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Abstract  Social decisions are crucial in our life. Many of these include interactions 
between agents in scenarios of varying complexity, where trust and cooperation are 
essential and multiple sources of information influence our choices. In this chapter 
we review the contributions from social neuroscience to understanding the sources of 
bias and control mechanisms in social decisions, integrating insights from diverse 
methodologies and analyses. These biases include individual influences (both stable 
and transient) and other stimulus-driven factors, such as social stereotypes, emotion 
displays, or information regarding personality traits. This information modulates dif-
ferent stages of processing, with control-related influences playing crucial roles to 
override conflicts between automatic tendencies and goals.
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1  �Introduction

Decisions of different complexity are a constant element in our life. Both simple 
and more thoughtful and relevant choices share the need of processing different 
options to choose the action that best fulfills our goals [1]. As social beings, a large 
part of our decisions involves other people, so that we must take into account infor-
mation about others and predict their likely behavior. Accordingly, trust and coop-
eration are central factors in social interactions [2–4]. However, our supposedly 
rational decisions are fairly influenced by several factors, or biases, which generate 
predispositions to behave in certain ways [5–7]. The evidence to date shows that 
these biases are entrained not only with late decision stages related to value or 
response processing [8] but also with early stages of perception [9]. In addition, the 
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need to arbitrate among these different and complex action tendencies to make 
optimal decisions calls for strategic control mechanisms.

Several disciplines, such as psychology or economics, seek to understand the 
role of these biases on social decision-making, and the way control mechanisms are 
recruited to channel their influence. In this respect, social neuroscience is an innova-
tive discipline that addresses such questions by studying the neural underpinnings 
of relevant phenomena, focusing on where, when, and how they take place in the 
brain [10, 11]. The goal of the current chapter is to provide a comprehensive over-
view of such contributions, integrating insights from diverse methodologies and 
analysis strategies [8, 12–14].

In the following sections, we first describe the methodology employed in social 
neuroscience to study the factors that influence social decisions. Then, we present 
evidence about the different sources of bias in these scenarios, which derive from 
individual factors and from the stimuli we perceive. Thereupon, we review how 
these influences are regulated by control mechanisms. Lastly, we offer some conclu-
sions and future directions.

2  �Methodological Tools

Research in social neuroscience combines various behavioral methods with modern 
neuroimaging techniques [15]. On the one hand, several studies rely on the use of 
interactive games from the field of experimental economics and classic game the-
ory. These paradigms have been often used to derive normative descriptions of how 
people make economic and trust decisions while interacting with others [16]. 
However, the reasons for such normative behaviors can be better understood if we 
know their underlying sources. In this sense, the mechanisms underlying the depar-
tures from rationality that people often display in these settings can be explored at 
the behavioral level by paradigms developed in the field of psychology and at the 
neural level by modern noninvasive neuroimaging tools. Hence, this mixture of 
approaches promotes the explanation of human behavior at normative, mechanistic, 
and neural levels, which complement and nurture each other [17].

Among the tools developed in behavioral game theory, the ultimatum game [18] 
is a very popular task to study the response of people to fairness. Here one player 
acts as the proposer, choosing how to divide a certain amount of money. The other 
player, the responder, decides whether to accept or reject the offer. In the first case, 
both players earn their split, whereas if the responder rejects the offer, neither of 
them gains anything from that interaction. Reciprocation behavior has been exten-
sively studied with the trust game [16]. In this case, one player (the investor) decides 
whether or not to share an amount of money with another partner (the trustee). If 
shared, this money is multiplied and transferred to the trustee, who then gets to 
decide whether to reciprocate or not. In the first case, both earn half of the total 
money, but if there is no reciprocation, the investor loses the initial sum. In this 
scenario, the best strategy rests with the mutual cooperation between players. The 
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prisoner’s dilemma [19] is similar, but here both players choose to trust the other 
one or not, and payoffs depend on both decisions. In addition, some studies have 
developed online versions of these tasks [20], whereas others have tried to imple-
ment cooperation settings in more realistic scenarios (e.g., the apple game; [21]).

Several paradigms developed in different fields of psychology are designed to 
study the mechanisms, or processes, underlying human behavior and choices. For 
example, the field of social psychology has developed several tasks to explore 
implicit biases, such as prejudice [22]. Among these, the implicit association test 
(IAT; [23]) is frequently used to explore how people associate social dimensions 
(e.g., gender, race) with different attributes (e.g., women are emotional vs. men are 
logical), which ultimately reflect automatic manifestations of prejudice. Similarly, 
implicit prejudices are often revealed in sequential evaluative priming tasks, where, 
for instance, participants view targets preceded by prime stimuli referring to social 
categories (e.g., white and black faces) and classify them as “pleasant” or “unpleas-
ant.” A variant is the weapon identification task, which assesses racial prejudice by 
asking participants to categorize guns and tools after the presentation of white and 
black face primes [24]. In addition, other studies use words or facial displays to 
assess how people form first impressions (e.g., [25]) or associate different social 
categories depending on their shared stereotypes (e.g., [22]). In addition, moral 
dilemmas [26, 27], where people have to judge the moral acceptability of behaviors 
in complex scenarios, are used to explore how personal dispositions or induced 
analytical tendencies influence moral evaluations.

These behavioral paradigms offer an integrated knowledge of the different phe-
nomena influencing our social choices at different stages of processing. Social neu-
roscience adds neuroimaging methods to study the neural underpinnings of these 
decisions. This provides a better understanding of the sources of type of information 
relevant for social behavior and allows analyzing the commonalities and differences 
between social and nonsocial phenomena [15]. Among these neuroimaging tech-
niques, electroencephalography (EEG) and functional magnetic resonance imaging 
(fMRI) are the ones most frequently used to study brain activity noninvasively.

EEG, given its temporal precision, allows tracking how different cognitive pro-
cesses operate in time [28]. This technique provides information about the stages of 
processing (e.g., perception, decision, or motor output) at which the phenomena of 
interest take place. Complementarily, the good spatial resolution of magnetic reso-
nance imaging (MRI) makes it an optimal choice to explore the neural regions 
underlying all these processes. Additionally, functional near-infrared spectroscopy 
(fNIRS) measures hemodynamic activity as functional MRI (fMRI), but facilitates 
more natural experimental settings as it is a portable device, at the expense of lower 
spatial resolution compared with fMRI [29].

These methods are combined with different analytical strategies, which integrate 
traditional univariate with multivariate approaches adopted from machine learning. 
While classic univariate methods compare activation between experimental condi-
tions for each voxel (unit of measurement in MRI), multi-voxel pattern analyses 
(MVPA; [30]) allow studying how information is encoded in patterns of neural 
activity across several voxels. Furthermore, representational similarity analysis [31] 
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relates the structure of neural patterns with each other and also with behavioral data, 
offering information about the nature of representations in different brain regions 
and their relation to different psychological theories (e.g., [32]).

Altogether, these new approaches open new avenues to further the understanding 
of how biasing social information is coded in the brain and the reason for their per-
vasive effects in our interpersonal behavior.

3  �Bias in Social Decision-Making

Influences on social decision-making stem from different sources. On the one hand, 
individual factors or states impact how we process information, which can bias our 
decisions. On the other hand, the perception of certain features in other people may 
also be associated with different action tendencies, judgments, or attributes, impact-
ing how we perceive and behave toward others.

3.1  �Bias in the Observer

The individual factors that influence choices include stable personal characteristics 
(such as gender, age, prosociality, or permanent brain lesions) and contextual, non-
permanent factors (such as induced emotional states). Below we address them in 
turn.

Beginning with stable factors, gender has been linked to differences in social 
decision-making in several studies. For example, women seem to make more ethical 
decisions in certain social scenarios (e.g., [33]). However, altruistic behavior for 
each gender seems to depend on the expensiveness of the cooperation, which gener-
ates different contexts for each of them. Thus, women are more altruistic when it is 
most costly, whereas the opposite happens for men [34]. Gender differences in 
moral decisions may also be modulated by emotional empathy [35]. In this case, 
gender seems to influence our empathic responses to noncooperative partners. For 
instance, Singer et al. [36] observed that empathic responses to the pain of others, 
as measured in fronto-insular regions and the anterior cingulate cortex (ACC; see 
Fig. 1 for a visualization of the brain areas), were reduced in males when observing 
unfair players receiving painful electric shocks. The brain of male participants in the 
same situation also showed increased activation in regions related to the reward 
system, such as the ventral striatum, which was interpreted by the authors as a sense 
of “revenge.” Note that this study is one of many examples of how the introduction 
of measurements of brain activity adds evidence that helps to understand the mecha-
nisms underlying biases in human social behavior.

Age is another factor that has been related to differences in social decisions. At a 
young age, children’s cooperative behavior is already dependent on the agent they 
are interacting with, as they are more generous with friends than non-friends and 
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show cooperative tendencies toward strangers when there is no high cost involved 
[37]. As age increases, children attribute more positive feelings to cooperating with 
other children [38]. On the other hand, adults seem to be more generous than 
younger people in economic decisions [39]. Similarly, Rosen et  al. [35] also 
observed that adults made more moral choices than younger participants, but this 
effect was again mediated by empathy, as the gender case presented above. In addi-
tion, Harlé and Sanfey [40] showed that older people appear to be more sensitive to 
unfairness, with higher rejection rates to unfair offers than younger participants. 
This unfairness effect was related to activation increases in dorsolateral prefrontal 
cortex (dlPFC) and decreased in the anterior insula (AI) for adults, compared to 
young participants. This pattern suggests higher reliance on goal maintenance and 
less emotional processing due to norm violation with age. However, these effects do 
not seem to be consistent, as manifested by Lim and Yu [41], who reviewed related 
literature and observed that the existing evidence proves heterogeneous and does 
not offer certainty about age differences in prosocial behavior.

Furthermore, individual social preferences or personal concerns for other people, 
such as altruism, envy, fairness, reciprocity, or inequity aversion, are another source 
of influence in decisions (e.g., [42]). Individual preferences have also been studied 

Fig. 1  Display of approximate location of the brain areas mentioned throughout the chapter. IPL/
SMG inferior parietal lobe/supramarginal gyrus, TPJ temporoparietal junction, STS superior tem-
poral sulcus, MTG middle temporal gyrus, TP temporal pole, dlPFC dorsolateral prefrontal cortex, 
IFG/vlPFC inferior frontal gyrus/ventrolateral prefrontal cortex, aPFC anterior prefrontal cortex, 
AI anterior insula, mPFC medial prefrontal cortex, ACC anterior cingulate cortex, SMA supple-
mentary motor area, PCC posterior cingulate cortex, PC precuneus, FG/FFA fusiform gyrus/fusi-
form face area, OFC/vmPFC orbitofrontal cortex/ventromedial prefrontal cortex, VS ventral 
striatum, AMY amygdala
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under the name of social value orientation (SVO; [43, 44]), via different tools—e.g., 
decomposed games, the ring measure, social orientation choice cards, or character-
istics space theory [45]. Within the predominant SVO framework, several studies 
have tried to distinguish between self-oriented (“proself”) and other-oriented (“pro-
social”) participants and how these individual differences affect cooperation ten-
dencies. While proself subjects show increased calculating and strategizing 
tendencies, prosocials tend to follow social norms and have moral considerations 
for others, making more cooperative choices [46, 47]. Also, at a neural level, the 
brain of prosocials has been linked to increased activation in the precuneus, superior 
temporal sulcus, and medial prefrontal cortex (mPFC), showing also that this pat-
tern correlates with increased cooperation decisions [48].

Social biases also appear in neuropsychological conditions involving damage in 
brain areas related to social processing. For instance, temporal lobe epilepsy patients 
exhibit social functioning deficits [49] in, for example, basic and complex theory of 
mind processes, which have an impact on social decisions. Amygdala-damaged 
patients display higher cooperation rates, especially when interacting with untrust-
worthy partners [50]. This pattern could reflect a deficit in the integration of differ-
ent social signals that takes place in the amygdala, which would disable proper 
indications to guide successful social interactions. Moreover, utilitarian judgments 
in moral dilemmas increase in patients with ventromedial prefrontal cortex (vmPFC) 
lesions, which has been taken as evidence for the role of this region in the represen-
tation of the emotional value of stimuli [51, 52]. Frontotemporal dementia patients 
also show altered social decisions, with increased impulsiveness and risky behavior, 
which could be partly related to damage in the orbitofrontal cortex (OFC; [53]). 
Additionally, these patients make more utilitarian choices in moral dilemmas, which 
seems to be related to theory of mind deficits [54]. For example, during social bar-
gaining, they manifest altered prosociality and punishment behavior, due to a failure 
to incorporate information about the perspective of others [55].

Apart from individual factors, a large part of the literature on biases employs experi-
mental settings to induce transient mental states in the agent. A cornerstone source of 
influences on decisions is the framing effect, which refers to how decisions are affected 
by the way the scenario is presented [56]. For instance, working with moral dilemmas, 
De Martino et al. [57] showed that when the problem was framed in a “gain” context, 
participants tended to choose the safe option, whereas in a “loss” situation they chose 
the risky alternative to a higher extent. In similar scenarios, positive framing in moral 
dilemmas has been associated with risk aversion choices, accompanied by increased 
activation in a cluster involving the ACC and the vmPFC compared to negative framing 
[58]. Conversely, risk-seeking behavior under negative framing of social cues has been 
related to activation in the inferior frontal gyrus (IFG; [59]).

Furthermore, the induction of mood states is also a tool frequently used to explore 
how incidental emotions bias our choices. The affect infusion model [60] claims 
that incidental emotions prime mood-congruent dispositions, positing that behav-
ioral effects in decision-making tasks depend on the participants’ mood [61]. For 
instance, positive moods prime positive information and have been related to grow-
ing confidence, friendliness, and cooperative tendencies during interpersonal 
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interactions. In this context, positive moods lead to a greater joint gain seeking, 
interpersonal trust behavior, and cooperative choices [62–64] and also generate an 
increased preference for avoiding losses (e.g., [65]). Similarly, social reward can 
serve as another bias in cooperative behavior, as people tend to act more generously 
when they know they are being watched. When feeling observed, people want to be 
socially acknowledged about their behavior, which itself constitutes a larger social 
reinforcement associated with greater activation in the ventral striatum [4].

Conversely, negative moods can have different effects. In economic games, 
whereas sad affection has been associated with generous behavior [66], it has also 
been related to a decrement of acceptance of unfair offers, which could be the reflec-
tion of a mood-congruent framing for negative outcomes [61]. At a neural level, this 
bias has been related to increased activity in the bilateral AI, which was thought to 
mediate between mood and choices. It was also accompanied by higher activity in 
the dorsal ACC (dACC) for unfair offers, indicating a possible affective conflict. 
According to the affect infusion model, negative moods would induce a sensitive 
disposition to detect social violations. This negative mood appears to be coupled 
with lower activity in the reward system (e.g., ventral striatum) to fair offers. 
Additionally, “harm to save” dilemmas tend to induce negative emotions such as 
fear or disgust, each of these biasing participants’ response toward different 
responses. When participants experience fear, they show deontological bias (do 
nothing), while disgust seems to enhance utilitarian responses (e.g., kill one in order 
to save five; [67]). Moreover, the application of emotion regulation strategies can 
also modulate behavioral and neural responses during social decisions. This regula-
tion has been associated with the involvement of the IFG, temporoparietal junction 
(TPJ), and the AI [68]. The implementation of downregulation (a more positive 
interpretation) entails higher acceptance rates for unfair offers, while upregulation 
(a more negative interpretation) elicits more rejection decisions [69].

As we have just described, a variety of individual factors bias people’s choices in 
social decisions. Nonetheless, external factors, mostly originated from the agents 
we interact with, also exert varying degrees of influence on our choices, as shown in 
the next section.

3.2  �Bias in the Stimuli

Biases in social decision-making also stem from different features of the stimuli we 
perceive. These choices frequently involve perception and social categorization, as 
well as the generation of expectations. Faces often provide rich information in these 
contexts, such as the gender, social group, emotion, and trustworthiness of the peo-
ple we interact with. This information is highly valuable to generate expectations 
about others to guide successful decisions. Below, we will first focus on the mecha-
nisms underlying social judgments about other people and then examine how emo-
tion displays and personal information bias choices.
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3.2.1  �Social Categorization

When we first interact with others, we tend to form impressions about how they are, 
what they like, or how we expect them to behave, which is a case of social catego-
rization. We form an initial idea of others very quickly, based on the information we 
can gather in a few milliseconds [70]. These rapid impressions have been related to 
activity in the posterior cingulate cortex (PCC) and the amygdala [25], both involved 
in social cognition. The amygdala has also been studied in connection with other 
regions in terms of the context-relevant representation of social stimuli, especially 
faces. Its ventrolateral region belongs to a network specialized in social perception 
[71], in connection with sensory regions of the temporal lobe – the superior tempo-
ral sulcus, the temporal pole, the fusiform gyrus, and the OFC.

Categorization judgments are closely related to stereotypes and expectations [72, 
73]. Some of such stereotypes refer to biases related to gender, as people tend to 
assign attributes and internal dispositions differently to women and men. Regions 
related to evaluative processes and representation of knowledge [74], such as the 
vmPFC and the amygdala, together with the supramarginal gyrus and the middle 
temporal gyrus, seem to be at the basis of these judgments. Additionally, contextual 
influences on face categorization appear mediated by retrosplenial and prefrontal 
cortices [75].

Furthermore, some biases relate to racial stereotypes. Traditionally, the amyg-
dala has been set as a racial prejudice marker [76], showing higher activation in 
participants facing a member of a racial outgroup. This involvement has been 
explained appealing to different roles: activity in this structure could act as a marker 
for a threat of an outgroup, as an indicator of fear of being considered prejudicial, 
or as a motivational response [24]. It has also been suggested that the amygdala may 
be in charge of the representation of relevant social information, while the striatum, 
which participates in the computation of valence, would represent these stereotypes 
to guide decisions toward positive interactions and trust behavior with the racial 
outgroup [77]. Moreover, the AI has been related to negative reactions to a disliked 
racial outgroup when it has been rewarded. However, this region has also been 
linked to empathy toward the ingroup [24]. On the other hand, neural representa-
tions in the OFC seem to underlie affect-based judgments depending on race, while 
neural patterns in the anterior portion of the PFC (aPFC) differentiate stereotype-
based judgments [78].

At a perceptual level, race influences visual face processing and attention at early 
stages [79–81]. In this regard, Tortosa et al. [81] observed larger amplitude in the 
N170 during the processing of black versus white faces, a negative potential related 
to face encoding [82], which seems related to implicit racial bias [83]. The varia-
tions in this potential seem to be originated in early visual processing in the fusi-
form gyrus [84]. In addition, different studies have also reported varying neural 
patterns in the fusiform face area depending on the race of faces (e.g., [85]) and how 
these differences may rely on implicit racial bias [86].

Race bias additionally acts at the decision point. For example, some reports show 
higher punishment to members of one’s own racial group, because they, unlike 
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outsiders, are expected to cooperate [87]. Moreover, others (e.g., [88]) have observed 
that participants offer more money and show increased trust toward white versus 
black partners. However, Tortosa et al. [81] observed that Caucasian participants 
cooperated more with black than white partners while presenting implicit race bias, 
which may be explained by participants’ desire to counteract their implicit biases.

Interestingly, Stolier and Freeman [22] have recently shown how different social 
categories are entangled with each other, in the sense that one category activates 
stereotypes shared with another. Even more, employing novel representational simi-
larity analyses, the authors suggested that the stereotypes related to different catego-
ries represented in the OFC modulate activity in earlier visual processing areas of 
the fusiform gyrus. This results in a greater perceptual similarity between represen-
tations of faces sharing the same stereotypes, even if they are of different gender or 
race. According to the dynamic interactive model [9, 89], social perception is highly 
dynamic, based on an interactive system in which bottom-up perceptual information 
activates categorization, which in turn activates stereotypes. Additionally, top-down 
factors, such as expectations or goals, can modulate lower processing stages in a 
dynamic fashion.

3.2.2  �Emotional Expressions and Trustworthiness

A large part of judgments about others is related to the emotions we perceive in 
them. Emotional expressions are rapidly processed, even in the absence of aware-
ness (e.g., [90]). In this way, emotional displays have a significant effect on trust-
worthiness judgments (e.g., [91]), friendliness, or dominance [92], given that they 
provide information that can be used to decode the intentions, beliefs, and desires of 
others in social scenarios [93].

Positive expressions tend to induce trust and cooperation [94, 95], whereas nega-
tive emotions are associated with uncooperative behavior [16]. However, these 
emotional expressions may not have the same interpretation in all contexts [93, 96, 
97]. For instance, de Melo et al. [98] found that, after mutual cooperation, happiness 
increased cooperation expectations, whereas in noncooperative scenarios, smiles 
decreased such expectations. Alternatively, when partners defected, their positive 
expressions could be considered redundant to their behavior, thus not affecting 
cooperation expectations. Conversely, when people consider their partner’s emo-
tions, anger expressions can induce cooperative decisions (e.g., [99]).

These biases are not only reflected in the type of decision participants make but 
also in the time they need to make up their minds. Some studies have found “emo-
tional conflict” effects, where participants take longer to choose an option contrary to 
the automatic response elicited by ignored and non-predictive emotions. For instance, 
responses in a trust game were slower when emotion and identity information did not 
lead to the same responses, even when participants were told to ignore these emo-
tions [100]. Moreover, responses are also slowed down when emotions predict con-
sequences opposite to their “natural consequences” [101, 102]. In this scenario, 
when emotional expressions are predictive of their natural consequences, activity 
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increases in the precuneus [101], a region associated with the representation of 
personal information [103] and trust in cooperative scenarios [104].

Furthermore, facial expressions seem to be associated with trustworthiness judg-
ments along a continuum, where untrustworthy faces are linked to anger expres-
sions, whereas trustworthiness is related to happiness [92]. These trust judgments 
correlate with amygdala activity, as this region presents a higher response to untrust-
worthy agents [105]. Interestingly, such behavioral and neural sensitivity to trust-
worthiness may occur even with no perceptual awareness [106, 107]. In this regard, 
several studies have shown that trustworthiness can indeed impact our decisions in 
different ways. During trust and economic games, people manifest higher coopera-
tion rates and acceptance of offers from trustworthy agents [108, 109]. People invest 
more money with partners who have been rated as trustworthy even when there is 
no objective relationship between ratings and actual behavior [110]. Moreover, 
rejection of offers based on facial trustworthiness correlates with activity in the 
OFC, and its functional connectivity with the AI correlates with individual rejection 
decisions from untrustworthy partners [108].

3.2.3  �Personal Information

In certain cases, interactions among strangers take place at distance, without physi-
cal information about others. Nonetheless, even in these cases we can obtain infor-
mation about them that may bias our decisions, even if this knowledge is unrelated 
to their actual behavior. In this regard, initial research showed that positive and 
negative moral information about others influence decisions and reduce reliance on 
feedback for learning [111].

First, we can assume several characteristics when interacting with people who 
are familiar to us. Thus, closeness with partners is associated with higher trustwor-
thiness judgments and cooperation decisions, accompanied by higher response in 
the striatum and mPFC when friends reciprocate [112]. Also, striatal activity seems 
related to reputation learning of agents with different closeness [112]. Yet, there are 
situations where we need to make decisions involving unknown people, which is a 
frequent scenario in experimental settings. In this regard, Hackel et al. [113] showed 
that the striatum supports feedback-based instrumental learning, integrating differ-
ent sources of social information, while vmPFC activation correlates with behav-
ioral decisions according to trait-learned information about generosity during social 
exchanges.

Moreover, our choices can also be influenced by knowledge about our partners’ 
personal characteristics. For instance, participants reject more offers from partners 
associated with negative descriptions compared to those described by positive infor-
mation [114]. These influences are stronger when offers are unfair, as well as in 
uncertain contexts [115]. Negative descriptions of partners compared to positive 
ones increase the amplitude of the medial frontal negativity (MFN), a potential 
associated with the emotional evaluation of negative outcomes [116]. However, this 
negative polarity is reversed when unfair offers come from a friend, a scenario that 
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is also associated with fewer rejection rates [117]. This may reflect that personal 
information about the partners, as well as social distance, bias the evaluation of 
objective offers differently, making them look more adverse when the partners are 
associated with negative personal information. In addition, previous information 
can influence competence expectations, related to choices whether to continue or 
not a social interaction with a specific partner [21].

In conclusion, several individual factors carry a heavy impact on social decision-
making. In nonnatural controlled scenarios, these sources of bias can also be evalu-
ated through the manipulation of motivational and emotional elements in the 
experimental setting. In these contexts, biases relate to stereotypes built on the char-
acteristics of others, which are represented at several stages that take place during the 
analysis of perceptual and social representations about others. To avoid such infor-
mation when it conflicts with internal goals, control mechanisms become essential.

4  �Control Mechanisms During Social Decision-Making

Adaptive social interactions need control mechanisms to regulate actions in sce-
narios where biases conflict with short- or long-term goals. Here we review part of 
the evidence on the functioning of these mechanisms. Our focus is on regulation 
mechanisms involved in economic and moral decisions as well as in contexts where 
automatic responses must be controlled or our expectations clash with other agents’ 
behavior.

A large part of the biases reviewed so far are studied in relation to the control 
mechanisms that steer the organism toward context-appropriate actions. For 
instance, in a classic study, Sanfey et  al. [8] employed the ultimatum game to 
explore reactions to unfair offers. Here, they observed increased activity to unfair 
offers in the ACC, a region related to conflict of different types, which suggests the 
existence of interference between emotional reactions and the monetary goals of the 
task. In addition, they also observed a trade-off between the activity of the AI and 
the dlPFC to unfair offers. Specifically, the activation in the insula was larger than 
in the dlPFC when unfair offers were rejected, which may reflect the negative reac-
tions associated with unfairness. On the other hand, activity in the dlPFC was higher 
when unfair offers were accepted, supporting the function of this region in the con-
trol of social behavior.

Similarly, Knoch et al. [118] showed that the disruption of the dlPFC reduces rejec-
tion rates to unfair offers. In this vein, Baumgartner et al. [119], observed that dlPFC 
and vmPFC activity, as well as their effective communication, was needed to make 
costly normative choices, that is, to reject offers and, therefore, lose earnings. However, 
the role of these regions in social decisions is not clear, as other studies have shown 
that people with damage to the vmPFC seem more likely to reject unfair offers [51]. 
These divergent results might be explained by different dynamics in the PFC in 
healthy participants and neurological patients, and they also suggest the importance of 
the communication between these prefrontal regions to regulate social behaviors.
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In moral dilemmas, reasoning processes also influence our choices [120]. For 
example, performing the cognitive reflection task induces a decrement of confi-
dence in intuition, related to an increment in utilitarian judgments [120]. These utili-
tarian decisions have been associated with activity in the dlPFC, inferior parietal 
lobe, and PCC [121]. In addition, the disruption of activity of the dlPFC after tran-
scranial magnetic stimulation increases utilitarian choices [122]. Taken together, 
these data add support to the role of the PFC in overcoming emotional reactions in 
moral scenarios [123].

Ochsner and Gross [124] proposed the mediation of two routes in this control. 
The dorsal PFC, which has been related to orientation to task context and goals, 
would be in charge of changing stimuli-emotional response associations. On the 
other hand, the ventral PFC would maintain the representation of the emotional 
value of stimuli according to the context and jointly with the OFC and would impact 
emotional reactions through its reciprocal connections with the nucleus accumbens 
and the amygdala. These regions would, in turn, modulate the representation of 
relevant information in higher control areas (e.g., PFC, OFC). In addition, rational 
behavior in framing tasks, in which decisions are not influenced by framing effects, 
is correlated with enhanced activation of the OFC and vmPFC [57].

Moreover, biases that derive from stereotypes of prejudice toward others can also 
be modulated by control. Top-down processes can attenuate this influence [76] 
through the detection of conflict between goals and biases by the dACC and imple-
mentation by the PFC of domain-general control. In addition, the mPFC and the 
rostral ACC seem to be in charge of more specific representations of social cues to 
orient regulatory processes to suppress behavior opposite to social norms [24]. 
Another type of control-demanding situations takes place when facing emotional 
conflict during decision-making, where need to route the emotional information 
displayed by faces and attend to the relevant information to fulfill our goals. The 
resolution of emotional interference has been associated with the activation of the 
IFG [125] and top-down modulation of the amygdala by the ACC [126].

In social decisions, control mechanisms are recruited when we hold expectations 
about other people that are not matched by their actual behavior. In this regard, 
when emotional expressions do not predict their “natural consequences” (happiness 
= cooperation, anger = no cooperation), there is an increment in the N1 potential, 
related to attentional processes [102]. Moreover, when emotional displays interfere 
with identity expectations, Alguacil et  al. [127] observed an early conflict effect 
during face processing, associated with higher amplitude in N170 potential, associ-
ated with structural encoding of faces. Later stages linked to response selection 
were also affected, as reflected by increments in the amplitude of the P3 potential.

The violation of expectations, when we need to overcome the automatic response 
associated with the expectations induced by emotional expressions, has been shown 
to engage activity in the PFC, ACC, and AI [101]. This study also observed different 
coupling of the ACC depending on the level of conflict. While in low-conflict con-
texts the ACC showed greater interaction with the precuneus and the vmPFC, high 
conflict was associated with greater coupling with control-related regions, such as 
the supplementary motor area and the middle region of the cingulate cortex. This 
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agrees with data indicating that emotional conflict engages the increment of 
task-relevant information processing, including high-level areas involved in non-
emotional tasks [128].

Furthermore, the ability to respond accordingly to previous expectations, even in 
the presence of behavior which conflicts with that information, seems to be in 
charge of the ventrolateral prefrontal cortex (vlPFC). In this regard, Fouragnan et al. 
[129] observed that deactivations in the ventral striatum when trust was violated 
were functionally correlated with vlPFC activation. Therefore, the vlPFC modu-
lated striatal activity to orient decisions to match expectations when these conflicted 
with the observed behavior. In addition, [111] observed increased activation in the 
ACC when participants offered responses that contradicted previous information 
they held about their partners.

In addition, research in the field of cognitive control suggests the existence of 
two different networks linked to control. The frontoparietal and cingulo-opercular 
networks act at different timescales to orient our behavior according to our goals 
[130]. The increase of activation in these networks has been traditionally associated 
with a deactivation in the default mode network (DMN), which has been interpreted 
as an indicator of this network’s absence of functionality during difficult tasks 
[131]. Interestingly, although these mechanisms have been more extensively studied 
in nonsocial contexts, Cáceda et  al. [132] have observed similar neural patterns 
related to prosocial behavior. These authors reported that enhanced intrinsic con-
nectivity between the salience and the central executive networks (insula/ACC and 
dlPFC/posterior parietal cortex, respectively) predicted increased cooperation deci-
sions. Moreover, multivariate approaches have been employed to explore control 
mechanisms encoding the response in social scenarios. For example, Hollmann 
et al. [133] employed real-time MVPA to explore control mechanisms during eco-
nomic decisions. They observed that participants’ decisions to reject the offers 
could be decoded in the AI and lateral portion of the PFC (lPFC). Taken together, 
results add further evidence to the need of control mechanisms to successful social 
functioning.

In this section, we have reviewed how control mechanisms are recruited to over-
come interference. Such conflictive situations tend to arise from contradictions 
related to personal information or from the incompatibility between personal goals 
and non-appropriate or automatic responses, which may appear very early in time. 
Through coordinated activations, frontal regions participate in the evaluation of 
stimuli and expectations, and they also contribute to maintain neural representations 
of relevant goals to flexibly adjust behavior.

5  �Final Remarks and Conclusions

We have reviewed some of the contributions of social neuroscience to the under-
standing of the sources of bias in social decisions. We introduced the methodologies 
that allow the study of the behavior and neural underpinnings of these phenomena, 
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reviewed internal and external sources of biases, and considered the control 
mechanisms engaged during conflictive situations.

Altogether, the evidence underscores the relevance of the amygdala and the 
vmPFC in the integration of emotional and social signals relevant to guide our 
behavior in social scenarios. The amygdala may enhance processing of social rele-
vant stimuli, while the vmPFC has been related to the representation of other’s 
intentions. Furthermore, positive mood seems to foster cooperation through the 
reward system (e.g., striatum), which is also in charge of reputational learning 
according to observed behavior. Conversely, negative states engage areas associated 
with conflict and the emotional value of negative outcomes, such as the AI or the 
ACC.  Moreover, the OFC appears crucial to represent expectations, especially 
based on stereotypical information. Interestingly, these expectations also dictate 
representations in lower-level regions, such as the fusiform cortex, which suggests 
the importance of top-down modulations in the representation of social 
information.

The evidence suggests the presence of common pathways of biases on percep-
tion and on decisions. For instance, Amodio [24] proposed a neural circuitry for 
stereotyping, which included mainly the vmPFC, amygdala, AI, and OFC. As we 
have seen above, these regions also are involved in other biasing contexts. The 
mPFC has been associated with prosocial dispositions as well as with the represen-
tation of a partner’s personal traits. Its ventral part also seems relevant for the inte-
gration of emotional stimuli in moral dilemmas, including framing effects, as well 
as in categorization processes [74, 108]. Moreover, the amygdala is necessary to 
regulate interpersonal trust and facial categorizations [25, 50]. The AI appears to be 
involved in the emotional evaluation of negative outcomes, which can be guided by 
negative mood, prejudice, or trustworthiness [61, 101]. Furthermore, the OFC 
seems to be in charge of representing expectations of others based on stereotypes 
and emotions [22, 108] and to guide adaptive behavior in social contexts [53]. In 
addition to these areas, the ventral striatum has a central role in reward-related pro-
cessing, learning in social scenarios about the valence of the interactions, and fos-
tering interactions associated with positive outcomes [112, 113].

As regards control mechanisms, the evidence points to the relevance of regions 
such as the ACC, the AI, and several regions of the PFC to maintain goals and sup-
press deviant responses and to modulate regions involved in social processes to 
increase attention to the task. Furthermore, data suggest that these regions work at a 
network level, where frontoparietal and cingulo-insular networks seem to foster pro-
social behavior. This highlights the importance of control mechanisms in cooperative 
scenarios, not only to overcome automatic or undesirable responses but also to 
behave adaptively in our social environment. Crucially, the data shows that there is 
important similarity between control mechanisms involved during social decisions 
and those that have been extensively studied in nonsocial domains (e.g., [134]).

Likewise, in this review we have presented some evidence noting the relevance 
for cooperative behavior of some regions associated with the DMN, which com-
prises areas such as the mPFC, precuneus, PCC, angular gyrus, and some temporal 
areas. This network has been considered until very recently as functionally inactive 
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during effortful tasks, being involved in mind wondering and self-referential 
processes [131]. However, recent data seem to indicate that the DMN encodes task-
relevant information, even in complex settings and nonsocial tasks [135, 136]. In 
addition, it has also been related to socials tasks [137, 138] and emotional engaging 
in social interactions [129]. Unraveling the processes underlying this network is a 
field of intensive current research (e.g., [139]).

Taking all this into consideration, the use of different methodologies turns cru-
cial to understand how social information is represented in the brain and how differ-
ent mechanisms coordinate with each other to regulate human social activity and 
orient our behavior toward goals. Given the complexity of social scenarios, more 
realistic paradigms are being developed to be implemented in laboratories, in more 
natural settings [140]. In this regard, the use of methodologies, such as fNIRS in 
social scenarios (e.g., [141]), may be an interesting approach to study the influences 
on social decisions in real life.

Social neuroscience is an interdisciplinary and vibrant field. It incorporates meth-
odologies from complementary fields to generate a description of the variety of fac-
tors that can influence our interactions and how the different biases operate from 
early to late stages of processing. In this context, social decisions are key to under-
stand interpersonal exchanges, which are crucial in our life. These processes are 
important to analyze group dynamics, social perception, or how rational decisions 
such as economic ones are modulated by different factors. Furthermore, this field 
may aid to develop interventions for patients with some sort of neural damage that 
affects their social functioning. Finally, social contexts can extend our knowledge 
about how our brain works in a large diversity of scenarios filled with rich social 
stimuli, where decisions take place. Hence, current research efforts provide a com-
prehensive view of the mechanisms underlying core processes in our daily social life.
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