals to pay more 

attention to monetary rewards and increased the motivation of impul-

sive behavior. Ego depletion also resulted in individuals’ motivation 

changing from self-control to self-interest (Inzlicht & Schmeichel, 

2012). These results may indicate that in the case of self-interest, de-

ception is a type of intuitive reaction that can be induced by manipu-

lating time pressure and self-control resources. Furthermore, the P3 

reflects the participation of executive control. Studies have shown that 

deception requires more executive control than does honesty. Event-

related potential research has indicated that when the demand for 

executive control increases and more cognitive resources are used, P3 

amplitude decreases (Christ et al., 2008; Cui et al., 2017). Ego deple-

tion can weaken executive control (Debey et al., 2012). These results 

may also indicate that deception is related to executive control, that 

self-control requires executive control, and that ego depletion can 

weaken executive control. Therefore, relative to typical conditions, ego 

depletion results in more deceptive behaviors and induces a larger P3 

amplitude.

3. Similarities and Differences of 
The Effects of Ego Depletion and 
Cognitive Load on Cognition and 
Behavior
Some studies have elucidated the role of intuitive thinking induced 

by time pressure and cognitive load in moral judgment and behavior 

(Tinghög et al., 2016). The similarities and differences between the ef-

fects of ego depletion and cognitive load on cognition and behavior 

have been a popular research topic in recent years (Maranges et al., 

2017; Van Dillen et al., 2013). Cognitive load mitigates the awareness 

of aversion or negative emotion information, which minimizes nega-

tive emotional experience and reduces the impact of negative emo-

tions on cognition. However, ego depletion does not play the same 

role (Maranges et al., 2017). Activity in the left amygdala increased 

in ego-depleted individuals when they faced negative scenes (Wagner 

& Heatherton, 2012). However, cognitive load reduced the neural 

responses to positive and negative pictures (Pessoa et al., 2002). 

Furthermore, high cognitive load reduces the activation of the amyg-

dala and the ventral striatum (Erk et al., 2007). These results indicate 

that ego depletion and cognitive load have different effects. Ego deple-

tion enhances emotional processing, whereas cognitive load inhibits 

emotional processing (Van Dillen et al., 2013). Emotion is both the 

cause and effect of deception. Emotion not only provides motivation 

for deception but also influences the decision-making, construction, 

and expression of deception (Walczyk et al., 2014). Whether the ef-
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fects of ego depletion and cognitive load on deception differ remains 

unknown. Time pressure can activate emotional components and 

indirectly affect cognitive load. The conflict between the time pressure 

caused by the limited completion time and the actual time spent leads 

to a high degree of emotional reaction (Galy et al., 2012). Our study 

revealed that cognitive load caused by ego depletion and time pres-

sure induced a larger P3 amplitude. These results suggest that both 

ego depletion and time pressure affect the executive control process 

of deception.

LIMITATIONS

We used a visual perception task to study deceptive behavior, and 

we observed that participants exhibited greater deceptive tendency 

and less deceptive behavior, which may be attributed to the long ex-

perimental time. In the second half of the experiment, the depletion of 

self-control resources may have partially recovered. In future studies, 

researchers can improve the experimental design, increase the sample 

size, and improve the pretest and posttest of the experiments to avoid 

these problems. Moreover, in terms of technical means, time-frequen-

cy analysis can be used to explore the neural mechanism of the decep-

tive intuitive self-interested motivation of deception. Researchers can 

also use the single trial analysis technique to analyze how the latency 

variation between each trial affects the intuitive self-serving motiva-

tion of deception.
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