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A B S T R A C T

Deception is a complex social behavior that manifests in various forms, including scams. To successfully deceive 
victims, liars have to continually devise novel scams. This ability to create novel scams represents one kind of 
malevolent creativity, referred to as lying. This study aimed to explore different neural substrates involved in the 
generation of high and low creative scams. A total of 40 participants were required to design several creative 
scams, and their cortical activity was recorded by functional near-infrared spectroscopy. The results revealed that 
the right frontopolar cortex (FPC) was significantly active in scam generation. This region associated with theory 
of mind may be a key region for creating novel and complex scams. Moreover, creativity-related regions were 
positively involved in creative scams, while morality-related areas showed negative involvement. This suggests 
that individuals might attempt to use malevolent creativity while simultaneously minimizing the influence of 
moral considerations. The right FPC exhibited increased coupling with the right precentral gyrus during the 
design of high-harmfulness scams, suggesting a diminished control over immoral thoughts in the generation of 
harmful scams. Additionally, the perception of the victim’s emotions (related to right pre-motor cortex) might 
diminish the quality of highly original scams. Furthermore, an efficient and cohesive neural coupling state ap
pears to be a key factor in generating high-creativity scams. These findings suggest that the right FPC was crucial 
in scam creation, highlighting a neural basis for balancing malevolent creativity against moral considerations in 
high-creativity deception.

Introduction

Deception and malevolent creativity

Deception or fraud is one of the most common unethical behaviors, 
consistently causing substantial losses to individuals and society (e.g., 
Bazerman and Gino, 2012; Du and Chen, 2023). The global economy 
incurs over $5 trillion annually in financial losses due to fraud (Gee and 
Button, 2019; Hanoch and Wood, 2021), while emotional distress im
pacts 79 % of scam victims, far exceeding the 24 % who suffer finan
cially (European Commission, 2020). From an individual perspective, 
self-interested deception can even lead to irreparable damage to re
lationships (Gaspar et al., 2022; Schweitzer et al., 2006). Overall, 
deception not only causes significant economic losses but also has 

profound effects on the psychological health of victims and societal 
trust.

While existing studies have mostly focused on simplified forms of 
deceptive behavior within controlled experimental settings—for 
example, allowing participants to gain more rewards by exaggerating 
their performance (Cui et al., 2018) or by sending false information to 
partners (Jenkins et al., 2016)—deception is a complex behavior that 
interacts with various social factors (Qiao et al., 2023; Walczyk et al., 
2008). Accordingly, deception can be seen as a collection of scams, each 
involving a deliberate blend of deceit and strategy woven into the 
complex web of social interaction. The working neurological model of 
deception elucidates the mechanism of scam generation by mapping a 
cognitive route from the comprehension of relevant information and 
memory recall to the intricate coordination of planning and decision- 
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making, thus outlining the neural interplay that governs deceit 
(Mohamed et al., 2006). Several brain regions proposed in this model, 
including the prefrontal cortex, right temporo-parietal junction (rTPJ), 
and angular gyrus (AG, e.g., Lisofsky et al., 2014; Yin et al., 2016), have 
been found to be associated with deception, particularly linked to the 
core processes of scam construction: planning and decision-making.

However, a well-planned scam may not be effective in the long term. 
Cropley et al. (2008) have demonstrated the decay of malevolent 
behavior (e.g., performing a scam), indicating that its novelty and 
effectiveness rapidly decrease with the increasing number of imple
mentations. Thus, a scam that has been exposed may be difficult to 
execute successfully. Deception is regarded as a problem-solving strat
egy in social situations that requires divergent thinking (Walczyk et al., 
2008; Walczyk et al., 2005), and hence, creativity is a key factor in 
ensuring the success of a scam; scams must continually evolve to 
maintain their novelty, or they will rapidly lose effectiveness. Pro
gressing further, creativity not only acts as a necessary component but 
also enhances the “quality” of scams. Previous studies have established 
that engaging in creativity tasks promote subsequent lying behaviors, 
the explanation being that both constructing scams and generating novel 
ideas inherently require breaking established rules (Gino and Ariely, 
2012; Walczyk et al., 2008). Moreover, self-interested creative thinking 
induces individuals to more frequently achieve their goals through 
deception (Kapoor and Kaufman, 2022). Furthermore, when deception 
is combined with creativity, random and surprise elements within 
creativity make scams more difficult for victims to anticipate (Cropley 
et al., 2008; Gill et al., 2013; Wang, 2019). Moreover creative mindset 
induces individuals to justify their unethical behaviors, then engage in 
more deception (Gino and Ariely, 2012; Mai et al., 2015). Integrating 
the above findings, scammer/liars aim to extract maximum benefits 
from victims by crafting highly creative scams (DePaulo et al., 2003; Vrij 
et al., 2010). The successful execution of scams necessitates malevolent 
creativity, which is the deliberate application of creativity to cause harm 
(Cropley et al., 2010; Cropley et al., 2008; Harris et al., 2013; Qiao et al., 
2022). In particular, they depend on a specific kind of malevolent 
creativity for scam design: lying (denoted LY in our tests), which in
volves the creative acts of fabricating lies, concealing truths, and 
framing others (Hao et al., 2016; Qiao et al., 2023). The LY can be 
incorporated into the working neurological model of deception, where it 
plays a role in the planning and decision-making processes of scams 
(Mohamed et al., 2006).

The neuroscientific findings of creative deception

Currently, most behavioral research on deception considers crea
tivity as an independent factor of influence (e.g., Gino and Ariely, 2012; 
Kapoor and Khan, 2017), without exploring the creative features 
inherent to the deception (specifically, LY). At the neural level, the 
difference in cortical activity was primarily compared to three kinds of 
malevolent creativity: LY, hurting people and playing trick (Qiao et al., 
2023). The study revealed that brain regions associated with theory of 
mind, particularly the right frontopolar cortex (right FPC), were spe
cifically active in generating novel scams. This is consistent with the 
predictions of the working neurological model of deception (Mohamed 
et al., 2006). However, while the previous study preliminarily identified 
the specific brain regions associated with LY by comparing neural ac
tivity among different kinds of MC, it did not consider the varying levels 
of creativity within the generated scams. Because creativity has been 
found to be crucial for the successful implementation of a scam (e.g., 
Walczyk et al., 2008; Walczyk et al., 2005), the current study, within the 
framework of the working neurological model of deception, further 
explores the neural substrates involved in planning highly creative 
scams. Building on the methodology of Qiao et al. (2023), the current 
study employs various analytical methods (e.g., elastic-net regression 
and clustering analysis) to further investigate the relationship between 
neural activity and the generation of highly creative scams. Previous 

studies have used originality and harmfulness as indicators to measure 
the creativity level of malevolent ideas (e.g., Perchtold-Stefan et al., 
2022, 2023; Qiao et al., 2022). Building on this, the current study aims 
to compare the differences in neural activity when individuals generate 
scams with high versus low levels of originality or harmfulness 
respectively.

Identifying regions of interest in the generation of highly creative scams

Constructing creative scams may involve multiple psychological 
processes, with key brain regions associated with these processes 
potentially linked to the neural substrates that underlie scam creation. 
The working neurological model of deception emphasizes the contri
bution of prefrontal regions (e.g., DLPFC and FPC) to scam generation 
through the planning of deceptive behavior and inhibition of honest 
responses (Mohamed et al., 2006; Yin et al., 2016). Consistent with the 
model’s assumption, previous studies found that lies activated the 
anterior prefrontal cortex, potentially associated with monitoring vic
tims’ behavior (Pinti et al., 2021). Additionally, lying entails reconciling 
moral and material conflicts, requiring extra cognitive effort, which 
leads to increased activity within the cognitive control network 
(including PFC; van ’t Veer et al., 2014; Pang et al., 2022; Speer et al., 
2020). Theory of mind (ToM) is utilized by liars to shape victims’ beliefs, 
predict their actions, and discern their thoughts (Walczyk and Cockrell, 
2022; Walczyk et al., 2014). Corresponding to these findings, ToM- 
related regions like the TPJ, precuneus, and orbitofrontal cortex are 
implicated in various deceptions (Carrington and Bailey, 2009; Speer 
et al., 2022; Thijssen et al., 2017; Zheltyakova et al., 2022).

Creativity, notably malevolent creativity, is a key ability in designing 
novel scams (Hao et al., 2016). General creativity has been found to 
positively correlate with or promote deceptive behaviors (e.g., Gino and 
Ariely, 2012; Kapoor and Khan, 2017). Thus, the generation of creative 
scams may elicit neural responses in regions associated with creativity. 
The executive control network (e.g., the frontal regions), which is vital 
for working memory and task-switching, supports the generation of 
creative ideas (Beaty et al., 2016; Zhu et al., 2017). Concurrently, 
creativity relies on the default network for the retrieval of memories (e. 
g., rTPJ) and the integration of information (e.g., angular gyrus; Fink 
et al., 2010; Zhu et al., 2017). Moreover, the executive control network 
collaborates with the default network to regulate prominent responses 
triggered by memory retrieval (Beaty et al., 2017). Generating novel 
scams, as a manifestation of malevolent creativity, may involve brain 
regions associated with malevolent creation. Malevolent idea generation 
is associated with reduced involvement of middle occipital gyrus (MOG) 
indicating decline in moral criteria (Qiao et al., 2022) and postcentral 
gyrus, indicating weakened emotional perception (Gao et al., 2022). 
Individuals exhibiting high levels of malevolent creativity displayed 
increased alpha power in the prefrontal region during the early stage of 
generating malevolent ideas (signifying the transition from prosocial to 
antisocial thinking) and increased alpha power in the temporal region 
(denoting the restraint of conventional, dominant concepts; Perchtold- 
Stefan et al., 2023) during the middle stage. Integrating the above 
studies, the key brain regions for generating novel scams may be located 
in the bilateral prefrontal cortex (e.g., DLPFC and anterior frontal cor
tex) and the right temporal lobe (i.e., right TPJ and precuneus).

The current study

The current study aims to explore the neural correlates of generating 
highly creative scams by comparing cortical activity associated with 
generating highly, versus less creative, scams. Participants were 
required to complete lying tasks (LYT), during which they were 
instructed to generate novel scams for various scenarios. Hunter et al. 
(2022) have indicated that not all deceptive behaviors qualify as ma
levolent creativity (i.e., they do not all involve the subjective intention 
to harm others). To highlight the antisocial features of lying (i.e., 
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causing deliberate harm), the LYT used in the current study explicitly 
indicates the intention of harming others to gain personal benefit. 
Functional near-infrared spectroscopy (fNIRS) was utilized to capture 
neural activity throughout the LYT. This method offers multiple bene
fits, including its: (1) resilience to bodily movements (Schecklmann 
et al., 2010), (2) enhanced ecological validity, and (3) cost-effectiveness. 
Initially, channels that were significantly activated relative to baseline 
during LYT were identified. Then, neural activation and coupling were 
compared between the generation of high and low originality/harm
fulness lying ideas. Subsequently, Pearson correlation analysis and 
elastic-net regression were performed to examine the difference in the 
behavior-neural relationship between the generation of high and low 
originality/harmfulness lying ideas. Further, the clustering analysis 
(including sliding window approach and k-means clustering) was 
adopted to extract the neural coupling states of high- and low-creativity 
lying. Several metrics such as ratio, number of transition and dwell time 
were calculated to characterize the identified states, while graph-based 
metrics including global and local efficiency were used to measure the 
network efficiency of each state. Considering the limited neuroscience 
research on novel deception, we presently propose a more generalized 
hypothesis. We hypothesize that (1) differences in neural activity (i.e., 
neural activation and neural coupling) when generating high- or low- 
creativity scams would be observed in the bilateral prefrontal cortex 
and temporal cortex, particularly in the right FPC and right MOG; (2) 
high-creativity lying would be more closely associated with creativity- 
related and deception-related regions than low-creativity lying; (3) the 
generation of high-creativity scams would be related to neural coupling 
states with high efficiency. In addition, several factors were demon
strated that can affect generation of lying creation, including general 
creativity potential (e.g., Gino and Ariely, 2012; Kapoor and Khan, 
2017), malevolent creativity potential (e.g., DePaulo et al., 2003; Qiao 
et al., 2023; Vrij et al., 2010) and moral personality (e.g., Kapoor and 
Kaufman, 2022; Qiao et al., 2023). Therefore, these factors were 
measured by scales to examine their effects on neural correlates un
derlying scam generation.

Method

Participants

The present study used behavioral and fNIRS data that previously 
published in Qiao et al. (2023). The data of 40 participants (mean age =
21.30 ± 2.23 years; 32 females; college students) were analyzed. A 
priori power analysis indicated that a sample size of 36 would be suf
ficient to obtain reliable results (1 − β = 0.90, α = 0.05, effect size f =
0.25; Chow et al., 2017). This sample size is in line with those employed 
in previous neuroscientific creativity studies (e.g., Jiang et al., 2023; Ren 
et al., 2023; Takeuchi et al., 2019; Tempest and Radel, 2019; Xie et al., 
2021). All the participants were right-handed and had normal or 
corrected-to-normal visual acuity. None of the patients had any history 
of mental or neurological illness. Written informed consent was ob
tained from all participants before the experiment. The study procedure 
was approved by the University Committee on Human Research Pro
tection of the East China Normal University (Code: HR 039-2017).

Experimental procedure

Upon arrival, each participant would be provided with informed 
consent. After participants signed the hard copy of consent and agreed to 
proceed the experiment, the experimenter would introduce the whole 
procedure to them and prepared the fNIRS device.

The formal procedure started with a 30-second baseline scanning 
session, during which participants were instructed to close their eyes, 
remain still, and relax. Then, participants completed 10 randomized 
lying tasks (see details in The development and assessment of lying tasks). 
Each task trial consisted of an 8 s fixation session, a 10-second task- 

reading session, a 20-second thinking session, and a 12-second report
ing session. While participants could mentally conceive multiple re
sponses, they were only required to verbally report the most creative 
during the reporting session. Two jitters (blank screen, 2–6 s) were set 
between the task-reading, thinking and reporting three sessions (Fig. 1).

Immediately after completing the lying tasks, the participants rated 
their anxiety, pleasure, and tasks’ benevolence and malevolence on a 7- 
point Likert scale ranging from 1 (not at all) to 7 (strongly). Finally, the 
participants were asked to complete a series of scales immediately after 
they finished the whole experiment (see details in the “Traits” section).

The development and assessment of lying tasks

The lying tasks in this study, derived from a Realistic Presented 
Problem (RPP) format, involved generating creative solutions for open- 
ended realistic problems (Agnoli et al., 2016; Runco et al., 2016; Xue 
et al., 2018). Ten distinctive lying tasks were utilized. Each task was 
constrained to 38–42 Chinese characters to maintain consistency. Par
ticipants were instructed to address the tasks through innovative lying, 
concealing, and framing strategies (e.g., Ming wishes to acquire a luxury 
watch but cannot afford it. Please generate a novel strategy for Ming to 
cunningly solicit donations from others). The efficacy of these lying 
tasks has been validated in earlier research (Cheng et al., 2021b; Qiao 
et al., 2023).

Performances of lying tasks were assessed by evaluating the origi
nality and harmfulness of the ideas (Runco and Okuda, 1991; Gao et al., 
2022; Perchtold-Stefan et al., 2020, 2022; Qiao et al., 2022; Qiao et al., 
2023). A subjective method, commonly applied in creativity research, 
was employed to evaluate the originality and harmfulness of these ideas 
(Beaty et al., 2018; Lu et al., 2019; Xue et al., 2018). Five independent 
trained raters (with at least three years of experience in creativity 
research) scored originality and harmfulness of each idea on a 5-point 
Likert scale (originality: 1 = not original at all, 5 = highly original; 
harmfulness: 1 = not harmful at all, 5 = highly harmful). The inter-rater 
agreement was satisfactory, with internal consistency coefficients of 
0.70 for originality and 0.74 for harmfulness. The originality and 
harmfulness scores for each idea were calculated by averaging the scores 
from five raters.

The high and low creative lying ideas were determined by the score 
of originality or harmfulness within each lying task (Fig. 2A). Given that 
40 participants were recruited in this study, a total of 40 data (i.e., 40 
values of originality and harmfulness respectively) were obtained for 
each lying task. For originality, ideas surpassing the mean originality 
score for a given task were classified as high-originality, while those 
below the mean were classified as low-originality.

In respect of originality, if the originality of an idea is higher than the 
mean score of originality within a single lying task, it will be classified as 
a high-originality idea; if the originality of an idea is lower than the 
mean value of originality within single lying task, it will be classified as 
low-originality idea. For example, one LYT scenario used in the study: 
Ming works part-time at an educational institution and wants to improve 
his sales performance. Devise a novel way to deceive his classmates into 
believing that they will fail their exams if they do not attend extra classes 
at the institution. For this task, a high-originality idea: secretly spread 
rumors in the class that the final exam is very difficult, and that the 
teachers have made an agreement with the institution that students will 
fail if they do not attend extra classes; a low-originality idea: individu
ally tell every classmate that they must attend the extra classes, or they 
will fail. Similarly, ideas were classified as high-harmfulness or low- 
harmfulness based on the same procedure. Example LYT: Ming wants 
to bribe the school authorities but does not have enough money. Devise 
a novel way for Ming to deceive his roommate into willingly giving him 
the money for this purpose. High-harmfulness idea: exploit a negative 
secret about the roommate and tell him that the school authorities are 
already aware of it, but if they bribe the authorities, they will overlook 
the issue; low-harmfulness idea: tell the roommate that Ming greatly 
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admires the school authorities and wants to give him a gift, but is 
currently short of money, and hopes the roommate can help.

The neural activity associated with generating high and low crea
tivity lying ideas will be analyzed separately.

For each participant, the overall originality and harmfulness scores 
were determined by averaging the scores of all ideas generated by them. 
The final scores for high originality/harmfulness were computed by 
averaging the scores of all ideas classified as such, while final scores for 
low originality/harmfulness were similarly calculated based on ideas 
classified under these criteria.

Traits

The lying subscale of Malevolent Creativity Behavior Scale (MCBS) e. 
g. It is easy for me to tell a lie and I can justify it perfectly (Hao et al., 2016) 
was used to evaluate the participants’ potential of generating creative 
lies. The lying subscale contains 4 items rated on a 5-point Likert scale 
ranging from 1 (never) to 5 (always). The internal consistency reliability 
was satisfactory (Cronbach’s α = 0.74). The Runco Ideational Behavior 
Scale (RIBS) e.g. I have a lot of ideas about a new invention (Runco et al., 
2016) was used to evaluate the participants’ general creativity potential. 
The RIBS contains 19 items rated on a 5-point Likert scale ranging from 
0 (never) to 4 (approximately every day). The internal consistency 
reliability was satisfactory (Cronbach’s α = 0.88). The Honesty-Humility 
Inventory (Ho-Hu) e.g. If money is tight, I can’t resist the temptation to buy 
stolen goods (Lee and Ashton, 2004) was used to evaluate the partici
pants’ moral personalities. The Ho-Hu contains 20 items rated on a 5- 
point Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree). The internal consistency reliability was satisfactory (Cronbach’s 
α = 0.78).

fNIRS data acquisition

In this study, the bilateral PFC and right temporal cortex (include 
right TPJ) were selected as regions of interest (ROI). A 3 × 5 probe set 
(22 measurement channels; eight emitters and seven detectors, 3 cm 
optode separation; Fig. 2B) was positioned on the bilateral PFC, while a 
4 × 4 probe set (24 measurement channels; eight emitters and eight 
detectors, 3 cm optode separation; Fig. 2C) was positioned on the right 
temporal cortex. The layout of these two probe sets was based on the 
10–20 system: the lowest row of the 3 × 5 probe set was aligned with the 
Fp1–Fp2 line, with optode ’A’ positioned at the frontal pole midline 
point (Fpz; Sai et al., 2014), and the middle probe column of the 3 × 5 
set aligned along the sagittal reference curve (Fig. 2B). The 4 × 4 set was 
aligned with the sagittal reference curve, positioning optode ’B’ on P6 
(Fig. 2C). The virtual registration method established the correspon
dence between measurement channels and cortical brain regions in the 
ROI (Singh et al., 2005; Tsuzuki et al., 2007).

During the experiment, an fNIRS device (ETG-7100, Hitachi Medical 
Corporation, Japan) measured the concentrations of oxyhemoglobin 

(HbO) and deoxyhemoglobin (HbR) in the ROI. It specifically assessed 
the absorption of near-infrared light at wavelengths of 695 and 830 nm, 
with a sampling rate of 10 Hz.

fNIRS data pre-processing

The pre-processing procedure included following steps contained in 
Cui et al., 2012 and Pan et al., 2018 (Fig. 2D): (1) Application of the 
principal component spatial filter algorithm to remove global compo
nents from the raw data; (2) Use of correlation-based signal improve
ment to eliminate motion artifacts. After correction, oxy-hemoglobin 
(HbO) and deoxy-hemoglobin (HbR) were found to be negatively 
correlated (i.e., corrected HbR values equaled the products of corrected 
HbO and a negative coefficient; Cui et al., 2010). Therefore, data anal
ysis primarily focused on HbO rather than HbR; (3) Identification and 
selection of channels with poor signals. Poor channels were determined 
through visual inspection using NIRS time-course plots, identifying 
channels with significantly higher variance compared to others in the 
same participant (e.g., normal channel variances ranged from 0.5 to 0.8, 
whereas poor channels ranged from 10 to 30). Participants with more 
than 11 poor channels, exceeding 25 % of total channels, were excluded 
from further analysis.

Estimation of neural activation

Generally, the neural activation within each channel of the ROI 
during the thinking phase was analyzed using the NIRS Statistical 
Parametric Mapping (NIRS_SPM) software package (Jang et al., 2009; Ye 
et al., 2009). As mandated by the NIRS_SPM, the hemodynamic response 
function (hrf) low pass filtering and wavelet minimum description 
length detrending algorithms were employed. The general linear model 
was used to estimate neural activation.

The neural activation during the thinking stage of all lying tasks was 
estimated through the following steps (Fig. 2D); (1) A reference wave 
was established for each channel to reflect the theoretical changes in 
HbO signals triggered by the experimental stimulus, namely generating 
creative lying ideas; (2) A regression analysis was conducted for each 
channel, incorporating both theoretical and actual HbO signal variations 
during the baseline and thinking phases of lying tasks; (3) Beta (β) 
values, serving as regression coefficients, were calculated to represent 
changes in neural activation across all channels during both baseline and 
lying tasks; (4) the beta increment was further calculated by subtracting 
the baseline beta value from the thinking-session beta value for lying 
tasks; (5) To assess the increase in neural activation specifically during 
the lying tasks, the beta increment was calculated by deducting the 
baseline beta value from the thinking-phase beta value; (6) Beta in
crements were then standardized using Z-score transformation for each 
channel across all participants.

Next, a similar procedure was applied to estimate the neural acti
vation associated with the generation of both high-originality and low- 

Fig. 1. The flow chart of experimental procedure. MCBS = Malevolent Creativity Behavior Scale; RIBS = Runco Ideational Behavior Scale; Ho-Hu = Honesty- 
Humility Inventory.
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originality ideas: (1) Two reference waves were established for each 
channel, reflecting the theoretical HbO signal changes for both high- and 
low-originality ideas; (2) A regression analysis was conducted for each 
channel, incorporating both theoretical and actual HbO signal changes 
(e.g., baseline, thinking stage of high- and low-originality ideas); (3) 

Beta values were calculated to represent the changes in neural activation 
across all channels during baseline, and the generation of high-, and low- 
originality ideas, respectively; (4) The beta increments were calculated 
to assess the increase in neural activation specifically during the gen
eration of high- and low-originality ideas; (5) the beta increments of 

Fig. 2. (A) The procedure of classification of high- and low-creativity ideas; (B) Optode probe set on the prefrontal cortex; (C) Optode probe set on the right temporal 
regions; (D) the data pre-processing and analysis procedure.
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high- and low-originality ideas were Z-scores, transformed channel by 
channel, across the participants. Finally, the neural activation pertaining 
to high- and low-harmfulness ideas was assessed using the same pro
cedure as for originality.

Estimation of neural coupling

Neural coupling (NC) indicates the functional connectivity between 
different cerebral regions during the thinking stage of lying tasks. Neural 
coupling strength was quantified using correlation coefficients (Fig. 2D). 
Pearson correlations were employed to evaluate the NC between HbO 
signals from each channel pair (e.g., Gao et al., 2022). Initially, 2,116 
channel (CH) combinations (46 × 46 CHs) were identified. After 
excluding 1,081 redundant CH combinations (equal CH combinations 
[e.g., CH1-CH2 and CH2-CH1] or CH combinations of a single CH [e.g., 
CH1-CH1]), 1,035 valid CH combinations remained. Next, NC values (i. 
e., correlation coefficients) were converted using Fisher’s z-trans
formation. Similar to beta increments, NC values were calculated for all 
types of idea, including high-originality/high-harmfulness and low- 
originality/low-harmfulness lying ideas.

Difference comparison in neural activity during lying tasks

A total of 46 (channel) one-sample t-tests using 0 as the test value (i. 
e., baseline) were performed on the beta increments of lying tasks 
(Fig. 2D). These analyses identified channels that were significantly 
activated or deactivated during the lying tasks. All p-values were cor
rected using the false discovery rate correction method (FDR; corrected 
alpha level = 0.05).

Next, the differences in neural activity (i.e., beta increments and NC 
values) during the generation of high- and low-creativity ideas were 
examined: (1) A series of paired-sample t-tests (46 for beta increments 
and 1035 for NC values) compared the difference in neural activity 
between the generation of high- and low-originality ideas; (2) Another 
set of paired-sample t-tests (46 for beta increments and 1035 for NC 
values) were conducted to compare the difference in neural activity 
between high- and low-harmfulness ideas.

The next stage was the investigation of differences in the relationship 
between neural activity and lying task performance when generating 
ideas of high and low creativity. Pearson correlation analyses were used 
to calculate the correlation coefficients between the originality scores of 
high- or low-originality ideas and their corresponding beta increments. 
Furthermore, a selection criterion for the p value was set at 0.05 (p <
0.05, uncorrected); a channel that passes the selection criteria in at least 
one of the two correlation relationships between the originality scores of 
high- or low-originality ideas and the corresponding beta increments 
will be entered into subsequent analyses. Fisher’s Z tests were performed 
to examine the difference in strength of task performance-beta incre
ment relation between high- and low-originality ideas. All p-values of 
Fisher’s Z tests were corrected using the FDR method (corrected alpha 
level, 0.05). The same procedure will be applied to high- and low- 
harmfulness. A similar analyses procedure was performed on NC 
values for each CH combination (except the selection criterion was set to 
0.005, uncorrected). Moreover, the differences in the relationship be
tween traits and neural activity when generating ideas of high- and low- 
creativity (i.e., originality and harmfulness) was investigated with the 
abovementioned method.

Elastic-net regression

Elastic net regression was used to examine which brain regions or 
inter-regional neural activities could significantly predict task perfor
mance. It was separately conducted for high-creativity (i.e., high- 
originality/harmfulness) and low-creativity ideas (i.e., low-originality/ 
harmfulness). This type of regression was suitable when predictors 
outnumber dependent variables (Xie et al., 2022). Next, the analysis 

procedure was illustrated using high-originality ideas and beta in
crements as examples. Before the formal procedure of elastic-net 
regression, several Pearson correlation analyses were performed on 
originality scores of high-originality ideas and beta increments of each 
channel. Only the channel that significantly correlated with originality 
(p < 0.05, uncorrected) would be introduced into subsequent elastic-net 
regression as predictors (Xie et al., 2022). Elastic-net regression contains 
two parameters: α and λ. The parameter α ranges from 0 to 1, which 
indicates the proportion of ridge and LASSO (Least absolute shrinkage 
and selection operator regression) penalization (Zou and Hastie, 2005). 
When α is 0, elastic-net regression converts into ridge regression; when α 
is 1, elastic-net regression converts into LASSO regression. The param
eter λ is a positive value that indicates the severity of penalty. Elastic-net 
regression converts into ordinary least squares regression when λ is 0, 
whereas the weights of all predictors become 0 when λ is maximized. In 
the current study, elastic-net regression was performed on every 
behavioral performance respectively (with beta increments as pre
dictors). The values of α were set between 0.001 and 1 (in steps of 0.001, 
a total of 1000 α values; for example, α could be 0.002 and 0.003). For 
each α value, elastic-net regression models with different λ values were 
established (the λ value was gradually increased from 0 until the weights 
of all predictors become 0). Next, the leave one out cross-validation 
(LOOCV) was used to select an optimal elastic-net model with mini
mal mean square error for each behavioral performance (Xie et al., 
2022). The predictors that remained in the final optimal elastic-net 
regression model were considered as dependent variables that signifi
cantly predict. The same procedure was applied to high- and low- 
harmfulness. A similar analyses procedure was also performed on NC 
values and lying task performance (except the selection criterion was set 
to 0.005, uncorrected).

Clustering analysis

Clustering analysis was used to identify the NC states during the 
thinking stage of lying tasks (e.g., Allen et al., 2014; Wang et al., 2022; 
Fig. 3). Primarily, a sliding window approach generated a series of 
windowed NC matrices throughout the summary thinking stage, which 
included baseline, high- and low-creativity ideas. The window size was 
set to 2 s, and moved in an increment of 0.5 s throughout the summary 
thinking stage. The 700 s summary thinking stage was then split into 
1035 (valid CH combinations) × 136 (quantity of windows) windowed 
NC matrices for each participant. The same procedure of clustering 
analysis was performed on originality and harmfulness respectively.

Next, the different NC states were extracted through the following 
steps: (1) Chained NC matrices across participants were averaged; (2) 
The k-means clustering method based on MATLAB was used to assess the 
similarity between windowed NC matrices to identify representative NC 
states. The similarity was quantified by Manhattan distance (Aggarwal 
et al., 2001). Various validity indices (i.e., the ratio of within-cluster 
distance to between-cluster distance) were calculated for an array of 
state numbers. These validity indices were plotted as a function of state 
number, then the number of NC states (i.e., clusters) were decided using 
the elbow criterion (i.e., the state number is chosen at the elbow of the 
curve to best balance the cost of clustering, e.g., Fang et al., 2020; Li 
et al., 2021); (3) An iteration process, conducted one thousand times, 
calculated the cluster centroids for representative NC states across all 
participants; (4) Cluster centroids derived from step (3) served as the 
initial centroids for the clustering analysis of individual participants, 
yielding the final NC states for each.

Following the determination of NC states for each participant, 
various metrics were employed to characterize these states (Li et al., 
2021; Wang et al., 2022): (1) The ratio of each state, indicating the 
percentage of total windows accounted for by each state; (2) The 
number of transitions between states, indicating the frequency of 
switches between different states; (3) the dwell time of each state, rep
resenting the mean duration spent in each state (measured from every 
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start point). The graph-based metrics were computed by GRETNA in 
MATLAB (Achard and Bullmore, 2007; He et al., 2009; Wang et al., 
2015): global (globE) and local efficiency (locE), measuring the effi
ciency of parallel information transfer globally and locally. Several 
paired t-tests were performed to examine the difference in the above
mentioned metrics between generating high-creativity (i.e., high- 
originality and high-harmfulness) and low-creativity (i.e., low- 
originality and low-harmfulness) lying ideas. All p-values were cor
rected using the FDR method (corrected alpha level, 0.05).

Results

Effectiveness of idea classification

The generated ideas were classified into high-originality/high- 
harmfulness and low-originality/low-harmfulness ideas. Two paired t- 
tests using group (high-originality vs. low-originality/ high-harmfulness 
vs. low harmfulness) as the independent variable were performed on 
scores of lying task performance. Results revealed that the score of 
originality in high-originality ideas (M = 2.66, SD = 0.29) was signifi
cantly higher than low-originality ideas (M = 1.41, SD = 0.70; t (39) =
11.94, p < 0.001); the score of harmfulness in high-harmfulness ideas 
(M = 2.69, SD = 0.28) was significantly higher than low- harmfulness 
ideas (M = 1.45, SD = 0.76; t (39) = 11.86, p < 0.001). These results 
indicated that the idea classification in the current study was effective.

Baseline analysis

One-sample t-tests using 0 as the test value (baseline) were per
formed on the beta increments among all the CHs (see details in 
Table 1). After FDR correction (p < 0.05, a total of 46 channels), the 

results revealed that the bilateral FPC (CH2, CH3, and CH4), right 
middle occipital gyrus (rMOG; CH36), right AG (CH39), and right pre
cuneus (CH43 and CH46) were more activated than baseline; the right 
DLPFC (rDLPFC; CH16), right middle temporal gyrus (CH23), right su
perior temporal gyrus (CH27), right postcentral gyrus (rPOG; CH30), 
and right supramarginal gyrus (rSMG; CH34) were less activated than 
baseline (Table 1).

Differences in neural activity

A total of 46 paired-sample t-tests were performed to examine the 

Fig. 3. The clustering analysis procedure.

Table 1 
Results of One-Sample T-test on beta Increment.

Channel t pfdr Region

2 3.91 0.004 Left FPC
3 5.34 <0.001 Right FPC
4 5.18 <0.001 Right FPC
16 − 2.91 0.025 Right DLPFC
23 − 3.87 0.004 Right MTG
27 − 3.25 0.012 Right STG
30 − 3.45 0.009 Right POG
34 − 3.60 0.007 Right SMG
36 2.81 0.030 Right MOG
39 3.16 0.014 Right AG
43 4.67 0.001 Right precunes
46 3.35 0.010 Right precunes

Note. Only channels that significant different from baseline were listed below. 
The p values were FDR corrected. FPC = frontopolar cortex; DLPFC = dorso
lateral prefrontal cortex; MTG = middle temporal gyrus; STG = superior tem
poral gyrus; POG = postcentral gyrus; SMG = supramarginal gyrus; MOG =
middle occipital gyrus; AG = angular gyrus.
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differences in beta increments between generation of high- and low- 
originality lying ideas. After FDR correction, the differences between 
high- and low-originality lying ideas were not significant for any chan
nel. Another set of paired-sample t-tests were performed on high- and 
low-harmfulness lying ideas, for which the differences in beta in
crements between generation of high- and low-harmfulness lying ideas 
were not significant for any channel.

A total of 1035 paired-sample t-tests were performed to examine the 
differences in NC values between generation of high- and low-originality 
lying ideas. After FDR correction, the differences between high- and low- 
originality lying ideas were insignificant for all CH combinations. 
Another set of paired-sample t-tests were performed on high- and low- 
harmfulness lying ideas, here the NC values of CH7-CH44 (rFPC-right 
precentral gyrus) were higher during generation of high-harmfulness 
lying ideas (M = 0.26, SD = 0.29) than during low-harmfulness lying 
ideas (M = − 0.03, SD = 0.35; t (39) = 4.73, pfdr = 0.031; Fig. 4A).

Differences in correlation coefficients

The Fisher’s Z tests were used to examine the difference in task 
performance-neural activity relationship between high- and low- 
creativity lying ideas (see detailed procedure in Difference comparison 
in neural activity during lying tasks). The significant differences were only 
observed in originality-neural activity relation and not harmfulness- 
neural activity relation.

For originality-neural activation, results revealed that the correlation 
coefficient between originality and beta increment in CH40 (i.e., right 
pre-motor cortex) was lower during high-originality (r = − 0.35, p =
0.026) than during low-originality lying ideas (r = 0.16, p = 0.316; 
pFiserZ-fdr = 0.037).

For originality-neural coupling, results revealed that the correlation 
coefficient between originality and NC value in CH9-CH11 (i.e., rDLPFC- 
left DLPFC) was higher during low-originality (r = 0.44, p = 0.004) than 
high-originality lying ideas (r = − 0.16, p = 0.336; pFiserZ-fdr = 0.035); the 
correlation coefficient between originality and NC value in CH17-CH24 
(i.e., rDLPFC-right fusiform gyrus) was lower during low-originality (r 
= − 0.48, p = 0.002) than high-originality lying ideas (r = 0.13, p =
0.432; pFiserZ-fdr = 0.039).

Next, the differences between high- and low-creativity lying ideas in 
trait- neural activity relationship were also examined by Fisher’s Z test. 
The correlation coefficient between RIBS and NC value in CH6-CH44 (i. 
e., left FPC-right precentral gyrus) was higher during high-originality (r 
= 0.46, p = 0.003) than low-originality lying ideas (r = − 0.07, p =
0.657; pFiserZ-fdr = 0.050); the correlation coefficient between Ho-Hu and 
NC value in CH14-CH30 (i.e., left inferior frontal gyrus-right postcentral 
gyrus) was higher during low-harmfulness (r = 0.47, p = 0.002) than 
high-harmfulness lying ideas (r = − 0.15, p = 0.467; pFiserZ-fdr = 0.038); 
the correlation coefficient between Ho-Hu and NC value in CH11-CH43 
(i.e., left FPC-right precuneus) was lower during high-originality (r =
− 0.59, p < 0.001) than low-originality lying ideas (r = 0.05, p = 0.755; 
pFiserZ-fdr = 0.016).

Results of elastic-net regression

Elastic-net regression was used to quantify the relationship between 
the neural activity (beta increments and NC values) and task perfor
mances (i.e., the originality and harmfulness of lying tasks).

For beta increments, the originality of high-originality scams (α =
0.001, λ = 0.46, MSE = 0.07) was positively predicted by the beta in
crements of CH5 (left DLPFC; b = 2.24), while negatively predicted by 
the beta increment of CH36 (rMOG; b = − 1.19); the originality of low- 
originality scams (α = 0.001, λ = 0.19, MSE = 0.65) was negatively 
predicted by beta increment of CH36 (right MOG; b = − 3.82). No 
meaningful results were found in harmfulness.

For NC values, the originality of high-originality scams (α = 0.001, λ 
= 0.47, MSE = 0.04) was positively predicted by the NC values of CH15- 

CH30 (left DLPFC-right precentral gyrus; b = 0.14); the originality of 
low-originality scams (α = 0.001, λ = 0.65, MSE = 0.10) was negatively 
predicted by the NC values of CH17-CH24 (right DLPFC-right fusiform 
gyrus; b = − 0.24); the harmfulness of high-harmfulness scams (α =
0.001, λ = 0.38, MSE = 0.03) was negatively predicted by the NC values 
of CH25-CH30 (right MOG-right precentral gyrus; b = − 0.16); the 
harmfulness of low-harmfulness scams (α = 0.001, λ = 0.18, MSE =
0.42) was negatively predicted by the NC values of CH21-CH35 (right 
DLPFC-right AG; b = − 2.74).

Results of clustering analysis

The neural coupling during baseline, high-, and low-originality idea 
generation, were clustered together to identify representative NC states. 
After the comparison of differences in graph-based metrics between NC 
states, the differences across baseline, high-originality, and low- 
originality ideas were examined.

For originality, two distinctive NC states (i.e., State 1 and State 2) 
were extracted (Fig. 4B). Results of paired t-test revealed that the global 
efficiency was higher in State 2 (M = 1.77, SD = 0.01) than State 1 (M =
1.64, SD = 0.01; t(39) = 9.49, p < 0.001); the local efficiency was higher 
in State 2 (M = 0.40, SD = 0.01) than State 1 (M = 0.34, SD = 0.03; t(39) 
= 16.94, p < 0.001). Further, the one-way ANOVAs were used to 
examine the differences in various metrics. Results revealed that the 
ratio of State 1 during high-originality idea generation (M = 0.89, SD =
0.05; F = 6.59, p = 0.002, ηp

2 = 0.14) was significantly lower than during 
baseline (M = 0.91, SD = 0.04; Bonferroni corrected: p = 0.011); the 
ratio of State 2 during high-originality idea generation (M = 0.11, SD =
0.05; F = 6.59, p = 0.002, ηp

2 = 0.14) was significantly higher than 
during baseline (M = 0.09, SD = 0.04; Bonferroni corrected: p = 0.011).

For harmfulness, two distinctive NC states (i.e., State 1 and State 2) 
were extracted (Fig. 4C). The paired t-tests give a global efficiency 
higher in State 2 (M = 1.77, SD = 0.01) than State 1 (M = 1.64, SD =
0.01; t(39) = 8.66, p < 0.001); the local efficiency was higher in State 2 
(M = 0.40, SD = 0.01) than State 1 (M = 0.34, SD = 0.03; t(39) = 17.34, 
p < 0.001). Further, the one-way ANOVAs were used to examine the 
differences in various metrics. The dwell ratio of State 1 during high- 
harmfulness idea generation (M = 0.87, SD = 0.07; F = 8.35, p =
0.001, ηp

2 = 0.18) was significantly lower than during low-harmfulness 
idea generation (M = 0.90, SD = 0.04; Bonferroni corrected: p =
0.040) and baseline (M = 0.91, SD = 0.04; Bonferroni corrected: p =
0.006); the ratio of State 2 during high-harmfulness idea generation (M 
= 0.13, SD = 0.07; F = 8.35, p = 0.001, ηp

2 = 0.18) was significantly 
higher than during low-harmfulness idea generation (M = 0.10, SD =
0.04; Bonferroni corrected: p = 0.040) and baseline (M = 0.09, SD =
0.04; Bonferroni corrected: p = 0.006); the dwell time of State 2 during 
high-harmfulness idea generation (M = 2.39, SD = 1.69; F = 4.55, p =
0.014, ηp

2 = 0.10) was significantly higher than baseline (M = 0.1.60, SD 
= 0.79; Bonferroni corrected: p = 0.019).

Discussion

Based on the working neurological model of deception, designing 
deceptive responses is the core process of scam generation (Mohamed 
et al., 2006). Given this framework, creativity is crucial. It plays a cen
tral role in the successful implementation and long-term effectiveness of 
a scam (e.g., Walczyk et al., 2008; Walczyk et al., 2005).While Qiao et al. 
(2023) revealed the brain regions that may be related to lying, the 
current study conducted a more in-depth investigation to reveal the 
neural correlates underlying the generation of creative scams (focused 
on the planning stage) by comparing the differences between high- and 
low-creativity lying ideas. Additionally, recognizing that not all scams or 
deceptive behaviors are intended to cause harm (Hunter et al., 2022), 
the LYT used in the current study were designed to explicitly highlight 
malevolent intent.

Consistent with the assumption of the working neurological model of 
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Fig. 4. Results on difference between high- and low-harmfulness scams in neural coupling; NC = neural coupling; FPC = frontopolar cortex; (B) Cluster analysis in 
baseline, high- and low-originality scams; (C) Cluster analysis in baseline, high- and low-harmfulness scams; *p < 0.05, **p < 0.01, ***p < 0.001.
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deception, several regions in the bilateral prefrontal cortex and the right 
temporal lobe were found to be involved in planning creative scams, 
such as the bilateral FPC, the right DLPFC, the right AG, and the right 
precuneus (Mohamed et al., 2006). The coupling between the rFPC and 
the right precentral gyrus was stronger during the generation of high- 
harmfulness scams than during the generation of low-harmfulness 
scams. The creativity-related regions (e.g., the left DLPFC and left 
FPC) were positively involved in creative scams, whereas morality- 
related regions (e.g., the right DLPFC and right MOG) were negatively 
involved in creative scams. Moreover, an efficient and dense coupling 
state was closer to high-creativity scams than low-creativity scams. In 
summary, the current study validates the findings of Qiao et al. (2023)
regarding the role of the rFPC in the generation of creative scams. 
Additionally, it further identified the involvement of brain regions 
associated with the weakening of self-control motivations (e.g., right 
precentral gyrus), enhancement of creative idea generation (e.g., left 
FPC), and reduction of empathy (e.g., right fusiform) for victims in the 
process of generating highly creative scams.

The results indicated that several regions in the PFC and the right 
temporal cortex, which were theoretically hypothesized to be associated 
with planning deceptive behavior (Mohamed et al., 2006), were 
involved in both high- and low-creativity scam generation. These find
ings primarily reveal the role of creativity in scam generation (e.g., Gino 
and Ariely, 2012; Kapoor and Khan, 2017). Moreover, Perchtold-Stefan 
et al. (2023) found that stronger frontal cortex activity in the early stages 
of generating malevolent ideas might be related to inhibiting normative 
ideas to meet malevolent demands. In contrast, temporal lobe activity 
was more involved in the mid-stages of generating malevolent ideas, 
possibly indicating that individuals were attempting to produce un
precedented ideas. During the LYT, the left FPC, right AG, and right 
precuneus, were significantly activated relative to the baseline. It may 
be related to applied creativity for malevolent purpose in the LYT (Chen 
et al., 2015; Green et al., 2015; Perchtold-Stefan et al., 2023; Wertz 
et al., 2020; Wu et al., 2015; Zhu et al., 2017). Similarly, the decreased 
activity in right middle temporal gyrus and right superior temporal 
gyrus reflects higher openness and divergent thinking (Vartanian et al., 
2018; Zabelina et al., 2019), which may further implicate the general 
creation during LYT. Furthermore, a significant activation relative to the 
baseline was observed in the rFPC. Previous findings revealed that right 
frontopolar pole was engaged in ToM (Lewis et al., 2011; Reniers et al., 
2014), which is an important process to manipulate and predict victims’ 
thoughts during deception (e.g., Sai et al., 2021; Walczyk and Cockrell, 
2022; Walczyk et al., 2014). Moreover, the bilateral FPC is related to 
complex cognitive strategies (Abe, 2011; Ganis et al., 2003; Lin et al., 
2021), and the rFPC has been further identified as playing a pivotal role 
in the construction of well-rehearsed lies (Abe, 2011; Ganis et al., 2003). 
Qiao et al. (2023) found that rFPC was involved in generating creative 
scams. The current study used the same dataset as Qiao et al. (2023), and 
the findings may indicate that activity in the rFPC is associated with an 
individual’s attempt to construct novel and plausible scams. This re- 
analysis emphasizes the role of the rFPC in malevolent creativity, 
consistent with the results from Qiao et al. (2023). Additionally, mo
rality is implicated in deception (van ’t Veer et al., 2014; Pang et al., 
2022; Speer et al., 2020), indicated by significant activation of the right 
MOG and deactivation of the rDLPFC and rSMG relative to baseline. The 
activity of right MOG may represent the automatic stimulation of moral 
judgment functions (Cheng et al., 2021b), whereas reduced activity of 
rDLPFC and rSMG implicates the focus on selfish demands (Knoch et al., 
2006; Silani et al., 2013).

The working neurological model of deception indicates several pre
frontal regions related to response control engage in deception planning 
(Abe, 2011; Mohamed et al., 2006). Results found that the neural 
coupling between the rFPC and the right precentral gyrus was signifi
cantly stronger in the generation of highly harmful scams than in less 
harmful scams. The rFPC acts as a central role in constructing well- 
rehearsed lies (Abe, 2011; Ganis et al., 2003). The volume and activity 

intensity of the right precentral gyrus are negatively associated with 
impulse control (Yan et al., 2022; Ye et al., 2020). The enhanced 
coupling between the rFPC and the right precentral gyrus might indicate 
that a reducing control over immoral thoughts during the generation of 
creative scams could facilitate their harmfulness. However, there were 
no significant differences (after FDR correction) in brain activation be
tween the generation of highly and less creative scams. This might 
suggest that individuals rely more on the inter-regions coupling when 
generating highly creative scams, potentially involving the interaction 
of multiple psychological functions. The overall activity level of a single 
brain region may not reflect the complex interactions involved in the 
generation of highly creative scams.

In generating malevolent ideas, individuals need to integrate 
cognitive and emotional information while managing the emotional 
burden of their creative thoughts (Perchtold-Stefan et al., 2023). Addi
tionally, they also seek to gain extra personal benefits (e.g., Cropley 
et al., 2010). Thus, emotional processing and controlling selfish motives 
can be influential in scam generation. The comparison of the task 
performance-neural activity relationship between high- and low- 
creativity lying ideas revealed that the activity of the right pre-motor 
cortex was negatively correlated with originality when generating 
high-originality scams. The pre-motor cortex is associated with 
emotional empathy (i.e., the perception of others’ emotional states) 
rather than cognitive empathy (i.e., understanding others’ thoughts; 
Braadbaart et al., 2014; Nummenmaa et al., 2008). Thus, reducing the 
processing of victims’ emotions may facilitate the generation of highly 
harmful deceptions. Next, the coupling between the rDLPFC and the 
right fusiform gyrus negatively correlated with originality when 
generating low-originality scams. The enhanced activity of the rDLPFC 
can further stimulate the inhibition of selfish motivation (Knoch et al., 
2006), while the right fusiform gyrus is associated with empathy (e.g., 
Rankin et al., 2006; Schmidt et al., 2021). These prosocial functions may 
intervene more in the generation of low-originality scams than in high- 
originality scams. Additionally, the coupling between the bilateral 
DLPFC is significantly positively correlated with the performance of low- 
novelty scams. The left DLPFC is involved in self-interest maximization 
(e.g., Liu et al., 2018). This may imply that enhanced self-interested 
motivation may, to some extent, weaken the inhibitory effect of proso
cial functions on scam generation.

Further, the differences in the trait-neural activity relationship be
tween high- and low-creativity lying ideas were examined. LY potential 
(i.e., trait LY) was significantly positively correlated with the coupling 
between the left FPC and right precentral gyrus when generating high- 
originality scams. The left FPC is associated with idea generation (e.g., 
Zhu et al., 2017), while activity in the right precentral gyrus indicates a 
reduction in impulse control (Yan et al., 2022; Ye et al., 2020). This 
might imply that individuals with high LY potential may benefit from 
the release of impulsivity in constructing high-originality scams, as it 
facilitates the level of originality. The moral personality was positively 
correlated with left IFG-right postcentral gyrus coupling in low- 
harmfulness lying, while it was negatively correlated with left FPC- 
right precuneus coupling in high-harmfulness lying. Both the left IFG 
and left PFC are linked to general creation (e.g., Fink et al., 2009; Zhang 
et al., 2014; Zhu et al., 2017). Antisocial behavior is connected with the 
reduction of the gray matter volume in right postcentral gyrus (Aoki 
et al., 2014). Malevolent creation is accompanied by decreased activity 
in right postcentral gyrus, which may represent the inhibition of 
emotional perception toward victims (Gao et al., 2022). Previous studies 
have shown that the precuneus was involved with processing self-image 
(Kawamichi et al., 2019; Kumar et al., 2019). These results might indi
cate that individuals with salient moral character have a stronger 
perception of the victims’ emotions when generating creative de
ceptions, and they are less inclined to link creative deceptive behaviors 
with their self-concept.

Results of elastic-net regression revealed that the activation of the 
right MOG negatively predicted the originality of all generated scams. 
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This may suggest that the inhibition of moral judgement is related to 
creative deception (Cheng et al., 2021b; Qiao et al., 2022). The left 
DLPFC, which is related to idea generation (e.g., Zhu et al., 2017), has 
been found to be positively connected to generating creative scams. 
Furthermore, the coupling between the left DLPFC and the right pre
central gyrus positively predicted the originality during the generation 
of high-originality scams. For high-harmfulness scams, the coupling 
between right MOG and right precentral gyrus negatively predicted their 
harmfulness. The activity of right precentral gyrus is linked to reduction 
in impulse control, which may be crucial to generating scams (Yan et al., 
2022; Ye et al., 2020). The participation of general creativity 
strengthens the construction of high-creativity scams (i.e., the left 
DLPFC; e.g., Zhu et al., 2017), whereas the involvement of moral 
judgement has the opposite effect (i.e., right MOG; Cheng et al., 2021b;
Qiao et al., 2022). Additionally, the coupling between the right DLPFC 
and right fusiform gyrus/ AG negatively predicted originality/harm
fulness when generating low-creativity generation. The right AG 
contribute to malevolent creation (Caspers et al., 2014; Green et al., 
2015; Qiao et al., 2023). The enhanced activation of the right DLPFC 
increases the control of selfish motivation (Knoch et al., 2006), and right 
fusiform gyrus is positively related to empathy (e.g., Rankin et al., 2006; 
Schmidt et al., 2021). In summary, reducing selfish motivation and 
fostering empathy are opposed to the core features of malevolent crea
tivity. These results might imply that the weakening of selfish motiva
tion could impair the quality of creative deceptions.

In general, highly creative scams may require more cognitive re
sources, thereby mobilizing a more efficient brain state. Clustering 
analysis has identified two distinct NC states (i.e., State 1 and 2) among 
baseline, high- and low-creativity scams (including originality and 
harmfulness). Both global and local efficiency of State 2 was higher than 
State 1. Several studies have revealed that high global and local effi
ciency is indicative of enhanced information integration, which further 
contributed to combining remote ideas to construct creative products 
(Beaty et al., 2015; Gao et al., 2017; Langer et al., 2012; Wang et al., 
2022). Moreover, the ratio and dwell time of State 2 were higher in high- 
creativity scam generation than in other conditions. A tight and efficient 
neural coupling state may be crucial for generating high-quality scams.

Several limitations should be acknowledged and discussed: (1) fNIRS 
only detects the superficial part of the bilateral PFC and the right tem
poral regions. However, scam creation might also engage subcortical 
regions. Thus, to uncover the neural underpinnings of scam creation 
more comprehensively, employing imaging techniques with greater 
spatial resolution (fMRI and MEG) is recommended; (2) participants 
were required to generate various scams within a predetermined labo
ratory setting. Researchers should further design the lying tasks with 
greater ecological validity; (3) the current study exhibited a gender 
imbalance within its sample. Future research should investigate the 
implications of possible gender differences in scam generation; (4) 
recent studies have indicated that neuroscience studies require larger 
sample sizes to avoid issues of low statistical power and reduced 
reproducibility (e.g., Bossier et al., 2020). Future researchers are 
advised to use sample sizes greater than 40 for task-based brain imaging 
studies. (5) it is essential to explicitly reaffirm that the data used in this 
study are identical to those utilized by Qiao et al. (2023). Future meta- 
analyses and related research should take this into account. For practical 
applications, the findings of the current study suggest using designed 
educational programs aimed at reducing creative scams. Enhancing 
empathy, moral reasoning, and ethical decision-making through tar
geted training can potentially diminish the use of malevolent creativity 
in deceptive behaviors. Based on the findings of the current study and 
the approach suggested by Gao et al. (2023), non-invasive neural 
modulation techniques to inhibit activity in the rFPC may potentially 
suppress the generation of novel scams. Additionally, researchers can 
further explore the cognitive mechanisms by which the rFPC influences 
the creation of novel scams, thereby clarifying its role and pathways 
more precisely. This dual approach of modulation and mechanism 

exploration may provide insights and practical strategies for managing 
malevolent creativity.
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