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Abstract
Antisocial personality disorder is characterized by a stable, lifelong pattern of disregard for and violation of others’ rights. 
Disruptions in the representation of fairness norms may represent a key mechanism in the development and maintenance of 
this disorder. Here, we investigated fairness norm considerations and reactions to their violations. To examine electrophysi-
ological correlates, we assessed the medial frontal negativity (MFN), an event-related potential previously linked to viola-
tions of social expectancy and norms. Incarcerated antisocial violent offenders (AVOs, n = 25) and healthy controls (CTLs, 
n = 24) acted as proposers in the dictator game (DG) and ultimatum game (UG) and received fair vs. unfair UG offers from 
either another human (social context) or a computer (non-social context). Results showed that AVOs made lower offers in the 
DG but not the UG, indicating more rational and strategic behavior. Most importantly, when acting as recipients in the UG, 
acceptance rates were modulated by social context in CTLs, while AVOs generally accepted more offers. Correspondingly, 
ERP data indicated pronounced MFN amplitudes following human offers in CTLs, whereas MFN amplitudes in AVOs were 
generally reduced. The current data suggest intact fairness norm representations but altered reactions to their violation in 
antisocial personality disorder.

Keywords  Medial frontal negativity · Ultimatum game · Dictator game · Social decision-making · Fairness norms · 
Antisocial personality disorder

Introduction

Persistent violations of social norms and rights of others 
are hallmarks of antisocial personality disorder (ASPD) and 
psychopathy, further characterized by deceitful behavior 
and a profound lack of remorse and empathy [1, 2]. Disrup-
tions in the representation of fairness norms may represent 
an important mechanism that contributes to the emergence 
and maintenance of antisocial behavior. Despite a wealth of 
studies that delineated fairness behavior and its neural cor-
relates in healthy populations, the link between antisocial 
behavior and representations of fairness norms is not well 
understood. Common approaches to experimentally inves-
tigate fairness norm considerations and reactions to their 
violations derive from economics: the dictator game (DG) 
and the ultimatum game (UG). In the DG [3], the proposer 
can divide a fixed amount of monetary units (MUs) between 
him/herself and an anonymous recipient who has no alterna-
tive but to accept the offer. Although rational choice would 
predict zero shares, a broad body of research on healthy pro-
posers shows that the average offer is almost one-third of the 
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total amount [4]. Research investigating the role of psycho-
pathic traits in DG decision-making indicates an association 
between higher psychopathy scores and more self-centered 
behavior/ lower shares in community samples [5, 6] and 
psychopathic inmates [7]. Thus, this evidence suggests less 
altruistic behavior in individuals with psychopathic traits.

In the UG [8], the proposer is also given a fixed amount 
of MUs to share at any rate; however, the recipient can 
either accept or reject the offer. In case of an acceptance, 
the money is divided as proposed, in case of a rejection, 
both players get zero MUs. It is well documented that even 
moderately unfair offers below 30% are commonly rejected 
in one of two cases, whereas proposers usually offer a share 
of 40–50% [5, 8, 9]. These results suggest that other factors 
than profit-maximization, such as emotional reactions to 
fairness norm violations, affect decision-making thus over-
ruling rational strategies even at the expense of personal 
gains. This is further supported by research showing that the 
variation of context, i.e., social and non-social, is a key fac-
tor that determines decision-making. Unfair offers made by 
another human player (social context) receive higher rejec-
tion rates than offers generated by a computer (non-social 
context) and are accompanied by an increased physiologi-
cal arousal which presumably reflects negative emotional 
responses to unfair treatment by another human [10, 11]. 
Only few studies to date have employed the UG in popu-
lations with pronounced psychopathic traits, with the par-
ticipants acting in the role of the recipient in most studies. 
The only study to additionally report UG data as proposers 
shows comparable offers between primary psychopaths and 
healthy controls [7]. Studies on UG gambling behavior in 
the role of the recipient yielded largely inconsistent find-
ings, with one study indicating no group differences between 
psychopathic offenders and healthy controls [12] and another 
pointing to lower acceptance rates in primary psychopaths 
[7]. In contrast, a previous investigation in a community 
sample reported increased acceptance rates following unfair 
offers in individuals with high psychopathic traits [13], 
which indicates an insensitivity to unfairness in high psy-
chopathy scorers, whereas another community sample study 
found no group differences [14]. The only prior study that 
manipulated the context (i.e., compared offers generated by 
a computer with offers made by another human) reported 
differences in the behavioral adjustment to social context 
variables between psychopathic offenders, non-psychopathic 
offenders, and healthy controls [12].

Evidence from neuroeconomics highlights the crucial 
involvement of the anterior cingulate cortex (ACC) in deci-
sion-making. This region subserves conflict monitoring 
and regulation which arises when multiple or concurrent 
responses compete with one another or the goal/ task at hand 
[15–17]. Increased ACC activity has been shown following 
intentional, but not unintentional unfair offers [11], which 

may mirror a conflict between rational, i.e., profit-maximiz-
ing and emotional motives, highlighting the role of nega-
tive emotions during decision-making. This medial frontal 
region is densely interconnected with deeper limbic struc-
tures [18] and has been repeatedly found to be structurally 
and functionally altered in psychopathy and ASPD [19–26].

The medial frontal negativity (MFN) is a negative-going 
event-related potential (ERP) that has its dipole source in 
the ACC and is thought to be reflective of ACC activity and 
the motivational significance of an event [27]. It is measured 
at fronto-central scalp sites as difference wave that results 
from activation following unfair minus fair offers and peaks 
between 200 and 400 ms after offer presentation. The MFN 
is linked to the subjective evaluation of negative outcomes 
[27–30] and is sensitive to violations of social expectancy 
and norms, as experienced when confronted with an unfair 
offer in the UG [31–33]. Boksem and De Cremer [34] were 
the first to investigate associations between self-reported 
moral standards and MFN activity in healthy individu-
als who received fair vs. unfair offers in classical UG sce-
narios. According to their results, MFN amplitudes were 
more pronounced following unfair offers as compared to fair 
offers, and this effect was most prominent among individuals 
with high normative standards, and thus reflective of fairness 
norm violations.

Here, we investigated for the first time fairness norm 
considerations and reactions to their violations, as well as 
associated neural correlates in ASPD. For this purpose, anti-
social violent offenders (AVOs) and healthy controls (CTLs) 
acted as proposers both in the DG and the UG. Subsequently, 
we presented them with fair vs. unfair offers in a series of 
UG scenarios and measured offer-locked ERPs. Moreover, 
we manipulated the type of proposer to investigate the influ-
ence of social context on decision-making.

Based on the results of previous studies, we expected 
AVOs to behave more rationally and profit-oriented com-
pared to CTLs. For the DG, this should be reflected in an 
overall lower offer rate in AVOs compared to CTLs. For 
the UG in the role of the proposer, however, we expected 
comparable offers from both AVOs and CTLs, reflecting 
intact fairness norm representations. In the role of the recipi-
ent (UG), we expected overall higher acceptance rates for 
AVOs compared to CTLs. Moreover, we expected AVOs to 
accept more offers irrespective of proposer type, whereas 
CTLs should show higher rejection rates for unfair offers by 
another human, as we expected them to be more sensitive to 
social context information.

Finally, we aimed to extend earlier behavioral findings 
on decision-making in antisocial populations by linking 
reactions to unfairness with amplitude variations of the 
MFN. Based on the reported association between fairness 
norm violations and more pronounced MFN amplitudes, we 
expected reduced MFN amplitudes in AVOs compared to 
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CTLs. Additionally, we expected social context to modulate 
the MFN, i.e., attenuated MFN amplitudes following unfair 
computer offers as compared to unfair human offers should 
be observable.

Methods and materials

Participants and measures

Twenty-six males incarcerated for violent offenses in a Ger-
man correctional facility (Justizvollzugsanstalt Adelsheim) 
were recruited through advertisement on the black board 
within the facility (see Supplementary Table 1 for detailed 
information on convictions and prison sentences). Twenty-
five healthy, age-matched male controls were recruited from 
a vocational school. Inclusion criteria were 18–25 years of 
age, no current psychiatric illness or criminal record (con-
trols). Controls were tested in the laboratory of the depart-
ment of psychology, AVOs were assessed in designated 
rooms of the correctional facility. Trained psychologists 
from our research group carried out all assessments; all 
participants gave written informed consent and received 
monetary compensation. The study protocol was approved 
by the local ethics committee and was conducted in accord-
ance with the Declaration of Helsinki.

The ability for deductive reasoning and problem solving 
was measured via the Wiener Matrizen Test 2 (WMT 2) [35] 
to control for IQ. Core psychopathic traits were assessed 
with the Youth Psychopathic Traits Inventory (YPI) [36, 
37]. Aggressive behavior was measured via the Buss-Perry 
Aggression Questionnaire (BP) [38]. Categorical diagno-
sis of Axis-I psychopathology and ASPD were assessed by 
trained psychologists using the Mini International Neuropsy-
chiatric Interview 6.0.0 [MINI; 39, 40].

Procedure

Dictator game

After completing the IQ measure, questionnaires, and the 
psychiatric interview, participants were introduced to the 
DG. They were informed that they would play a game with 
individuals who had already undergone the experiment and 
played a classical DG with each player. Furthermore, they 
were informed that the MUs they kept would be converted 
to real money and added to their reimbursement. On each 
trial, a model face was presented for 500 ms and participants 
were asked to divide 10 MUs between themselves and the 
respective player (between 1 and 10 MUs), after which they 
received feedback information on the screen (e.g., “You get 
5 points; the other player gets 5 points”). The participants 

underwent a total of 72 DG trials, with each model identity 
serving as the recipient once.

Ultimatum game

Following the DG, participants played one UG in the role of 
the proposer and were instructed to split 10 MUs between 
themselves and a hypothetical other player. This one-shot 
UG trial served to control for sufficient understanding of 
fairness norms. Subsequently, participants played 144 UG 
trials in the role of the recipient. They were instructed that 
some offers would be made by other players who previously 
participated in the experiment, while other offers would 
be generated randomly by a computer. Thus, participants 
received offers from other humans (face condition, 72 tri-
als) and offers from a computer (computer condition, 72 
trials). In each condition, half of the trials were fair (i.e., 
36 × 5 MUs were presented) and the other half varied regard-
ing the degree of unfairness (i.e., 9 × 4 MUs, 9 × 3 MUs, 
9 × 2 MUs, and 9 × 1 MUs). Trial types (degree of fairness) 
and conditions (face vs. computer) were presented in rand-
omized order. To familiarize participants with the task, each 
of them performed four practice trials (two computer and 
two cartoon-faced trials) prior to the main experiment. Par-
ticipants were reminded that earned MUs would be added to 
their reimbursment at the end of the experiment. Each trial 
started with the presentation of a fixation cross in the mid-
dle of the computer screen for 500 ms (see Fig. 1) followed 
by a picture of a computer/ one of the 72 faces for 2000 ms. 
Next, the corresponding offer appeared for 3000 ms under 
the picture before the “accept" and "reject” options were 
presented until response. At the end of each trial, feedback 
regarding the division of the MUs was provided for 1500 ms 
followed by a 1000 ms inter-trial interval. The final screen 
contained information about participants’ overall winnings 
which they received on top of their reimbursement.

Stimuli and software

Pictures of 72 male models with neutral facial expressions 
were selected from the Radboud Faces Database [41] and 
the Karolinska Directed Emotional Faces [42, 43]. To adjust 
the pictures of the different databases, faces were matched 
for size (495 × 619 pixels) and luminance using Adobe Pho-
toshop CS4® (Adobe Systems Inc., San Jose, USA) and 
presented in random order against a black background on a 
15.4-inch WXGA wide TFT LCD laptop. For the presenta-
tion of visual stimuli, Presentation Software Version 16.4® 
(Neurobehavioral Systems, USA) was used. For the 72 com-
puter trials in the UG (computer condition), a schematic 
picture of a computer was presented (1446 × 900 pixels). 
For the five practice trials, pictures of two comic characters 
were used.
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Apparatus and electrophysiological recordings

EEG data was recorded from 64 active electrodes mounted 
in an elastic cap (Brain Products, Munich, Germany) accord-
ing to the international 10–20 system. One of the 64 elec-
trodes was relocated below the right eye to track vertical 
eye-movements and blinks. Sampling rate was set to 500 Hz, 
data was referenced to FCz and re-referenced offline to the 
average of all electrodes. Impedance levels were kept below 
5 kΩ. EEG signals were both low-pass filtered with a 40 Hz 
cut-off and high-pass filtered with 0.01 Hz cut-off (roll-offs 
of 12 and 24 dB/oct, respectively). Eye movement artifacts 
were corrected using semiautomatic Independent Compo-
nent Analysis [ICA; 44]. Data were then semi-automatically 
inspected and artefacts rejected based on the following crite-
ria: maximum allowed voltage steps of 50 µV/ms, maximal 
allowed absolute difference of 200 µV in 200 ms, maximal/ 
minimal allowed amplitude of ± 200 µV, and lowest vari-
ability of activity of 0.5 µV in 100 ms. Epochs of 1000 ms 

(including a 200-ms pre-stimulus baseline) were extracted 
and baseline-corrected (from − 200 to 0 ms) before we cre-
ated averaged waveforms for each condition. All analyses 
were carried out using Brain Vision Analyzer 2.0.4 Soft-
ware. Statistical analyses were conducted using PASW Sta-
tistics 21 software for Windows (SPSS Inc., Chicago, IL, 
USA).

Results

Participant characteristics

All AVOs fulfilled diagnostic criteria for ASPD and scored 
significantly higher on psychopathy and aggression scales 
than CTLs (Table 1). Two participants (one AVO and one 
CTL) were excluded because their acceptance rates in the 
fair condition of a standard, neutral UG scenario averaged 
three standard deviations below the mean of the respective 

Fig. 1   Exemplary single-shot ultimatum game (UG) trial in which participants act as recipients and can either accept or reject the (unfair) offer 
coming from another human (upper timeline) or computer (lower timeline). ERPs were locked to offer presentation
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group thereby indicating poor task understanding. EEG data 
of five AVO and six CTLs had to be excluded due to exces-
sive artefacts or technical difficulties. The final sample thus 
consisted of 25 AVOs and 24 CTLs for the behavioral data, 
and EEG recordings of 20 AVOs and 18 CTLs.

Both groups were comparable with respect to age, but dif-
fered in terms of intelligence levels. However, WMT 2 sum 
scores were not related to offer rates or acceptance rates in 
the DG or UG (see Supplementary Table 2).

Behavioral data

For the dictator game, we compared offers between groups 
via t tests for independent samples. On average, AVOs 
(M = 2.36; SD = 1.32) offered significantly less MUs in the 
DG as compared to CTLs (M = 3.63; SD = 1.22; t47 = 3.49, 
p = 0.001; Fig. 2). While 48.83% of AVOs decided on giving 
the minimum of 1 MU, only 18.23% of CTLs gave 1 MU. 
For the ultimatum game in the role of the proposer, we com-
pared UG offers between groups via t-tests and found that 
AVOs and CTLs allocated a comparable amount of MUs 
(M = 4.48; SD = 1.73 vs. M = 5.05; SD = 1.20; t44 = 1.26, 
p = 0.213; Fig. 2).

The ultimatum game trials in the role of the recipi-
ent were analyzed using a 2 (within-subjects factor pro-
poser: face/computer) × 2 (within-factor fairness: fair/
unfair) × 2 (between-subjects factor group: AVOs/CTLs) 
general linear model (GLM) for repeated measures, with 
acceptance rates as dependent variable. Analysis revealed 
a significant main effect for proposer (F1, 47  =  5.91; 
p = 0.019), with higher acceptance rates for computer rela-
tive to face offers, a significant main effect for fairness 
(F1, 47 = 160.93; p < 0.001), with higher acceptance rates 

for fair as compared to unfair offers, and a significant pro-
poser x group interaction (F1, 47 = 4.96; p = 0.031; Fig. 3), 
with lower acceptance rates in CTLs in the face condi-
tion. Post-hoc paired t tests revealed significant differences 
between the overall acceptance rates between the face and 
the computer condition for CTLs (t23 = 2.60, p  = 0.016), 
but not for AVOs (t24 = 0.22, p  =  0.828). We did not find 
a main effect for group (F1, 47 = 1.40; p  = 0.243), a fair-
ness x group interaction (F1, 47 = 0.64; p = 0.428), a pro-
poser × fairness interaction (F1, 47 = 0.30; p = 0.585), or 
a proposer × fairness × group interaction (F1, 47 = 0.27; 
p  = 0.609).

Table 1   Demographic and 
diagnostic description

Illustrated are mean values and standard deviations in parenthesis
WMT 2 Wiener Matrizen Test 2, YPI Youth Psychopathic Traits Inventory, BPAQ Buss–Perry Aggression 
Questionnaire, AVOs antisocial violent offenders, CTLs healthy controls

AVOs (n = 25) CTLs (n = 24) Statistics

Age 19.68 (1.07) 19.58 (1.50) t47 = − 0.26; p = 0.796 η2 = 0.00
WMT 2 sum score 6.64 (2.53) 8.75 (3.18) t47 = 2.58; p = 0.013 η2 = 0.12
YPI
 Grandiose-Manipulative 42.36 (10.03) 39.38 (10.39) t47 = − 1.02; p = 0.311 η2 = 0.02
 Callous-Unemotional 36.84 (7.96) 31.62 (5.69) t47 = − 2.63; p = 0.012 η2 = 0.13
 Impulsive-Irresponsible 41.88 (8.38) 34.25 (6.80) t47 = − 3.49; p = 0.001 η2 = 0.21
 Total sum score 121.08 (21.86) 105.25 (18.45) t47 = − 2.73; p = 0.009 η2 = 0.14

BPAQ
 Physical Aggression 32.88 (4.76) 21.04 (6.77) t47 = − 7.11; p = 0.000 η2 = 0.52
 Verbal Aggression 18.24 (3.80) 15.38 (2.99) t47 = − 2.93; p = 0.005 η2 = 0.15
 Anger 17.76 (4.67) 13.13 (4.42) t47 = − 3.57; p = 0.001 η2 = 0.21
 Hostility 25.68 (5.54) 21.21 (5.52) t47 = − 2.83; p = 0.007 η2 = 0.15
 Total sum score 94.56 (12.85) 70.75 (15.46) t47 = − 5.87; p = 0.000 η2 = 0.42

Fig. 2   Offers in the dictator game (DG) and ultimatum game (UG) 
as proposer for both groups (vertical bars represent standard errors of 
mean). AVOs gave significantly less than CTLs in the DG (p = 0.001), 
but made comparable offers in the UG (p = 0.213). AVOs antisocial 
violent offenders, CTLs healthy controls
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Correlation analyses between overall acceptance rates 
and psychopathy or aggression scores also did not yield 
any significant results (see Supplementary Table 3).

Electrophysiological data

To identify the MFN, we subtracted grand-average data 
obtained in CTLs in the fair-face condition from those of 
the unfair-face condition. The resulting difference waves 
revealed more negative voltages in the unfair-face condition 
at fronto-central electrodes between 240 and 280 ms. Based 
on previous findings [28–30, 32], we interpreted this as the 
MFN in our dataset. We thus analyzed MFN amplitudes by 
extracting individual mean activity between 240 and 280 ms, 
averaged over electrodes FC1, FCz, and FC2 [28].

A GLM with proposer (face/computer) and fairness (fair/
unfair) as within-subjects factors, and group (CTLs/AVOs) 
as between-subjects factor showed a significant fairness x 
group interaction (F1, 36 = 5.73, p =  0.022), in the absence 
of any other main (F1, 36 = 1.79, p  = 0.190 for proposer; 
F1, 36 = 0.05, p   = 0.818 for fairness; and F1, 36 = 0.13, 
p = 0.722 for group) or interaction effects (F1, 36 = 0.11, 
p = 0.748 for proposer × group; F1, 36 = 1.76, p = 0.193 for 
proposer × fairness; and F1, 36 = 0.39, p = 0.534 for pro-
poser × fairness × group; see Fig. 4). Post-hoc tests indicated 
that the fairness × group interaction was driven by opposite 
effects of fairness in the two groups: in CTLs, more negative 
voltages were observed for unfair offers (− 0.34 ± 0.22 µV), 
whereas more positive voltages were seen in AVOs 
(+ 0.28 ± 0.14 µV). Taken by themselves, these effects were 
only marginally significant (CTLs, t17 = − 1.53, p = 0.073 
one-tailed; AVOs, t19 = 1.96, p = 0.065), and there were no 
group differences when fair (t36 = 0.23, p = 0.822) and unfair 
offers (t36 = − 0.883, p = 0.383) were considered separately.

Fig. 3   Acceptance rates for fair and unfair offers (5 points vs. 4, 3, 
2, and 1 points) in the face and computer condition in the ultima-
tum game (UG) as recipient (vertical bars represent standard errors 
of mean). We found significant main effects for proposer (p  = 0.019) 
and fairness level (p   <  0.001), and a proposer  ×  group interaction 
(p  = 0.031) in the absence of any other significant effects. AVOs anti-
social violent offenders, CTLs healthy controls

Fig. 4   Medial frontal negativity amplitudes (240–280  ms, grey) 
from pooled electrodes FC1, FCz, and FC2 elicited for fair and 
unfair offers in the face and computer condition in the ultimatum 
game (UG) as recipient separately for CTLs (left column) and AVOs 

(right column). We found a significant fairness x group interaction 
(p = 0.022), all other effects were non- significant. AVOs antisocial 
violent offenders, CTLs healthy controls
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In contrast to what we observed in the behavioral data, the 
interaction between proposer and group was non-significant. 
Due to this difference between the two sources of data, we 
nevertheless conducted exploratory analyses within condi-
tions. This was done to clarify whether this result indicates 
a dissociation between fairness processing at the level of the 
MFN and its behavioral expression in terms of acceptance 
rates. Results indicated a significant fairness x group inter-
action only for human proposers (F1, 36 = 4.92, p = 0.033), 
but not in the PC condition (F1, 36 = 0.95, p = 0.336). Thus, 
while the electrophysiological data do not support the notion 
of group differences in proposer-specific fairness process-
ing, some information on both the source and valence of a 
particular offer seems to be retained at the level of the MFN.

Additionally, we correlated MFN amplitudes and gam-
bling behavior in the UG as recipient, however, we did not 
find any correlations either for AVOs (p = 0.342 for the face 
condition, p = 0.709 for the computer condition) or for CTLs 
(p = 0.872 for the face condition, p = 0.955 for the computer 
condition).

While our main focus was on the MFN, Fig. 4 suggests 
earlier differences during the P200 interval [45, 46]. To 
address this early difference, mean amplitude values were 
extracted between 180 and 220 ms and averaged across 
the set of electrodes used for the analysis of the MFN (i.e., 
FC1, FCz, and FC2). Using the same GLM approach as 
for the MFN data, we observed a marginally significant 
group difference (F1, 36  =  3.24, p = 0.080, with higher 
P200 amplitudes observed in CTLs), and a significant 
fairness x group interaction (F1, 36 = 7.64, p = 0.009). No 
other main or interaction effects were significant (proposer, 
F1, 36 = 0.98, p = 0.33; fairness, F1, 36 < 0.01, p = 0.954; 
proposer × group, F1, 36 = 0.37, p = 0.55; proposer × fair-
ness, F1, 36 = 0.02, p = 0.880; proposer × fairness x group, 
F1, 36 = 1.07, p = 0.308). Post-hoc analysis indicated that the 
fairness x group interaction was again due to opposite effects 
of fairness in the two groups, with a significant difference 
for CTLs (+ 0.45 ± 0.20 µV, t17 = − 2.21, p = 0.041), and a 
marginal effect for AVOs (− 0.47 ± 0.26 µV, t19 = − 1.83, 
p = 0.083). In addition, when considering fair and unfair 
offers separately, we observed a significant group difference 
only for the fair condition (CTLs, 1.55 ± 1.23 µV; AVOs, 
0.37 ± 1.33 µV; t36 = 2.84, p = 0.007; unfair: p  > 0.57). This 
suggests that earlier group differences in neural responses 
to fair offers may set the stage for differential processing of 
unfair offers at the level of the MFN.

Discussion

The aim of the present study was to explore fairness norm 
considerations, reactions to fairness norm violations, and 
underlying electrophysiological correlates in individuals 

who persistently violate social norms relative to healthy 
controls. The main findings can be summarized as follows: 
First, AVOs shared less MUs in the DG as compared to 
CTLs; however, when acting as proposer in the UG, shares 
between groups were comparable and reached almost 50%. 
These findings indicate intact fairness norm representa-
tions in AVOs as they were able to adjust their behavior 
to follow a given norm if it corresponded to their personal 
interests. Second, when acting as recipients in the UG, we 
found gambling behavior to be modulated by social context 
in CTLs, but not in AVOs, who generally accepted more 
offers irrespective of the proposer type. This provides further 
evidence for a more rational and profit-maximizing behavior 
in AVOs compared to CTLs. Third, ERP findings indicated 
attenuated MFN amplitudes in AVOs irrespective of social 
context, while in CTLs, MFN amplitudes were more pro-
nounced, i.e., more negative deflections for unfair compared 
to fair offers. Exploratory analyses indicated that this effect 
was modulated by proposer type, i.e., unfair offers made by 
human proposers resulted in the largest MFN deflections 
in healthy controls. Taken together, the data provide first 
evidence for impairments in the processing of social norm 
violations on both behavioral and neural levels in ASPD.

Behavioral results

When acting as proposers in the DG and UG, AVOs exhib-
ited more strategic, and thus profit-maximizing behaviors 
compared to CTLs. This indicates that AVOs know about 
fairness norms and their importance to others, and that they 
are capable of complying to a given norm, at least when 
it serves their purposes. These findings are consistent with 
previous research suggesting an association between certain 
psychopathic traits and more strategic behavior in gambling 
paradigms [5, 47]. Importantly, our results correspond with 
a study on primary psychopaths by Koenigs et al. [7], who 
also reported approximately fair splits when participants 
acted as proposers in the UG but lower offers in the DG.

The current findings also show that in the role of recipi-
ents in the UG, acceptance rates were modulated by social 
context in CTLs, which is in line with previous findings 
in healthy individuals, suggesting higher acceptance rates 
for computer offers relative to human offers [10, 11, 48]. 
However, this effect was not evident in AVOs. While AVOs 
generally accepted more offers irrespective of the social 
context, CLTs rejected human offers more often than com-
puter offers. Based on previous findings [10, 11], this may 
be indicative of emotional and punishing behavior. Our 
results may thus indicate that AVOs’ decisions were rather 
rational, as they continued to pursue their strategy of profit 
maximization irrespective of whether the offer was made 
by a social or non-social proposer. Only one previous study 
directly compared differences between social vs. non-social 
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proposers on gambling behavior in psychopathic offend-
ers and reported differences in the behavioral adjustment 
to social context variables between psychopathic offend-
ers, non-psychopathic offenders, and healthy controls [12]. 
Our findings of strategic behavior during different game 
settings in antisocial individuals are in line with results in 
healthy individuals indicating that psychopathic traits, such 
as Machiavellianism [6, 47] and coldheartedness [5], are 
predictive of less emotional and more rational decision-
making behavior. Moreover, psychopathic traits have been 
associated with self-centered behavior, as individuals high 
in psychopathic traits pursue strategies that focus on their 
own short-term winnings rather than on the establishment 
of functional long-term interactions [13, 24, 47].

Medial frontal negativity

With respect to the MFN, we were able to replicate previous 
results of more negative deflections following unfair as com-
pared to fair offers in the UG [34, 49, 50] and extended exist-
ing findings by manipulating the degree of social context: In 
CTLs, exploratory analyses indicated that more pronounced 
MFN amplitudes following unfair as compared to fair offers 
were only evident following the human, but not computer 
trials. These results contradict the idea that the MFN is 
merely reflective of the final outcome evaluation on a good-
bad dimension [51, 52]. If this were true, the MFN should 
also be present following computer offers, since outcomes 
were numerically identical irrespective of proposer type. Our 
results are better explained in terms of reinforcement learn-
ing based on expectancy violation which predicts increased 
ACC activity when outcomes are worse than expected [53]. 
Boksem and De Cremer [34] showed more pronounced 
MFN amplitudes following unfair as compared to fair UG 
offers and further extended this theory to the social nature 
of expectancy violations. The association between moral 
standards and MFN amplitudes indicate that the violation 
of subjective fairness norms leads to a negative emotional 
response, i.e., “social pain”, which in turn is reflected in the 
MFN as consequence of increased ACC activity following 
unfair treatment by another human player [11, 14]. Accord-
ingly, in our study, it is likely that the presentation of a face 
generated the expectation of a human player who follows 
social norms, and thus behaves fairly (which corresponds 
to a fair offer in the UG, see Chang and Sanfey [54]). Cor-
responding to this model and in line with our results, MFN 
amplitudes increased following unfair offers, i.e., when 
expectations were not met and fairness norms were vio-
lated. On the contrary, when participants assumed that an 
offer was randomly generated by a computer, no adherence 
to fairness norms was expected and MFN amplitudes were 
attenuated. Since MFN amplitudes are thought to be the 
reflective of ACC activity [27, 55] and the ACC is involved 

in the processing of the affective aversive components of 
both physical and social pain [15, 17, 56, 57], we believe 
this to be the most parsimonious explanation of the present 
ERP results. Accordingly, Sanfey et al. [11] found increased 
ACC activations following unfair as compared to fair offers, 
and this effect was more prominent for proposals made by 
humans as compared to computer.

Most importantly, AVOs did not show increased MFN 
amplitudes following unfair offers following either human 
or computer offers. One possible explanation is that they 
perceived the scenarios simply as business transactions, 
thereby expecting low offers and lacking the experience of 
social pain following unfair offers. Our behavioral findings, 
namely low offer rates in AVOs as proposers in the DG and 
higher acceptance rates as recipients regardless of the pro-
poser type in the UG, support this assumption. In addition, 
previous evidence from an community sample indicates 
that high psychopathy scorers perceived unfair offers as 
less unfair although rejection rates were comparable [14]. 
Alternatively, the absence of electrophysiological correlates 
in AVOs could reflect a diminished emotional reactivity to 
unfairness. Osumi and Ohira [13] found higher acceptance 
rates and attenuated skin conductance responses following 
unfair offers in students high in psychopathic traits indica-
tive of diminished emotional reactions. This insensitivity to 
unfairness resulted in more rational and strategic behaviors 
in individuals with high psychopathic traits. This neuronal 
pattern is thus consistent with our behavioral results and the 
callous-unemotional nature of ASPD and psychopathy and 
is further corroborated by evidence on dysfunctional ACC 
activity in these individuals [see 25, 26].

Limitations

Although our study was carefully planned and executed, 
several limitations have to be mentioned. For one, we only 
investigated male violent offenders and future studies should 
also include female samples to examine whether the effects 
reported here are gender specific. Further, in the current 
study, we did not employ a direct assessment of emotional 
reactions to unfairness. Thus, interpretations of the present 
findings in terms of emotionality remain speculative. Future 
studies should include more explicit measures of emotional 
responses to unfairness. In addition, due to practical con-
straints, we did not acquire high-resolution eye-movement 
data. Differential patterns of eye-movements in response 
to the offer text could thus have affected our EEG data. 
However, we note that in order to explain our MFN results, 
such differences would have to be specific for a particu-
lar group x fairness condition. Nevertheless, future stud-
ies should employ state-of-the-art eye-tracking methods to 
address this potential confound. Finally, the behavioral data 
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in the present study indicate differences between groups 
with regard to the role of social context, while we did not 
find an interaction with social context for the electrophysi-
ological data. Although exploratory analyses of the MFN 
amplitudes indicated a similar pattern, these findings must 
be interpreted with caution, and the conclusions regarding 
the interplay between social context and fairness at the level 
of the MFN remain speculative. Additional studies in larger 
samples will be required to unravel the neural underpinnings 
of how proposer and fairness information influences behav-
ioral choices in healthy subjects and antisocial offenders.

Conclusion

In sum, the present results suggest that antisocial behavior 
is associated with more rational and self-centered gambling 
behavior which is underpinned by electrophysiological data. 
However, additional studies are needed to clarify the role 
of emotions in decision-making in ASPD which were not 
assessed in the present study. Further studies should repli-
cate and further corroborate these findings and investigate 
whether disruptions in neural systems are causally related 
to the profound lack of empathic responding and persistent 
hurtful, deceitful, and antisocial behavior in psychopathy 
and ASPD.
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