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Social norms represent a fundamental grammar of social interactions, as they refer to shared
expectations about behaviors of one’s social group members (Bicchieri, 1990, 2005; Santos et al.,
2018). Based on these expectations, particularly accurate predictions about another person’s future
behavior are possible—establishing the preconditions for cooperative interactions. Overall, group
prosperity is enhanced when all members comply with social norms (i.e., norm compliance).
However, social norms need to be enforced by sanctioning violators (i.e., norm enforcement). For
instance, expectations of compliance with a norm of reciprocity may help overcome the fear of
being betrayed by a social partner. As cooperation allows for better collective solutions than those
attained by self-interested individuals, social groups are interested in enforcing compliance with
social norms by their members, and developing tools for successful recognition of norm violators
(Fehr and Schurtenberger, 2018). Thus, a fragile balance between incentives for norm enforcement
and deterrents for sanctions of violators is required for a well-functioning society.

Interactive economic games, such as the trust game (TG) (Berg et al., 1995) and the ultimatum
game (UG) (Güth et al., 1982), provide reliable experimental settings for the investigation of
motivational, affective, and socio-cognitive processes involved in social norm compliance and
enforcement (Corradi-Dell’acqua et al., 2016; Feng et al., 2017; Engelmann et al., 2019; Krueger and
Meyer-Lindenberg, 2019). Based on the learned and internalized social norms, an agent’s reciprocal

behavior is determined by the evaluation of the expected or experienced kindness of a partner by
weighting the partner’s intentions (i.e., the underlying motivation in performing an action) and the
action outcomes (i.e., positive or negative consequences of an action for oneself and others) (Falk
and Fischbacher, 2006).

Recent work has shown that individuals integrate this information into their beliefs about
another person’s character traits for reliable predictions of the other’s most likely behavior in a
new social interaction (Krueger et al., 2009; Bellucci et al., 2019b; Dorfman et al., 2019). Hence,
reliably estimating the kindness/unkindness of a partner facilitates norm compliance (i.e., positive
reciprocity) or norm enforcement (i.e., negative reciprocity) across contexts and time. Importantly,
the ability to learn from feedback about a partner’s intentions and action outcomes heavily hinges
on the degree to which feedback information violates one’s priors and expectations (Fouragnan
et al., 2013; Dorfman et al., 2019; Bellucci and Park, 2020). The ability to detect expectancy
violations might even counteract biases in belief updating about another person’s benevolence
or malevolence.
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Integrating neuroimaging data from economic games across
a plethora of neuroimaging studies via coordinate-based meta-
analyses (Feng et al., 2015; Bellucci et al., 2017a)—in combination
with task-based and task-free functional connectivity analyses
(Gurevitch et al., 2018)—has revealed the right anterior insula (R
AI) as a candidate brain region for detection of norm deviations
in trusting (i.e., trust game) and fairness-related (i.e., ultimatum
game) interactions (Krueger et al., 2008; Bellucci et al., 2018).
Representing a posterior-to-anterior remapping of interoceptive
signals within the insular cortex, the R AI takes a crucial role in
salience detection across multiple domains, whereas the posterior
insular cortex mediates sensorimotor processes (Craig, 2009).
Being part of the salience network (SAN), two functionally
distinct brain regions within the R AI—a dorsal AI (dAI) and
ventral AI (vAI) cluster—have been identified Kelly et al., 2012;
Chang et al., 2013; Wager and Barrett, 2017). Whereas the R
dAI act as a switch that exerts direct influences on the central
executive network (CEN, i.e., cognitive control system, including
high-order executive functions; Seeley et al., 2007; Bressler and
Menon, 2010; Menon, 2011; Sheffield et al., 2015 and the default-
mode network (DMN, i.e., social cognition system, including
autobiographical memory, self-monitoring, and theory of mind;
Andrews-Hanna et al., 2010; Bressler and Menon, 2010; Menon,
2011), the R vAI exerts direct influence on limbic cortices (which
mediate affective processes) (Sridharan et al., 2008; Goulden
et al., 2014; Uddin et al., 2014). These AI subregions—encoding
a common currency of aversion—were both found consistently
activated for responses to unfair behavior but differently engaged
by trust and trustworthiness behaviors (Bellucci et al., 2018). In
particular, the dAI was preferentially engaged by trust behavior
while the vAI by trustworthiness behavior (Bellucci et al., 2018).
We propose that consistent recruitment of the AI during those
social behaviors is a signature of their common neural processing
related to expectancy violation in the form of deviations
from social norms. In particular, social behaviors in the TG
and UG, such as trust in unknown partners, trustworthiness
during repeated interactions and rejection of unfair offers,
imply violations of two fundamental social norms —fairness
and reciprocation. With this respect, they require evaluations
of intentions and outcomes of actions that are aligned with
individual expectations in case of compliant behaviors but that
deviate from individual expectations in case of violations.

When interacting with a stranger in a one-shot TG, in which
the investor interacts only once with a trustee, investors feel
compelled to comply with a fairness norm and share some
fair amount with the trustee. However, the probability that
the trustee, whose reputation and past social behavior are
supposedly unknown, betrays trust in these circumstances is
not negligible. Behavioral studies have repeatedly shown that
individuals in these situations worry about a hypothetical, but
not much unlikely, defection to occur (Mccabe et al., 1998;
Bohnet and Zeckhauser, 2004; Ashraf et al., 2006; Bohnet et al.,
2008; Aimone and Houser, 2011, 2013). Individuals might hence
begin prospecting to decide whether to trust, for instance, by
thinking about what would be most likely that the partner thinks
about compliance with a reciprocity norm, and about the reasons
for which the partner would consider convenient to violate

this norm—processes that likely require the recruitment of the
dAI. In iterative interactions, on the contrary, individuals are
likely to base their trust decisions on what they have learned
from the partner over multiple encounters, switching to a more
automatic, knowledge-based decision-making process involving
social affiliation regions (Krueger et al., 2007). This is further
consistent with the absence of AI signaling during iterative trust
decisions with the same partner (Bellucci et al., 2017a).

Reciprocation of trust requires similar evaluations of norm-
deviant behaviors by the trustee in a multi-round TG. The
concerns that investors have from a second-person perspective,
trustees have those from a first-person perspective. In particular,
trustees have to weigh the advantages and disadvantages of
a cooperative and non-cooperative response to the investor’s
kind behavior. Also, as the amount of money entrusted by
investors in the TG is multiplied by a predetermined factor
(usually, tripled), trustees are in an advantageous situation
in which defection lures with its convenience. However,
defection also implies the violation of a reciprocation norm
that will enforce inequality in the payoff distribution between
investors and trustees. Hence, trustees might feel guilty of
taking advantage of their situation and might fear of what the
partner could think of them, especially in iterative interactions
where future encounters loom and the importance of a good
reputation is more pressing. These aversive feelings are likely
encoded in the vAI. On the contrary, in circumstances of low
external incentives, such as during reciprocal decisions in single
interactions where concerns about what others might think and
the pressure of social norm compliance are absent, cognitive
control might be required to enact reciprocity. This nicely chimes
with the recruitment of dorsolateral prefrontal regions during
trustworthiness behavior in single and anonymous interactions
(Knoch et al., 2006; Van Den Bos et al., 2011; Nihonsugi et al.,
2015).

The receiver in the UG, who faces an unfair offer from the
proposer, is in a situation that likely elicits similar psychological
processes to those evoked by both investors’ and trustees’
concerns in the TG. On the one hand, the receiver is confronted
with an actual violation of the fairness norm perpetrated by
the proposer who sent an unfair offer. Unfair offers elicit
negative feelings (e.g., increases in skin conductance activity) in
receivers who respond by rejecting the offer. Since the unfair
offer implies an actual inequal outcome in resource distributions
(given that unfair offers are generally lower than one-third of
the resources available to proposers), the receiver might be
concerned about the inequality derived from the norm violation.
Outcome inequality might hence evoke negative feelings in the
receiver that support negative reciprocity via recruitment of
the vAI. On the other hand, however, high rejection rates and
increased skin conductance activity have been observed only
for unfair offers proposed by a human partner, but not for
unfair offers generated by computers (Sanfey et al., 2003; Van
’T Wout et al., 2006). These results suggest that the receiver in
the UG is further concerned about the intentions of the proposer
and is determined to forgo immediate benefits to enforce a
fairness norm via a rejection of the offer, which likely recruits
the dAI.
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Hence, consistent activations of the AI in all these behaviors
likely refer to general signaling of violations of expectations
about actions that deviate from social norms. However, given
the different activation patterns of the dAI and vAI, we here
propose an overarching framework in which the R AI—part
of the salience network (SAN)—recruits other large-scale brain
networks to determine the appropriate reciprocal behavior (via
the central-executive network, CEN) based on evaluations about
the partner’s kindness (via the default-mode network, DMN)
(Krueger and Hoffman, 2016; Bellucci et al., 2019a). Hereby, the
R AI subregions play a crucial role in signaling how a deviation
has occurred, in particular, because of an intentional action (R
dAI) or due to an action outcome (R vAI; Figure 1).

We propose that the SAN detects (vAI) and generates an
aversive experience based on the salience of the social norm
violation and provides an emotional signal (amygdala) encoding

the severity of outcome related to the norm violation (Buckholtz
et al., 2008). The DMN anchored in the medial prefrontal
cortex (mPFC) integrates the outcome (via the ventromedial
PFC’s inter-network connectivity with SAN) and the intention
(via the dorsomedial PFC’s intra-network connectivity with the
temporoparietal junction, TPJ) of the norm violation into an
assessment of kindness (Krueger et al., 2009). The CEN anchored
in lateral PFC (lPFC) converts the kindness signal from the
DMN into an appropriate reciprocal behavior that fits the norm
violation. Previous work has demonstrated that connectivity
between the mPFC and lPFC was associated with evaluations of
norm violations for appropriate punishment decisions (Bellucci
et al., 2017b).

Therefore, in the social settings of the economic paradigms
here considered, the vAI likely represents forms of violations of
an expected outcome such as outcome inequalities (i.e., less- vs.

FIGURE 1 | Framework: Role of R dAI and R vAI in Reciprocity. Based on social norms, an agent’s reciprocal behavior is determined by evaluating the expected or

experienced kindness/unkindness of a partner’s normative action: the intention as the underlying motivation and the outcome as the consequence of the action. The

R AI (part of SAN) recruits other large-scale networks to determine the appropriate reciprocity (e.g., lPFC via CEN) based on kindness evaluations (e.g., mPFC via

DMN). The R AI subregions play a crucial role in signaling deviations from expectations on outcomes (R vAI) and intentions (R dAI) of an action, facilitating norm

compliance (positive reciprocity), and norm enforcement (negative reciprocity). The vAI signals violations of expected outcomes (disadvantageous vs. advantageous

outcome inequality) that elicit aversive feelings (anger vs. guilt). The dAI signals violations of expected intentional behaviors (actual vs. hypothetical betrayal) that evoke

social-cognitive processes (attribution vs. inference) [Note that brain image adopted from Uddin (2015)]. R, right; SAN, Salience Network; PI, Posterior Insula; AI,

Anterior Insula; vAI, Ventral Anterior Insula; dAI, Dorsal Anterior Insula; DMN, Default-mode Network; mPFC, Medial Prefrontal Cortex; CEN, Central-executive

Network, lPFC, Lateral Prefrontal Cortex; O+, Positive Outcome; O-, Negative Outcome; I-, Negative Intention; I+, Positive Intention.
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more-than-equal) that elicit negative feelings via co-activation
of the limbic network (e.g., amygdala). In particular, less-than-
equal outcomes refer to a situation of disadvantageous inequality
that triggers negative feelings such as anger and envy (due to a
negative outcome for the self), which support norm enforcement
in the form of negative reciprocity (e.g., punishment). On
the contrary, more-than-equal outcomes refer to situations of
advantageous inequality that likely triggers different negative
feelings such as guilt (due to a positive outcome for the self),
which compel to norm compliance in the form of positive
reciprocity (e.g., cooperation).

The dAI, instead, likely represents forms of violations of
an expected intentional behavior such as betrayal (both actual
and hypothetical) that elicit social-cognitive processes via co-
activation of the default-mode network. In particular, actual
deviant behaviors prompt to retrospection on the intentionally
perpetrated betrayal that triggers socio-cognitive processes
such as attribution of bad intentions, thereby promoting
norm enforcement in the form of negative reciprocity (e.g.,
punishment). On the contrary, hypothetical deviant behaviors
prompt to prospection on a possible intentional betrayal that
triggers socio-cognitive processes such as inferences on the
other’s intentions, thereby supporting norm compliance in the
form of positive reciprocity (e.g., trust).

Given the proposed neuropsychological model, some
predictions for other recently reported activation patterns
associated with social normative behaviors are possible. For
instance, social interactions in which some form of expectancy
violation is involved might require recruitment of the AI.
For the classical Prisoner’s Dilemma game, where two players
can decide to cooperate or betray each other, both parties—
acting in their own self-interests—choose often to protect
themselves at the expense of the other player; thereby, producing
the worst outcome for both parties by non-reciprocation of
cooperation (Peterson, 2015). A neuroimaging study employing
an iterated version of the Prisoner’s Dilemma game showed
greater activation in R dAI during unreciprocated compared
to reciprocated cooperation when both players were informed
about the outcome of each trial game (but not during their
decisions) (Rilling et al., 2008). Another study revealed that
depressed compared to healthy individuals reported higher levels
of negative feelings (i.e., betrayal, guilt) during this game. Across
all players, the R vAI was more activated comparing outcomes,
where one of the players cooperated and the other defected,
with outcomes, where both players either cooperated or defected
(Gradin et al., 2016).

Further, shame and embarrassment, which emerge from
the recognition that one’s behavior diverges from a group’s
expectancies, should elicit activations in the AI. Preliminary
evidence aligns with this prediction and suggests that shame
and embarrassment elicit activations particularly in the vAI,

consistently with the fact that these negative feelings are
based on violations caused by the consequences (and not the
intentions) of one’s behavior (Muller-Pinzler et al., 2015; Zhu
et al., 2019). Similarly, punishment and blame, which rely on
the recognition of another’s deviant behavior, should recruit
the AI as well. Previous evidence chimes with this prediction,
pointing specifically to the dAI, consistently with the fact that
punishment and blame require socio-cognitive processes for
understanding reasons and motives of another’s wrongdoing
(Krueger and Hoffman, 2016; Patil et al., 2017; Bellucci et al.,
2020). On the contrary, other social behaviors such as generosity
or altruism should activate the AI only if they also involve
expectancy violations. Previous work on these behaviors seems
to confirm such prediction (Moll et al., 2006; Coll et al., 2017;
Karns et al., 2017), showing AI activations only when a form of
expectancy violation is involved such as when helping an offender
or breaking a promise to cooperate (Baumgartner et al., 2009;
David et al., 2017).

Taken together, the AI is an underestimated but essential
brain region for understanding human social cognition
and its pathophysiological forms in social brain disorders
such as schizophrenia and autism (Namkung et al.,
2017). Our framework provides a distinctive mapping of
the R AI subdivisions that can be employed in future
multimodal neuroimaging studies to test hypotheses on
the AI functioning in reciprocity. For this reason, our
neuropsychological framework contributes to a more
comprehensive understanding of this region for basic and clinical
neuroscience in which altered processing in AI subdivisions
determine different aspects of prevalent brain disorders (e.g.,
psychosis, autism).
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