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Abstract
The association between primary psychopathic traits and non-cooperative behaviors is
well-identified. There is a lack of studies on how to motivate cooperative behaviors in
individuals with primary psychopathic traits. This study investigated the effects of mone-
tary incentives and social incentives on promoting cooperation in healthy adults with vary-
ing primary psychopathic traits. Participants played a one-shot public goods game (PGG)
with other anonymous players in three different contexts: a social incentives context where
participants’ decisions would be judged by others, a monetary incentives context where
participants’ decisions would result in winning or losing money depending on their con-
tributions, and a control condition where no additional incentives were implemented. We
found that, compared to the control condition, both monetary and social incentives sig-
nificantly improved participants’ contributions to the public project—an indicator of
cooperative behavior. However, the association between higher primary psychopathic
traits and less cooperation was only observed in the context of social incentives. Computa-
tional modeling further revealed that this effect can be explained by the diminishing guilt
aversion when participants deliberately violated their inferred expectations of themselves
from others’ perspectives. This study found that social incentives can encourage coopera-
tive behaviors in non-clinical psychopathy, and identified the mental processes navigating
this effect.
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INTRODUCTION

Psychopathy is a severe personality disorder involving deficits in
social–emotional processing. The main characteristics of psychop-
athy include egocentricity, cheating, and lack of empathy, affec-
tion, remorse, and guilt (Hare, 1998). The connection between
psychopathic personality and low cooperative behaviors has been
widely reported in both clinically diagnosed psychopaths and
healthy individuals (Chang et al., 2011; Johnston et al., 2014; ten
Brinke et al., 2015). Clinically diagnosed psychopaths have diffi-
culty sustaining long-term reciprocal relationships (Hare, 1998).
They are more likely to show competitive, uncooperative behav-
iors in social interactions (Mokros et al., 2008). There are two
subtypes of psychopaths that have been developed and widely
identified: the “primary” and “secondary” psychopathic traits
(Skeem et al., 2007), and studies have suggested these two kinds
of psychopathic traits have different associations with cooperative
behaviors. A study of clinical patients found that the behaviors of

secondary psychopaths were more like those of healthy controls
after cooperation and communication, whereas primary psycho-
paths exhibited less cooperation under the same condition
(Widom, 1976). In the non-clinical sample, individuals with
higher total and primary psychopathy scores were significantly
correlated with fewer cooperative behaviors in the economic
game. However, the association between secondary psychopathy
scores and cooperative behaviors was not significant (Rilling
et al., 2007). These findings underscore a specific role of primary
psychopathic traits on non-cooperative behaviors. Some studies
suggested the distinct personality structures (Cima &
Raine, 2009) and evolutionary explanations (Glenn et al., 2011)
for these two subtypes of psychopaths. Primary psychopathy is
typically regarded as arising from genetic predisposition, which
may include some inherent deficits, such as decreased emotional
processing ability and reduced capacity for empathy (Lee &
Ashton, 2005; Mealey, 1995); whereas secondary psychopathy is
thought to have environmental or psychosocial causes, like
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exposure to parental abuse and neglect, substance abuse, and
childhood trauma (Koenigs et al., 2010).

Although a relationship between non-cooperation and pri-
mary psychopathic traits has been frequently reported, few
studies have explored ways to motivate these people to be more
cooperative. There is some evidence that primary psychopaths’
cooperative behaviors can be driven by the fear of monetary
loss. Koenigs et al. (2010) found that, compared to secondary
psychopaths and controls, primary psychopaths made lower
offers in the Dictator Game (DG). However, in the Ultimatum
Game (UG), where the receiver has the power to reject the
offer and therefore participants face a threat of monetary loss,
the offers made by psychopaths and controls were no different.
Consistently, in repeated interactions where each player’s pay-
off is dependent on mutual cooperation, the cooperative behav-
iors were not related to the psychopathic traits (Rilling
et al., 2007). However, this relationship does not hold in one-
off situations, where further reciprocity is not possible, and pri-
mary psychopathic traits are associated with fewer cooperative
behaviors (Curry et al., 2011). Encouraging cooperative behav-
iors in people with high psychopathic traits in one-off situa-
tions is of great importance, as we are regularly exposed to
strangers and have to deal with one-off interactions in our daily
life. Monetary consequences may incentivize cooperative
behavior in psychopaths, but more research is needed to deter-
mine the direct effects. Additionally, it is unclear how social
consequences may impact cooperative behavior in this popula-
tion. It is important to investigate the effect of the social conse-
quences on cooperative behaviors, as in human daily life,
behaviors are often linked to social consequences (such as the
appreciation or dislike of others) instead of direct monetary
gain or loss (Wu et al., 2016).

The purpose of this study was to investigate the effects of social
incentives (others’ evaluation) and of monetary incentives on

cooperative behaviors in adults with different levels of psychopathic
traits. Given that antisocial tendencies exhibited by non-clinical
psychopaths have been deemed a potential threat to social stability
(Anderson, 1999; Levenson et al., 1995), we selected healthy adults
as our research sample. The psychopathic personality trait was
assessed by the Levenson Self-report Psychopathy Scale (LSRP;
Levenson et al., 1995), which has been widely used to assess psy-
chopathic personality in a nonclinical population. In this study,
participants played a modified version of the public goods game
(PGG) with three anonymous players in each round (one-shot
game). The game was played in three different contexts: a social
incentives context, a monetary incentives context, and a control
context. In the social incentives context, participants were evaluated
by others based on their decisions; in the monetary incentives con-
text, participants had the potential to gain or lose money depend-
ing on their contributions; and in the control context, no
additional incentives were employed (see Figure 1). Participants’
contributions in each context were regarded as an indicator of
cooperative behaviors. We expected that both monetary and social
incentives, compared with the control, could increase cooperation
and sought to test their associations with psychopathic traits.

Previous studies suggested that the social dysfunctions of
psychopathic personality may be due to these individuals’ defi-
cits in mentalizing, and thus they have difficulty following
social expectations (Blair, 2007; Harenski et al., 2010; Koenigs
et al., 2012). Based on that, we derived the following
hypothesis:

Hypothesis 1. Participants with high psycho-
pathic traits may distort expectations about other
players’ decisions in PGG.

Participants’ ability to build beliefs about others’ expecta-
tions was assessed via self-reported scores. The self-reported

F I GUR E 1 Experimental procedure and one trial illustration. (A) Research schema of the present study. All participants completed the experiment in a quiet
behavioral laboratory. (B) One trial illustration. Each trial was started with a jitter (1000–2000 milliseconds), after which the cue word was presented (2000
milliseconds) to indicate the context of the current round. The cue words “social evaluation,” “monetary incentives,” and “impunity” were presented to indicate the
contexts of social incentives, monetary incentives, and control, respectively. Thereafter, a decision window was shown during which participants were asked to make
their decision within 6000 ms, followed by an ending window (500 ms) to indicate the end of the current trial. Notably, in the decision window, the red number
was presented randomly across trials at the beginning to avoid any default hint. Participants were asked to press the left (right) button to move the red number to
the left (right) option and press the enter button to submit the selection when ready.
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scores were assessed by asking participants to subjectively
report their expectations regarding the decisions of others and
others’ expectations, which draws on previous studies (Chang
et al., 2011; Gong et al., 2019). Conversely, a recent study
found that individuals with higher psychopathic traits were
correlated with reduced repayment in the trust game, but not
with their self-reported scores about others’ expectations
(Gong et al., 2019). The findings suggested that individuals
with higher psychopathic traits were able to understand social
expectations, but that they did not follow them to make deci-
sions that met the expectations of others. This result motivates
our second hypothesis:

Hypothesis 2. The social dysfunction of partici-
pants with high primary psychopathic traits is not
due to mentalizing deficits but to their reluctance
to follow social expectations, and therefore we can-
not observe the association between psychopathic
traits and self-reported scores.

We constructed models with different assumptions about
how participants calculate the subjective utilities of cooperation
and make decisions. Model 1 assumed that participants make
decisions by trading off the interests of themselves (self-inter-
ests) and the interests of all four players in that round (collec-
tive-interests); we called this model the self-collective interests
integration model. This model was based on the study of Park
et al. (2011) and has been adapted for use in cooperative
decision-making (Park et al., 2019). Under the assumption of
the self-collective interests integration model, those who priori-
tize collective benefits over individual benefits will be more
likely to cooperate and contribute more in PGG, and vice
versa. Model 2, the guilt aversion model, assumed that people
are motivated by self-interest and a desire to avoid the guilt
that comes from disappointing others. This guilt can be
relieved by making choices that align with others’ expectations,
such as increasing cooperation. The guilt aversion model was
adopted from previous studies (Chang et al., 2011; Gong
et al., 2019). A guilt aversion estimated from modeling reflects
the degree to which participants are averse to the anticipated
guilt of disappointing other players. The higher value of guilt
aversion indicates that participants were more likely to conform
to others’ expectations and avoid guilt. If Hypothesis 2 held,
that is, if the social dysfunction of participants with high pri-
mary psychopathic traits was due to their reluctance to follow
social expectations, we expected to observe that participants
with high psychopathic traits would exhibit less guilt aversion.

METHODS

Participants

A total of 60 adults (mean age = 21.68 ± 2.35 years; 19 males)
participated in the present study. The sample size was deter-
mined by G*Power 3.1.9.7 (Faul et al., 2007) before the exper-
iment. We set the probability of type I error (0.05), expected

effect size (f = 0.20), power (1�β = 0.90), and correlation
among repeated measures (0.5) which determined the mini-
mum sample size to be 56 participants. The correlation among
repeated measures is calculated by the correlations between
predictors and dependent and the matrix of correlations among
the predictors (Faul et al., 2007). We set the value of the corre-
lation among repeated measures to be 0.5, which is based on
previous work (Verma & Verma, 2020). We recruited slightly
more participants to avoid insufficiency in sample size due to
the possibility of data collection failure (e.g., technical prob-
lems or participant apathy or disinterest). The sample size of
60 participants in the current study would be sensitive to the
minimum effects of Cohen’s f = 0.196 with 90% power
(alpha = 0.05, correlation among repeat measures = 0.5).
Prior to the experiment, participants were assessed to ensure
that they had no history of psychiatric disorders or substance
abuse, had not suffered from any major medical illness in the
last 6 months, and had normal or corrected-to-normal vision
in a self-reported manner. Those who had majored in psychol-
ogy or economics were excluded from participating. Informed
consent was obtained from all individual adult participants
included in the study.

Materials

The psychopathic personality trait was assessed by the LSRP
(Levenson et al., 1995), which has been widely used to assess
psychopathic personality in a nonclinical population. The
Cronbach’s alpha is a measure of internal consistency that is
used to assess the reliability of tests and measures. In LSRP,
the Cronbach’s alpha achieved a score of .82 (Falkenbach
et al., 2007). We used a Chinese version of the LSRP
(Zheng, 2011). The LSRP contains 26 items and has a similar
four-point Likert scale format. This measure is divided into
factor analytically derived primary and secondary psychopathy
subscores, which also roughly parallel Factor 1 and Factor 2 of
the Psychopathy Checklist-Revised (PCL-R; Hare, 2003),
respectively. The primary psychopathy items assess a selfish,
uncaring, and manipulative posture toward others, and the sec-
ondary psychopathy items assess impulsivity and a self-
defeating lifestyle. The measurements of LSRP scores for each
subject are reported in Table S5.

The public goods game

The current study used an adapted version of the PGG
(Figure 1). Participants played PGG with other anonymous
players in three different contexts. In the context of the mone-
tary incentives, participants were instructed that their perfor-
mance would determine whether they received a financial
reward or punishment. Specifically, if a participant invested
fewer tokens than the average contribution of the other three
players in a round, they would be penalized two tokens for
each token they contributed to the public pool. Conversely, if
they invested more than the average, they would be rewarded

PsyCh JOURNAL 391
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two tokens for each token they contributed. Participants
were told that a monetary incentives policy would be imple-
mented via a computer program 2–5 days after the experi-
ment. In the context of the social incentives, participants
were told that their behaviors would be evaluated and
judged by another group of participants who did not join in
the PGG. Based on their performance, participants would
receive positive (e.g., you are a generous person) or negative
feedback (e.g., you are a selfish person). The participants
were told that their behaviors would be evaluated by another
group of individuals, rather than by the participants in the
PGG, in order to simplify the relationships within the
group. The participants were told that another group of peo-
ple would only be aware of their performance on the task,
without any personal information about the participants
being revealed. Participants received an email with com-
ments about their choices in the social incentives context 2–
5 days after the experiment. The comments were given by
five participants who did not participate in the PGG.
Finally, an impunity context was used as the control condi-
tion, in which participants were instructed that no addi-
tional rules would be implemented. The three conditions
were presented in a pseudorandom manner to participants,
with 20 rounds for each condition, resulting in 60 rounds in
total.

In each round, every player was given an endowment of
10 tokens. They then had to decide how many tokens to keep
for themselves and how many to contribute to the public pool.
Each token that a person kept for themselves resulted in one
money unit to that person. Each token contributed to the pub-
lic pool was multiplied by 1.6 and then divided equally among
the four group members. All participants played the PGG indi-
vidually and were not told about the outcomes or choices of
other players. Prior to the PGG, individuals were asked to rate
their first and second-order beliefs on an 11-point Likert scale,
with 0 tokens representing the lowest possible score and
10 tokens being the highest. The first-order belief is the partici-
pants’ expectation of other players’ contributions. They answer
the question, “How many tokens do you think other players
will contribute to the group project, on average?” for each con-
text. The second-order belief is the participants’ belief about
other players’ expectations of participants’ contributions; they
answer the question “How many tokens do you think other
players believe that you will contribute to the group project?”
The self-ratings scores were used to measure participants’
expectations, which is consistent with previous studies (Chang
et al., 2011; Gong et al., 2019).

Experimental procedure

The experiment procedure is illustrated in Figure 1A. Partici-
pants sat in a quiet room to complete the screening and read
the task instructions. Before the PGG, participants com-
pleted an LSRP scale. After PGG instructions, participants
reported their first- and second-order beliefs about other
players during the game. To avoid social desirability bias

during the game, the PGG was always referred to as the
“interaction game.” Participants were instructed that they
would play a game with anonymous players across multiple
rounds, and that the players were played by different people
in each round. Participants were paid based on their perfor-
mance by randomly selecting several rounds to calculate their
earnings at the end of the game. All participants underwent
several practice rounds to ensure they fully understood the
task before the task. Stimulus presentation and behavioral
data collection were implemented using Psychtoolbox
(http://psychtoolbox.org/; Brainard & Vision, 1997) in
MATLAB (Version R2017a).

Statistical analysis

All statistical analyses were conducted in R Studio 4.2.1
(Ihaka & Gentleman, 1996).

Linear mixed models (LMMs)

Linear mixed models were estimated in “lmerTest” package
(Kuznetsova et al., 2017), which provides p values for tests for
fixed effects and implements the Satterthwaite’s method for
approximating degrees of freedom for the t and F tests. For sig-
nificant fixed effects, the “emmeans” package was used to test
post hoc contrasts. For the interaction between categorical and
continuous variables, we compared the slopes of the fitted
lines. Bonferroni correction was used to control for type I error
inflation caused by multiple comparisons.

LMM1: contribution is the dependent variable; fixed
effects include an intercept, the main effect of primary psycho-
pathic traits (continuing variable), the main effect of secondary
psychopathic traits (continuing variable), the main effect of
context (categorical variable), the interaction of primary psy-
chopathic traits and context, and the interaction of second psy-
chopathic traits and context; the random effect is the random
participant intercept.

LMM2: the LMM2 is similar to LMM1 except that the
first-order belief rating score is the dependent variable.

LMM3: the LMM3 is similar to LMM1 except that the
second-order belief rating score is the dependent variable.

LMM4: the LMM4 is similar to LMM1 except that guilt
aversion is the dependent variable.

Computational modeling

Model description

Model 1: Self-collective interests integration model
This model assumes that participants make decisions by inte-
grating the interests of the self and the interests from a collec-
tive perspective (i.e., the interests of all players). This model
was initially adapted from Park et al. (2011) (see Supplemen-
tary section 1 in Appendix S1).
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Model 2: Guilt aversion model
The guilt aversion model assumes that people are motivated
not only by self-interest, but also by a desire to avoid the guilt
that comes from disappointing others (Chang et al., 2011;
Gong et al., 2019). The utility function of the guilt aversion
model posits that individuals will avoid decisions that may
result in feelings of guilt:

SVCs ¼ self �ω � anticipated guilt ð1Þ

and

anticipated guilt¼ E2Cs�Cs, ð2Þ

where SVCsωsocial is the participants’ subjective value and self
denotes participants’ self-interests. The term “subjective value” is
used because participants’ expected value includes a non-material
component in addition to the material reward, namely guilt aver-
sion. The Cs � (0,10) denotes the self-contribution amount, and
E2Cs denotes participants’ expectations about other players’ expecta-
tions of participants’ average contribution amount, that is, the
second-reported first-order rating score. The ω is a free parameter
that measures the magnitude of guilt aversion (0 ≤ω ≤ 1). We test
the range of ω value by parameter recovery and this range can be
recovered well (see Supplementary section 1 in Appendix S1).
Large ω indicates more guilt aversion and ω approach to zero
denotes no guilt aversion. Guilt aversion was estimated in a differ-
ent context that allowed us to test whether participants change
the levels of guilt aversion across contexts. Parameters ωmonetary,
ωsocial and ωcontrol denote the guilt aversion in the monetary
incentives context, social incentives context, and control condi-
tion, respectively. The self-interest is the participant’s expected
payoff of himself/herself and calculated as follows:

self ¼ 10�Csþ1:6 Csþ3 �E1Coð Þ
4

, ð3Þ

where E1Co denotes participants’ expectations about the aver-
age contribution amount of other players, that is, the self-
reported first-order rating score. A participant’s expected payoff
is equal to their original endowment minus their contribution
to the public pool, plus an expected reward, 1:6 Csþ3 � E1Coð Þ

4 . The
expected reward is calculated by taking into account the partic-
ipant’s contribution as well as the contributions of other
players. The other player’s contributions were denoted by par-
ticipants’ expectations about the average contribution of other
players, that is, E1Co.

The probability of choosing each choice was modeled using
a softmax function:

pCs
¼ eβ � SVCs

P10

Cs¼0
eβ � SVCs

, ð4Þ

where β denotes to the inverse softmax temperature
(0 ≤ β ≤ 1), which measures the sensitivity of an individual’s

choice to the difference in utilities between options of choice
and unchosen. In this function, the numerator represents the
subjective value of the selected option, and the denominator is
the sum of the subjective values of all options. The unknown
parameters of the above models were estimated dependently
for each context. Parameters for the above models were esti-
mated in MATLAB (Versions of R2016b) using the fmincon
optimization function for each participant by maximizing the
log-likelihood (LL) for each participant as the following
function:

LL¼ max
X60

t¼1
pCs tð Þ jθj

� �� �
, ð5Þ

where pCs(t) denotes the probability of participants choosing Cs

to the public pool in t round, and θ denotes the free parame-
ters, including β, ωmonetary, ωsocial and ωcontrol in the guilt aver-
sion model. We reduced the likelihood of the model
converging on a local minimum by selecting 200 random start
locations.

Model 3: The combined model
This model combined the computation components of Model
1 and Model 2 (see Supplementary section 1 in Appendix S1).

Model comparisons

We compared three models by calculating the corrected
Akaike information criterion for small sample (AICc;
Hurvich & Tsai, 1989). The lower value of Bayesian infor-
mation criterion with a correction for sample sizes (BICc) and
Akaike information criterion with a correction for sample
sizes (AICc) averaged across participants indicates a better fit.
Protected exceedance probability (PEP) was used to examine
which model can describe our data better than the alternative
model at the group level (Rigoux et al., 2014). The analysis
results from the winning model are reported in the present
study. The mean value and 95% confidence interval (CI) of
the parameters are reported in Table S1. See Supplementary
section 1 in Appendix S1 for the analysis of parameter recov-
ery, and model validation of the winning model, which
ensures that each component of the model can be well disso-
ciated and identified and that our model predicts the real
behaviors very well.

RESULTS

Model-free results

Contribution

A linear mixed regression model (LMM1, see Methods) was
built with the independent variables of primary psychopathic
traits, secondary psychopathic traits, and context (a categorical
variable: social incentives, monetary incentives, and a control

PsyCh JOURNAL 393
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condition) to predict participants’ contributions. We found
that the interaction of context and primary psychopathic traits
(F[2, 114] = 5.595, p < .01) was significant. The primary psy-
chopathic traits significantly predicted participants’ contribu-
tion in the social incentive context (t[114] = �2.601,
pcorrected < .05), but not in the monetary incentive context (t
[114] = 0.722, pcorrected = .472), or the control context (t
[114] = �1.294, pcorrected = .202). The post hoc comparison
showed that the slope of the primary psychopathic traits on
predicting contribution in the social incentives context
(beta = �2.472, 95% CI [�4.731, –0.214]) was significantly
smaller than that in monetary context (beta = �0.583, 95%
CI [�1.680, 2.841]; t[114] = 3.293, pcorrected < .01).
The slope of primary psychopathic traits on predicting contri-
bution in the control condition (beta = �1.431, 95% CI
[�3.693, 0.830]) did not significantly differ from that in the
social incentive context (t[114] = 1.121, pcorrected = .500)
or the monetary incentive context (t[114] = �2.172,
pcorrected = .081; see Figure 2A). The main effects of pri-
mary psychopathic traits (F[1, 57] = 2.108, p = .153), sec-
ondary psychopathic traits (F[1, 57] = 0.031, p = .848),
and context (F[2, 114] = 2.212, p = .109) were not significant
(Figure S1A). The interaction of secondary psychopathic traits
and context was not significant (F[2, 114] = 0.412, p = .656).
These results suggest that individuals with higher levels of pri-
mary psychopathic traits were less likely to cooperate only in the
social incentives context, but not in the monetary incentive con-
text and/or control context.

Self-reported beliefs

A linear mixed regression model (LMM2; see Methods) was
built with the independent variables of primary psychopathic
traits, secondary psychopathic traits, and the context to predict

participants’ expectation about others’ contribution (i.e., the
first-order belief ). We found that the main effect of context
significantly predicted participants’ expectation about
others’ contribution (F[1, 57] = 5.592, p < .01; post hoc
comparison: monetary incentives [M = 7.228, SD = 0.307]
- social incentives [M = 4.879, SD = 0.306], t
[114] = 2.341, pcorrected < .001; monetary incentive – con-
trol [M = 3.163, SD = 0.308], t[114] = 4.070,
pcorrected < .001; social incentives – control, t[114] = 1.718,
pcorrected < .001). The main effects of primary psychopathic
traits (F[1, 57] = 0.943, p = .327) and secondary psycho-
pathic traits (F[1, 57] = 0.172, p = .674) were not significant. The
interaction of the primary psychopathic traits with context (F[2,
114] = 1.701, p = .193), and the interaction of secondary psycho-
pathic traits with context were not significant (F[2, 114] = 0.327,
p= .708; see Figure 2B).

A linear mixed regression model (LMM3, see Methods)
was built with the independent variables of primary psycho-
pathic traits, secondary psychopathic traits, and context to
predict a participant’s inferred other player’s expectations
about their own decisions (i.e., second-order belief). We
found that none of the main effects or interaction can predict
a participant’s inferred other player’s expectations about their
own decisions: the main effect of primary psychopathic traits
(F[1, 57] = 0.778, p = .385); the main effect of secondary
psychopathic traits (F[1, 57] = 0.011, p = .933); the main
effect of context (F[2, 114] = 2.179, p = .118); the interac-
tion of primary psychopathic traits with context (F[2,
114] = 0.242, p = .775); and the interaction of secondary
psychopathic traits with context (F[2, 114] = 0.585,
p = .552; see Figure 2c and Figure S1B,C). These findings
suggested that the expectations about other players’ contribu-
tion of individuals with different levels of primary psycho-
pathic traits and secondary psychopathic traits were not
significantly affected.

F I GUR E 2 Model-free analysis results. The interaction of primary psychopathic traits and context on (A) contribution, (B) self-reported score of first-order
belief, and (C) self-reported score of second-order belief. The first-order belief is participants’ expectation about other players’ contribution. Specifically, participants
were asked “How many tokens do you think other players will contribute to the group project, on average?” The second-order belief is participants’ inferred
expectations of their own contribution from other players’ perspectives. Participants were asked “How do you think other players will rate your contribution to the
group project?” Neither the first-order belief nor the second-order belief was found to be predicted by the score on primary psychopathic traits in all contexts. One
dot represents one participant. ns., * pcorrected < .05.
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Model-based results

The results showed that Model 2, the guilt aversion model,
had the lowest BICc and AICc scores (see Figure 3A and Table
S1). The PEP indicates that Model 2 explains our data better
than alternative models (see Table S1). The guilt aversion
model assumed that people are motivated not only by self-
interest, but also by a desire to avoid the guilt that comes from
disappointing others (see Figure 3B). We compared the
goodness-of-fit of models by the AICc and PEP and found the
guilt aversion model (Model 2) fitted participants’ decisions
best (Figure 3A). The prediction of the guilt aversion model
agreed well with the observed data (Figure 3C). The prediction
of the guilt aversion model for each context and the prediction
of another alternative model are reported in Figure S2. We
next conducted a linear regression mixed model (LMM4; see
Methods) with the independent variables of primary psycho-
pathic traits, secondary psychopathic traits, and context to pre-
dict participants’ guilt aversion. We found that the interaction
of primary psychopathic traits and context significantly pre-
dicted participants’ guilt aversion (F[2, 114] = 3.059,
p = .050). The primary psychopathic traits significantly pre-
dicted participants’ guilt aversion in the social incentive context
(t[114] = �2.072, pcorrected < .05), but not in the monetary
incentive context (t[114] = 0.717, p = .471), or the control
context (t[114] = 1.764, pcorrected = .082). The post hoc com-
parison showed that the slope of primary psychopathic traits
on predicting guilt aversion in the social incentives context

(beta = 0.19, 95% CI [�0.050, 0.442]) was marginally signif-
icantly larger than that in the monetary incentives context
(beta = �0.032, 95% CI [�0.271, 2.214]; t[114] = 2.208,
pcorrected = .072). The slope of primary psychopathic traits on
predicting contribution in the control condition (beta = 0.17,
95% CI [�0.063, 0.418]) did not significantly differ from
that in the social incentive context (t[114] = �0.162, pcorrected =
.977) or the monetary incentive context (t[114] = 2.052,
pcorrected = .102, see Figure 3D). The main effects of primary
psychopathic traits (F[1, 57] = 1.917, p = .171), secondary
psychopathic traits (F[1, 57] = 0.014, p = .992), and context
(F[2, 114] = 0.947, p = .382) were not significant. The
interaction of secondary psychopathic traits and context was
not significant (F[2, 114] = 0.886, p = .412, see
Figure S1D). These findings suggest that in the social incen-
tive context, individuals with higher levels of primary psycho-
pathic traits were more averse to guilt caused by
disappointing other players. This effect was not observed in
the monetary incentive context or the control context.

DISCUSSION

The present study examined the effects of social incentives and
monetary incentives on cooperative behaviors and their associa-
tions with non-clinical psychopathic personality traits. Healthy
adults with varying psychopathic traits played a one-shot public
goods game with anonymous players in a monetary incentives

F I GUR E 3 Model-based analysis results. (A) Model comparison AICc showed that participants’ decisions were best described by Model 2 (guilt aversion
model). (B) The mathematical framework of the guilt aversion model. (C) Model prediction. The average contribution of participants is denoted by the blue line,
while the predictions of the guilt aversion model are denoted by the red line. The shaded area in the graph represents the standard error (SE) of the data (see
Figure S2 for the predictions in each context and the predictions of the alternative model). (D) The interaction of primary psychopathic traits and context on guilt
aversion. Ns., *pcorrected < .05.
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context where decisions may have resulted in making or losing
money, a social incentives context where decisions would be
judged by others, and a control context where no additional
incentives were implemented. We found that both social and
monetary incentives were effective in promoting cooperative
behaviors, compared to the control condition. Participants in a
monetary incentive context overall improved cooperative behav-
iors; this effect was not correlated with participants’ psycho-
pathic traits. Social incentives also improved cooperative
behaviors, but not as strongly as monetary incentives. We found
that social incentives have a differential effect on cooperation
depending on an individual’s level of primary psychopathic
traits. Those with higher primary psychopathic traits were found
to be less likely to cooperate in the context of the social incen-
tives. The results indicated that the cooperative behaviors of par-
ticipants with higher primary psychopathic traits were less
influenced by social incentives. We found that none of the con-
texts had an effect on cooperative behavior that could be pre-
dicted by secondary psychopathic traits. The findings from the
study showed that social incentives could foster cooperative
behaviors, an effect that diminishes with primary psychopathic
traits.

We further investigated whether participants with high psy-
chopathic traits could appropriately build social expectations
or/and adjust their behavior responses to match others’ expecta-
tions. Our Hypothesis 1 is that if participants with high psycho-
pathic traits have deficits in building appropriate social
expectations, the participants’ self-reported scores about social
expectations should be predicted by the scores on psychopathic
traits. The results showed that psychopathic traits cannot predict
either participants’ expectations of others (first-order beliefs) or the
inferred others’ expectations (second-order beliefs). That is, indi-
viduals with higher psychopathic traits did not have different social
expectations from individuals with lower psychopathic traits. Our
findings suggested that individuals with high psychopathic traits
might not be deficient in forming appropriate social expectations.

Our Hypothesis 2 was that if participants with high psy-
chopathic traits were reluctant to adjust their behaviors to
match others’ expectations, a negative association between psy-
chopathic traits and guilt aversion would be observed. Guilt
aversion reflects the degree to which participants wished to
avoid the anticipated guilt that comes from disappointing other
players. Higher guilt aversion indicates participants were more
likely to adjust their behaviors to match others’ expectations
and to avoid guilt. We found that higher primary psychopathic
traits were correlated with lower guilt aversion only in the
social incentive context. These findings indicated that partici-
pants with higher primary psychopathic traits are reluctant to
adjust their behaviors to match others’ expectations in the con-
text where their decisions would be observed and judged by
others. However, in the context where their decisions could
result in a monetary gain or loss, those with higher levels of
psychopathic traits did not differ from those with lower psy-
chopathic traits in terms of guilt aversion. Our results are not
consistent with previous studies that suggested that psycho-
pathic personality may involve deficits in mentalizing ability
and difficulty following social expectations (Blair, 2007;

Harenski et al., 2010; Koenigs et al., 2012), probably because
of the difference in research sample. The current study and the
study of Gong et al. (2019) recruited healthy adults as a
research sample. The findings of the current study are consis-
tent with those of Gong et al. (2019), which found that indi-
viduals with higher scores on psychopathic traits repaid less
money to their investors in the trust game, indicating an effect
caused by participants’ diminished guilt aversion associated
with disappointing the investor rather than participants’ distor-
tions in building social expectations (Gong et al., 2019).
Together, we illustrated that individuals with higher psycho-
pathic traits tended to cooperate less in social incentive con-
texts not due to their deficits in building appropriate social
expectations, but because they experience less guilt when they
violate social expectations.

We did not observe any behavioral variable that was corre-
lated with secondary psychopathic traits, which is consistent
with previous studies (Gervais et al., 2013; Rilling et al., 2007;
White, 2014) and indicated a specific role of primary psycho-
pathic traits in cooperative decision-making. The effect of
monetary incentives on promoting cooperative behaviors was
consistent with prior studies (Noussair & Tucker, 2005;
Weber et al., 2018), suggesting that money can be a powerful
incentive to increase cooperation in general. The main charac-
teristic of psychopathic personalities is the interpersonal–
affective disturbance, including the lack of remorse, empathy,
and guilt (Blair, 1995; Hare, 2003; Hare et al., 1991). In line
with this view, we found that individuals with higher psycho-
pathic traits had less guilt aversion when they did not follow
the social expectations to make a decision; this effect was only
observed in the context of the social incentives. In the mone-
tary incentive context and control context, individuals with dif-
ferent levels of psychopathic traits did not show different
cooperative behaviors. The unique effect of social incentives
suggested a flexible psychological mechanism in individuals
with psychopathic personalities to adapt to social contexts,
with a goal to get as much financial benefit as possible. A previ-
ous study found that students majoring in commerce and busi-
ness scored significantly higher on primary psychopathic
personality than students studying in noncommercial majors
(Wilson & McCarthy, 2011). These findings highlight that
subclinical primary psychopaths have a money-seeking behav-
ioral style and may flexibly exploit others in specific situations
(Gervais et al., 2013). One limitation of the present study is
that all of the participants were university students, which may
limit the generalizability of the findings.

CONCLUSION

The effect of social incentives on promoting cooperative behaviors
depends on primary psychopathic traits: individuals with higher pri-
mary psychopathic traits were less likely to increase cooperation in
the social incentives context where their decisions would be judged
by others. This was caused by participants’ diminished guilt aver-
sion when they intentionally violated social expectations, rather
than by their distortion in building appropriate social expectations.
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