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This study investigated whether honesty is a stable trait or varies depending on situational factors.
Using a coin flip guessing paradigm with monetary rewards, 33 participants completed trials with
rewards ranging from 0.01 to 3 yuan. Modeling of behavioral data showed individuals have varying
“honesty thresholds” where they switch from honest to dishonest behavior. EEG analysis revealed
increased P300 amplitude when resisting greater monetary temptation, and individuals with higher
honesty thresholds had lower P300 amplitudes for the same rewards. A late positive component
indicated greater cognitive conflict when the reward amount neared an individual’s honesty threshold.
These findings challenge the conception of honesty as a stable trait, instead demonstrating it varies
based on contextual factors like reward size. Computational modeling and EEG provide insight into the
cognitive processes underlying contextual shifts in honest behavior.
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Although honesty is valued according to almost all moral standards and religious systems in the world, dishonesty
is widespread and can cause serious socioeconomic losses!®!>#, Previous studies on honesty have basically
agreed that honesty is a stable individual trait that can be displayed in various situations. However, there are
also different opinions about why individuals show honesty or deception. As the philosopher Russell said, “The
reason why people have morality is that they are not tempted enough”. Is the reason that individuals exhibit
honest behavior that they are not sufficiently tempted to exhibit dishonest behavior? That is, when we increase
the external temptation to a certain level, will individuals exhibit less honesty or even dishonesty, violating their
inner moral principles to obtain external benefits? Additionally, if increasing external temptation can make an
individual dishonest, to what extent will it make an individual exhibit dishonesty? Furthermore, is the level of
external temptation necessary to abandon moral principles and benefit from dishonesty the same in different
individuals?

To address these questions, this study introduces the concept of the “honesty threshold” The honesty threshold
refers to the critical point at which an individual’s probability of choosing honesty versus deception reaches
a balance when faced with external temptations. At this critical point, the likelihood of choosing honesty or
deception is 50%, reflecting the maximum conflict between the individual’s internal moral principles and external
temptations. The honesty threshold is not limited to monetary rewards but applies to any external incentives that
may prompt an individual to choose honesty or deception, reflecting the individual’s moral baseline in a specific
context. “Honesty” is a complex social characteristic of individuals. The present study predicted that honesty
may not be a stable trait across situations, as previous studies assumed. Instead, individuals are predicted to have
their own “honesty threshold’, exhibiting honest behavior in situations within the upper limit of their honesty
threshold but exhibiting dishonest behavior in situations above the upper limit of their honesty threshold.

The conflict between honesty and material gain is a core feature of human society. In our daily life, we are
often faced with the conflict between the temptation to violate moral standards to satisfy our own interests and
the desire to maintain our own moral standards. When will people choose to be honest and when will they
choose to cheat? What influences people’s decision-making? Many previous studies have attempted to answer
this problem. Adam Smith believes that when there is an opportunity to cheat, individuals should carefully
weigh the possible external losses against the possible gains to decide whether to cheat!. In contrast to Adam
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Smith, some researchers believe that the decision of deception is not determined by the external reward but by
the internal reward mechanism. The intrinsic reward mechanism of individuals includes honesty. Generally,
individuals think that they are honest and believe in it, so individuals try to maintain this intrinsic concept.
However, when individuals have the opportunity to gain greater benefits through dishonest behavior, most
individuals will still choose to cheat to gain benefits. Therefore, if the individual chooses to cheat and benefit, the
individual’s self-concept will be negatively updated. How can this contradiction be solved? It is always difficult
for individuals to choose between two competing ideas. Should they choose to maintain their self-concept
(honesty) or cheat to gain benefits'’? explained that when individuals are aware of their dishonest behavior,
they will take certain actions (reclassifying and explaining facts and ignoring moral standards) to rationalize their
dishonest behavior? to solve the contradiction between them. In addition, some researchers try to explain why
individuals show deception from a cognitive control aspect. Researchers believe that individual behavior will be
controlled by the self and that starting self-control requires the consumption of limited cognitive resources, so
the cognitive resources allocated to moral management will decrease; thus, the individual’s ability to monitor
dishonest behavior will decrease?. Because cognitive control resources are consumed and reduced, individuals
may not be aware of their cheating behavior at all. Some studies have found that individuals with lower self-
control ability will have more dishonest behaviors’. Moreover, honesty may be influenced by situational factors,
such as social norms and codes of conduct in the work environment®!, which can either strengthen or weaken
intrinsic motivations for honesty. Individual preferences for honesty, the magnitude of monetary rewards, and
the interaction between the two have also been shown to predict honest behavior. Acute stress, however, does
not significantly alter decision-making regarding honesty*®. Nonetheless®’, found that stress affects dishonest
behavior differently depending on individuals’ moral inclinations: stress increases dishonesty among relatively
dishonest individuals but makes relatively honest participants even more honest. Additionally, research has
shown that self-deception is employed to maintain self-esteem and reflect self-worth?!, and different emotional
experiences may also influence dishonest behavior®.

Although the above related research on honesty and deception can predict, to some extent, when individuals
will choose honesty or deception and the factors affecting people’s decision-making, it has overlooked the
cognitive processes underlying dishonesty. In contrast to the above research, which has focused on how individuals
reach the decision to behave dishonestly, research on the cognitive processes underlying dishonest behavior
can improve understanding of the psychological processes accompanying dishonest behavior. Zuckerman et al.
explained the psychological process of deception in detail for the first time in this study. This study thinks that
deception mainly includes four influencing factors: control, arousal, affective and cognitive?®. There are also
studies showing that deception includes the process of mutual communication and two-way communication,
which includes the function of social communication and uses executive cognitive resources®. Walczyk et al.
tried to understand why truth-telling is inhibited while lies arise*>. Mohamed et al. combined neural, cognitive
and emotional processes to explain dishonest behavior and thought that the deception process can be divided
into seven stages with different brain activation regions®.

In this study, the concept of “honesty threshold” originates from the research on individuals’ cognitive control
mechanisms when facing moral decisions. It extends the traditional view that honesty is a fixed personality trait,
proposing that honest behavior is actually a dynamic process influenced by situational factors, and that it varies
between individuals. The theoretical origins of the honesty threshold are rooted in decision-making frameworks
that weigh external and internal rewards, as well as cognitive and moral theories that explain the interaction
between self-concept, temptation, and behavior. Specifically, the cost-benefit analysis by! and the self-concept
maintenance theory by?® provide key theoretical foundations. Allingham and Sandmo emphasized the external
rewards and losses in decision-making, while Mazar et al. highlighted the conflict between maintaining the
self-concept and yielding to dishonest behavior. The proposed theory of the “honesty threshold” in this study
considers not only the external temptation individuals face in moral decision-making processes that involve
maintaining their self-image but also the individual’s need to maintain their self-image and the individual
differences in facing the same moral decisions. Compared to previous theories, which focus on either external
or internal factors in isolation, this concept offers a more comprehensive perspective that better aligns with the
psychological processes involved in real-life moral decision-making. It enriches existing theories. For example,
an individual with a high honesty threshold may still adhere to moral standards when facing significant external
temptations, while an individual with a lower threshold may be more likely to yield. This difference suggests that
the honesty threshold is influenced by cognitive control ability, moral standards, and the external environment.
Moreover, the honesty threshold framework aligns with cognitive control theory, which posits that dishonest
behavior depends on the availability of cognitive resources®>. When resources are depleted, individuals may
find it more difficult to resist temptation and are more likely to exhibit dishonest behavior. The concept of the
honesty threshold builds upon existing theoretical frameworks and serves as a bridge, extending Allingham
and Sandmo’s rational decision-making model by introducing individual differences in moral resistance. It
also complements self-concept theory, providing a measurable point that shows when external pressures may
override internal moral beliefs.

With advances in the field of cognitive neuroscience and the introduction of some pioneering experimental
paradigms, researchers have started to examine the neural mechanisms of honesty. Event-related potentials
(ERPs), with components that can be used as a quantitative index of the cognitive processes of individuals, can
be used in related research on advanced brain functions and play an important role in moral decision-making,
honesty and other fields. The P300 reflects the advanced cognitive activity of the brain and is an objective
index for assessing brain function and individual psychological processes. The amplitude of P300 is considered
negatively correlated with the difficulty of tasks, and the cognitive workload of lying is greater??. Identifying
dishonest behaviors of the disguised amnesia type also found that P300 in the dishonest group was significantly
lower than that in the honest group, which also indicated that the deception task was more difficult than the
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honest behavior task®'. In addition, researchers believe that the P300 component is sensitive to feedback values
and is not affected by feedback titer'8. Some studies suggest that late ERP components are related to advanced
cognitive processing, and the prolonged duration of EEG components reflects the persistence of cognitive®. LPC
components distributed in the anterior brain region are thought to be related to conflict resolution and inhibition
control?’. Many researchers have proven that LPC components reflect the process of conflict resolution®*. This
may indicate that in a social environment where individuals are expected to behave honestly, they experience a
greater degree of cognitive conflict when they choose to cheat. Therefore, to prevent the discovery of dishonest
behavior, individuals must engage more cognitive resources to detect and control their cheating behavior.

This study used behavioral modeling to explore whether there are differences in the degree of deception
exhibited by individuals according to different monetary rewards. If differences are observed, we can construct
a model of individual honesty that changes according to the level of monetary temptation based on behavioral
data and then identify the individual honesty threshold, thus demonstrating that honesty is not a stable trait.
Furthermore, combined with ERP technology, the computational model was tested, and the cognitive processes
underlying honesty were explored. By comparing whether there are differences in P300 components when
individuals resist the temptation of money under three different money conditions, whether there is any difference
in P300 components of individuals with high and low honesty thresholds when resisting money temptation under
the same money conditions in the three groups, and whether there are differences in LPC components evoked by
decision-making when the participants are faced with the conflict between the temptation of money gains and
the maintenance of their own moral principles, this paper studies the cognitive process of individual honesty. If
there are differences in P300 components when facing different money temptations and LPC components when
individuals make honest decisions, it will prove that the cognitive process of honesty may include at least two
stages: resisting money temptations and making decisions. This suggests that the honesty threshold is not only a
psychological construct but can also be measured through neural markers.

This study introduces the concept and theory of the “honesty threshold,” advancing research on moral
behavior by providing a framework to quantify and predict individual differences in honest behavior. In
practice, it can offer guidance for interventions aimed at promoting moral behavior in professional, educational,
and social environments. For example, creating environments that reduce excessive temptations or providing
resources that enhance cognitive control may help individuals maintain honesty even in challenging situations.
Through behavioral modeling and ERP technology, the study explores individuals’ honesty decision-making
processes under varying monetary temptation conditions. Unlike the traditional view that honesty is a stable
individual trait, our research shows that honest behavior is a dynamic process influenced by both the intensity
of external temptations and individual moral standards. By introducing the concept and theory of the “honesty
threshold,” we not only deepen our understanding of honest behavior but also provide a new perspective on the
cognitive processes involved in moral decision-making.

Results

Behavioral results

The degree of deception of individuals under different monetary temptation levels

A repeated measures one-way ANOVA was conducted on the number of correct trials reported by participants at
five different monetary levels: 3 yuan, 2 yuan, 1 yuan, 0.1 yuan, and 0.01 yuan. The results indicated a significant
difference in the degree of individual deception across different monetary levels, F (4, 29) =6.060, p=.001,
partial n* = 0.455.

Behavior modeling obtains individual honesty threshold

When an individual carries out the task of “guessing coins’, theoretically, the participants can guess half of all the
trials correctly. Second, when all the participants perform the coin-flips task, if the participants guess correctly,
regardless of whether they are honest or not, the participants will not report that they guess wrong. Therefore, for
any participant, given any amount of money under five money levels, theoretically, the proportion of the number
of trials reported by the participants to guess correctly will not be greater than or equal to 50%. For example, if an
individual finally reports that 85% of all trials were right, this means that in half of all trials, the individual truly
guessed and truthfully reported that he guessed right, and in the remaining half, 35% of the trials, the individual
chose deception, and 15% of the trials, the individual chose honesty. Therefore, when an individual guesses the
amount of money corresponding to 75% of the trials in the face of the report, it is the time when the individual
has the greatest inner conflict; that is, under this amount of money, the individual has half the probability of
choosing honesty and half the probability of choosing deception. Therefore, if we know that the participant has
a 75% probability of reporting that he guessed the corresponding money correctly, the amount of money is the
“honesty threshold” of the individual.

There are significant differences in the degree of deception of individuals under different money levels.
Therefore, based on the collected behavior data, a model of the change in individual honesty with the level
of money temptation is established, and the threshold of individual honesty is obtained. Based on the average
number of guesses correctly reported by all participants at five money levels of 3 yuan, 2 yuan, 1 yuan, 0.1 yuan
and 0.01 yuan, the threshold of individual honesty (The amount of money corresponding to the number of trials
where the individual reports guessing correctly 75% of the time) was obtained by behavioral modeling (Fig. 1).
The expression of the modelisy =1 —e ~( g)b+ C, where a and b together determine the form of the curve, and C
represents the point where the participants’ report guessed correctly without any benefit. Each participant fitted
the model based on their own data (Fig. 2; Table 1).

The model summarizes and reveals the general pattern of how an individual’s level of honesty changes in
response to varying levels of monetary temptation. The results of the modeling indicate that honesty cannot be
simply dichotomized. Whether an individual is honest or not is related to their own honesty threshold. When
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Fig. 2. Fitting of a single individual.
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0.5<=C<=0.75

Conflict | Deceptive
ID | Honesty Threshold | intensity | expectations | SSE
1 2.8822 0.272433 | 0.505228 0.011718
2 1043884 0.122572 | 0.67338 0.006338
3 1.334 0.126213 | 0.528225 0.016581
4 | 2.5508 0.157945 | 0.511348 0.001683
5 102699 0.190139 | 0.563087 0.012368
6 |0.8201 0.094549 | 0.688642 0.011425
7 1.6916 0.147407 | 0.57236 0.031645
8 2.0212 0.155432 | 0.560662 0.005709
9 102017 0.395097 | 0.502133 0.013817
10 | 2.2831 0.120221 | 0.577669 0.012925
11 | 1.4961 0.133795 | 0.603023 0.030498
12 | 2.7878 0.188853 | 0.530905 0.001969
13 | 1.1844 0.106439 | 0.529984 0.001584
14 | 2.7636 0.183636 | 0.541116 0.012241
15 | 0.267 0.324985 | 0.505067 0.014681
16 | 1.9108 0.074319 | 0.692575 0.019501
17 | 2.0397 0.11518 | 0.629761 0.015884
18 | 2.561 0.243801 | 0.558372 0.01306
19 | 2.7414 0.14188 | 0.502075 0.023919
20 |2.3328 0.210732 | 0.55914 0.004136
21 | 2.7881 0.10011 | 0.59386 0.011035
22 11958 0.131429 | 0.58027 0.011196
23 | 2.5425 0.126216 | 0.546606 0.006539
24 | 0.8964 0.147324 | 0.504858 0.007512
25 10.3297 0.284304 | 0.501818 0.018049
26 | 0.2624 0.297306 | 0.507089 0.020839
27 | 0.2984 0.211833 | 0.506303 0.022053
28 |2.3791 0.146115 | 0.518533 0.007557
29 12193 0.137946 | 0.565315 0.039167
30 | 1.512 0.095173 | 0.655674 0.001956
31 | 1.4601 0.098265 | 0.684715 0.016464
32 |2.2765 0.144719 | 0.543501 0.01534
33 10.903 0.146569 | 0.612192 0.007573

Table 1. The numerical values of the parameters of the computational model.

external monetary temptation exceeds an individual’s honesty threshold, the individual is more likely to engage
in dishonest behavior. Conversely, when the external monetary temptation is below the individual’s honesty
threshold, the individual is more likely to remain honest.

EEG results

Based on the difference wave between the maximum and minimum monetary temptation conditions (Fig. 3),
six electrode positions were selected for statistical analysis in the time window of 470-550 ms after stimulus
presentation: P1, P3, P5, P2, P4, and P6. Among them, the electrodes P1, P3, and P5 were combined and averaged
together, and the electrodes P2, P4, and P6 were combined and averaged together for separate statistical analysis.

Results and analysis of EEG data within the same individuals under different monetary
temptation levels
The average amplitudes of the P1, P3 and P5 electrodes and the P2, P4 and P6 electrodes were added and averaged
together in the time window of 470-550 ms after stimulation, and the single-factor RM-ANOVA was performed.
The average amplitudes of the P1, P3, and P5 electrodes were superimposed and averaged together. The
difference within the same participants in terms of resistance of different monetary temptations was very
significant, F (2, 26)=17.219, p < .001, partial n> = 0.570 (Fig. 4a). Multiple comparisons revealed that the P300
amplitude within the same participants resisting 3 yuan was significantly higher than that induced by 0.01 yuan,
p< 001 (Mresisting 3 yuan temptation = 466.174+209.444 HV’ Mresisting 0.01 yuan temptation = 272.228£329.378 I’J’V) The
P300 amplitude within the same person induced by resisting the temptation of 3 yuan was significantly higher
than that induced by resisting the temptation of 2 yuan, p=.002 (M =466.174+209.444 uV,

resisting 3 yuan temptation

=379.917£211.180 uV). The P300 amplitude within the same person when resisting 2 yuan

resisting 2 yuan temptation
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Fig. 3. The difference wave between the largest monetary temptation and the lowest monetary temptation.

was significantly higher than that when resisting 0.01 yuan, p=.037 (M. » . =379.917+211.180
resisting 2 yuan temptation
HV’ Mresisting 0.01 yuan temptation =272.228+329.378 I’J'V) .

e average amplitudes of the P2, P4, and P6 electrodes were superimposed and averaged together. The
difference within the same person when resisting different monetary temptations was very significant, F (2,
26)=28.959, p<.001, partial n*> = 0.690 (Fig. 4b). Multiple comparisons revealed that the P300 amplitude within
the same person resisting 3 yuan temptation was significantly higher than that induced by resisting 0.01 yuan
temptation, P <.001 (M, .. . 5 . =511.580+269.781 uyV, M__ . .. . =323.249£346.978

. resisting 3 yuan temptation A = resisting 0.01 yuan temptation o
1V). The P300 amplitude within the same person induced by resisting the temptation of 3 yuan was significantly
higher than that induced by resisting the temptation of 2 yuan, P <.001 (M, ;. . =511.580+269.781
oV g 3 yuan temptation !

HVs M iting 2 yuan temptation = 200551 4263.695 uV). There was no significant difference in the P300 amplitude
within the same person when resisting 2 yuan and resisting 0.01 yuan, P=.151 (M0 > yuan temptation =
400.551%263.695 WV, M, .0 (o0 =323.249+346.978 pV).

In the time window of 47(%—556u ms, t%e average amplitudes of the P1, P3, and P5 electrodes were combined
and averaged, as were those of the P2, P4, and P6 electrodes. The results showed that for the same individual, the
greater the monetary temptation resisted, the larger the induced P300 component. Conversely, the smaller the
monetary temptation resisted, the smaller the induced P300 component. The P300 induced when resisting a 3
yuan temptation was larger than the P300 induced when resisting a 2 yuan temptation, which in turn was larger
than the P300 induced when resisting a 0.01 yuan temptation. (Fig. 5).

Results and analysis of EEG data in individuals with different honesty thresholds resisting
the same monetary temptation

The average amplitudes of the P1, P3 and P5 electrodes were superimposed and averaged together, and the
average amplitudes of the P2, P4 and P6 electrodes were superimposed and averaged together for independent-
sample t tests.

The average amplitudes of the P1, P3 and P5 electrodes were added together in the time window of 470-550
ms. The results showed that when resisting the monetary temptation of 2 yuan, the P300 amplitudes induced by
individuals with low honesty thresholds were significantly higher than those induced by individuals with high
honesty thresholds, #(26) = 2.097, p = .046, Cohen’s d = 0.823, (M, . 1 echoid = 458-805£219.685 uV, M.

X o r i igh threshold
= 301.029+175.952 uV) (Fig. 6a). When resisting the monetary temptation of 3 yuan, the P300 amplitudes
induced by individuals with low honesty thresholds were significantly higher than those induced by individuals
with high honesty thresholds, #(26) = 2.125, p = 0.043, Cohens d=0.833, (Mlow threshold = 545-289+£228.807
BV Myon thyeshola = 387059+ 158.977 1V) (Fig. 6b).When resisting the temptation of 0.01 yuan, there was no
significant difference in the P300 amplitude between individuals with low honesty thresholds and individuals
with high honesty thresholds, #(26) = 0.751, p = 0.459, Cohen’s d=0.295, (Mlow threshold = 319-348 £410.244 |V,
My oo = 225-108£228.565 uV).

e average amplitudes of the P2, P4 and P6 electrodes were added together in the time window of 470-550
ms. The results showed that when resisting the 2 yuan monetary temptation, the P300 component induced in
low-threshold individuals was significantly larger than that in high-threshold individuals, #(26) = 2.786, p =
0.010, Cohen's d = 1.093, (M, . . . =524.709%190.189 uV, M, . =276.394+273.945 uV) (Fig. 6¢). The
. s S gh threshold . T
P300 amplitudes in individuals with low honesty thresholds were significantly higher than those in individuals
with high honesty thresholds When resisting the temptation of 3 yuan, ¢ (26) = 2.098, p = 0.046, Cohen’s
d=0.823, (M, 41 ouposa = 612.398+240.293 uV, M, . = 410.763+267.450 V) (Fig. 6d). When resisting

X L2 " high threshold — . T :
the temptation of 0.01 yuan, there was no significant difference in the P300 amplitude between individuals with
low honesty thresholds and individuals with high honesty thresholds, #(26) = 1.153, p = 0.259, Cohen’s d =0.452,
(Mg, e = 398415382215 wV, M, . = 248.083+302.971 pV).

gh threshold

In the time window of 470-550 ms, the average amplitudes of the P1, P3 and P5 electrodes were superimposed
and averaged together, and the average amplitudes of the P2, P4 and P6 electrodes were superimposed and
averaged together. The results show that when different people resisted the same monetary temptation, the

higher their individual honesty threshold was, the smaller the P300 amplitude induced.
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Fig. 4. [a & b] Total average waveform of ERPs of the same people against different money temptations.

Results and analysis of the decision-making phase

According to the hypothesis, when the external monetary temptation is closer to an individual’s honesty
threshold, the greater the internal conflict the individual experiences. Based on Table 1, the difference between
the individual’s honesty threshold and the five monetary temptation values can be calculated. The smaller the
difference between the two values, the greater the internal conflict of the individual. This allows us to determine
the monetary amounts that cause the greatest and smallest internal conflicts when the participant faces external
monetary temptations, thus identifying the group with the maximum conflict and the group with the minimum
conflict.

The ERP waveforms were time-locked to the onset of the “heads or tails” stimulus presented on the decision-
making phase. The ERP analysis epoch we selected was 900 ms, which included the waveform occurring 800
ms after the “heads or tails” stimulus was presented, as well as the 100 ms baseline period before the stimulus
presentation. Based on the ERP total average map (Fig. 7) and topographic maps (Fig. 8) induced under the
maximum and minimum conflict conditions obtained in the experiment, the time window of 400-450 ms
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Fig. 5. Topographic Distributions of the Effect of Monetary Temptation on ERPs.

after the stimulus presentation was selected. Using the SPSS statistical software, the average amplitudes at the
F5 and F7 electrodes for the monetary temptations closest to and farthest from the honesty threshold were
superimposed and averaged, followed by a paired-sample t-test. The results showed a significant difference
between the maximum conflict group and the minimum conflict group, ¢ (28)=2.228, p=.034, Cohen’s
d=0.415. The maximum conflict group induced a greater LPC component than the minimum conflict group (M
=355.451+368.946 uV, M =262.587 +425.688 uV).

maximum conflict minimum conflict

Discussion

Combining computational modeling and ERP data, this study attempted to answer the following two main
questions: (1) Does individual honesty vary according to situation or is it consistent (invariable, dichotomous)?
(2) What are the cognitive processes underlying honesty? That is, what is the dynamic time course of brain
activity during the process of making the decision to be honest or deceptive?

Regarding the first question, honesty did not appear to be a stable trait across situations; instead, individuals
had their own “honesty threshold”. Individuals can show honest behavior stably in various situations within the
upper limit of their honesty threshold. However, in situations beyond the upper limit of their honesty threshold,
they may no longer show honest behavior but show dishonest behavior. This study adopts “coin-flips” similar
to'®, and the experimental results prove that whether an individual is honest or not is not static. The results of
behavioral data reveal the changing trend of individual honesty with the level of money temptation. Through
computational modeling, it is determined that each individual has its own honesty threshold; that is, honesty is
not a dichotomous variable, and a person is not black or white.

Regarding the second question, ERP technology was used to systematically explore the cognitive processes
underlying honesty in individuals with higher honesty thresholds and lower honesty thresholds when resisting
different monetary temptations. In addition to exploring the EEG activity of participants facing a conflict
between the monetary temptation and maintenance of their own moral standards, the findings indicated that
when the same individual resists different monetary temptations, the greater the monetary temptation is, the
greater the P300 amplitude induced; likewise, the smaller the monetary temptation is, the smaller the P300
amplitude induced. When different individuals experience the same monetary temptation, the response of
individuals with higher honesty thresholds is significantly different from that of individuals with lower honesty
thresholds. Individuals with a higher honesty threshold exhibit less temptation, while individuals with a lower
honesty threshold exhibit greater temptation. When the monetary temptation approaches the honesty threshold,
an individual experiences greater cognitive conflict (greater LPC amplitudes).

Based on computational modeling, we proposed a behavioral model of the honesty threshold, in which
honesty is not a stable trait. The computational modeling proposed was further rigorously verified by EEG
analysis. Therefore, the present study presents model verification and empirical EEG data that provide better
insights into the stability of honesty and the cognitive processes underlying honesty. This paper analyzed the
essence of honesty from a thought-provoking perspective and examined the cognitive mechanism underlying
the honest decision-making process from a broader perspective.

Honesty is not a stable trait

Honesty is a complex social characteristic of humans; to date, academic research on honesty has regarded it as
a stable trait that can be displayed in various situations. This study found that honesty is not a stable trait across
situations. By comparing the degree of dishonesty of individuals among five different monetary temptation levels,
we found significant differences, which shows that when there is a chance to cheat, individuals exhibit dynamic
changes in honesty. Moreover, the greater the monetary reward is, the greater the probability of individual
dishonesty. This result shows that participants with greater deception are more sensitive to monetary rewards.
Compared with more honest individuals, more deceptive individuals are more strongly driven by money
when deciding whether to cheat, which is consistent with previous research results; that is, higher rewards will
increase the possibility of dishonesty, and people will choose to cheat to obtain more financial rewards?”4.
The results of this study show that individuals are more likely to cheat when the monetary reward is high,
which is consistent with previous research that highlights the role of monetary rewards in influencing dishonest
behavior?’. Specifically, money sensitivity may influence the choice of honesty by triggering an internal drive for
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Fig. 6. [a & b & ¢ & d] Waveforms Depicting Variations in Brain Potentials at Frontal Lobe Sites.

reward, affecting individuals” decisions to behave honestly. Therefore, money sensitivity is not only a quantitative
indicator of external temptation but also closely related to an individual’s internal motivation and self-control
ability.

Specifically, the larger the monetary reward in this study was, the greater the P300 amplitude of individuals.
When the monetary temptation was 3 yuan, the P300 amplitude in individuals was the largest, and when the
monetary temptation was 0.01 yuan, the P300 amplitude in individuals was the smallest. The P300 component
usually reflects the classification and evaluation of stimuli by individuals in the late attention period. The
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amplitude of P300 will be larger because individuals invest more attention resources in stimuli, and P300 reflects
the individual’s rapid evaluation of reward stimuli alone. Researchers generally believe that the P300 component
is sensitive to feedback values!”. The larger the amount of monetary reward, the greater the amplitude of the P300.
Therefore, more deceptive individuals are more sensitive when facing higher financial temptation, especially
when making deceptive decisions, and they are driven by possible financial rewards to choose deception to a
greater extent.

Why do individuals show honest or dishonest behavior?

Our results showed that in response to different levels of monetary temptation, individuals exhibit significant
differences in the degree of honesty; that is, the honesty of individuals is not static. Furthermore, this study
obtained honesty thresholds through computational modeling of behavioral data. This study adopted the “coin
toss paradigm” to provide individuals with the possibility of cheating. Why were there significant differences in
the degree of dishonesty among individuals among monetary temptation levels? Why did individuals choose to
be honest in a tempting environment? What determines whether an individual is honest?

First, the purpose of dishonesty is often to gain resources, but this behavior is contrary to honesty. From
this, it can be seen that deception involves a dilemma: to gain and to abide by one’s own moral standards®.
When there is an opportunity to cheat, money temptation plays a vital role. Behavioral research shows that more
greedy people are more likely to cheat against their own moral standards when faced with the temptation of
money™. Deception reacts longer than honesty*!. Event-related potentials found that the N2 component of the
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deception response was more negative than that of the honesty response?’. Overall, these findings emphasize that
higher rewards increase the likelihood of dishonesty and that people choose to cheat to obtain more monetary
rewards?”40,

However, increasing evidence from psychology, economics and neuroscience shows that people not only
care about maximizing their financial benefits but also have a strong belief in maintaining their self-concept!!.
Individuals tend to behave honestly to maintain their good self-concept!*. Individuals can initiate specific self-
concepts in different stimulus situations and make their behaviors consistent with the initiated self-concepts*.
For example, some prosocial behavior studies have found that people internalize social rules and take them as the
internal benchmark of their own behavior®.. In an environment where there is an opportunity to cheat, people
are in a dilemma between obtaining ideal monetary benefits and maintaining a positive self-image. Whether
an individual decides to cheat usually involves a trade-off between the expected benefits and costs of honest/
dishonest behavior. At this time, the way an individual views himself, or the moral nature of an individual, may
prevent people from cheating. Violating one’s own moral standards requires a negative renewal of one’s self-
concept, which is revulsive®. Therefore, even at the expense of potential monetary gains, people should maintain
their self-concept?® and choose honesty.

Individuals usually decide whether to cheat by weighing the expected benefits and costs of honest or dishonest
behavior®°. The research results of*® suggested that honesty is not static: honest individuals can exhibit deception
through decreased cognitive control, and deceptive individuals can show honesty through increased cognitive
control. This is because whether an individual is honest depends on the moral essence of the individual. How
should we interpret the conclusion by Speer et al.? How can we understand moral essence, as proposed by this
study? Can a persons moral essence simply be divided into honest or dishonest? Furthermore, what are the
reasons why individuals are honest? This study proposes a new theoretical hypothesis: when individuals face
honest decision-making, they form an “honesty threshold” based on the conflict between external temptation
and internal moral standards. Specifically, when external temptation exceeds an individual’s honesty threshold,
they may choose dishonest behavior; whereas when the external temptation is below the threshold, individuals
are more likely to choose honesty. This hypothesis not only helps understand the dynamic changes in honest
behavior but also provides a new perspective on how individuals weigh the conflict between morality and self-
interest when facing temptations.

This study proves that honesty has a threshold through the computational modeling of behavioral data; that
is, honesty should be understood as a continuous variable, and the moral essence of an individual cannot be
simply divided into honesty or deception. Whether an individual is honest depends on the moral essence of the
individual, and the so-called moral essence is the honesty threshold proposed in this study. It can be understood
that all individuals are distributed in a continuum. At one extreme of this continuum, people are born with a
tendency to be honest, while at the other extreme, people are born with a tendency to cheat. Specifically, the closer
an individual’s honesty threshold is to the external temptation of money, the more conflicting an individual’s
heart will be. When the threshold of honesty is greater than the temptation of money, the individual will show
honesty with high probability; in contrast, when the threshold of honesty is less than the temptation of money,
the individual will show deception with a high probability. That is, to maintain the participative inner balance
of the individual in this continuum (that is, to choose money interests or maintain honesty), the individual
often needs to struggle with his inner tendency to change his position in the continuum (the degree of honesty
of the individual has changed). For example, a deceitful individual sometimes needs to do something honest to
maintain his image. In contrast, an honest individual sometimes needs to profit from deception. Therefore, some
honest people may also be classified as deceivers, and some deceivers may also be classified as honest people.
Therefore, we observe that individuals with different honesty thresholds will make different honest reactions
when facing the same money temptation, and the same individual is sometimes honest and sometimes lying
when facing different money temptations. Whether a person is honest or not is not static, and everyone has his or
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her own honesty threshold. Whether an individual is honest or not mainly depends on the relative relationship
between the honesty threshold of the individual and the external temptation of money.

The cognitive processes of honesty

Given the relationship between the individual honesty threshold and monetary temptation, we can understand
why individuals show honest and dishonest behavior. Furthermore, through ERP technology, we can understand
the cognitive processes underlying honesty in a more objective manner. Previous research paradigms mainly
used passive deception paradigms (such as prompted responses and other experimental paradigms) to explore
the cognitive processes underlying dishonest behavior. The paradigm related to passive deception can help
researchers explore the role of cognitive control in dishonest behavior. However, these research paradigms
mainly reflect the cognitive control process when individuals inhibit their real reactions, fabricate lies and make
decisions about dishonest behaviors and lack the characteristics of spontaneity, risk and social interaction that
dishonest behaviors should have in real situations, so their ecological validity is questionable*. Dishonesty in a
real environment also includes a decision-making stage and a result feedback stage'%.

Psychology has performed much research on the execution process of dishonest behavior (that is, the process
of selecting and executing dishonest behavior), among which behavioral research!**? and neural mechanisms®
all believe that the occurrence of dishonest behavior requires many cognitive resources and requires multiple
executive functions to work together. In the previous discussion, we found that the stage of money temptation
and the P300 component reflect the rapid processing of individual financial reward stimulation. What is
the individual’s cognitive activity in the decision-making stage? Consistent with our assumptions, when the
participants were confronted with the conflict between the temptation of money gain and the maintenance
of their own moral principles, the LPC components induced by the left frontal lobe in the decision-making
stage were significantly higher at the maximum conflict than at the minimum conflict, while the left superior
frontal gyrus was always considered related to the higher cognitive functions of the brain (especially working
memory)?2. Previous studies have found that passive lying causes BOLD signal activation in the dorsolateral
prefrontal cortex, especially in the left superior frontal gyrus, compared with honesty®*°, showing that dishonest
behavior requires the participation of executive functions. Usually, LPC components represent intentional
extraction in working memory, and larger LPC components mean more successful memory extraction®2. LPC
components mainly appear in the prefrontal cortex and temporal top. Previous studies have found that LPC
components are related to conflict resolution?, inhibiting the processing of irrelevant information, and attention
resources are concentrated on task-related information to resolve conflicts®’; thus, the more difficult it is for
individuals to inhibit irrelevant information, the smaller LPC components will be. The LPC component shows
the left hemisphere effect in the electrode position distribution, and the left prefrontal cortex reflects the conflict
monitoring and regulation process in the late stage of decision-making. Combined with previous research
results, the LPC component located in the left prefrontal cortex may reflect the conflict resolution process in
honest decision-making.

Most of the time, we are used to dividing people into good and bad people. Good people do good things
and bad people do bad things. If a person is a good person, we expect that the individual will be consistent
in words and deeds on all occasions; that is, we assume that human nature is unchanged. In fact, individuals
are influenced by the situation, and their moral behavior is very changeable. In this study, we found that the
moral character of honesty is not static, and with the increase in possible money gains, individual dishonest
behavior will also increase. The moral quality of honesty cannot be simply divided into honesty and deception.
Honesty is a continuous variable, and everyone has his or her own honesty threshold. This study puts forward
the concept of the “honesty threshold” for the first time and explains why individuals sometimes behave honestly
and sometimes behave deceitfully. Furthermore, this study, combined with event-related potential technology,
reveals the cognitive process of honesty. Separated from the time of the individual in the opportunity to cheat,
the occurrence of “resistance to the temptation of money” and the “decision-making stage” of two different
cognitive processing processes, a more comprehensive study of honest decision-making cognitive processing
mechanisms is needed.

Conclusion
This study employs computational modeling and event-related potential (ERP) technology to conduct a
systematic and in-depth series of investigations into the moral quality of honesty. The main conclusions are as
follows: Honesty is not fixed and cannot be simply categorized as either honest or dishonest for an individual.
Honesty is not a stable trait that consistently manifests in all situations; rather, everyone develops their own
“honesty threshold”” In situations within an individual’s honesty threshold, they can consistently exhibit honest
behavior. However, when the situation exceeds this threshold, they may no longer exhibit honest behavior, but
instead engage in dishonest behavior. The cognitive process of honesty involves at least two different cognitive
processing stages: the “resisting money temptation” stage and the “decision-making stage” In situations where
there is an opportunity to cheat, the P300 component reflects the individual’s classification and evaluation of
money-related stimuli during the process of resisting monetary temptation, while the LPC component reflects
the inner psychological conflict between choosing honesty and opting for monetary gain during the “decision-
making stage” In other words, the cognitive processing of honesty involves at least two distinct sub-processes.
The findings of this study have important implications not only for individual moral decision-making
but also for the overall moral level and social trust of society. By understanding and applying the concept of
the “honesty threshold,” we can promote honest behavior on a larger scale. This concept provides us with a
framework to understand how individuals make moral decisions when facing external temptations, thereby
fostering the development of a culture of honesty in society. As more people in society are able to maintain
honesty in the face of temptation, it not only reduces social issues such as corruption and dishonesty but also
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strengthens social trust and promotes healthy economic development. A society built on trust and honesty
can enhance cooperation, reduce fraud and unfair competition, and is crucial for creating a fairer and more
sustainable social environment.

Materials and methods

Ethics statement

The study was approved by the local ethics committee of South China Normal University (SCNU) (Ethics
Approval Number: SCNU-PSY-2020-4-069). All methods were performed in accordance with the relevant
guidelines and regulations.

Participants

A total of 33 college students (12 females) participated in the experiment. The participants had an average age
of 20.03 £1.087 years, normal vision or corrected vision, were right-handed, and no history of mental illness.
Before the experiment, all the participants signed a written informed consent form. After the experiment,
they were given certain experimental rewards according to their decision-making results and told to keep the
experimental process and results confidential from the outside world.

To ensure sufficient statistical power, we conducted a priori power analyses for both behavioral and EEG data
analyses using G*Power (version 3.1). For the behavioral analysis, which used a single-factor repeated measures
design, the analysis assumed a medium effect size (Cohen’s f=0.25), a significance level of 0.05, and a power of
0.80. The result indicated a minimum sample size of 25 participants. For the EEG analysis, which used a 2x3
mixed design, the analysis assumed a medium effect size (Cohen’s f=0.25), a significance level of 0.05, and a
power of 0.80. The result indicated a minimum sample size of 34 participants. Based on these calculations, we
recruited 33 participants to balance the statistical requirements of both analyses.

Experimental design

Behavioral data were designed by a single-factor intraparticipant experiment. The independent variable is
money temptation (3 yuan, 2 yuan, 1 yuan, 0.1 yuan, 0.01 yuan), and the dependent variable is the number of
“coin toss” tasks that individuals think they are right.

In the stage of resisting money temptation, 2 (groups: low threshold group and high threshold group) x 3
(temptation level: 3 yuan, 2 yuan and 0.01 yuan) were used for repeated measurement variance analysis. The
two factors were an intergroup factor: group (low threshold group, high threshold group) and an intragroup
factor: temptation level (3 yuan, 2 yuan, 0.01 yuan). The dependent variable is the EEG activity evoked by the
participants resisting the temptation of money. Two participants did not complete the experiment because of
personal reasons, and the EEG data of three others were eliminated because of artifact rejection. Therefore, there
were 28 effective participants (12 females), with an average age of 19.96 +1.105 years. Although the final EEG
sample size was slightly lower than the calculated minimum of 34 participants, the results are still considered
reliable due to the use of robust statistical methods.

In the stage of resisting money temptation, according to the size of the honesty threshold in Table 1, all
participants were divided into a high honesty threshold group and a low honesty threshold group, and the
EEG activities of the high honesty threshold group and low honesty threshold group were investigated when
resisting different money temptations. The first is to determine the EEG components when the participants
resist the temptation of money. The low threshold group was the most tempted by money when facing 3 yuan;
when the high threshold group faced 0.01 yuan, it was the least tempted by money. Therefore, we assume that
the difference between the group with the greatest temptation of money and the group with the least temptation
of money is the most significant and thus determine that the EEG component is the EEG component when the
participants resist the temptation of money. Then, the EEG components were verified in two steps. Assuming
that the same participants face different money temptations, the greater the money temptation is, the greater
the EEG components evoked by the participants when resisting money temptation. In contrast, the smaller
the temptation of money is, the smaller the EEG components induced by the participants when resisting the
temptation of money. It is assumed that when the two groups of participants with high and low thresholds face
the same money temptation, the participants with high thresholds have less EEG activity when resisting money
temptation.

In the decision-making stage, a single-factor intraparticipant experimental design was used. The independent
variable is money temptation (3 yuan, 2 yuan, 1 yuan, 0.1 yuan, 0.01 yuan), and the dependent variable is EEG
activity evoked by the inner conflict between the individual facing money temptation and maintaining his own
moral standards. There were 29 effective participants (12 females) with an average age of 20.03 +1.149 years. In
the decision-making stage, the EEG activity of the participants in the conflict between the temptation of money
gain and the maintenance of their own moral standards was explored, and the different EEG activity between the
most conflicted group and the most conflicted group was investigated.

Procedures

The experiment uses the paradigm of coin-flips. As shown in Fig. 9, at the beginning of the experiment, a
1000-millisecond watching screen “+” is presented first, and then a “please predict” screen with a certain amount
of money appears randomly. When this screen appears, the task of the participants is to predict whether the coins
thrown in this round are heads or tails inside their mind. After the prediction, press the “space bar”. Then, there
is the actual coin toss result, that is, heads or tails (presenting 1000 ms). Then, it presents “Is your prediction
correct?. On this screen, the task of the participants is to judge whether they guessed the result of this round
of coin toss (press the “F” key correctly and press the “J” key incorrectly). After the keys were pressed, an all-
black blank screen was presented, and the blank screen was randomly presented for 1000 ~ 2000 ms to prevent
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Fig. 9. Design and procedure of the coin-flips study.

the participants from accurately predicting the time point of the event. Finally, a 1500 ms feedback screen was
presented: “Get ... yuan” or “Deduct ... yuan”. After the feedback screen was presented, an all-black blank screen
was presented, and the blank screen was randomly presented for 1000 ~ 2000 ms. the participants were informed
that the task in the experiment was to predict whether the coins thrown randomly are positive or negative. The
purpose of the experiment is to see if the stimulation of different economic interests will affect the prediction
ability of individuals. Therefore, before each coin is thrown, the amount of money (0.01 yuan, 0.1 yuan, 1 yuan, 2
yuan, 3 yuan) will be given. If the participant predicts correctly, the participant will receive the money, and if the
participant predicts incorrectly, the computer will subtract the money. The computer automatically accumulates
the amount predicted each time. If the accumulated amount is positive, the participants will receive this money
in addition to the basic participant fee. If the accumulated amount of the participant is negative, the basic
participant fee of the participant will not be deducted.

There are five conditions for money temptation: 0.01 yuan, 0.1 yuan, 1 yuan, 2 yuan and 3 yuan. These five
money conditions are all 48 trials, and the positive and negative sides of each kind of money condition are
24 trials, totaling 240 trials. During the experiment, the different money conditions appear randomly. There
were 12 exercises before the formal experiment. After ensuring that the participants were familiar with the
experimental process, the formal experiment was started, and the exercises were not included in the follow-up
statistical analysis. The participants were given a rest every 72 times. The duration of rest was determined by the
participants themselves.

All the participants voluntarily participated in this experiment. The participants were invited to a quiet
standard laboratory. The main test staff told the participants the operating methods and notices in the experiment,
and the participants signed the informed consent form to start the experiment. The participants sat alone in a
suitable laboratory, with their eyes 80 cm away from the computer screen, minimizing the number of blinks
and keeping their eyes fixed in the center of the screen after completing an experimental trial. The participants
were told to sit comfortably in a chair with an EEG acquisition cap of appropriate size on their head. The angle
between the line of sight and the target stimulus was maintained at 8.08° x 9.65°. All stimuli are presented on a
black background, and the stimuli are in the center of the computer screen. All experiments were generated and
controlled by E-Prime software (version 2.0). Before the formal start of the experiment, the participants were
told that after the experiment was completed, in addition to the basic fees, they would also receive monetary
rewards in the task according to their decision-making results, and then the participants left the laboratory after
receiving the fees.

EEG acquisition and preprocessing

The experimental equipment used was the Neuroscan64 EEG recording and analysis system. It employed a
64-channel elastic cap, which was extended according to the international 10-20 system, to record the
participants’ EEG activity. The reference electrode was placed at the REF point, and the ground electrode was
placed at the GROUND point. The right horizontal electrooculogram (HEOG) and the left inferior orbital vertical
electrooculogram (VEOG) were also recorded. The bandpass filter was set to 0.016 to 100 Hz, the sampling rate
was 1000 Hz, and a 50 Hz notch filter (to remove electrical interference from the power supply) was applied.
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The signal was amplified by 100,000 times. The impedance between the scalp and the electrodes was kept below
5 kQ. The EEG data were offline processed with an analysis window of 900 ms (from — 100 ms to 800 ms), with
the reference electrodes at the left and right mastoids. The vertical eye movement artifacts were removed using
the semi-automatic mode of Covar in Curry 8.0.6. During preprocessing, five channels (FP1, FPZ, FP2, AF3,
and AF4) were excluded due to impedances exceeding 10 kQ. Epochs with excessive eye movements or other
movement artifacts were identified by visual inspection and manually removed. Ocular artifact reduction was
performed using the semi-automatic mode of Covar in Curry 8.0.6s.

In the monetary temptation phase, the EEG data were segmented according to the five monetary amounts
(0.01 yuan, 0.1 yuan, 1 yuan, 2 yuan, and 3 yuan). During the decision-making process, the EEG data were
segmented according to the “heads” and “tails” (e.g., the previous screen displayed 2 yuan with heads and tails).
After continuous EEG recordings were completed, offline data processing was performed using Curry 8.0.6 S
software to analyze the recorded EEG data.

The ERP waveform was time-locked to the onset of the stimulus presented on the monetary temptation
screen. Based on the shortest average response time for decision-making, the average analysis window (epoch)
for the ERP data was set to 900 ms, including the waveform occurring 800 ms after the monetary stimulus
presentation and the baseline period occurring 100 ms before the stimulus. Data were overlaid and averaged
according to event type and segment.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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