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Abstract
Social emotions require the correct integration of emotional, cognitive, and social processes and are critical for complex social
interactions. Adolescent criminal offenders (AOs) show abnormalities in the experience of basic emotions. However, most
research has focused solely on basic emotions, neglecting complex social emotions that could be critical for social reintegration.
The purpose of this study was to investigate the behavioral and neural correlates of social emotions (envy and Schadenfreude) in
AOs. We explored the experience of complex social emotions, as well as their anatomical correlates, in AOs (n = 19) and a
nonoffenders control group (NOs, n = 20). Additionally, we assessed the relationship between social emotions, executive
functions (EFs), and fluid intelligence (FI). Structural brain imaging was obtained in all participants. The results showed that
AOs had significantly lower envy and Schadenfreude ratings and exhibited lower performance in EFs compared with NOs. The
measurement of EFs relied on the INECO frontal screening (IFS). Experiencing fewer social emotions was associated with
diminished EFs but not with FI. Moreover, in AOs, reduced levels of envy and Schadenfreude were linked with reduced gray
matter volumes in regions subserving mentalizing abilities (inferior parietal lobe and precuneus) and socioemotional processing
(inferior andmiddle temporal regions), as well as key hubs of the executive frontoparietal network (inferior parietal lobule, orbital
and rectus gyri). Additional analysis on the AOs revealed no associations between the type of crime and our variables of interest
(EFs, FI and social emotions). Our findings are the first to provide evidence on abnormalities in the experience of social emotions
in AOs that are associated with neurocognitive markers of social cognition and EFs. Understanding social emotions and their
abnormalities (under-experience) as complex intertwined processes may have important future translational implications, includ-
ing risk prediction for social adaptation/reintegration, sociocognitive targeted interventions, and skill training for social emotions
in vulnerable populations.
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Introduction

Complex social emotion abilities are critical for life in society
and social interaction (Frith, 2001; Li et al., 2017; Ouwerkerk
et al., 2018; Paulus et al., 2018; Qi et al., 2020). Insufficiencies
in these abilities may result in social adaptation issues and
nonprosocial behaviors (Jusyte & Schönenberg, 2017). In
fact, adolescent criminal offenders (AOs) show multiple
socioemotional impairments (Jones et al., 2007; Palmer &
Hollin, 1999), such as poor facial emotion recognition (par-
ticularly anger and disgust) (Bowen et al., 2014; Jones et al.,
2007), as well as difficulties in detecting gaze direction (Jones
et al., 2007). Inability to recognize gaze direction may set the
path for the maladaptive development of social abilities (Jones
et al., 2007) while emotion recognition flaws may partially
explain why AOs react inappropriately to social interactions.
Poor emotion recognition has been consistently linked to vio-
lent and criminal behavior. For instance, impaired emotion
recognition facilitates violent behavior and recidivism in crim-
inal offenders (Leshem et al., 2019). In addition, research has
shown that subsequent crime was greatly reduced by improv-
ing facial emotion recognition in offenders (Hubble et al.,
2015; Kuin et al., 2019; Timmermann et al., 2017).
However, most previous evidence has focused on basic emo-
tions, and no study to date has investigated complex social
emotions.

Social emotions follow societal and moral rules, ultimately
serving the interest and welfare of individuals or societies
(Haidt, 2003; Tangney et al., 2007). These types of emotions
motivate adherence to societal rules and foster behaviors that
are beneficial to others while deterring those that are harmful
or damaging. Social emotions differ from basic emotions in
that the former recruits a machinery that support complex
cognitive processes, such as empathy, perspective taking,
self-processing, and reward processing (Jankowski &
Takahashi, 2014). Such processes imply the acknowledgment
of the content of others minds, as well as social comparison.
Comparison with others and thoughts about others expecta-
tions are necessary for social emotions but not for basic
emotions.

Social emotions can be prosocial or antisocial, depending
on the social context (Shamay-Tsoory et al., 2014). This is the
case of envy and Schadenfreude–feeling displeasure/pleasure
associated with another’s fortunes/misfortunes (Jankowski &
Takahashi, 2014). These are complex multidimensional emo-
tions based on social comparison (Shamay-Tsoory et al.,
2014). Such social comparison relies on cognitive (ToM,
mentalizing), emotional (empathy) (Baez, Pino, et al.,
2018b; Chester et al., 2013; Santamaría-García et al., 2017),
and higher cognitive abilities, such as executive functions
(EFs) (Santamaría-García et al., 2017). Furthermore, these
social emotions can be evoked from a variety of social con-
textual factors (Shamay-Tsoory et al., 2014). For instance,

observing certain outcomes after moral, societal, or legal rule
breaches may trigger the experience of social emotions that
could motivate actions for social cohesion (Vaish, 2018).
Moreover, experiences of envy and Schadenfreude can arise
from inconformity with an illegitimate gain of another indi-
vidual (Smith et al., 1996; Van Dijk et al., 2006). However,
envy and Schadenfreude can be evoked by self-focused pro-
cesses related to individual feelings of inferiority regardless of
the context (Leach et al., 2003) or by other focused processes,
such as encountering an individual who is successful in a
desired domain (Smith, 1991; Tajfel & Turner, 1979).

Studies assessing the structural correlates of envy have as-
sociated this feeling with the gray matter (GM) volume in the
anterior/mid cingulate cortex (ACC and MCC) and temporal
areas (Santamaría-García et al., 2017). Schadenfreude is asso-
ciated with hubs of reward (ventral striatum) and mentalizing
(precuneus and the superior parietal lobule) networks (Baez,
Pino, et al., 2018b; Dvash et al., 2010; Jankowski &
Takahashi, 2014; Mendez, 2009; Paulus et al., 2018;
Rademacher et al., 2010; Spreckelmeyer et al., 2009;
Takahashi et al., 2009). Another region associated with both
envy and Schadenfreude is the insular (Jankowski &
Takahashi, 2014). More specifically, the insular cortex inte-
grates perceptive, emotional, and reasoning areas to create the
sense of an interpersonal world (Kurth et al., 2010).
Particularly, the anterior portion of the insular is associated
with social comparison, the process by which individuals pro-
ject their personal preferences onto others (Steinbeis & Singer,
2014). In addition, frontotemporal regions have been shown
to be important modulators of both envy and Schadenfreude
in patients with behavioral variants of frontotemporal demen-
tia, Alzheimer’s disease, and healthy participants (Santamaría-
García et al., 2017).

These brain regions (Cai & Liu, 2004; Sedeño et al., 2016;
Seeley et al., 2012) also have been associated with EFs. EFs
play a role in envy and Schadenfreude experiences
(Santamaría-García et al., 2017), specifically, decreased exec-
utive control and a lack of inhibition have been associated
with issues in the experience of both emotions. Previous re-
search shows that inhibitory control and working memory are
necessary to understand the mental states of oneself and others
(Carlson et al., 2002; Carlson &Moses, 2001). Inhibiting own
perspectives may be important to understand that of others
(Carlson & Moses, 2001) while working memory serves to
consider various perspectives at a given moment. Further re-
search has shown that the strategic control of thoughts and
behavior during social interactions are strongly related to
ToM tasks (Ferner & Lang, 1999; Lang & Perner, 2002).
Indeed, neuroimaging research has shown concurrent abnor-
malities in a common architecture subserving both EFs and
ToM abilities in individuals with socioemotional impairment
(i.e., autism) (Ellis & Gunter, 1999; Ozonoff et al., 1991;
Wade et al., 2018). Thus, lowered EFs affecting ToM may
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compromise the experience of envy and Schadenfreude by
disabling the social comparison processes that would ulti-
mately trigger such emotions (Smith et al., 1996). For in-
stance, failure to maintain perspectives of oneself and others
in working memory may impair the appropriate integration of
one state relative to others states, which would weaken the
experience of envy and Schadenfreude. Similarly, failure to
inhibit one’s perspective leads in undermining fortunes/
m i s f o r t u n e s o f o t h e r s , r e s u l t i n g i n b l u n t e d
envy/Schadenfreude. In fact, research on clinical populations
has shown that individuals with or prone to Huntington’s dis-
ease (which also exhibit poor ToM performance) show de-
creased levels of envy and Schadenfreude (Baez et al.,
2016b). These findings imply that subjects with lower perfor-
mance in EFs may show a diminished experience of envy and
Schadenfreude.

Low performances in EFs as well as fluid intelligence (FI)
tests have been consistently reported in AOs (Bergeron &
Valliant, 2001; Kelly et al., 2002; Veneziano et al., 2004;
Villemarette-Pittman et al., 2003). FI is defined as the use of
controlled mental operations to solve novel problems that can-
not be performed automatically (McGrew, 2009). Reported
difficulties in EFs include underperformance in planning
(Syngelaki et al., 2009; Zou et al., 2013), attentional shifting
(Zou et al., 2013), working memory (Syngelaki et al., 2009;
Zou et al., 2013), cognitive flexibility, and task monitoring
(Burton et al., 2016). With that in mind, it would be expected
that AOs will exhibit a blunted or diminished experience of
envy and Schadenfreude compared with controls. This under-
experience would be related to lowered EFs. However, to
date, no previous research has explored this issue.

Considering this background, this work was designed to
assess soc ia l emot iona l exper iences (envy and
Schadenfreude) and their structural correlates in a group of
AOs compared with those in control subjects. We also inves-
tigated the relationship between social emotions and basic
cognitive domains (i.e., EFs and FI). Taking into account that
AOs show lower levels of emotion recognition, mentalizing
and empathic abilities (all prerequisites of envy and
Schadenfreude) (Mariano et al., 2017), we expect that social
emotional experience also will be lower compared with con-
trols.We alsomake this prediction based on the notion that the
inability to understand others’ mental states hinders social
comparison and consequently any emotional reaction from
an observed event. In fact, previous research has linked
ToM issues to diminished experience of envy and
Schadenfreude in clinical populations (Baez, Pino, et al.,
2018b; Baez et al., 2016b; García-Cordero et al., 2016).
Given that EFs play an important role in mentalizing abilities
(Smith et al., 1996), we also expect that low performance of
EFs in AOs will be associated with under experience of envy
and Schadenfreude. Additionally, considering that previous
studies in AOs have shown differences in FI (Gonzalez-

Gadea et al., 2014; Holland et al., 2002; Ttofi et al., 2016)
and the reported the association between EFs and FI (Rey-
Mermet, Gade, Souza, von Bastian, & Oberauer, 2019), we
considered relevant to assess this domain in our study.
However, the association between FI and emotion recognition
and experience is not as clear-cut. Indeed, findings have been
contradictory regarding the relationship between these vari-
ables (Bardeen et al., 2013; De Stasio et al., 2014; Shamosh
& Gray, 2007). Indeed, there seems to be a disconnection
between EFs and FI in explaining criminal behaviors
(Herrero et al., 2019). Considering this, we expected no asso-
ciation between social emotions and FI in AOs. Finally, with
regards to neural correlates of social emotions, we predict that
AOs’ atypical social emotion processing will be associated
with reduced GM volumes in brain areas involved in social
cognition (Baez et al., 2017a; Chester et al., 2013) and EFs
(Santamaría-García et al., 2017).

Methods

Participants

Thirty-nine male subjects between aged 14 and 19 years were
recruited for this study. We used this age range (adolescence),
because it is a key period for the development of cognitive and
socioemotional processes (Blakemore & Choudhury, 2006;
Yurgelun-Todd, 2007).

From this sample, 19 were AOs [age (M = 17.47; SD =
1.50), years of education (M = 9.10; SD = 2.05)] and 20 were
control subjects who had not committed an offense [age (M =
16.85; SD = 1.66), years of education (M= 9.55; SD = 1.14)].
Both groups were matched age and years of education
(Table 1). Educational level was measured by years of educa-
tion and was obtained through school archives for NOs and by
the reinsertion center were NOs were being held. Similarly,
criminal history was provided by the institution where AOs
were held. The offender population was recruited from a re-
education and social reinsertion center for young male of-
fenders in Barranquilla, Colombia. Offenses from these sub-
jects ranged from theft (qualified or aggravated, 26.31%), ho-
micide attempt (5.26%), homicide (52.6%), extortion
(5.26%), violent sexual access (5.26%), and illegal carry of a
weapon (5.26%) (Table 1).

The NOs sample was recruited from schools located in the
same area where offenders lived. To ensure that they had not
committed any criminal offense in the past, we conducted an
interviewwith the participants as well as their parents in which
we asked for potential criminal history. All participants com-
pleted a screening test to rule out the possibility of psychiatric/
neurological disorders or current pharmacological treatment.
In line with ethical guidelines, recruitment was performed
after obtaining consent from the principal and teachers from
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each institution. All participants and parents provided written,
informed assent/consent in agreement with the Helsinki dec-
laration. In the cases where informed consent was not obtain-
ed from the parents, the legal guardians provided the informed
consent. The protocol was approved by the Ethics Committee
of the Universidad Autónoma del Caribe.

Instruments

Executive functions and fluid intelligence

We assessed EFs and fluid intelligence, given its possible
impact on emotion processing (Dodonova & Dodonov,
2012; Ibáñez et al., 2011; Yurgelun-Todd, 2007). EFs assess-
ment was based on the INECO Frontal Screening test (IFS)
(Torralva et al., 2009). The IFS instrument assesses distinct
EFs, such as response inhibition, set shifting, working mem-
ory, and abstraction capacity. The IFS has been previously
administered to both clinical and nonclinical populations
(Baez, Couto, et al., 2014a; Baez, Herrera, et al., 2017b) as

well as in AOs (Gonzalez-Gadea et al., 2014; Santamaría-
García et al., 2019)

Response inhibition and set shifting were measured with
four subscales:

Motor programming (3 points). In the motor series,
patients first watched the administrator perform the
Luria series (“fist, edge, palm”) and then performed it
on their own. If the participant achieved six consecutive
series by themselves, their score was 3; if they achieved at
least three consecutive series, their score was 2; if they
failed to achieve at least three consecutive series alone but
achieved three when copying the examiner, their score
was 1; otherwise, they would score 0.

Conflicting instructions (3 points). Subjects were asked
to hit the table once when the administrator hit it twice
and to hit the table twice when the administrator hit it
once. After a practice trial, the examiner completed the
following series: 1-1-2-1-2-2-1-1-2. If subjects made no
errors, their score was 3; if subjects made one or two

Table 1 Comparison of demographic data and description of offenses

Demographic data Criminal offenders (N = 19) Nonoffenders (N = 20) Significance
Mean (SD) Mean (SD)

Age (yr) 17.47 (1.50) 16.85 (1.66) p = 0.22

Education 9.10 (2.05) 9.55 (1.14) p = 0.40

Executive functions

Total IFS score 20.31 (3.09) 22.65 (3.46) p < 0.05

IFS subscales

Motor series 3.0 (0.00) 2.84 (0.48) p = 0.18

Conflicting instructions 3.0 (0.00) 2.80 (0.41) p < 0.05

Motor inhibitory control 2.63 (0.49) 2.90 (0.030) p < 0.05

Backward digit span 2.89 (1.10) 3.60 (1.31) p = 0.07

Verbal working memory 1.47 (.84) 1.45 (.75) p = 0.92

Spatial working memory 2.10 (1.15) 2.35 (1.13) p = 0.16

Capacity for abstraction 1.47 (.90) 1.60 (.59) p = 0.60

Verbal inhibitory control 3.78 (1.03) 5.30 (.97) p < 0.001

Fluid intelligence

Ravens progressive matrices 19.4 (3.70 18.6 (3.50) p = 0.483

Criminal history Mean (SD)

Time of imprisonment (mo) 33.42 (21.90)

No. of times of recidivism 0.36 (0.76)

Type of crime (sentence) Percentage of cases

Homicide attempt 5.26%

Homicide 52.6%

Theft (qualified or aggravated) 26.31%

Illegal carrying of weapons 5.26%

Extortion 5.26%

Violent sexual access 5.26%
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errors, their score was 2; and for more than two errors,
their score was 1. Copying or imitating the examiner is a
common behavior seen in frontal lesion patients. If the
subject copied the examiner at least four consecutive
times, their score was 0.

Go–No go task (3 points). Subjects were told to hit the
table once when the examiner hit it once and to do noth-
ing when the examiner hit it twice. After practice, the
examiner completed the following series: 1-1-2-1-2-2-2-
1-1-2. In the same way as in the conflicting instructions
task, no mistakes meant 3 points, one or two errors was 2
points, more than two errors was a score of 1, and copy-
ing the examiner at least four consecutive times meant a
score of 0.

Verbal inhibitory control (6 points). Subjects had to
complete a sentence with a single word as quickly as
possible. In the first part, 2 sentences were presented that
strongly constrained what the missing word would be
(i.e., “I put on my shoes and tie my__”). In the second
part, the subject was asked to complete three sentences in
a way that was syntactically correct but had no meaning
(i.e., “an eye for an eye, a tooth for a __table__”). Only
the second part of this task was scored. For each sentence,
a score of 2 was given for a word that was unrelated to the
sentence, a score of 1 was given for a word semantically
related to the sentences, and a score of 0 was given for the
expected word.
As for working memory testing, there were three sub-
scales measuring central executive functions:

Backward digit span task (6 points). In the backward
digit span task, subjects were asked to repeat progressive-
ly longer series of numbers in reverse order. The series
started with two numbers and finished with eight num-
bers. If subjects failed to repeat a series, they were given
an alternative series with the same number of digits. If the
participant failed to repeat the alternative series, the task
was discontinued. The score consisted of the number of
digits that the subject was able to repeat (with a maximum
of 6).

Verbal working memory subscale (2 points). The sub-
ject was asked to list the months of the year in reverse
order, starting with December. If subjects made no errors,
their score was 2, and for one error, their score was 1;
otherwise, the score was 0.

Spatial working memory scale (4 points). The examin-
er presented four cubes and pointed at them in a given
sequence. Subjects were asked to repeat each sequence in
the reverse order. There were four sequences, starting

with two blocks and increasing consecutively until four
blocks were used. The score was the number of correctly
completed sequences.

Finally, the abstraction capacity subscale (3 points)
consisted of a proverb interpretation task in which participants
were told three proverbs and were then asked to explain their
meaning. For each adequate explanation, a score of 1 was
given; a score of 0.5 was given when a correct example was
provided. Otherwise, the score was 0.

It is important to mention that the IFS has previously been
administered to both clinical and nonclinical populations
(Baez, García, et al., 2017a; Baez, Ibanez, et al., 2014b), as
well as in AOs (Gonzalez-Gadea et al., 2014; Santamaría-
García et al., 2017). Additionally, increasing efforts show that
IFS is useful for assessing EFs in healthy populations
(Gómez-Carvajal et al., 2020; Sierra Sanjurjo et al., 2019)
(see details in S1).

Fluid intelligence was assessed via Raven’s standard
ProgressiveMatrices (Raven, 1960). The Raven’s progressive
matrices (RPM) measures the ability to extract meaning and
make associations from novel stimuli, or through reasoning
(John & Raven, 2003). In the RPM, subjects have to complete
increasingly difficult sets of figures, through the use of pattern
recognition, logic, and abstraction (John & Raven, 2003). The
RPM has been used as a standardmeasure of FI (gF) recruiting
lateral prefrontal and parietal regions (Gray et al., 2003). It
also has been repeatedly used to measure differences in gen-
eral FI in a variety of populations (Paul, 1986; Roccatagliata
& Benassi, 1981; Staff et al., 2014), including AOs
(Donnellan et al., 2000; Santamaría-García et al., 2019;
Sigurdsson & Gudjonsson, 1996; Van Wijk et al., 2005).

Social-emotion task

We used a social-emotion task previously reported in clinical
(Baez, Pino, et al., 2018b; Baez et al., 2016b; Santamaría-
García et al., 2017) and nonclinical populations (Santamaría-
García et al., 2019). Studies on clinical populations revealed
associations between Schadenfreude ratings and GM in key
regions for mentalizing (precuneus) and reward processes
(ventral striatum) (Baez, Pino, et al., 2018b; Baez et al.,
2016b; Santamaría-García et al., 2017) while envy scores
were positively associated with GM volumes in the ACC,
the bilateral amygdala, and the parahippocampus. The task
consisted of two blocks (one for envy and the other for
Schadenfreude). Based on previous research (Jankowski &
Takahashi, 2014; Takahashi et al., 2009) that suggests levels
of envy predict the experience of Schadenfreude, the envy
block was presented first, followed by the Schadenfreude
block. Within each block, five situations describing neutral
events were included. In the first block, participants read 15
sentences describing fortunate events involving 2 characters
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(e.g., “(s)he went on vacations with the money she saved by
avoiding taxes”). After reading each sentence, participants
rated the event in terms of how much displeasure (envy) they
felt for the character. In the second block, participants read and
reported the intensity of their pleasure (Schadenfreude) in re-
sponse to 15 unfortunate events happening to the characters
(e.g., “(s)he got discovered for trying to scam an elderly per-
son”). A last set of 10 situations evoked neutral feelings.
Neutral situations involved incidental scenarios that were not
intended to evoke any feelings and resembled the following
“(s)he turned off the light and closed the door before leaving
home.” All participants provided their responses using a 9-
point Likert scale, with one meaning “no pleasure/displea-
sure” and nine meaning “extreme pleasure/displeasure.” (For
the complete social emotion task stimuli refer to
supplementary material S1.)

To ensure that subjects comprehended the assessment, pri-
or to the task, they were shown situations with positive, neg-
ative, and neutral outcomes affecting a third person and were
then asked to determine how fortunate or unfortunate the sit-
uation was. After ensuring comprehension, we proceeded to
administer the social emotion task. For this task, subjects were
presented first with a real-life photograph and a description of
two target characters matching their age and gender. The sit-
uations for each emotion occurred to the target character, and
subjects had to rate their level of pleasure or displeasure in
response to the situations. Subjects reported their intensity of
displeasure (for the envy block) and pleasure (Schadenfreude
block). The words displeasure and pleasure were used to mea-
sure experiences of envy and Schadenfreude, given that the
former words are the overarching experiences associated with
each emotion (i.e., envy is characterized by feelings of dis-
pleasure associated with another’s positive outcomes, while
Schadenfreude is characterized by feelings of pleasure associ-
ated with unfortunate events or outcomes experienced by
others).

It is important to note that in our task, participants were
asked to report their Schadenfreude and envy in terms of
pleasure/displeasure as these are the main overarching states
elicited by each of those emotions (Santamaría-García et al.,
2017). Previous research has defined envy as “an unpleasant,
often painful emotion characterized by feelings of inferiority,
hostility, and resentment caused by an awareness of a desired
attribute by another person or group of persons” (Dvash et al.,
2010; Jankowski & Takahashi, 2014; Smith et al., 2009;
Smith & Kim, 2007). Schadenfreude also has been defined
as “the pleasure derived from the misfortune of others,” in-
volving “the expression of pleasure or self-satisfaction at an-
other’s failure” (Dvash et al., 2010; Jankowski & Takahashi,
2014; Van Dijk et al., 2006). Therefore, we employed the
terms “pleasure” and “displeasure,” highlighting the critical
emotional responses elicited by specific scenarios of the
assessed social emotions. Besides, explicit manifestations of

envy and Schadenfreude are usually socially penalized
(Dvash et al., 2010; Jankowski & Takahashi, 2014; Van
Dijk et al., 2006) and, hence, people might report lower levels
of these emotions due to social desirability. Our task proce-
dure circumvents such biases by avoiding explicit questions,
in line with previous methodological recommendations for
exploring social and affective cognitive processes (Berkman
et al., 2014). Indeed, asking about levels of pleasure/
displeasure are the standard procedure as reported in previous
studies of envy and Schadenfreude (Baez, García, &
Santamaría-García, 2017a; Baez et al., 2016b; Santamaría-
García et al., 2017; Takahashi et al., 2009). Finally, the terms
“pleasure” and “displeasure” are easier to understand and thus
more reliable than “envy” and “Schadenfreude” as verbally
cued measures.

Imaging recordings

Participants were scanned in a 1.5 T Siemens MAGNETOM
equipped with a standard head coil. The anatomical and 3D
T1-weighted images had the following parameters: TR = 7.9,
TE = 3.8, ACQmatrix 220 x 220 pixels, voxel size 0.5 x 0.5 x
0.5 mm, 310 sections.

Data analysis

To explore the association between EFs (IFS total score and
subscales) and envy and Schadenfreude in the AOs group, we
conducted correlation analyses

Behavioral data

Behavioral data were compared using ANOVA. Categorical
variables (i.e., group) were compared via chi-square tests.
Then, an ANCOVA model included the following variables:
EFs, age, educational level, and social status. The latter vari-
able refers to the socioeconomic status to which participants
belong. Those with the lowest income belong to “status 1,”
and those with the highest income belong to “status 6.” Only
those effects that remained significant after covariation were
reported.

We then conducted multiple regression analysis to explore
the association between EFs and FI with social emotions. We
estimated two models in which Schadenfreude and envy rat-
ings were considered dependent variables. The following var-
iables were included as predictors: total IFS score, FI score,
and group. For all analysis, the statistical significance level
was set at p < 0.05, and effect sizes were reported.

Additionally, we subdivided the AOs group into two sub-
groups depending on the degree of harm committed in crim-
inal act. The first group included offenses in which direct harm
toward others was committed (n = 12). Offenses within this
group included homicide attempt and homicide. The other
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group included no lethal offenses (theft, illegal carry of weap-
on, and extortion) or sexual violence (n = 7). Executive func-
tioning, FI, and envy and Schadenfreude ratings were com-
pared with Mann-Whitney U tests.

We also performed Cook’s distance test as means for de-
tecting outliers. We identified three outliers: two AOs and one
control; these subjects were excluded from all analysis. We
highlight that the main analysis reported here includes the
whole sample, whereas results from analysis excluding the
outliers can be found exclusively in Supplementary Data (S2).

MRI preprocessing

All image analysis steps were conducted in accordance with
VBM12 in the Statistical Parametric Mapping 12 package
(SPM12) running under MATLAB 2012. For the pre-
processing stage and following previous procedures (de la
Fuente et al., 2019; Farokhian, Beheshti, Sone, & Matsuda,
2017), all images were normalized using an affine transforma-
tion followed by nonlinear registration, corrected for bias field
homogeneities, and then segmented into gray matter, white
matter, and cerebrospinal fluid components using the
DARTEL algorithm. All segmented, modulated, and normal-
ized gray matter images were smoothed using 8-mm, full-
width, half-maximum Gaussian smoothing. Volume changes
between images were controlled with Jacobian for the subse-
quent statistical analyses (see section below).

MRI–behavior associations (Voxel-based morphometry, VBM)
Following previous procedures for the analysis of the neural
correlates of envy and Schadenfreude (Santamaría-García
et al., 2017, 2019), we conducted multiple regression models.
A regression model was conducted for each of the emotions.
We conducted a two-step analysis; the first step consisted of a
grouped set analysis (both the initial and AOs and NOs groups
together), and the second step analyzed AOs separately.
Grouped analyses served to increase statistical power through
the creation of a larger sample (Irish, Piguet, Hodges, &
Hornberger, 2014; O’Callaghan et al., 2016; Sedeño et al.,
2016; Sollberger et al., 2009). We acknowledge that this step
may be limited as samples differ in multiple characteristics
unexplained by brain areas. With that in mind, we conducted
a second-step model exclusively in the study group (AOs),
which allowed us to explore which areas are particularly in-
volved in determining cognitive and emotional phenomena
(García-Cordero et al., 2016; Melloni et al., 2016; Rorden &
Karnath, 2004; Shahid et al., 2017). Furthermore, this pro-
ceeding has been previously used in studies on the anatomical
correlates of social cognition (Melloni et al., 2016; Rorden &
Karnath, 2004; Sedeño et al., 2016; Shahid et al., 2017).
Following previous procedures (Santamaría-García et al.,
2017), we performed a restrictive analysis using a mask in-
cluding the basal ganglia, bilateral prefrontal cortex, temporal

lobes, inferior and superior parietal lobules, precuneus, ACC,
and insula. For the prefrontal cortex, we used the Brodmann
atlas and included the following areas: frontal eye field (BA8),
dorsolateral and medial prefrontal cortex (BA9), anterior pre-
frontal cortex (BA10), orbitofrontal cortex (BA11), rostral
portion of frontal lobe (BA12), inferior frontal gyrus (pars
opercularis; BA44), triangular part of inferior frontal gyrus
(BA45); dorsolateral prefrontal cortex (BA46), and orbital
part of inferior frontal gyrus (BA47). These areas have been
consistently reported to be involved in the processing and
regulation of social emotions (Baez, Pino, et al., 2018; Frith,
2001; Moll et al., 2002; Moll et al., 2001). Each group was
analyzed separately. Total intracranial volume was included
as a noninterest covariate in all analyses. The statistical thresh-
old for the statistical analyses was defined as p < 0.001 (un-
corrected extent threshold = 30 voxels). We considered this
threshold based on several reasons. First, our approach was
restricted to the main areas reported to be involved in the
processing and regulation of social emotions, which consider-
ably reduced the number of comparisons performed. Second,
this statistical threshold is a standard value used in numerous
voxel-wise VBM analyses in healthy and clinical populations
(de la Fuente et al., 2019; Donix et al., 2013; Irish et al., 2014;
Melloni et al., 2016; Rabinovici et al., 2008; Santamaría-
García et al., 2019; Sedeño et al., 2017). Third, the
thresholding criteria is based on current recommendations of
the Organization for Human Brain Mapping (OHBM)
(Nichols et al., 2017; Poldrack et al., 2017).

Results

An initial set of analysis including 19 AOs and 20 controls
was reported. Then, a second set of analysis excluding three
outliers (two AOs and one control; leaving a total of 17 AOs
and 19 controls) was performed. Results from the latter anal-
ysis were similar to our previous findings (see Supplementary
Data S2). We then performed a complementary analysis with
a second group of AOs (n = 16) and the original control group
(n = 20).

Executive functions and fluid intelligence

Compared with the controls, AOs had significantly lower IFS
total scores (F(1, 37) = 4.90, p < 0.05, ηp

2 = 0.11). The AOs
group also exhibited a significantly lower performance than
controls in the motor inhibitory control (F(1,37) = 4.17, p <
0.05, ηp

2 = 0.01) and the verbal inhibitory control (F(1,37) =
22.01, p < 0.001, ηp

2 = 0.37) subscales. Additionally AOs
performed better than NOs in the IFS conflicting instructions
(F(1,37) = 4.50, p < 0.05, ηp

2 = 0.10) subscale. However, the
results showed no significant differences between groups in FI
(F(1,37) = 0.50, p = 0.48, ηp

2 = 0.01 (Table 1). Results after
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excluding three outliers (2 AOs and 1 control) revealed that
AOs continue to have lower IFS total score as well as lower
scores in the motor inhibitory control, backward digit span,
and verbal inhibitory control subscales. Details on these re-
sults are reported in the Supplementary Data (S2).

Regarding our analysis on the subdivided AOs group, there
were no differences in EFs between the direct harm (mdn =
19) and the nonlethal/sexual violence (mdn = 19) groups (U =
41; p = 0.96). There also were no differences in FI between the
direct harm (mdn = 19) and the nonlethal/sexual violence
(mdn = 21) groups (U = 36.5; p = 0.67).

Social emotions

There were group differences, with AOs having significantly
lower levels of both envy (F(1,37) = 23.13, p < 0.001, ηp

2 =
0.38) and Schadenfreude (F(1, 37) = 14.42, p < 0.001, ηp

2 =
0.28) than controls. We performed post-hoc power analysis
for these significant effects. For envy, analysis revealed a
power of 99.7%, including the following parameters for
AOs (n = 19, M = 6.66, SD = 0.03) and NOs (n = 20, M =
7.95, SD = 0.59). Schadenfreude analysis revealed a power of
96.1%, with the following parameters: for AOS (n = 19, M =
5.99, SD = 2.02) and NOs (n = 20,M = 7.87, SD = 0.89). For
all analyses, alpha values were set at 0.05.

A further model adding EFs, age, education, and social sta-
tus as a covariates showed that group effects remained signifi-
cant for Schadenfreude (F(1, 33) = 12.00, p = 0.001, ηp

2 =
0.26) and envy (F(1,33) = 14.46, p < 0.001, ηp

2 = 0.30).
Regarding the neutral situations, there were no significant dif-
ferences between groups (F(1,33) = 2.30, p = 0.13, ηp

2 = 0.05).
For the analysis on the subdivided AOs group, there were no

differences in envy scores between the direct harm (mdn = 7.13)
and the nonlethal/sexual violence (mdn = 6.93) groups (U = 37;
p = 0.70). Similarly, for Schadenfreude, there were no differ-
ences between the direct harm (mdn = 5.87) and the nonlethal/
sexual violence (mdn = 6.60) groups (U = 37; p = 0.71).

Relationship between social emotions, EFs, and FI

We estimated two models in which Schadenfreude and envy
ratings were considered dependent variables. Total IFS scores,
FI scores, and group were included as predictors in both
models. As group was included as a predictor, reported beta
values corresponds to analysis performed on both groups to-
gether. A first model including envy ratings as the dependent
variable (F(3, 38) = 10.25, p < 0.001, R2 = 0.48) showed that
group (beta = −0.48, p < 0.001) and EFs (beta = 0.38, p =
0.02) were significant predictors of envy (Fig. 2). Similarly, a
second model, including Schadenfreude ratings as the depen-
dent variable (F(3, 38) = 7.80, p < 0.001, R2 = 0.41) revealed
that group (beta = −0.45, p = 0.01) and EFs (beta = 0.32, p <
0.05) were significant predictors of Schadenfreude (Fig. 2).

Additionally, the correlations between EFs and social emo-
tions showed that, in AOs, envy scores were positively corre-
lated with the IFS total scores (r = 0.44, p = 0.050), as well as
the motor inhibitory control (r = 0.46, p = 0.046) and the
verbal working memory (r = 0.50, p < 0.05) subscales.
Schadenfreude scores were positively correlated with the
IFS total scores (r = 0.48, p < 0.05) and the backward digit
span subscale (r = 0.44, p < 0.05).

Considering our relatively small sample size, we analyzed
a second group of AOs (n = 16) with the original control
group. The complementary results replicated previous find-
ings (relative controls, AOs exhibit lower IFS total scores,
envy, and Schadenfreude levels). Similarly, envy and
Schadenfreude group differences remained significant after
controlling for EFs, type of crime, age, education, and social
status. Multiple regression analyses showed that EFs and
group was significantly associated with both social emotions.

3.4. Brain-behavior associations

Analysis, including both groups (Table 2), revealed posi-
tive associations between envy ratings and GMvolumes in the
following areas: the right precuneus, left superior temporal
pole, left inferior temporal gyrus, right superior orbital gyrus,
and left rectus gyrus. For Schadenfreude ratings, we found
positive associations with the GM volumes in the precuneus
(bilaterally), left superior temporal pole, insula, anterior cin-
gulate, right frontal gyrus (superior orbital), and left inferior
temporal gyrus.

Results for both groups together. First column shows the
type of emotion (variable of interest). Second column shows
the regions positively associated to each emotion. Third col-
umn shows the cluster size. The following three columns in-
dicate the MNI coordinates for each region.

A similar pattern was observed when analyzing brain-
behavior correlations in AOs only (Table 3). Envy ratings
were positively associated with GM volumes in the left infe-
rior temporal gyrus, left middle temporal gyrus, left
precuneus, left rectus gyrus, and left insula (Fig. 1B).
Schadenfreude ratings were positively associated with GM
volume in the left inferior temporal gyrus/fusiform gyrus, left
IPL, precuneus (bilaterally), left rectus gyrus, left insula and
left inferior orbital gyrus (Figure 1C).

Replication of behavioral results

Considering our relatively small sample size, and in order add
a replication study, we recruited and analyzed the data of a
second group of AOs (n = 16) from the same reeducation and
social reinsertion center for young male offenders where the
original sample was recruited. Offenses from these subjects
also ranged from theft (qualified or aggravated, 37.5%), ho-
micide attempt (6.25%), homicide (25%), and illegal carry of
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Table 2 Correlations between social emotions and GM volumes in both groups (n = 39)

Emotion Region Cluster k x y z Peak t Peak z

Envy Right precuneus 1174 9 -54 41 5.57 4.70

Right precuneus 6 -65 39 4.26 3.81

Right precuneus 9 -45 48 4.20 3.76

Left superior temporal pole 545 -29 8 -23 5.06 4.37

Left superior temporal pole -33 27 -27 4.88 4.24

Left superior temporal pole -41 21 -18 4.66 4.09

Right frontal gyrus, superior orbital 69 30 56 -3 4.84 4.22

Right gyrus rectus 339 2 30 -15 4.71 4.13

Left gyrus rectus -3 23 -17 4.41 3.91

Left inferior temporal gyrus 48 -51 -53 -12 3.97 3.59

Left inferior temporal gyrus -54 -45 -15 3.68 3.37

Schadenfreude Right precuneus 1418 9 -54 41 5.59 4.71

Right precuneus 11 -45 47 4.29 3.83

Left precuneus -14 -47 41 4.4 3.72

Left superior temporal pole 542 -29 8 -23 4.90 4.26

Left superior temporal pole -33 27 -27 4.89 4.25

Left insula -30 15 -20 4.66 4.09

Right frontal gyrus, superior orbital 69 30 56 -3 4.84 4.22

Right anterior cingulate 348 5 33 -8 4.80 4.19

Left inferior temporal gyrus 49 -53 -51 -12 4.07 3.67

Table 3 Correlations between social emotions and GM volumes in AOs (n = 19)

Emotion Region Cluster k x y z Peak t Peak z

Envy Left medial temporal gyrus 76 -50 -17 -24 5.77 4.18

Left precuneus 335 -15 -47 41 5.40 4.01

Left precuneus 0 -59 44 4.32 3.46

Left inferior temporal gyrus 253 -51 -38 -18 5.20 3.92

Left inferior temporal gyrus -53 -56 -14 5.13 3.89

Left inferior temporal gyrus -62 -45 -17 4.68 3.66

Left gyrus rectus 108 2 35 -17 4.74 3.69

74 -39 17 -14 4.56 3.59

Left insula -32 17 -18 3.95 3.25

Schadenfreude Left medial temporal gyrus 75 -50 -17 -24 5.75 4.17

Left inferior temporal gyrus 121 -51 -38 -18 5.11 3.88

Left inferior temporal gyrus -60 -44 -17 4.32 3.46

Right inferior Parietal gyrus 44 -36 -59 51 5.01 3.82

Left precuneus 88 -15 -47 41 4.62 3.63

Left precuneus -2 -47 44 3.81 3.16

Left gyrus rectus 81 2 35 -17 4.56 3.60

Left frontal gyrus, inferior orbital 59 -39 17 -14 4.51 3.57

Left insula -32 17 -18 3.74 3.12

Right precuneus 31 9 -54 39 4.07 3.32

Results for the AOs group. First column shows the type of emotion (variable of interest). Second column shows the regions positively associated to each
emotion. Third column shows the cluster size. The following three columns indicate the MNI coordinates for each region.
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Fig. 1 Behavioral performance and neural correlates of envy and
Schadenfreude. (A) Between-groups comparison in the social-emotions
task. The left-most plot shows significantly lower envy scores for AOs
compared with NOs. The middle plot shows that AOs exhibited signifi-
cantly lower levels of Schadenfreude comparedwith NOs. The right-most
plot shows no significant differences in the neutral situations between

groups. (B) Brain regions positively associated with reduced envy in
AOs (p < 0.001, uncorrected). These regions include the temporal, pari-
etal, and frontal regions. (C) Brain regions associated with reduced
Schadenfreude in AOs (p < 0.001, uncorrected). Regions include
frontoparietal and temporal regions

Fig. 2 Associations between envy, Schadenfreude ratings, and executive functioning in AOs and NOs. The plot on the left shows the significant
association between EFs and envy. The plot on the right shows the significant association between EFs and Schadenfreude
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a weapon (31.25%). This second group was also matched in
terms of sex and age (F (1, 34) = 0.32, p = 0.85, ηp

2 = 0.001)
with the original control group.

Executive functions and fluid intelligence

Regarding EFs and FI, this second group of AOs had signif-
icantly lower IFS total scores (F (1,34) = 18.27, p < 0.001, ηp

2

= 0.35), backward digit span (F(1,34) = 4.98, p < 0.05, ηp
2 =

0.12), and verbal inhibitory control (F (1,34) = 24.36, p <
0.001, ηp

2 = 0.41) scores.

Social emotions

As for social emotions, AOs exhibited significantly lower
levels of both envy (F(1,34) = 25.40, p < 0.001, ηp

2 = 0.42)
and Schadenfreude (F(1,34) = 15.10, p < 0.001, ηp

2 = 0.30)
than the controls. The group effects for envy (F(1,30) = 8.75,
p < 0.01, ηp

2 = 0.02) and Schadenfreude (F(1,30) = 5.64, p <
0.05, ηp

2 = 0.15) persisted after controlling for EFs, age, ed-
ucation, and social status. Regarding the neutral situations,
there were no significant differences between groups
(F(1,37) = 0.001, p = 0.96).

Relationship between social emotions, EFs, and FI

Following the initial analysis protocol, we estimated two
models in which Schadenfreude and envy ratings were con-
sidered dependent variables. Total IFS scores, FI scores, and
group were included as predictors in both models. The first
model including envy ratings as the dependent variable (F(3,
34) = 7.58, p = 0.001, R2 = 0.42) showed that group (beta =
−0.33, p = 0.05) and EFs (beta = 0.38, p = 0.02) were signif-
icant predictors of envy. Similarly, a second model including
Schadenfreude ratings as the dependent variable (F(3, 34) =
15.35, p < 0.001, R2 = 0.55) revealed that EFs (beta = 0.57, p
< 0.01) was a significant predictor of Schadenfreude. Group
showed a tendency for significance (beta = −0.28, p = 0.05)

Discussion

To our knowledge, this study is the first to assess social emo-
tions, their neural correlates, and their relationship with EFs
and FI in AOs. The results showed that AOs exhibited signif-
icantly lower envy and Schadenfreude levels. These differ-
ences persisted after including EFs, age, education, and social
status as covariates. This procedure may account for potential
extraneous effects that rise in EFs in individuals within this
age range. Additionally, we found that in AOs, envy and
Schadenfreude were associated with GM volumes in regions
subserving mentalizing abilities (IPL, precuneus) and
socioemotional processing (inferior and middle temporal

regions), as well as key hubs of the executive frontoparietal
network (IPL, orbital, and rectus gyri). These results shed light
on the structural basis of the brain and cognitive processes
underlying social emotions in AOs.

Consistent with a large body of research supporting the
idea of the abnormal processing of basic emotions in AOs
(Bowen et al., 2014; Fairchild et al., 2009; Gonzalez-Gadea
et al., 2014; Jones et al., 2007; Marsh & Blair, 2008; McCown
et al., 1986; Sato et al., 2009), our findings suggest that AOs
exhibit an abnormal under experience of envy and
Schadenfreude as measured with our social emotion task.
The observed under experience of envy and Schadenfreude
in AOs may be explained by their marked decline on the
prerequisites for the evocation of these social emotions (EFs
and ToM) (Dolan & Fullam, 2004; Mariano et al., 2017;
Möller et al., 2014; Richell et al., 2003; Shamay-Tsoory
et al., 2010). Furthermore, research on antisocial personality
disorder shows that poor ToM performance in these popula-
tions is associated with emotional processing and dysregula-
tion (Bateman et al., 2013; Dolan & Fullam, 2004; Shamay-
Tsoory et al., 2010). Importantly, these difficulties in under-
standing others (exhibited in AOs and antisocial personality
disorder) may hinder individual’s feelings of pleasure/
displeasure for others fortune/misfortunes. This pattern of en-
vy and Schadenfreude experience may initially appear coun-
terintuitive, because these emotions are considered counter-
empathic. However, there is no evidence of such association.
On the contrary, there is evidence on prosocial functions of
envy and Schadenfreude (Gómez-Carvajal et al., 2020;
Shamay-Tsoory et al., 2014; Smith et al., 1996). Because we
did not include ToM and empathy measures, futures studies
should investigate the relationship between these two domains
and social emotions in AOs. Interestingly, similar abnormali-
ties (under experience of social emotions) have been found in
clinical populations with emotional and mentalizing issues
(Baez, Pino, et al., Baez, Pino, et al., 2018b; Baez,
Santamaría-García, Garcia-Cordero, et al., 2016a; Baez,
Santamaría-García, Orozco, et al., 2016b).

The present study also showed evidence of lower EFs per-
formance in AOs compared with controls. This finding is con-
sistent with previous studies showing poor EFs performance in
AOs (Burton et al., 2016; Carroll et al., 2006; Gonzalez-Gadea
et al., 2014; Koolhof et al., 2007; Santamaría-García et al.,
2019; Syngelaki et al., 2009; Zou et al., 2013). Furthermore,
as previously reported (Santamaría-García et al., 2017), EFs
were significantly associated with both envy and
Schadenfreude levels. In line with these findings, there were
positive correlations between both social emotions and the IFS
total scores, and performance in inhibitory control and working
memory. The latter two are known to be core EFs (Miyake
et al., 2000). These results are consistent with previous reports
showing that executive dysfunction in violent and nonviolent
offenders is associated with impaired emotional processing
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(Hoaken et al., 2007). These findings also converge with evi-
dence in clinical populations showing that affected EFs may
negatively impact emotion recognition (Baez, Couto, et al.,
2014a; Henry et al., 2006; Kohler et al., 2000). Moreover,
neurotypical individuals with emotion recognition difficulties
report difficulty in executive functioning in daily life (Suchy,
2009). Thus, our findings and previous evidence suggest that
EFs may be an important factor associated with diminished
social emotional experiences in this group. However, consider-
ing that the IFSwas developed as a screening tool, we acknowl-
edge that using it as a standalone measure for EFs represents a
limitation of our study. Future research should use extensive
batteries when assessing the specific contribution of EFs to
social emotions in AOs.

Structural brain correlates of social emotions in AOs showed
similar associations for envy and Schadenfreude. Specifically,
we found that experiencing these emotions was positively as-
sociated with GM volumes in the inferior and middle temporal
gyri, precuneus, IPL, and rectus and inferior orbital gyri. These
aforementioned regions are associated with envy and
Schadenfreude (Baez, García, & Santamaría-García, 2017a;
Baez, Herrera, et al., 2018a; Santamaría-García et al., 2017;
Takahashi et al., 2009). In particular, the temporal lobe plays
a crucial role in the understanding of social concepts and rules
that trigger envy and Schadenfreude (Baez, Pino, et al., 2018b).
Moreover, research on clinical populations (Couto et al., 2013;
Melloni et al., 2016; O’Callaghan et al., 2016) has shown that
damage to frontotemporal networks results in a failure to inte-
grate the self-perspective with that of others, a main component
needed to experience social emotions (Baez, Pino, et al.,
2018b). In addition, the parietal lobe, including the IPL and
precuneus, is a key hub of the mentalizing network, necessarily
recruited when experiencing envy and Schadenfreude (Baez,
Pino, et al., 2018b; Shamay-Tsoory, 2011). Parietal and frontal
regions also are involved in other social cognition domains,
such as moral cognition (Moll et al., 2005), especially emotions
favoring social adherence (Moll et al., 2005). For instance, a
negative outcome following a moral code breach may trigger
feelings of pleasure (Schadenfreude), while a positive outcome
that is not morally deserved may trigger feelings of displeasure
(envy). The experience of pleasure/displeasure acts as a moti-
vator for seeking justice (Dvash et al., 2010; Feather &
Sherman, 2002; Haidt, 2003; Jankowski & Takahashi, 2014;
Najle, 2015; Smith & Kim, 2007; van Dijk & Ouwerkerk,
2014; Yoder & Decety, 2014).

Frontal and parietal areas are also part of a widely distrib-
uted frontoparietal network involved in EFs (Carlesimo et al.,
2001; Diwadkar et al., 2000; Kondo et al., 2004; Li et al.,
2004; Mazoyer et al., 2001; McEvoy et al., 2001; Sauseng
et al., 2004; Sauseng et al., 2005). Thus, consistent with the
reported link between EFs and reduced social emotions in
AOs, we found a significant association between frontal (gy-
rus rectus, orbitofrontal cortex) and parietal (precuneus, IPL)

regions that have been previously associated with executive
functioning.

When combining both groups, we found a positive associ-
ation between both social emotions and GM volumes in the
ACC. The ACC has been shown to be involved in
socioemotional processes (Allman et al., 2001; Bechara,
2004; Bush et al., 2000; Etkin et al., 2011; Lane et al.,
1998). Specifically, it has been argued that it serves as an
integration center for inputs coming from emotional and cog-
nitive networks (Allman et al., 2001; Bush et al., 2000). In
fact, the ACC is activated in response to envy triggering stim-
uli but also predicts neural mechanisms involved in experienc-
ing Schadenfreude (Takahashi et al., 2009). Thus, the ACC
may be a region that allows the necessary empathic and
mentalizing abilities as well as other social cognitive aspects
of experience of envy and Schadenfreude.

Some limitations of our study should be acknowledged. The
first concerns our relatively small sample size. We acknowl-
edge that small sample sizes may affect interpretation of results.
In order to overcome this possible shortcoming, we performed
a replications study where we recruited an additional sample of
AOs (n = 16) and compared them with the original control
group. Results of these complementary comparisons replicated
the original ones. This strategy contributed to the validity of our
results and allowed us to reduce potential sample size limita-
tions. However, further studies on neural correlates of social
emotions in AOs should include larger sample sizes. A second
limitation pertains to the heterogeneous nature of criminal be-
haviour. Research shows that the nature of the criminal/
antisocial behaviour is related to cognitive abilities and EFs
(Burt, 2012; Loughran et al., 2012; Piquero & White, 2003;
Sigurdsson, Gudjonsson, & Peersen, 2001). Given that our
sample contained individuals with a range of criminal offenses,
it might be the case that differences in type of crime might play
a role in the observed group differences. To address this issue,
we divided the AOs group into those who committed direct
harm (homicide attempt and homicide) and those who did not
commit lethal harm on others (theft, illegal carry of weapon,
extortion, and sexual abuse). We did not find any group effect
for our dependent variables. However, considering our sample
size, future studies should further explore the potential differ-
ences between AO subgroups. Moreover, future studies may
benefit from an exhaustive characterization of the type of of-
fenses and the level of harm caused to the victim. A second
limitation concerns the potential influence of personality factors
on the observed differences. Antisocial personality disorder is
closely related to impaired social cognition, poor mentalizing
abilities and increased criminal/behavior (Newbury-Helps
et al., 2017). Failing to include personality measures posits a
limitation of the present study. Future studies should include
personality measures. A third limitation could relate to motiva-
tion factors as we did not include measures of the participants’
motivation to perform the tests. Considering the assessed
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population, this may pose a limitation in our study, because
nonmotivated and bored individuals may not perform appropri-
ately. However, it is important to consider that all AOs volun-
tarily chose between performing their daily life activities within
the Centre or participating in our study. Despite the subject’s
voluntary choice to take part in our study, future research on
social cognition in AOs should explore the potential effect of
lack of motivation. Another potential weakness lies within the
anatomical analyses. Our VBM analysis relied on a restrictive
mask, a process that could have filtered out structural informa-
tion. Thus, future studies could benefit from using a whole
brain analysis in VBM. However, we chose our regions of
interest (ROI) based on our research question and evidence
on brain regions involved in envy and Schadenfreude. The
use of ROI analysis has been previously used on social emotion
structural neuroimaging studies (Santamaría-García et al.,
2017). Additionally, we acknowledge a further limitation
pertaining the lack of corrections for multiple analyses for neu-
roimaging results. However, the decision to report uncorrected
results wasmade considering our sample size. The same thresh-
old has been previously employed in several VBM studies (de
la Fuente et al., 2019; Donix et al., 2013; Irish et al., 2014;
Melloni et al., 2016; Rabinovici et al., 2008; Santamaría-
García et al., 2019; Sedeño et al., 2017). Moreover, mask-
restricted analysis focuses on a small number of areas, thereby
reducing the multiple comparison issues inherent to multi-
voxel analysis.

Lastly, the social emotion task used; that the situations
triggering envy/Schadenfreudemay lack from a more ecolog-
ical picture of the target character for each situation. For in-
stance, a given situation triggering either envy or
Schadenfreude could happen to a target character that has
acted in an anti/prosocial way to a second character. This extra
variable may yield interesting and more ecological findings.
Thus, future studies could benefit from a more complex dy-
namics involving the target characters.

In summary, social emotions such as envy and
Schadenfreude are complex phenomena that tap into distinct
but overlapping networks responsible for mentalizing, emotion-
al processing, and EFs. Given the importance of envy and
Schadenfreude as regulators of social dynamics (Dvash et al.,
2010; Feather & Sherman, 2002; Haidt, 2003; Jankowski &
Takahashi, 2014; Najle, 2015; Smith & Kim, 2007; van Dijk
& Ouwerkerk, 2014; Yoder & Decety, 2014), abnormalities in
experiencing such emotions may be related to poor adaptation
to society or the lack of prosocial behavior observed in AOs.
The findings presented here may build on a theoretical under-
standing of the intricacies of social emotions and the social
brain. Additionally, our results may have translational implica-
tions for the prediction and treatment of social adaptation. In
terms of predictability, the domains of social cognition and EFs
may serve as an index for future social adaptation and offending
behavior. These results are in line with the emotional structural

account. This approach suggests that emotions raise in response
to power-status outcomes of social interactions (Fine &
Kemper, 1981; Goodwin et al., 2013; Kemper, 1978, 1991;
Kemper & Lazarus, 1992). More specifically, changes in per-
ception of self-status and/or power with respect to others give
rise to a variety of emotions. For instance, feelings of envy
could rise when an individual witnesses an unlawful increase
in other’s status/power of another (Smith, 1991). Similarly, ex-
perience of Schadenfreude can be triggered by observing a neg-
ative outcome on someone with a desired level of status or
power (Smith et al., 2009). These explanations fit perfectly with
our findings, because the social comparison status and power
dimensions between self and others requires of EFs and ToM,
which are impaired in AOs. Therefore, this makes it difficult to
assess others states in the so-called dimensions (status or pow-
er). Such difficulties may result in decreased experience of envy
and Schadenfreude. Additionally, interventions based on social
cognition and EFsmay prove to be effective in the rehabilitation
of AOs, thus increasing their chances of social adaptation.
Further research is required to investigate the impact of EFs
training on the ability to experience envy and Schadenfreude
in AOs. Additionally, future research should assess the specific
relationship between social emotions, social adaptation, and
offending behavior in AOs. Such studies may have important
implications for subsequent adaptation and reintegration to
society.
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