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Editorial on the Research Topic
 Neurosociology: A New Field for Transdisciplinary Social Analysis




INTRODUCTION

Within this research theme, it was possible to open a new transdisciplinary Frontier, within which sociology and neuroscience in general, can contribute to the improvement of social researchers and all interested scholars, expanding the different levels of analysis of the social sciences. The key concept, from the classics of sociological thought, is based on a discipline that can contain this cultural transformation initiated by the discovery of mirror neurons forward, namely neurosociology. The latter must be considered as the discipline that investigates social interactions and socialization with respect to the structures and functions of the brain. As a transformative perspective that builds on the postulates of sociology and, therefore, whose goal is not to favor one discipline over another, it falls within the trappings of a discipline that aims to investigate how the human brain influences the complicated set of forces that drive human relationships and social organization. However, the distinctiveness of this approach also warrants the analysis of neurosociology within social processes and how they influence neural function. Therefore, neurosociology is closely related to sociology underlying the socio-cultural-interactionist derivation of every behavior. The contributions collected, therefore, range from bibliographic and purely theoretical reviews, up to empirical research, the set of products, collected within this call, will allow expanding the field and, above all, open to trans-disciplinarity.



REVIEW AND OPINION CONTRIBUTIONS

The purpose of the review by Saladino et al. was to highlight, through empirical data contained within the bibliography, from the past 5 years, focusing interest on the connection between empathy and neuroscience. In this regard, the authors presented an in-depth study related to the social context involving violent criminals and psychopaths. The intent was to assume that empathy is an important to feel and understand the cognitive and emotional states of self and other people. Reflecting on this issue allowed empathy to be considered a psychological concept as well as a sociological one.

Reading Firat's text, it is possible to note that negative experiences, such as discrimination and exclusion, can influence health increasing physiological responses to stress, both physical and mental. Adding to the rich contribution provided to us is the ability to fit within the literature that until now has been lacking a sociological vision that could account for biological processes that are structurally and culturally shaped.

The study proposed by Shkurko's is characterized by the analysis of the natural effectiveness of the face-to-face medium. This idea, based on face-to-face communication, brings to the reader's attention the evolutionary mismatch hypothesis that evolved human nature is dependable on all other kinds of device-mediated communication that might cause negative interactions.

To better understand the relationship between social experiences and the brain, it is important to investigate neuroscience together with the social sciences. The other work, which arouses a lot of interest, is that proposed by Racionero-Plaza et al. who highlighted how the environment, and more specifically social experience, can influence the brain and even its genes. However, to fully understand these mechanisms, trying to understand what kinds of social interactions lead to certain outcomes in the brain, which differ from person to person and in behavior, neuroscience requires the postulates of the social sciences. This aspect allows for those inputs needed by neuroscience to enrich the meaning toward new discoveries about the brain.

A completely new aspect in this context, is the work proposed by Borbón, in fact through his considerations it is possible to begin to explore a topic of very close relevance, namely criminal abolitionism, which, in the neuroscientific context, takes the name of criminal neuroabolitionism. This new approach is based on the discoveries made in various disciplines, especially in the field of neuroscience, to provide a new perspective. In this sense, the transdisciplinary aspect that emerges is strong, and the link between sociology and social neuroscience is clear, offering several starting points for future studies: (1) on the neuropsychological effects of incarceration; (2) the contribution of neuroscience to investigate criminogenic social factors; (3) a new point of view to better understand criminal law as a mechanism of social control.

The trans-disciplinary openness of our call prompted Sipes et al. to provide us with interesting insights into the topic of adolescence, thus an issue that is increasingly embedded in everyday life, both within legislation and as an object of inquiry. The authors, in this paper, highlight the phases of neural and social development, basing themselves on and analyzing prosocial decisions, ascertaining that these are beneficial for personal and social wellbeing. A review highlighting the progress made in this field was necessary, reporting a total of 25 articles. In this regard, the authors offer predictions for testing a new model, proposing new future directions for studying prosocial behavior.

Finally, among the opinion articles, there is an interesting view regarding the COVID-19 emergency that seems to have passed its acute phase. Within the Paradisi et al. text, one can read the emergence of the role of online digital technologies. The authors describe, in a timely manner, how the increase in online social interactivity has increased its activity due to the social distancing to which we have been forced. However, it has had negative effects due to emotional and even physical isolation, as what has been missing is body language, which has always played a crucial role in face-to-face social relationships. This epochal change has affected the wellbeing of people, assuming very serious effects in the long run, affecting, above all, the population affected by specific fragilities. The goal of the authors was to encourage new constructive reflections, with the aim of increasing awareness of these topics of close relevance.



EMPIRICAL RESULTS: QUANTITATIVE DATA AND ORIGINAL RESEARCH

The section on empirical works opens with a work offered to us by Alfonso and Molano, the authors accurately present the work done by the musician John Cage, who based his art on “sound-scene-vision” experimentation within the theater, media, and art. The study is presented with different readings, one certainly regards the “innate rules of perception” and the other brings out the interesting relationship between art and neuroscience.

The aim of the study by Yang et al.'s, was to explore how the emotional expression of news in the post-truth era affects the cognitive processing of the audience. Indeed, news written with several kinds of emotional expression rather than neutral, can lead to changes in the cortical activity of the people belonging to the investigated sample, who were examined with electroencephalograms, and basing it on the method of functional brain connectivity. The results showed that emotional speech involved more cortical brain activity.

The article by Poali et al., describes qualitative research based on tears of joy, an emotional element of great prominence, and that, in the sociological and anthropological literature, is very present, for example in the ritual weeping of Ernesto de Martino. This research, consisting of semi-structured interviews, was carried out in India and Japan, processing the qualitative data extrapolated from the transcripts, through the software MAXQDA, to investigate this dimorphic emotional expression. The work is based on the hypothesis that tears of joy are not only an atypical expression due to what the authors call “super joy,” but rather an emotional experience with a specific adaptive function.

Finally, concluding our review is the work of Zheltyakova et al. They present work investigating the characteristics of provocative behavior in an environment where the subject is anonymous. However, the personal behavior of the “anonymous” person during the processing of the provocative feedback remains largely unknown. The fMRI study conducted, has led to the evidence that through Taylor's aggression paradigm and, within a game that can generate “social provocation,” the neural system activates, as a compensatory mechanism during social interactions, a system capable of dropping socially relevant information.



CONCLUSION

The main goal of this call, which we felt was fully met, was to highlight some of the insights that can be gleaned from a transdisciplinary exploration that can both account for the postulates of sociological thinking and adapt them to new neuroscientific paradigms. This has allowed, in this way, to avoid a drift into the two biggest reductionisms, cultural and biological, to put in evidence not to lean toward one discipline rather than another, but that all disciplines, in a trans-disciplinary agreement, can generate a greater knowledge for each of them (e.g., Auriemma et al., 2020; Fante et al., 2022). Consequently, one should be wary of any theory that claims that our understanding of others is only a matter of biological input, as the cultural interaction aspect remains at the core of any discourse. The sciences need as much transdisciplinarity as possible in this field, maintaining personal objectives that cover the variety of skills and strategies we draw on, but, above all, contributing to a common knowledge that can place the person at the center of any scientific discourse, avoiding scientistic reductionism and allowing researchers and scholars to draw from the broadest possible sources and that we use to understand and make sense of others. To conclude, the wonderful and ambitious goal that we editors, belonging to distant disciplines, had set ourselves and that masterfully the authors of each paper have been able to satisfy, we must emphasize that today it is possible to go beyond what is directly available if we want to reach deeper levels of interpersonal understanding. Given the polysemous nature of the various notions presented in this appeal, one might naturally wonder if it would not be better to explore transdisciplinarity more thoroughly throughout the research articles.
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A longstanding body of literature reveals that experiences of discrimination and exclusion lead to health disadvantages by increasing physiological stress responses both in the body and the brain. However, a sociological view that takes into account structurally and culturally shaped biological processes is missing from the literature. Building on recent literature from the sociology of morality and values and the dual process model of culture, this paper proposes and provides preliminary evidence for an applied theory of culturally situated moral cognition as a coping mechanism with ethno-racial stress. I focus on values as they help cope with ethnicity and race related stress such as discrimination. Using functional neuroimaging data, I offer evidence that values operate through both explicit (controlled and conscious) processes recruiting brain regions like the dorsal prefrontal cortex, and implicit (automatic and non-conscious) processes recruiting regions like the ventromedial prefrontal cortex, to help cope with exclusion and discrimination.
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INTRODUCTION
A longstanding body of literature reveals that experiences of discrimination lead to health disadvantages by increasing physiological stress responses such as blood pressure, cardiovascular reactivity and heart rate (Brondolo et al., 2003; Pascoe and Smart Richman, 2009). However, not all marginalized people are affected the same way from the negative effects of discrimination and social exclusion (Hughes et al., 2014; Nazroo, 2003). Psychologists have focused on various personality factors like self-efficacy or vigilant coping as protectors from stressors and stigma (Bandura, 1998; McAuley, 1992); yet a sociological view that takes into account structurally and culturally shaped biological processes is missing from the literature. This paper seeks to fill this gap by proposing a new, neurosociological theory of structurally and culturally situated moral cognition (Firat and McPherson, 2010; Firat and Hitlin, 2012) and the ways this moral cognition moderates the relationship between ethno-racial stressors and stress responses in the body and the brain.
This paper argues that cognitive sociology and the newer research area “neurosociology” have the potential to add the literature on health disparities by linking micro and macro foundations and detailing the ways our minds and bodies reproduce social structure and inequalities (Cerulo, 2002; Cerulo, 2014; Franks, 2010; Ignatow, 2007; Lizardo, 2014; TenHouten, 1997). This neurosociological approach distinguishes itself from a “sociology of neuroscience” framework, which takes more of the role of a critique of neuroscientific empirical work alongside other developments in science and technology (von Scheve, 2011). While the critiques and examinations of the knowledge and practices in neurosciences form a new, growing body of scholarship called “critical neuroscience” and are abundant (e.g., Bruder, 2019; Choudhury et al., 2009; Schleim, 2014; Slaby, 2010), a complementary neurosociological approach incorporating neurological and biological processes into sociological theorizing and empirical work is largely missing from the literature (von Scheve, 2011). The rudimentary connections between morality and human evolution and neuroanatomy were broadly made elsewhere (Turner, 2014). This paper attempts to contribute to these efforts towards an integrated, transdisciplinary science of morality (Firat and McPherson, 2010; Firat and Hiltin, 2012; Jeffries, 2014) by offering a specific neurosociological theory of moral cognition as it relates to inter-ethnic stress.
Building on a growing body of recent literature on moral and cognitive sociology (e.g., Hitlin and Vaisey, 2010, Hitlin and Vaisey, 2013; Vaisey, 2008) and the long standing theoretical tradition of Social Structure and Personality (Pearlin, 1989; Thoits, 2006), in this paper, I argue that morality and values provide “an internal moral compass” (Hitlin and Piliavin, 2004: 362) for coping with discrimination. While previous research has looked at the ways values influence a variety of behaviors and attitudes including political behavior, pro-environmental and prosocial behavior (Barnea and Schwartz, 1998; Schultz and Zelezny, 1998; Schwartz, 2010), much less research has been concerned with behavioral effects of morality and values, especially within the health context.
Drawing from recent literature from the sociology of morality and values and the dual process model of culture and moral cognition (Miles et al., 2019; Vaisey, 2008), I propose and empirically illustrate an applied neurosociological theory of culturally situated moral cognition as a coping mechanism with ethno-racial stress. I focus on values as internalized bits of culture that motivate behavior in line with moral worldviews and help cope with ethnicity related stress such as discrimination (e.g., Firat 2016). This is not to say that culture is a fixed and uniform object shared homogenously by all members of groups; this cultural essentialist view is criticized by many (Grillo, 2003; Modood, 1998; Wikan, 1999). Rather, I view culture and morality as cognition or “schema” through which macro level institutions and structures are manifested (Hitlin, 2014) with different degrees and variations depending on individuals positions in the society as well as personal and inter-personal experiences (Firat and McPherson, 2010). This is more akin to the culture as “patterned practice” view offered by Roepstorff et al. (2010), whereby brain activity generated during experimental tasks can reveal patterns of social interaction.
Furthermore, as put forward by recent theorizing in sociology of morality (Vaisey, 2008; Miles et al., 2019), this paper proposes that these different cultural manifestations and patterned practices operate through both explicit (controlled and conscious) and implicit (automatic and non-conscious) processes. The implicit mechanisms through which values moderate ethnicity related stress are largely unknown due to methodological limitations of traditional survey and interview techniques. This paper addresses this limitation by incorporating neuroscientific functional Magnetic Resonance Imaging methods to capture the subtle mental and bodily dimensions of the relationship between values and ethno-racial stress.
ETHNO-RACIAL HEALTH DISPARITIES
A large body of literature has focused on the effects of living in ethnically and racially diverse societies. This research suggests that while many civil rights have been extended to ethnic/racial minorities and communities are getting increasingly diverse, ethnic diversity is linked to detrimental individual and community outcomes such as decreased social trust and civic life (Putnam 2007). Furthermore, several studies show that ethnic/racial diversity has important connections with health outcomes, especially for minorities. Members of ethnic and racial minority communities show poorer subjective and objective outcomes of well-being and health. For example, African Americans report lower levels of subjective well-being (Thoits and Hewitt 2001), show increased obesity rates (Flegal et al., 2012), hypertension prevalence (Egan et al., 2010) and even higher mortality rates (Geronimus et al., 1996; Kohcanek et al., 2004) than their White counterparts in the US. There is a higher prevalence of mental health problems (e.g., depression, anxiety) among immigrants and refugees in the United States and other Western nations (Fox et al., 2001; Pumariega et al., 2005; Storch and Poutska 2000).
Disparities in socio-economic status are proposed as a fundamental cause of health inequalities as lack of access to resources is linked to various diseases and higher mortality rates (Phelan, Link, and Tehranifar 2010; Phelan and Link 2013) and thus help explain ethnic/racial health disparities (Braveman et al., 2010; Nazroo and Williams 2006; Nazroo, 2003). However, there are important inter-personal mechanisms like stigma and discrimination that account for an significant portion of the effects of socio-economic status on racial/ethnic health outcomes (Hatzenbuehler, Phelan, and Link 2013; Morales et al., 2002; Mays et al., 2007; Paradies 2006; Williams et al., 1997). Research has shown that experiences of discrimination diminishes physical and mental health (Pascoe and Smart Richman, 2009; Williams and Mohammed 2009; Williams et al., 2003). Racist and discriminatory encounters are correlated with anxiety and depression and substance use (e.g., alcohol and tobacco) among African Americans (Brown et al., 2000; Landrine and Klonoff 1996; Sanders-Phillips et al., 2014).
One mechanism through which discrimination and stigma influence negative health outcomes is by heightening stress responses including blood pressure, heart rate and cardiovascular reactivity during interactions with members of different racial and ethnic group members (Brondolo et al., 2003; Clark, 2000; Harrell et al., 2003; Williams, 2012). Previous research has shown that ethno-racial/racial encounters increase stress and anxiety through cortisol changes and cardiovascular reactivity (Mendes and Koslov, 2013) as well as activation in brain regions related to feeling physical pain, i.e. dorsal anterior cingulate cortex (dACC) (Eisenberger, 2003; Eisenberger and Lieberman, 2004). Cumulative exposure to negative ethno-racial interactions and discrimination over time overload the body’s allostatic load—capacity to react and adjust to challenges and stress through physiological responses such as blood pressure, cortisol activity and cardiac output (McEwen and Stellar 1993; McEwen 1998; 2000; 2004; 2005). Allostatic load and cumulative stress have detrimental impact on health especially in members of minority communities who are exposed to repeated negative life events.
However, despite evident disparities in health, some ethnic minority groups have better health than others. For example, Hispanics in the United States have better health status than Whites despite having lower socio-economic status, lack of access to health care resources and experiences of discrimination (Morales et al., 2002). A White ethnic group, Jewish Americans, rated their health lower than non-Jewish White Americans (Pearson and Geronimus 2011). White Americans report higher rates of depression than African Americans (Breslau et al., 2006; Dunlop et al., 2003; LaVeist et al., 2014). Moreover, minority status predicts eudemonic well-being—having a purpose and meaning in life (Ryff et al., 2003). Similarly, both first and second generation Turkish immigrants in Germany have lower mortality rates than (almost half of) their German counterparts, a phenomenon not entirely explained by neither selection (healthier migrants flowing into the host country) nor attrition (less health migrants leaving the host country) effects (Razum et al., 1998). I suggest that some of these contradictory patterns can be reconciled by looking into neurosociology of cultural cognitive coping styles and values, which provides a more refined framework that takes into account inter-individual as well as inter-group variables of social experiences.
VALUES AND THEIR DUAL IMPLICIT/EXPLICIT MECHANISMS
Sociologists of culture and morality have been increasingly paying attention to values as core components of moral culture binding people and motivating behavior (e.g., Longest et al., 2013; Vaisey and Miles 2014; Wuthnow 2008). At the societal level, values are aggregate world views shaped historically by political, cultural and socio-economic conditions (Inglehart 2015; Inglehart and Welzel 2005). At the individual level, values are internalized versions of these broader worldviews; they are relatively stable over the course of one’s life and serve as abstract, cognitive systems directing behavior towards desirable goals in line with their moral viewpoints (Hitlin 2003; 2008; Howard and Renfrow 2006; Rokeach 1973; Schwartz, 1992; 1994). Values are more abstract than attitudes; they transcend beyond situations and events (Rokeach 1973). Contours of values are formed in childhood (and might shift slightly throughout life) based on various cultural and social structural positions people hold (Kohn 1989; Kohn and Schooler 1982; Longest et al., 2013). Studying values not only provide an understanding of cultural differences between social groups (Lamont 1992; 2000), they also provide insights into inter-personal differences as they influence information processing at the individual level (Dehue, McClintock, and Liebrand 1993; McClintock and Liebrand 1988).
While all humans share certain values to some extent (see Turner 2014 for an evolutionary account of human morality), the rank ordering of the values vary depending on various cultural and structural factors. For example, according to one of the most established and sociologically most adopted (e.g., Hitlin 2003; Vaisey and Miles 2014; Firat 2016; Firat et al., 2018) theories of values, Schwartz values theory (Schwartz, 1992; 1994; Schwartz and Bilsky 1987), there are ten basic, general value orientations that have evolved in response to basic conditions of human existence including coordinated social interaction and survival and well-being of the groups (Schwartz, 1992). These ten value orientations, while measured separately, can ultimately be grouped under four general dimensions: self-transcendence (universalism and benevolence), self-enhancement (power, and achievement), openness to change (stimulation, self-direction and hedonism) and conservation (security, traditionalism and conformity) dimension (Bardi and Schwartz, 2003; Schwartz and Bardi 2001; Schwartz and Boehnke 2004). In line with earlier theorizing and research (Firat et al., 2017), these values can be organized under two moral domains: agentic vs communal. These broader conceptions are also in line with the collectivistic vs individualistic value distinctions in cross-cultural psychological research (Hofstede 2001; Markus and Kitayama 1991; Triandis 2001); yet carry a broader meaning without stigmatizing one or the other dimension.
Behavioral correlates of agentic values (such as self-enhancement or openness) usually hinge on taking charge and direction, influencing others behavior and opinions (Bardi and Schwartz, 2003) but also taking generative, intentional action such as environmentally responsible consumption (Urien and Kilbourne, 2011). Being open and eager to new experiences, ideas and adventures (Bardi and Schwartz, 2003; Schwartz, 1992) guide behavior in the direction of social change such as political activism or individual change such as adapting to new media technologies (Besley, 2008; Firat, 2014). Agentic values contribute to the capacities for responding to the environment in novel ways by bringing one’s attention to previously ignored approaches to problem solving, adopting new behavioral strategies and enhancing effectiveness of existing strategies (Firat et al., 2017). Based on sociological theorizing, the motivation for agency provides people with an “imaginative recomposition and critical judgment’’ to ‘‘reframe their relationships to existing constraints’’ (Emirbayer and Mische 1998:1010; see also Sewell and William 1992). Research suggests that agentic orientations contribute to the flourishing of human health by providing capacities to formulate adaptive strategies during difficult situations and eventually help change habits and choices towards healthier outcomes (Bandura, 1998, Bandura, 2004, Bandura, 2005; Welzel and Inglehart, 2010). Thus, they likely contribute to the flourishing of human health, especially in the face of negative life events, by providing capacities to formulate adaptive strategies and eventually help change habits and choices towards healthier outcomes (Bandura, 1998, Bandura, 2005; Welzel and Inglehart, 2010). I argue that this adaptive reimagination and reframing—or the agentic value orientation-is an explicit, conscious effort because it relies on secondary reflection on the initial imagination or thoughts, thus slower cognition.
Communal values (self-transcendence vs. self-enhancement dimension) revolve around cultivating prosocial concern and interest for the welfare of others and the overall community over self or power related advantage. From an evolutionary point of view, the capacities for altruism, empathy and reciprocity and the associated emotional states provided an evolutionary advantage and added to the adaptive fitness of humans by maneuvering complex social organizations (Turner, 2014). People who are higher on communal value orientation, for example, have higher levels of generalized trust (Vyrost, Kentos, and Fedakova 2007) and more inclined to take environmental and other pro-social action (Karp 1996; Schwartz, 2010). Communal values are aligned with humans need and motivation to build coalitions (Kurzban, Tooby, and Cosmides 2001; Cosmides, Tooby, and Kurzban 2003). This evolved capacity, I argue, operates mostly through implicit mechanisms (while might also be readily available for consciousness) as detecting coalitions (or friends vs rivals) and building a sense of coalitional security and safety (see Boyer, Firat, and van Leeuwen 2015) and potentially rely on automatic categorization and identification of social groups (see also Tajfel 1978, 1982; Tajfel and Turner 1979, 1986; see Abrams and Hogg 2004). Thus, a communal value orientation, and its attitude correspondence in strong sense of coalitions, will act fast through automatic processes to shield people from the stressful effects of inter-group interaction.
The implicit vs. explicit mechanisms of communal or agentic values (or any other values whatsoever) have not been investigated so far, leaving an important gap in identifying the mechanisms for coping with ethno-racial stress, which this paper addresses.
VALUES AS COPING MECHANISMS WITH ETHNO-RACIAL STRESS
This paper proposes that culture provides cognitive buffering resources for ethno-racial stress through two value mechanisms: one attenuating felt social pain via communal values and another providing more active and adaptive strategies to these difficult situations through agentic values (see also Bandura, 1998; Bandura, 2005). The limited literature on the moderating role of values on ethnicity related stress also supports these arguments. Mostly based on the cross-cultural theory of values distinguishing between collectivistic vs individualistic values (e.g., Hofstede 2001; Markus and Kitayama 1991; Triandis 2001), research focusing on communalistic values like collectivism among Asians and familism and respect for elderly among Mexican Americans found that these values dampened the negative effects of exclusion and discrimination (Berkel et al., 2010; Delgado et al., 2011; Iwamoto and Liu 2010; Yeh et al., 2006). Studies found that collectivistic individuals did not respond as intensely to social exclusion, helping recovery from ostracism (Pfundmair et al., 2015; Ren et al., 2013). For example, Mexican American values such as familism and respect for elderly foster a disposition for prosociality that serve as emotional support in response to race-related negative life events like discrimination (Brittian et al., 2013; Knight, Cota, and Bernal 1993; Knight and Carlo 2012). This view also fits with cross-cultural research that identified self-transcendence (and openness) as so-called healthy values that facilitate positive mental health (Cohen and Shamai 2010; Jensen and Bergin 1998; Sortheix and Lonnqvist 2014). Living up to cultural values and norms also reduce stress indicators like arterial blood pressure among the darker skinned people (i.e., Blacks in Southern US and Brazil) (Dressler and Bindon, 2000; Dressler et al., 2005).
The protective role of agentic values against the negative effects of ethno-racial interactions is also supported by some literature that mainly focused on psychological constructs such as self-esteem or vigilant coping. While these constructs are not value orientations, they are aligned with agentic orientation’s core dimensions such as being able to take charge and manipulate one’s surroundings; and, thus offer some insights into how agentic values might help cope with stress. Accordingly, research shows that self-esteem protects people from negative social threats and stress (Rector and Roger 1996; 1997) through a vigilant coping style that seeks new, instrumental information and provides active and problem focused solutions in the face of ethno-racial stress and discrimination (Rector and Roger 1996; Tynes et al., 2012). For example, African American adolescents with higher self-esteem showed lower anxiety when faced with online discrimination than those with lower self-esteem (Tynes et al., 2012). Furthermore, vigilant coping style diminished negative mental health outcomes among Korean immigrants in Toronto (Noh and Kaspar 2003) and African Americans (LaVeist et al., 2014). Attribution theory in psychology also offers some evidence suggesting that attributions about the causality and controllability of stigma and discrimination moderate well-being (Crocker and Major 1989; Schmitt and Branscombe 2002). Research directly focusing on values also supports these findings with cross-cultural survey data by demonstrating that openness to change value orientation enhances well-being (Bobowik et al., 2011; Cohen and Shamai 2010; Georgellis, Tsitsianis, and Yin 2009; Sagiv and Schwartz 2000).
In summary, the literature on the social psychological processes of exclusion and inter-group contact have identified two important, seemingly juxtaposed, cultural cognitive resources: communal vs. agentic values (e.g., Sagiv and Schwartz 1995; 1998). I suggest that these seemingly contradictory results can be reconciled through a dual cultural coping mechanism: 1) an implicit motivational coping attenuating felt social pain via communal values and 2) another explicit coping mechanism providing more active and adaptive strategies to these difficult situations through agentic values (see also Bandura 1998; Bandura, 2005).
PROPOSED THEORY: NEURAL DISSOCIATION OF THE CORRELATES OF COMMUNALISTIC VS AGENTIC VALUES
In the proposed framework here, 1) communal values provide a sense of coherence and community that serve as collective resources promoting positive adjustment and resilience, while 2) agentic values contribute to being able to respond to the environment in novel ways by paying attention to previously ignored approaches to problem solving and enhancing effectiveness of coping. While the effects of these value systems on neurological responses to ethno-racial stress have not been directly researched so far, several other studies that focused on similar moderators or potential behavioral manifestations of these values have found evidence in this direction. For example, cross-ethnic/racial friendships reduced stress hormone reactivity in participants who were implicitly prejudiced or highly concerned of out-group rejection (Page-Gould et al., 2008), predicted faster recovery from stress-related respiratory and hormonal reactivity (Page-Gould et al., 2010), and these positive effects were carried on to interactions with novel other-ethnicity members (Page-Gould et al., 2010). Similarly, several factors such as secure attachment style (DeWall et al., 2011), essentialist beliefs about groups, perceptions of discrimination (Masten, Telzer, and Eisenberger 2011), essentialist beliefs about groups (Bernstein et al., 2010), racial group membership and implicit bias (Krill and Platek 2009) were also found to be moderating neural responses to social exclusion and inter-racial contact. Therefore, I expect communal and agentic values to reduce sympathetic (“fight” or “flight”) stress responses such as respiration, heart rate and skin conductance and increase parasympathetic responses that prepare the body to return to the homeostatic state like increasing heart rate variability through recruiting different brain regions for explicit and implicit coping.
Sympathetic and parasympathetic nervous systems are both components of the autonomic nervous system, which regulates the automatic and mostly non-conscious activity of the body. While sympathetic nervous system responds to stressful or physically arousing situations (aka “fight or flight” response) by increasing skin perspiration, respiration and heart rate, parasympathetic nervous system calms the body down or is involved in regular/ordinary activity such as slowing heart rate and respiration. These responses are down or up regulated (through feedback loops) by the central nervous system activity in the brain.
Relying on a functional dissociation in the human prefrontal cortex (see Firat, 2019; also Lieberman 2007), this paper proposes that the ventromedial prefrontal cortex (vmPFC) and the dorsolateral prefrontal cortex (dlPFC) delineate between the implicit and explicit value based coping. The vmPFC, medially placed in the frontal region of the prefrontal cortex, is reciprocally connected to sensory cortices and limbic structures and is an important center for motivation and emotional regulation, especially for moral emotions (Anderson et al., 2006; Berridge and Kringelbach, 2008; Damasio, 1994; et al., 1996; Price 1999). The vmPFC regulates moral decisions by allowing more subtle motivational and emotional factors to be weighted in judgments (Adolphs, 2009; Damasio, 1994; Greene, 2001; Greene and Haidt 2002; Mitchell, Banaji, and Macrae 2005; Moll et al., 2001). Adults with vmPFC damage fail to show autonomic responses to socially meaningful stimuli (Damasio, 1990), and fail to avoid disadvantageous choices (Bechara, Tranel, and Damasio 2000). Moreover, vmPFC is involved in inter-group processes such that it is more active in response to viewing members of in-groups (such as racial or social class in-groups) compared to stigmatized others (Harris and Fiske, 2006; Firat et al., 2017).
The dlPFC is the center for executive, top down functioning and goal directed behavior with connections to the temporal and parietal cortices to receive visual, somatosensory, and auditory information and the motor areas of the brain to coordinate movement (Firat and Hilton, 2000; Miller and Cohen, 2001; Miller and Cohen, 2019). For example, dlPFC plays a crucial role in working memory and multi-tasking (D’esposito et al., 1995; Cohen et al., 1997; Courtney et al., 1998). Patients who have damage to their dlPFC show inability to plan ahead and generate hypotheses, have trouble in flexibility tasks demanding flexibly shifting sets or changing tasks, have poor verbal fluency, and poor organizational and constructional strategies in learning new tasks (Milner 1963; Benton 1968; Jones-Gotman and Milner 1977; Stuss and Benson 1984; Waxman 2016). Moreover, some studies also suggest that the dlPFC has a role in a cognitive control mechanisms inhibiting racial bias (Stanley et al., 2008).
Based on this functional dissociation between the vmPFC and the dlPFC, I argue that we can identify the dissociable mechanisms for cultural coping strategies in response to ethno-racial stress in the human brain as 1) increased activation in the ventromedial prefrontal cortex (the brain region associated with moral intuitions and in-group identity, see Firat et al., 2017; 2019) when people adopt communal value based coping and 2) increased activation in the dorsolateral prefrontal cortex (brain region involved in top-down inhibition and executive control, e.g., Koechlin et al., 2003; MacDonald, 2000) when people employ agentic value based coping. I expect that both of these mechanisms will decrease psychophysiological stress responses (heart rate, heart rate variability, respiration and skin conductance) and thus potentially reduce allostatic load (McEwen and Stellar 1993).
In sum, as also illustrated in Figure 1, this paper proposes two value based coping styles: 1) an implicit motivational coping mechanism attenuating felt social pain via communal values, associated with ventromedial prefrontal cortex (vmPFC) activity and 2) another explicit coping mechanism providing more active and adaptive strategies to these difficult situations through agentic values, underlined by dorsolateral prefrontal cortex (dlPFC) activity. Again, this is not to say that individuals identifying with different groups will uniformly express the same coping styles and to the same extent; but rather, the argument I propose is that available patterns of practice shape the ways human brains respond to social or non-social environments, enabling people to co-create shared experiences (Roepstorff et al., 2010; Ma et al., 2014).
[image: Figure 1]FIGURE 1 | Illustration of the dual processes of value based coping. The brain atlases adapted from the Harvard-Oxford atlas developed at the Center for Morphometric Analysis (CMA), and distributed with the FMRIB Software Library (FSL) (Bakker et al., 2015), 3D Surface View (Majka et al., 2012).
AN EMPIRICAL ILLUSTRATION
In this section of the paper, I provide an empirical illustration of the dual process model of value coping mechanisms with some data from a functional Magnetic Resonance experiment that measured responses to social exclusion in seventeen Black and eleven White subjects while they were primed with agentic or communal values (for more details see Supplementary Table S1). Similar to the previous neurological research on social exclusion (e.g., Eisenberger et al., 2003; Kawomoto et al., 2012; Kumar et al., 2009; Masten et al., 2011; Sebastian et al., 2010), the experimental task measured neural activity inside an fMRI scanner while participants were playing a virtual ball tossing game (Cyberball) with two other players. All imaging data were obtained with a 3-tesla MRI scanner (Research Trio 3T).
Cyberball is an online or offline (pre-programmed) ball tossing game between two or more players represented with animated gifs (see attached Cyberball example pic) and has been widely used for research on ostracism, social exclusion, or rejection (Williams 2006; et al., 2012). As in previous Cyberball studies, participants were told prior to scanning that we were interested in “mental visualization” ability (to avoid the topic of social interaction), and that they would play a game of catch over the internet with two other players. They were instructed to imagine the experience as real as possible. In this game, social exclusion was simulated with inclusion or exclusion from the game with ball tosses. There were a total of three runs (agentic vs. communalistic vs. control). At the beginning of each run, the participants read a short paragraph describing three almost identical stories describing a trip to the city, beach or the countryside with equal number of pronouns and gave their answer on a screen with a finger key response. This cultural priming procedure, also referred to as the “pronoun circling task” has been shown to effectively prime agentic (individualistic) or communalistic (collectivistic) values in a number of previous behavioral as well as fMRI studies (Gardner et al., 1999; Harada et al., 2010; Oyserman, Coon, and Kemmelmeier, 2002; Oyserman and Lee, 2007). All priming conditions contained identical stories, except for the following target phrases: I, my, me for individualism; we, our, us for collectivism; and they, their, theirs as a control/comparison condition (see attached Supplementary Table S1 for details).
After the value priming, there were a total of 12 blocks in each run (six each of inclusion and exclusion). In the inclusion condition, the participants were over-included (50% ball possession) in order for them to register systematic differences between the inclusion and exclusion conditions and for the exclusion condition they were partially or completely excluded (16% or 0% ball possession). Each block lasted 24 s, followed by a fixation cross (16 s) (see Figure 2). The order of inclusion and exclusion blocks were pseudorandomized with the constraint that the same block type was never presented more than twice in a row. Each block began with an instruction screen (3 s) telling participants to “Get ready to throw the ball”. Participants chose which of the other players to throw the ball to using a right index or middle finger key press response. Participants also marked each time one of the other players received the ball with a key press response in order to ensure that participants made motor responses during both inclusion and exclusion blocks and pay attention to the game. This cyberball paradigm is adapted from previous fMRI studies (see Sebastian et al., 2010; Kumar et al., 2009).
[image: Figure 2]FIGURE 2 | Cyberball paradigm.
Data were first analyzed as individual level data and then combined into group level analyses on individual statistics. Data analysis presented here includes region of interest analyses (ROI) (for vmPFC and dlPFC brain regions) using AFNI (Analysis for Functional Neuroimaging) software. For each functional run, data were preprocessed to remove sources of noise and artifact. Data were corrected for differences in acquisition time between slices for each whole-brain volume, realigned within and across runs to correct for head movement, and co-registered with each participant's anatomical data. Normalized data were then spatially smoothed. Then, a deconvolution analysis was used to extract a hemodynamic response function for each subject. The effects of the conditions were modeled by box-car regressors convolved with the hemodynamic response function for 24 s for blocks of each trial type. Motion correction parameters were included as nuisance covariates and TRs with motion derivatives exceeding the Euclidian norm of 0.4 mm were censored in deconvolution analysis. Group-level analyses on the hemodynamic response estimates from individual statistics were conducted with a three way (race x inclusion/exclusion x values) Multi-Variate Modeling Approach (AFNI’s 3DMVM command) that applied ROI masks for dlPFC and vmPFC.
In Figure 3 present results from the contrasts of some main conditions of interest as they relate to the key arguments proposed by the theory outlined here: 1) communalistic values will recruit an implicit neural system including vmPFC activation and 2) agentic values will recruit an explicit neural system including dlPFC activation. I would like to emphasize that the results shown on Figure 3 are correlations (as most fMRI data are), focuses on ROI analysis (rather than whole brain) and do not include various main effects or different contrasts. In other words, these results are presented to demonstrate that a neurosociological approach is a viable one to study racial differences in values and coping and not as full-fledged results to draw empirical generalizations from. However, nonetheless these results depict a very interesting picture that is for the most part supportive of the theory proposed here. As brain activity is usually observed in relation to various tasks, I present here the contrasts between specific conditions to be able to isolate the activation in response to the conditions of interest that are not shared by other conditions. Accordingly, as can be seen on Figure 3, Panel A, there is greater vmPFC activation during communalism (vs other) and exclusion (vs inclusion) contrasts and greater dlPFC activation in agentic (vs communalistic) and exclusion (vs inclusion) contrasts in Black (vs White) respondents. This empirical illustration provides preliminary evidence for two potential mechanisms, one implicit and the other explicit, for the ways values might help racial minorities cope with the effects of social exclusion. These contrasts do not necessarily indicate that White respondents in the sample did not show similar responses. It simply meant that for Black respondents the findings were stronger. This makes sense given the context and history of United States race relations where marginalization, oppression and systemic exclusion of Black folk are hardened into the social fabric, causing a stress and anxiety overload.
[image: Figure 3]FIGURE 3 | Increased activation of the vmPFC (A) and the dlPFC in conditions of interest. vmPFC cluster size = 21 MNI coordinates = 2, −32, −3 dlPFC left cluster size = 13 MNI coordinates = 36, −37, 19. dlPFC right cluster size = 9 MNI coordinates = −39, −30, 29 Uncorrected p = 0.01, corrected p = 0.05.
FUTURE DIRECTIONS/CONCLUSION
This paper seeks to advance current understandings of cultural and cognitive sociology and the dual process models through uncovering the ways in which values can attenuate responses to social exclusion through influencing implicit and explicit neurological processes. Recent research on dual process models has rejuvenated the interest on methodologies that go beyond traditional ethnography or survey methods to capture implicit and automatic cognitive and emotive processes of culture (e.g., Miles et al., 2019; Vaisey 2009). Social behavior and attitudes are especially complex and challenging to measure directly in the context of inter-racial or ethnic relationships (Pager and Shepherd 2008). Survey or interview responses might not only accurately reflect individuals’ beliefs due to social desirability but also might technically not be able to capture subtle and fast bodily reactions to social cues. The neurosociological methodologies proposed in this paper have the unique capacity to measure both fast and automatic and slow and controlled, thus avoiding social desirability issues. With this study, we are getting one step closer to a proper understanding of how culture shapes individual behavior implicitly and explicitly, detailing how distal social forces shape human mind and behavior.
As structurally and culturally shaped dispositions (Longest et al., 2013), values are well-situated for operationalizing the concept of cultural coping by embedding individuals in groups, organizations and broader cultural settings (Firat et al., 2018; Firat and McPherson, 2010). Building on previous research demonstrating that values moderate the negative effects of discrimination on well-being (Firat, 2017), I proposed and provided preliminary evidence that value orientations operate both through implicit/automatic (communal values) and explicit/controlled (agentic) values. The brain region related to automatic and emotional evaluations and processing (i.e., the vmPFC) was activated in Blacks in response to exclusion in communalistic conditions, whereas activation in the brain region most commonly associated with executive control and top-down processing (i.e., dlPFC) was related to agentic conditions during exclusion. Understanding the role of cultural values in stress responses is important in identifying a key contextual factor shaping individual responses, a mechanism often ignored by both psychologists and sociologists because it requires a thorough integration of macro and micro processes. By focusing on this macro-micro link with a neurosociological approach, this project makes a novel contribution to the body of knowledge on the effects of ethno-racial contact on stress. The mechanisms proposed in this paper are scalable to larger groups, other cultures, and identities in an increasingly diverse global society.
Future research applying this theoretical paradigm will have the capacity to identify ways for reducing ethno-racial disparities of stress and health. If the theory proposed here is further supported and augmented by empirical work, additional studies can identify specific value based intervention strategies for coping with stress in members of ethno-racial minority groups. While shared experiences of (interpersonal and institutional) discrimination and systematic social exclusion situate members of ethno-racial minority groups into oppressed and marginalized positions in the social hierarchy, values might serve as cultural, collective resources that can help improve resilience in the face of stressors. In this framework, values act as “a key cognitive capacity that can act as a mental resource for communities of color” (Firat, 2020: 77). If research can demonstrate culturally relevant implicit and explicit value strategies (for example through framing or messages) effective in buffering ethno-racial stress, these strategies could be adapted for protecting and promoting the health of members of vulnerable communities.
In conclusion, this paper has important implications for identifying the biomarkers for coping styles in response to ethnicity related stress by focusing on a sociological mechanism that operates both at the individual and macro level: value orientations. Previous research has focused on personal backgrounds such as previous racial contact or cross-ethnic friendships or psychological attributions such as self-esteem; but, no research has explored the macro societal and cultural dimensions underlying coping strategies at the micro level. The logical next step in this research paradigm would be to connect these neurological mechanisms with physiological stress responses to demonstrate the culture-brain-stress link. Responses to social interactions including ethno-racial interactions are bodily and cognitive phenomena; they are experienced and enacted through our bodies and our brains. Traditional experimental techniques like behavioral responses or survey methods are indirect ways of measuring these cognitive and bodily processes. Coupling brain imaging data with physiological data would be a spearheading attempt in linking biological mechanisms of ethno-racial relations to sociological understandings. Hopefully, this paper was able to offer a neurosociological research framework for future research seeking to expand our understandings of stress mechanism and response to social exclusion as they relate to value based coping strategies.
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Empathy is a fundamental construct that allows individuals to perceive and understand the cognitive and emotional state of others. Empathy is not only a psychological and sociological concept; it also heavily impacts our daily lives by affecting our decisions and actions. Empathy is connected to and involves specific parts of the brain which, if damaged or of reduced volume, can lead to actions that are morally unjust, aggressive, or simply denoting a lack of understanding and sensitivity. The literature affirms that the low level of empathy, guilt, embarrassment, and moral reasoning displayed by violent and psychopathic criminals is strongly associated with empathy-linked brain regions that are smaller in size or less developed. The aim of this review is to show empirical data over the last 5 years on the connection between empathy and neuroscience among violent and psychopathic offenders, reflecting on future research on the topic.
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EMPATHY AND NEUROSCIENCE


Definition of Empathy

The construct of empathy does not have a universally recognized definition, as previous studies have focused on philosophical and behavioral aspects (Batson, 2009; Bernhardt and Singer, 2012). Lately, research has focused on identifying the underlying neural network processes. Neuroscience has made an important contribution to understanding the neural basis of empathy. A recent definition states that the empathic process occurs when the observation or imagination of affective states of others induces shared feelings in the observer and involves various components such as affective sharing, self-awareness, and self-other differentiation (Singer and Lamm, 2009). Empathy contributes to the development of positive social interactions and helps us to understand and react to others’ behaviors.

However, empathy is not automatic or obligatory. Indeed, our reaction to others’ feelings derive from a series of factors such as the situation, the empathizer, beliefs, and goals compared with emotions of others. For instance, the suffering of strangers might not affect us because we are not motivated or interested to be involved in their feelings; however, if we attend to the suffering of friends or family, empathy activation changes. An example is a reaction to the cry of a child; some people might get annoyed, others might put themselves in the shoes of the embarrassed parent, still others might put themselves in the shoes of the suffering child, and our empathic activation changes whether that child is our grandson or a stranger.

This wide range of reactions depends on intrapersonal and situational characteristics. Also, our capacity to understand others’ feelings is not necessarily connected with a prosocial attitude. Empathy must be regulated. Excessive empathy or lack of empathy denotes an inability of individuals to adapt to situations. Compared to animals, humans have greater cognitive abilities. For example, humans can process the emotional states of others using the theory of mind (ToM) (Stone, 2006), as defined by the developmental psychology. This evolutionary aspect could lead to extraordinary prosocial actions, such as caring for individuals of different species, and to the worst actions, like violence and dehumanization. There are some individuals, such as those who commit violent crimes and those with psychopathy who often have empathy deficits. Thus, a better understanding of the component of empathy and its neurodevelopment is needed.



Evolution and Types of Empathy

According to developmental and social psychology, empathy is the affective response derived from the understanding of others’ feelings. First, empathy manifestations occur during childhood among infants (6-months-old), who prefer altruistic characters rather than not- cooperative ones (Hamlin et al., 2007). Children of 18–25 months tend to sympathize with others in the absence of emotional stimuli, experimenting with some form of affective perspective-taking (Vaish et al., 2009). Moreover, prosocial behaviors emerge at 12 months, a period in which children can care for people who need help (Warneken and Tomasello, 2009).

From a clinical and neurobiological point of view, empathy can be differentiated into affective empathy and cognitive empathy (Saladino et al., 2020a). Affective empathy is defined as the ability to understand and share the emotional experiences of others through an autonomic response, while cognitive empathy is defined as the ability to understand and share the point of view of others, allowing inferences on mental or emotional states (Cox et al., 2011). Affective empathy is involuntary, and it develops early than the cognitive empathy. It relates to the somato-sensorimotor response, such as the feeling of distress experiment by children when another child is crying (Dondi et al., 1999). The cognitive component of empathy is related to the ToM (the ability to interpret the mental state of others, their thoughts, and beliefs), the executive function of attention, memory, and self-regulation. Both ToM and self-regulation are associated with the functioning of the prefrontal cortex (medial and dorsolateral regions) and of the subcortical limbic structures (Zelazo et al., 2008). The prefrontal cortex continues to develop during adolescence and adulthood. This area of the brain is also responsible for controlling one’s emotions and actions (Diamond, 2002).

Empathy involves several areas of the brain that are not limited to the cortex but also include the autonomic nervous system (ASN), the hypothalamic-pituitary-adrenal axis (HPA), and the endocrine system, associated with the regulation of emotional and bodily states. According to the components of both cognitive and affective empathy, scientists (Decety and Jackson, 2004; Decety, 2005, 2007; Decety and Meyer, 2008) identified two models of processing empathy: a bottom-up model associated with the affective component and a top-down model linked to the cognitive component. The bottom-up processing is mediated by the amygdala, hypothalamus, and orbitofrontal cortex (OFC) for the affective arousal; top-down processing is associated with the anterior insula (AI), medial prefrontal cortex mPFC, and ventromedial prefrontal cortex (vmPFC) for emotion awareness, and OFC, mPFC, and dorsolateral prefrontal cortex (dlPFC) for emotion regulation, control of emotion and motivation. Both processing models are connected and influenced by the ASN and the endocrine system (Decety, 2011).



Empathic Circuit and Core Network of Empathy

The research on neural substrates that are involved in the empathy circuit was guided by the hypothesis which states that there is a shared network of regions involved in both the empathic experience and the first-person affective experience (Gallese and Goldman, 1998; Preston and de Waal, 2002). Mostly, neuroimaging studies on empathy have been focused on the perception of pain. Data from two meta-analyses on the topic showed the involvement of some specific brain areas, such as the AI, the posterior-anterior (pACC), and the anterior medial cingulate cortex (aMCC). These regions are implicated in several functions, such as pain processing, evaluation and perception of emotions, and interoceptive awareness (Kober et al., 2008; Craig, 2009; Duerden and Albanese, 2011; Lindquist et al., 2012).

In supporting the shared-networks hypothesis, recent studies with fMRI have shown that pACC and aMCC are associated with both observing and feeling pain and relate with the AI, which integrates the cognitive and affective information of the personal perception of pain (Allman et al., 2010; Shackman et al., 2011). Altogether, these areas contribute to the integration of the information to the global emotional state, leading to a modulation of behavioral response, which is part of the empathic response (Singer and Lamm, 2009). Other evidence of the involvement of the AI in empathy shared networks derived from a study in participants with alexithymia. Among these people, the AI is less activated when they try to understand their own emotions and when they are empathizing with others’ pain (Silani et al., 2008; Bird et al., 2010). Empathic response and the associated core network can occur through a stimulus-response or perception-based condition, in which the subject is exposed to the presence of a concrete visual stimulus and reacts through empathic activation, or through an inference-based condition, in which individuals are exposed to abstract cues and are influenced by their perspective-taking skill and their previous experiences in attributing emotional states of others (Amodio and Frith, 2006; Frith and Frith, 2006). The activation of the core empathic-related networks in the inference-based condition is associated with ToM and mentalization’s networks, characterized by the vmPF, the superior temporal sulcus (STS), the temporoparietal junction (TPJ), the posterior cingulate cortex (PCC). The perception-based condition is related to action observation areas, as dorsolateral (dlPFC) and dorsomedial (dmPFC), and the inferior parietal cortex (IPC). The reciprocal interaction between these two routes of empathy allows for a complete representation of others’ emotional states (Danziger et al., 2009; Zaki et al., 2009).

As mentioned before, empathic activation is modulated by individual and contextual characteristics. Beliefs and the personal interpretation of the context influence the empathy process and the activation of the empathic core network. For instance, scientific evidence found less activation in AI when individuals witnessed the suffering of others if the subject of empathy had committed actions considered amoral by the empathizer or was perceived as part of the outgroup (Molenberghs et al., 2016; Molenberghs and Louis, 2018). The reduction in the AI area is also associated with increased activation of ventral striatum/nucleus accumbens (NAcc), linked to reward and desire for revenge (de Quervain et al., 2004; Cohen et al., 2009; Takahashi et al., 2009). Thus, empathy can be solicited through AI activation, associated with help, understanding, and prosocial behaviors, and counteracted by the activation of the NAcc and the antagonistic motivational system. Moreover, according to some research on the topic, the individual can generate and control empathic responses. When the empathizer takes the perspective of friends or family, there is increased activation of the AI and midcingulate areas, associated with higher empathic response. When the empathizer takes the perspective of a stranger, there is a decreased connection between the AI and TPJ.

Thus, the individual can increase or decrease their empathic response, using perspective-taking as a strategy based on personal engagement with the subject of empathy.



Brain Lesions and Empathy

Considering the number of areas involved in the empathic process, it is necessary to consider several disorders derived from brain lesions or dysfunctional development. Moreover, as emphasized by cited studies on the affective and cognitive components of empathy, a person could have an issue related to affective empathy but not to cognitive empathy, such as in psychopathy, schizophrenia, depersonalization, and narcissistic personality disorder (Kumari et al., 2009; Schiffer et al., 2017; Nascivera et al., 2019). Meanwhile, autism spectrum disorder, for instance, is characterized by a deficit in cognitive empathy and not in affective empathy (Baron-Cohen, 2011; Fan et al., 2014; Saladino et al., 2020d).

Studies on brain injury have provided neurobiological information related to the dissociation between affective empathy and cognitive empathy. Specifically, bilateral damage to the amygdala can compromise affective empathy (Hurlemann et al., 2010). The amygdala, together with the hypothalamus, hippocampus, and OFC, are fundamental for affective arousal and automatic discrimination of a stimulus. The reciprocal interaction between the amygdala, OFC, and STS leads to the processing of affective signals. Damage in the mPFC, associated with emotion awareness, can compromise cognitive empathy (Shamay-Tsoory et al., 2009). Emotive understanding can overlap with ToM and mentalization and is also associated with AI and vmPFC, which, together with mPFC, integrate cognitive and emotional understanding, creating a balanced condition represented throughout the PFC.

Findings on degenerative neurological diseases support this distinction between the affective and cognitive components of empathy. Snowden et al. (2003) and Nathani et al. (2020) analyzed the empathy process among patients with Huntington’s disease (HD) and frontotemporal dementia (FTD), both associated with social cognitive deficits. They found the same poor empathy conditions but patients with HD reported more affective empathy deficits, while FTD patients reported cognitive empathy issues. These results can be attributed to a deficit in the ToM for FTD and a deficit in interpreting social situations for HD.

Also, Adolphs et al. (2000) studied the role of the somatosensory cortex in emotion processing. They found that damage in the right somatosensory cortex can compromise the capacity to recognize facial expressions. In fact, during the processing of facial expressions, we rely on the representations of the somatosensory cortex. However, there are conflicting opinions about mutual influence between the first-person experience of emotion and recognition of the same emotions in others. Data from a study on patients with bilateral facial paralysis found that they reported no deficit in emotion recognition, even if they did not express facial emotions (Keillor et al., 2002).

In a review on brain-imaging studies among violent offenders over the last 10 years (Bogerts et al., 2018) authors found deviations in structure and deficit in function among PFC, OFC, AI, as well as in temporolimbic structures such as amygdala, hippocampus, and parahippocampus, areas important in both affective and cognitive empathy, and in control of impulsive and aggressive behaviors (especially hypothalamus and limbic system).

Finally, clinical evidence showed that damage in PFC can provoke a deficit in empathy and interpersonal behaviors. Studies on patients with neurological lesions reported reduced empathy, especially if the damage involved the right hemisphere and the ventromedial region. Also, patients who have lesions in medial/cingulate PFC have a deficit in social interactions and emotional interpretation. These patients present a sense of apathy, poor concentration, and interest in the environment. These results suggest a key role of PFC in the empathy process and perspective-taking skills (Shamay-Tsoory et al., 2003, 2005).

Empathy is important in managing behaviors and understanding the emotional states of others. The association between empathic deficit, neuroscience, violent crime, and psychopathic personality has therefore received increasing attention from the scientific community.



PSYCHOPATHY AND ZERO DEGREES OF EMPATHY


The Construct of Psychopathy

Psychopathy has been conceptualized according to several definitions and characteristics: sometimes as an antecedent of violence and crime, other times as a hereditary and biological condition that affects social and empathetic skills. Despite the large number of conceptualizations, theories, and research on the subject, psychopathy remains a concept to be investigated (Skeem et al., 2011). Psychopathy was identified as a mental disorder characterized by antisocial and morally reprehensible behavior and the commission of crimes with no apparent sense of guilt, shame, or remorse. Psychopaths exhibit a generalized lack of empathy with both family members and strangers, which does not allow them to differentiate emotional stimuli from impulses. This mechanism leads these subjects to equate love and sexual excitement, sadness, frustration, anger, and irritability. The concepts of psychopathy and antisocial personality are connected; specifically, antisocial personality represents the attempt to transpose psychopathy on a more operational and concrete level. Psychopathy can be considered the malignant form of antisocial personality because the behaviors of psychopaths are predatory, programmed, destructive, indifferent to the consequences, and without remorse (Fornari, 2012).

Psychopaths are divided into two categories: passive and aggressive. Passive psychopaths are parasitic toward others and exploit them. Often, they may have trouble with the law but manage not to suffer serious consequences and punishments. Psychopaths of this type mostly commit what are referred to as “white-collar crimes,” i.e., economic crimes that do not involve the use of threats and physical violence. Aggressive psychopaths, on the other hand, commit serious crimes; especially those who are characterized by sexual sadism can commit serial murders of a sexual nature and, at the basis of their crimes, there seems to be the need for continuous stimulation provided by sexual arousal. The two main traits that distinguish psychopathic behavior are the inability to feel a normal degree of empathy and affection toward other people and the repeated implementation of antisocial behaviors.

A further classification of psychopathy is that of primary and secondary. The first one is characterized by self-overestimation, the tendency to use violence as a tool or means to reach a goal, pathological lying, superficial charm, lack of emotions, low levels of empathy and remorse, manipulative attitudes, low levels of stress or anxiety. Primary psychopathy does not necessarily involve the commission of crimes. Secondary psychopathy is more related to crime and deviance, with tendencies toward impulsivity and delinquency. This type does not necessarily refer to an emotional or empathic deficit, unlike primary psychopathy. Thus, the subject could develop empathy or an attachment toward someone, but morality, irresponsibility, and violence are distinctive elements in relating to others. In this case, we are faced with subjects with marked impulsiveness and a tendency to violence, linked to the aggression or anger of the subject.

According to Caretti and Craparo (2010), psychopathy is a deviant developmental disorder, characterized by a condition of instinctual aggression and the inability to have a mutual relationship. In this disorder, the emotional and behavioral elements are emptied of human feeling. The psychopathic personality includes four areas (Glenn et al., 2009): (a) interpersonal area (manipulation, pathological lying, high self-esteem); (b) affective area (absence of remorse, numbness, lack of empathy); (c) lifestyle area (search for strong feelings, impulsiveness, selfishness); and (d) antisocial area (poor behavioral control, delinquency, and violence). The element that characterizes the psychopathic personality seems to be the low level of empathy that results in the inability to identify with others and in the almost total indifference to the harmful consequences of one’s violent or criminal actions (Lavazza and Sammicheli, 2012). This is a condition that tends to persist for the whole lifespan. These characteristics are revealed from the early years of childhood and manifest themselves in both genders, although males seem to be more prone to aggressive attitudes. One of the most accredited theories about psychopathy and its relationship with empathy is that this disorder derives from an empathic deficit and dysfunction of the responses of sensitivity and social identification. These characteristics can lead to violent and aggressive attitudes (Harris et al., 2001). Although the use of violence and impulsivity appears to be a prerogative of psychopathy, as shown by several media cases such as those of Ted Bundy, John Wayne Gacy, and Dennis Rader, many of them are organized, have “cold blood” in social relations, have a high capacity of decision-making, and are not violent or impulsive. Thus, some psychopaths could show ability in planning and organizing a crime (Lilienfeld and Arkowitz, 2007).

Robert Hare (1991) studied and classified the concept of psychopathy, stating that psychopathy has a hereditary predisposition (Hare, 1999). In order to scientifically evaluate the disorder, Hare structured a questionnaire called the Psychopathy Checklist-Revised (PCL-R) (Hare, 2003). PCL-R provides a reliable assessment of the psychopathy construct in a wide range of settings and for clinical and research purposes, but its elective application is in the assessment of psychopathy in criminals and forensic psychiatric patients. The tool is administered mainly by psychologists and psychiatrists, but its results are also used by all professionals working in the judicial, penitentiary, and forensic fields who find themselves evaluating and comparing psychiatric expertise in the field of criminal proceedings. The PCL-R consists of 20 items to which a score (0, 1, 2) must be attributed after the file review and the interview. The items are divided into 4 components which converge into 2 factors: Factor 1. Interpersonal / Affective: Describes the interpersonal and affective traits of social interaction, investigating the selfish, callous and remorseless use of others. It is divided into Interpersonal (Component 1) and Affective (Component 2); Factor 2. Social deviance: investigates the unstable and antisocial lifestyle, mainly regarding aspects of impulsiveness, irresponsibility, lack of scruples, and measures aspects related to criminal behavior. It is divided into the Lifestyle components (Component 3) and Antisocial (Component 4). By administering the questionnaire to the US prison population, researchers found that an elevate percentage of prisoners reached or exceeded the threshold level for the diagnosis of psychopathy (Ibidem; Lavazza and Sammicheli, 2012). These results were confirmed by further studies which showed how psychopathy is widespread especially among the prison population (Coid et al., 2009; León-Mayer et al., 2015).



Psychopathy, Empathy, and Neuroscience

Many studies have collected data with the aim of investigating the link between psychopathy, neuroscience, and empathy.

Gregory et al. (2012) investigated differences in structural gray matter by comparing a group of violent offenders with antisocial disorder and psychopathy, violent offenders with antisocial disorder, and healthy non-offenders. Gray matter has a role in empathic processing, moral judgment, and prosocial behaviors. Results from structural magnetic resonance imaging and volumetric voxel-based morphometry showed that the first and the second group have a reduced gray matter volume in both the anterior rostral prefrontal cortex (Brodmann area 10), important in higher cognitive functions, such as memory, judgment, or problem solving (Burgess et al., 2007), and in temporal poles (Brodmann area 20/38), which are involved in linguistic processes, language comprehension, and production (Ardila et al., 2014). This evidence confirmed that there are brain differences between violent offenders with and without psychopathy and healthy non-offenders.

Fazel and Danesh conducted a study in 2002 showing that 47% of the male population in prison and 21% of the female population suffer from antisocial personality disorders. Following these statistics, about 25% of inmates fall within the psychopathic diagnostic criteria (Lilienfeld and Arkowitz, 2007). In a survey of British inmates, it was found that 7.7% of men and 1.9% of women suffered from psychopathy (Coid et al., 2009). Murders are the most frequent crime found in psychopaths (93.3%), both in “cold blood” and premeditated. The percentage drops significantly for non-psychopaths (48.4%), who are more likely to commit a homicide for a passional reason (Woodworth and Porter, 2002). Indeed, psychopaths mostly use instrumental violence, rather than reactive violence, diffused among other offenders. The main difference is that instrumental violence, also defined as proactive and predatory violence, is purpose-driven, controlled, and cognitively mediated, while reactive violence is emotion-mediated and could derive from a provocation or uncontrolled rage. Individuals who use instrumental violence are less likely to be involved in the criminal justice system thanks to their capacity to methodically plan and organize crimes. On the contrary, individuals who use reactive violence have more difficulties in hiding their crimes, because they react following an impulse (Chase et al., 2001; Woodworth and Porter, 2002).

The model proposed by Hare seems to apply only to forensic populations (Debowska et al., 2017) for the inclusion of antisocial conduct. However, psychopathy can lead to both criminal and non-criminal paths. For instance, a higher percentage of psychopathic traits were found in a corporate sample (Babiak et al., 2010; Hassall et al., 2015). Also, the most appreciated presidential performances in U.S. were those carried out by presidents with high psychopathic traits (Lilienfeld et al., 2012). Thus, according to Boduszek and Debowska (2016), criminality and violence just partially represent psychopathy. They established a different model for psychopathy, the Psychopathic Personality Traits Model (PPTM). They (Boduszek et al., 2017) considered psychopaths as individuals who have low affective responsiveness and empathy. These characteristics lead to callous traits and difficulty in response to others’ emotions, low cognitive responsiveness, cognitive empathy and mentalization ability, high interpersonal manipulation and sense of grandiosity, and egocentricity. The authors identify two elements that most characterize psychopathy, self-love, self-centeredness, and cognition. Indeed, even if psychopaths present difficulties in both affective and cognitive empathy, a recent study on justice-involved psychopaths individuals demonstrated that they understand the cognition and beliefs of others and have a deficit in processing the affective state and emotional words (Intrator et al., 1997; Shamay-Tsoory et al., 2010). These findings need to be interpreted also considering the intelligence quotient (IQ), which could moderate the relationship between psychopathy and emotional responding. Individuals with high traits of psychopathy and higher IQ are more likely to correctly adapt their social response desirably. The cognitive empathy and responsiveness in this case can be a contingent feature of psychopathy or derive from the level of IQ (Boduszek et al., 2017).

In their study, Boduszek et al. (2017) found that psychopathy should be evaluated in a continuum across its main components. The behavior and the tendency to commit a specific crime change based on the level of psychopathy. According to this definition, they identified different groups: low psychopathy, moderate affective/cognitive responsiveness, high interpersonal manipulation, moderate psychopathy, and high psychopathy group. For instance, individuals with high interpersonal manipulation and egocentricity and low affective and cognitive responsiveness are more likely to commit property offenses and white-collar crime than the low psychopathy group. The high psychopathy group represents only 7.1% of the prison population, showing results in contrast with most theorizations on psychopathy, and dispelling the myth that inmates are mostly psychopaths.

Another author who contributed to defining the relationship between empathy, violence, and psychopathy is Simon Baron-Cohen. In “The Science of Evil” (2011), he developed some fundamental assumptions on the relationship between empathy, neuroscience, and violence, specifically psychopathy. Using the neurobiological concept of empathy, Simon Baron-Cohen theorized the possibility of tracing actions traditionally defined as “evil” to an empathic defect. He pointed out that empathy should not be treated as a binary variable–that is, following the criterion of presence/absence–but through a spectrum of increasing degrees. Baron-Cohen theorized seven levels (0 to 6). In this regard, a test on the Empathy Quotient (EQ) was developed by the scientist’s research group for adults and even children (through a specially modified version). The author defined psychopathic disorder as a “zero-negative” disorder, corresponding to grade 0 on the theorized empathy scale, involving a tendency to paying constant attention to oneself, incapacity in understanding others’ behavior and emotions, and a consequent negligent or aggressive act. Thus, a zero-negative degree of empathy determines a potential to harm others due to a substantial inability to understand the real consequences of one’s actions. In line with recent literature, Baron-Cohen assumed that the level of empathy is attributable to the “Empathic Circuit.” Relying on modern fMRI techniques, he found that it was possible to have a clear idea of the brain areas involved in empathic behavior. Baron-Cohen identified areas involved in recognition and processing of others’ emotions and adequate responses, such as the inferior parietal lobule and furrow (both, significantly, areas included in the system of mirror neurons), the middle cingulate cortex (MCC), AI, middle prefrontal cortex, the frontal orbital cortex (OFC), tempo parietal junction (TPJ), the superior temporal sulcus (STS) and the amygdala. As previously documented in the introduction, these brain areas are not to be considered as part of some sort of linear chain, but as a brain network having multiple connections. The author highlighted that the correct functioning of this circuit is substantially responsible for the empathy. In accordance with this, it is the connection between regions of the brain that lead to violence, not the single regions themselves (Hirschtritt et al., 2018).

Other neurological and neuroscientific studies underline the importance of those areas in the empathic process. De Oliveira-Souza et al. (2008) found a reduced volume of gray matter in specific areas identified as the “moral brain,” involved in moral decisions. These regions are the medial prefrontal cortex, the superior temporal sulcus, and the anterior temporal cortex. Blair et al. (2005) hypothesized that psychopathy might be generated by an early-onset amygdala dysfunction that compromises the processing of negative affect and therefore moral socialization. Individuals with this dysfunction would not be able to associate moral transgression with people’s suffering or to correctly judge fear-evoking statements (Marsh and Cardinale, 2014). Blair et al. (2005) also underline the role of the orbitofrontal and ventrolateral cortex in the selection of responses and self-control.

Kiehl (2006) proposes a complementary hypothesis that shifts attention to the “emotional brain.” According to the author, psychopathy derives from a disorder of the paralimbic system that causes an anatomical reduction and a lower level of activation in emotional learning and decision-making. This system includes the septum, the amygdala, the subcortical areas (involved in the regulation of emotional responses), the hippocampal areas (related to memory), and the cortical areas (involved in social interactions). The same author also conducted a study with fMRI (Kiehl et al., 2001) focused on the emotional deficit. They found reduced activity in the brain areas important in the acquisition of emotional responses–the amygdala, the anterior and ventral dorsal cingulate cortex, the posterior cingulate, and the ventral striatum–when psychopaths were placed in front of images or words with an emotional impact.

The latest line of the investigation was reported by Malatesti and McMillan (2010) and is linked to the “social brain.” Specifically, regarding the processing of facial expressions, the authors noted that psychopaths have reduced activity in the fusiform gyrus when they observe facial expressions that express fear (Deeley et al., 2006), sadness, and happiness (Blair et al., 2001; Dolan and Fullam, 2006; Hastings et al., 2008; Dadds et al., 2009).

The research presented shows that that psychopathy is a complex construct that is yet to be defined.



DYSFUNCTIONAL VIOLENT BRAIN

Our brain allows us to speak, move, and feel emotions. According to recent neuroscientific theories, it could therefore also influence any violent behavior. Raine (2013) elaborated on this possible connection in a study involving forty-one violent crime prisoners in California. Equipped with an escort, handcuffs, and chains, the detainees were subjected to a CT scan. Their brains were also examined with positron emission tomography (PET) scans, allowing the examination of the metabolic activity of major brain regions, such as the prefrontal cortex.

The Continuous Performance Test (Rosvold et al., 1956) was also used to activate this area. The test consisted of pressing a button every time the image of an “O” was projected on a computer for 32 min, without interruptions. For this task, it was essential to maintain high concentration over a long period. After this test, the participants underwent PET, which measured the glucose levels reached during the previous experiment. An increase in glucose metabolism in the PFC corresponded to higher activation during the task. From the analysis of the control group, which involved forty-one men of the same age, it was revealed that in the experimental group, there was a lack of activation in the prefrontal cortex. Furthermore, the experimental group also showed a reduction in prefrontal glucose metabolism compared to the control group. Therefore, it seems that the activation of the prefrontal cortex plays an important role in the violent behavior of an individual (Raine, 2013).

The prefrontal cortex acts on violent behavior based on five different levels:

(1) On an emotional level, a malfunction of this region of the brain could compromise the management of control over the most primitive parts such as the limbic system, which generates primary and instinctive emotions like anger. On the contrary, the evolved prefrontal cortex can manage these primitive emotions which will not result in violent action.

(2) At the behavioral level, however, damage to the prefrontal cortex can cause greater impulsiveness, lower perception of risk, and a failure to comply with the rules. These characteristics are widespread among people convicted of violent crimes.

(3) At a personological level, damage of the prefrontal cortex could lead to variations in an individual’s personality. For instance, the famous case study subject Phineas Gage (O’Driscoll and Leach, 1998) had a serious accident in which the prefrontal cortex suffered enormous damage and completely changed his behavior. From a meek and rational man, he became impulsive and violent.

(4) On a social level, damage to the prefrontal cortex can cause an inability to relate to others. One example is the poor social and life skills possessed by some people convicted of violent crimes. Many of them manage stress and anger solely through violent action or aggressive acting-out, not showing problem-solving and decision-making skills.

(5) Finally, on a cognitive level, the prefrontal cortex regulates intellectual flexibility. In fact, by analyzing the school careers of many people convicted of violent crime, it is possible to deduce various intellectual difficulties that often result in violent actions and anger.

Raine (2013) analyzed two examples of the prefrontal cortex’s role in violent behavior. The first one is the story of Antonio Bustamante, a man with a strong bond with his family and who, during a home robbery, killed an elderly a man with his fists, showing a disorganized and chaotic modus operandi. At the age of twenty, Bustamante suffered head trauma with a crowbar that caused a change in his personality. Bustamante had transformed from a staid and calm individual to an impulsive and emotionally unstable person. A CT scan showed dysfunction of his prefrontal cortex. After his head trauma, Bustamante was no longer able to have self-control and began to use drugs and commit crimes. Bustamante, together with the damage to the prefrontal cortex – deputy to the decision-making process, behavioral and impulse control, mentalization, and social interactions – also, had injuries to the orbitofrontal cortex, a region associated with automatic discrimination of a stimulus, processing of emotional signals, and affective empathy. These lesions affected his behavioral and emotional control skills: he became more impulsive and unable to reflect on his decisions. This change was also evident in his criminal behavior. Indeed, Bustamante committed an impulsive, unplanned, and disorganized crime, showing reactive violence, a poor capacity to plan and to reflect on the process and the consequences. In fact, Bustamante did not try to erase his tracks and at the time of the arrest, he still had bloodstained clothes on.

The second case is the story of Randy Kraft, a serial killer who killed sixty-four people in 12 years without ever getting arrested. Kraft planned the murders extensively, measuring his actions, predicting, considering alternative plans, and maintaining very high concentration to perform complex tasks. Randy Kraft could represent a psychopath serial killer with high capacity in planning and organization, who commits the so-called “cold blood crimes” (Woodworth and Porter, 2002). Kraft used instrumental violence, purposeful and predatory. His prefrontal cortex was hyper-activated, showing the key role of this region in his capacity to manage social behavior, reduce impulsivity, devise a plan not to get arrested and adapt his conduct according to the context, as shown by studies which demonstrate the role of PFC in impulse and behavioral control, decision-making process and planning (Miller and Cohen, 2001; Spinella, 2004; Palijan et al., 2010; Soyoun and Daeyeol, 2011; Boduszek et al., 2017).

Our brains develop and change in relation and response to the environment, family, and experiences in life, so it is always essential to contextualize the crime and humanize the people in question as well through a deeper analysis which considers social, educational values and environmental and family factors.



AIMS AND PROCEDURE

We conducted a review of the literature on and related to empathy, neuroscience, and violent crimes. Electronic databases utilized included: Columbia Libraries Online Catalog, Scopus, PubMed. This review aims to examine the current knowledge on the relationship between empathy, neurological substrates, violent crime, and psychopathy. Specifically, we extended our research of the literature to a less investigated target (woman and youths), often overlooked as they are less likely to commit violent crimes.

We utilized the following search terms: “empathy,” “neuroscience,” “violent,” “psychopath∗,” “crim∗,” “offend∗,” “female,” “child∗,” “juvenile,” and “male.” Of the articles returned from the search, eight were retained for the current review after screening their titles and abstracts, as reported in Table 1. The inclusion criteria were as follows: (1) articles on empathy or psychopathy, neuroscience, and violent crimes; (2) articles focused on a currently incarcerated population (male, female, adults, and juveniles); (3) original articles written in English; and (4) articles published in peer-reviewed journals between 2017 and 2021.


TABLE 1. Authors, year of publication, subjects, and methods of articles selected for the review.

[image: Table 1]Articles published in a language other than English, duplicate articles and articles published before 2017 were excluded from the review.



PRINCIPAL FINDINGS

The selected studies analyzed the connection between psychopathic or callous-unemotional (CU) traits and brain abnormalities in people convicted of violent crimes. However, these studies are heterogeneous by sample and research methodology with implications for the generalizability of the results.

A study conducted in 2017 (Aghajani et al., 2017) probed the intrinsic functional connectivity of amygdala networks across a healthy control group and two groups of male juveniles (15–19 years old) clinically diagnosed as conduct-disordered (CD) and convicted of a violent crime: those with CU traits (CD/CU+) and those without CU traits (CD/CU-). Aiming to understand how subregional amygdala connectivity might contribute to callous-unemotionality in conduct-disordered youth, Aghajani et al. (2017) focused on the basolateral amygdala (BLA) and centromedial amygdala (CMA) complexes. The BLA is heavily involved in integrating affective value for incoming emotionally salient stimuli (Sah et al., 2003), while the CMA serves as the primary site for efferent signals from the amygdala, directing physiological and behavioral responses to emotional stimuli (LeDoux, 2007).

Upon collecting magnetic resonance imaging (MRI) data and analyzing functional connectivity for the three groups of juveniles, the researchers found that CD/CU+ youths had increased right BLA connectivity and decreased left CMA connectivity, including the vmPFC. Additionally, they found that CD/CU+ youth had lower mean bihemispheric amygdalar volumes relative to healthy controls due to hypotrophy of BLA and CMA subregions. These findings show that CD youth with CU traits and convicted of violent crimes have abnormal amygdalar connectivity and volumes in areas consistently implicated in psychopathy.

In another study conducted with adult males in a high security prison convicted of violent offences (Keune et al., 2017), the researchers utilized EEG to measure alpha wave asymmetry, a phenotypic indicator of approach vs. withdrawal behavior patterns, in the frontal cortex (Harmon-Jones et al., 2010). The approach-withdrawal model has linked anger and aggression to an approach pattern and higher relative anterior cortical activity in the left hemisphere (Peterson et al., 2008). Therefore, the researchers hypothesized that CU traits would be associated with approach-related patterns connected to aggression. However, they ended up finding that CU traits were associated with stronger relative anterior cortical activity in the right hemisphere (i.e., withdrawal-related patterns) for the males convicted of violent crimes. This suggests that callousness may be related to withdrawal despite its connection with aggressive and violent behavior.

Another study from 2019 (Sajous-Turner et al., 2019) reported findings on gray matter volume in three groups of adult incarcerated males: those who had committed homicide, those who had committed violent crimes but not homicide, and those who had committed minimally violent or non-violent crimes. MRI scans and subsequent statistical analysis revealed that males convicted of violent crimes had large deficits in the orbitofrontal/ventromedial prefrontal cortex, anterior temporal cortex, insula, medial prefrontal/anterior cingulate and precuneus/posterior cingulate cortex compared to males convicted of non-homicidal and minimally violent crimes. Because these regions have been notably implicated in empathy and general emotional processing (Decety, 2011), these findings provide insight into how abnormalities in regions for social cognition may distinguish the brains of those who commit homicide from those who commit other types of crimes.

A similar study (Hofhansel et al., 2020) focusing on gray matter volume was undertaken with adult incarcerated males convicted of at least one violent crime and a control group, aiming to elucidate specific brain morphology to both reactive aggression and psychopathy. MRI data revealed that increased PCL-R sum scores correlated with decreased gray matter volume in the superior prefrontal cortex, confirming the previous literature linking global psychopathy to reductions in prefrontal gray matter (Pujol et al., 2018). Going further, however, the researchers found that this correlation was primarily driven by the subscale of the PCL-R score related to antisocial behavior, particularly for gray matter reductions in the right superior frontal and left inferior parietal regions. Additionally, decreased gray matter volume in the right middle and superior temporal gyrus were correlated with both reactive aggression and antisocial behavior. With these findings, the researchers suggested that the volume of brain regions involved in ToM (i.e., the ability to understand the beliefs and intentions of others) are reduced in antisocial males convicted of a violent crime.

Vermeij et al. (2018) compared white matter variations in relation to psychopathic traits between incarcerated males with impulse control problems and incarcerated males without impulse control problems. Upon analysis of diffusion-weighted MRI data, interpersonal-affective traits (PCL-R Factor 1) were found to be inversely correlated with white matter integrity in the anterior and posterior temporal lobe and orbitofrontal area in impulsive males. More specifically, increased affective traits (PCL-R Facet 2) were associated with reductions in white matter integrity in the right temporal lobe. Importantly, these findings link disrupted neural connectivity with affective psychopathic deficits specifically in impulsive incarcerated males, refining the associations of brain morphologies to different facets of psychopathy.

In 2018, Raine probed the neuromoral theory of antisocial, violent, and psychopathic behavior. The author noted that the existing model proposes an overlap in many of the brain regions and mechanisms involved in both antisocial or psychopathic behavior and moral decision-making. Raine verified and revised this model with new empirical findings from the literature. Overall, most individuals convicted of crimes are predicted by the model to have neuromoral impairment in the fronto-polar, medial prefrontal, anterior cingulate, insula, superior temporal gyrus, amygdala, and angular gyrus to some degree. Primary psychopathy is characterized by the core psychopathic features, while secondary psychopathy is characterized more by increased impulsivity and reactive aggression. The neuromoral model predicts that stronger neuromoral impairment is linked more to primary psychopathy and weaker neuromoral impairment is linked to the secondary psychopathy. Raine (Ibidem) showed that this distinction has large implications for violent crime. Indeed, stronger neuromoral impairment is connected to more proactive aggression that is described as predatory and more planned, while milder neuromoral impairment is connected to more reactive aggression that is linked to decreased emotional and impulse control.

There is little existing research that assesses the neurobiological correlates of empathy among psychopathic female or offenders for violent crime. A singular study incorporated females by investigating gender differences in electrophysiology in people with psychopathy and convicted of a violent crime (Calzada-Reyes et al., 2020). Resting EEG visual analyses revealed that both females and males had a high percentage of EEG abnormalities compared to normative database values. The researchers noted specific differences between psychopathic males and females in brain connections and regions that regulate emotion, decision making, and moral judgment. These regions include the bilateral frontal and centroparietal areas, parieto-occipital areas, and the basal ganglia. These findings show that there are similar frequencies of EEG abnormalities in psychopathic males and females, but that there are still significant differences between both groups that may prove beneficial when differentiating and screening the two.



DISCUSSION AND CONCLUSION

The analysis of the cited literature shows the role that empathy has, both on an emotional and cognitive level, (Saladino et al., 2020a) in violent and psychopathic behavior (Nascivera et al., 2019). Empathy aims to guide an individual’s behaviors according to the understanding of others’ emotional states. In recent years, psychologists and neuroscientists have studied the possible association between empathic deficit, neuroscience, violent crime, and psychopathic personality.

Hare (1991) and Baron-Cohen (2011) were two scientists who studied the construct of psychopathy. Hare classified this concept, structuring a questionnaire to evaluate it, the Psychopathy Checklist-Revised (PCL-R) (Hare, 2003). This questionnaire was used by the author and other researchers among the US prison population, where subsequent results reported a high level of psychopathy diagnosis among violent offenders (Ibidem; Coid et al., 2009; Lavazza and Sammicheli, 2012; León-Mayer et al., 2015).

Simon Baron-Cohen (2011) associated psychopathy with a low level of empathy, assuming that empathy is divided into seven grades and psychopaths are affected by an empathic defect and have zero grade of empathy because of it.

Neuroscientific evidence (Gallese and Goldman, 1998; Preston and de Waal, 2002) identified a core empathy network, which involve several areas of the brain, such as AI, the posterior-anterior, and the anterior medial cingulate cortex, involved in pain processing, perception of emotions, and interoceptive awareness (Kober et al., 2008; Craig, 2009; Duerden and Albanese, 2011; Lindquist et al., 2012); the vmPF, the superior temporal sulcus, the temporoparietal junction, and the posterior cingulate cortex, associated with ToM and mentalization ability; the dorsolateral PFC and dorsomedial PFC, and the inferior parietal cortex, deputy to the perception-based condition of empathy (Danziger et al., 2009; Zaki et al., 2009). Furthermore, the affective empathy is regulated by the amygdala, hypothalamus, and orbitofrontal cortex for the affective arousal; while the cognitive empathy is associated with anterior insula, medial prefrontal cortex, and ventromedial prefrontal cortex for emotion awareness, and OFC, mPFC, and dorsolateral prefrontal cortex for emotion regulation, control of emotion and motivation.

Other studies found a reduction of gray matter in the so-called “moral brain” that can lead to immoral decisions (De Oliveira-Souza et al., 2008); an emotional deficit in the “emotional brain,” involved in the management of emotions (Kiehl et al., 2001; Kiehl, 2006); and a social deficit in the “social brain” that can compromise facial expressions’ processing (Malatesti and McMillan, 2010).

In his studies, Raine (2013) demonstrated and confirmed the role of the prefrontal cortex in violent and psychopathic behaviors. The author identified five levels of influence of the prefrontal cortex in violence: emotional, behavioral, personological, social level, and cognitive level. Also, the author described two different aggressive behaviors and attitudes that characterized different offenders. He showed two examples of the prefrontal cortex’s activation in two violent killers. The first one, Antonio Bustamante, disorganized and impulsive, committed homicide during a robbery; the second, Randy Kraft, always planning and organizing actions, committed sixty-four murders. From the CT scan, Bustamante showed dysfunction of the prefrontal cortex related to a head trauma caused by an accident during his youth. On the contrary, Kraft presented with a hyper-activation of the prefrontal cortex. These results explained Bustamante’s impulsiveness and poor self-control and Kraft’s organization and meticulousness. Indeed, the damage to both PFC and OFC affected Bustamante’s capacity of decision-making and self-control. Bustamante acted using reactive aggression without mentalization of his actions and the related consequences, showing a deficit in affective empathy. Damage of the PFC is known to be associated with an increased impulsivity and a decreased decision-making (Miller and Cohen, 2001; Spinella, 2004; Palijan et al., 2010; Soyoun and Daeyeol, 2011; Boduszek et al., 2017). On the other hand, Randy Kraft had a hyperactivation of PFC which allowed him to plan his murders for years. He represents a psychopath who act cold blood crimes, using instrumental violence. In this case, the role of PFC was related to the management of social behavior, the reduction of impulsivity, and the adaptability to the context. The two reported cases represent two opposite ways of acting criminal behavior and highlight the role of the PFC in violent actions. Moreover, as reported by Boduszek et al. (2017), the investigation of the IQ related to empathy, psychopathy, and violent crimes is needed. Indeed, according to the authors, IQ can moderate the relations between psychopathy and the ability to emotionally respond. Future research could focus on this connection to better understand the role of IQ in empathy and psychopathy.

Furthermore, several studies have focused on lesions and damage of brain areas involved in the core network of empathy, while less is known about the hyperactivation and the higher functioning of some areas, as PFC, OFC, or NAcc in subjects with psychopathic traits or violent offenders.

The reviewed literature converges on the fact that psychopathy, the lack of empathy, and violent crime relate to abnormalities in brain morphology, connectivity, or activity. However, the targets and methods used in each study were varied. Of the seven empirical studies reviewed, two (Sajous-Turner et al., 2019; Hofhansel et al., 2020) used the same method: MRI for voxel based morphometric analysis of gray matter volume. Both studies confirm that adult males convicted of violent crimes had gray matter reductions in the prefrontal cortex and temporal gyrus, areas consistently implicated in emotional control, antisocial behavior, and reactive aggression. Two other studies also utilized the same method: EEG (Keune et al., 2017; Calzada-Reyes et al., 2020). However, Keune et al. (2017) focused on alpha wave asymmetry to probe approach vs. withdrawal behavior, while Calzada-Reyes et al. (2020) focused on beta activity to analyze differences between psychopathic females and males in terms of excitability or arousal.

The other three studies chose different methods of evaluation. Vermeij et al. (2018) measured connectivity via diffusion tensor imaging of white matter tracts across the whole brain, Aghajani et al. (2017) measured connectivity via MRI in the amygdala specifically. Jones et al. (2018) utilized fMRI to investigate neural correlates of empathy.

In most of the studies, the same brain regions are consistently implicated in relation to CU traits, aggression, or psychopathy: the prefrontal cortex, amygdala, and temporal cortex. As discussed before, the PFC has a key role in emotional and behavioral control, especially over the limbic system, which is related with primary emotions like anger and fear. The PFC is also related to social behavior and adaption to different context. People who suffer from damage in this area can behave aggressively, show poor problem-solving and decision-making skills, or change personality. At the same time, people who have a high level of activation in this area can present some traits of primary psychopathy, such as manipulation, self-overestimation, instrumental violence, pathological lying, superficial charm, lack of emotions, low levels of empathy, and remorse. These subjects can conduct a normal life or commit crimes without being involved in the criminal justice system because they present a strong capacity to adapt their personality to others and social needs, protecting themselves from being noticed.

The amygdala is fundamental in affective empathy and emotional arousal (Hurlemann et al., 2010) and in the perception of external stimuli. Impulsive aggression could derive from an activation of motoric aggressive responses in absence of control by the OFC and the anterior cingulate cortex, which regulate the social behavior according to the reward and punishment expectations. These regions can repress aggressive behavior when individuals perceive negative consequences through the limbic regions, such as the amygdala and insula (Siever, 2008). Stimuli can become triggers for violent behavior due to a perceptive distortion in sensory processing centers. These distortions can derive from alcohol, substance use, or illness and psychopathologies, leading someone to perceive a stimulus as provocative or dangerous and to react aggressively. These stimuli are processed to higher levels from the prefrontal, temporal, and parietal cortices. Then, the processed information can be filtered according to the sociocultural values and experiences of the person (aspects related to the amygdala and limbic regions). Furthermore, there are psychopathologies that, together with negative experiences, can create the condition that leads someone to interpret stimuli as aggressive and respond with violence. For instance, fMRI studies demonstrated the influence of personality disorder and psychopathologies in the perception of external stimuli. Participants with borderline or antisocial personality disorder, characterized by a lack of impulse control and a tendency to be aggressive, perceived anger when evaluating emotional expressions of others (Best et al., 2002; Coccaro et al., 2007); on the other hand, people with anxiety disorder mostly identified fear in facial expressions.

The temporal cortex is involved in moral decisions (De Oliveira-Souza et al., 2008). Mostly, patients with tumors or epilepsy in temporal lobe or with temporal lesions report highly aggressive behavior (Tonkonogy and Geller, 1992; Ito et al., 2007). Moreover, structural alterations in the temporal cortex, together with the medial temporal cortex and hippocampus, are common among people with antisocial personality disorder (Raine et al., 2004).

The role of impairment in function or morphology of the cited regions is supported by converging evidence of the cited literature through different methods of evaluation.

The interplay between CU traits and proactive vs. reactive aggression needs to be further studied. According to the EEG data and the predictions of the neuromoral model (Keune et al., 2017; Raine, 2018), the consensus seems to be that callousness is related to more reactive aggression or withdrawal behavior. However, the implications for the degree of violence in crime committed are still unclear.

Despite several studies on gender difference in neuroanatomy and neuronal structure, as well as the USA National Institute of Mental Health’s incorporation of gender as a variable of influence in neurological and psychiatric studies (National Institute of Mental Health, 2011; Zagni et al., 2016), little is known on the role that these differences could have in the association between empathy, violent crime, and psychopathy. Indeed, male populations, specifically offenders, receive greater attention than females. Some of the main reasons are that men represent a large part of the prison population, are diagnosed psychopaths more than women, and females tend to be more empathic and emotionally sensitive than men (Edwards et al., 2019b; Calzada-Reyes et al., 2020). It is therefore more difficult to find a sample of female prisoners who have committed violent crimes and who can be compared with males. Although a few previous studies and reviews have focused on psychopathy among incarcerated females (Hornsveld et al., 2018; Edwards et al., 2019a; Thomson et al., 2019), they have not specifically probed the neurobiological correlates of psychopathy in relation to violent crimes. The lone study in this review that included females (Calzada-Reyes et al., 2020) is a step toward uncovering more knowledge about individual risk factors and significant trends based on subsets of the population. They reported that there are differences between psychopathic males and females in brain connections and regions, specifically bilateral frontal and centroparietal areas, parieto-occipital areas, and the basal ganglia, involved in emotion regulation, decision-making process, and moral judgment. However, there are similar frequencies of EEG abnormalities in both samples. By expanding the breadth of research in terms of gender and age, the generalizability of these results can be more readily evaluated.

Lastly, the need for interdisciplinary research on this complicated topic at the intersection of sociology and neuroscience is pressing. Social conditions influence the level of engagement in crime, the development of psychopathologies, or personality disorders related to crime. For instance, criminogenic or poor environments could increase exposure to drugs, violence, and dysfunctional behaviors, which, especially during childhood and adolescence, can develop in antisocial personality disorder, psychopathy, and other related issues (Saladino et al., 2020c). Additionally, the development of empathic abilities derives also from daily learning and from exposure to positive and prosocial environments (Lamm et al., 2011). The parent-children’s attachment, the parenting and the communication style, and the family climate affect the level of emotional regulation, the processing of emotions, and the ability to understand and react to social stimuli (Saladino et al., 2020b). In fact, research in the field of developmental psychology and social psychology shows how neglect, violence, poor communication, and inadequate education can affect the socialization and development of the child (Hetherington, 1987; Massarwi and Khoury-Kassabri, 2017). As illustrated by the multifactorial theories on crime, it is not possible to give a univocal explanation for criminal behavior, but all the co-necessary factors must be evaluated. One of the main limits is certainly connected to the fragmentation of knowledge and the separation of the psychological, sociological, and neuroscientific side, which should instead collaborate to give a more effective and truthful vision of the criminogenic phenomenon and its neuro-sociological implications (Auriemma et al., 2020).

As Raine (2018) mentions in his review, one of the biggest weaknesses of the current neuromoral theory is its lack of incorporation of social circumstances. The heterogeneity of violent behavior and crimes exhibited by the incarcerated individuals studied makes it difficult to match and include a control community sample, as one study found (Sajous-Turner et al., 2019). Additionally, the studies reviewed cannot account for whether the setting in which their subjects are incarcerated influences the results that are attributed to psychopathy, callous-unemotional traits, and violent behavior (i.e., whether institutionalization causes violence and exacerbates psychopathic traits or vice versa).

By not accounting for policing and sentencing biases, the varying definitions of crime, and the complexities of the criminal legal system, neuroscientific research by itself cannot provide an accurate picture of violent crime, a multi-faceted issue that must consider the social world.



AUTHOR CONTRIBUTIONS

VS, HL, EZ, and VV conceptualized the contribution. VS, EZ, and HL wrote the manuscript. VV reviewed the manuscript. All authors approved the submission of the manuscript.



FUNDING

This research was published thanks to the contribute of the Institute for the Study of Psychotherapies, Rome, Italy; and the Department of Human, Social and Health Sciences of the University of Cassino and Southern Lazio, Cassino, Italy.



ACKNOWLEDGMENTS

The authors are grateful to the reviewers for improving and enrich the manuscript with their revisions.


ABBREVIATIONS

AI, anterior insula; aMCC, anterior medial cingulate cortex; ASN, autonomic nervous system; BLA, basolateral amygdala; CD, conduct-disordered; CMA, centromedial amygdala; CU, callous-unemotional; dlPFC, dorsolateral prefrontal cortex; dmPFC, dorsomedial prefrontal cortex; EEG, electroencephalogram; EQ, empathy quotient; fMRI, functional magnetic resonance imaging; FTD, frontotemporal dementia; HD, Huntington’s disease; HPA, hypothalamic-pituitary-adrenal axis; IPC, inferior parietal cortex; IQ, intelligence quotient; MCC, middle cingulate cortex; mPFC, medial prefrontal cortex; MRI, magnetic resonance imaging; NAcc, nucleus accumbens; OFC, orbitofrontal cortex; pACC, posterior anterior; PCC, posterior cingulate cortex; PCL-R, Psychopathy Checklist-Revised; PET, positron emission tomography; PFC, prefrontal cortex; PPTM, Psychopathic Personality Traits Model; STS, superior temporal sulcus; ToM, theory of mind; TPJ, temporoparietal junction; vmPFC, ventromedial prefrontal cortex.
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The purpose of the present study is to explore how the emotionalized expression of news content in the posttruth era affects the cognitive processing of the audiences. One news that was text-written with two different expression types (emotional expression vs. neutral expression) was adopted as an experiment material in the study, and changes in cortical activity during news reporting reading tasks were examined with electroencephalograms, sampled from nine sites and four channels and analyzed with weighted phase lag index (wPLI) based on brain functional connectivity (FC) method. The results show that emotional discourses caused a stronger cortical brain activity and more robust brain FC (beta oscillations); besides, reading emotionalized expression consumed more attention resources but fewer cognitive resources, which may impede further rational thinking of the audiences.
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INTRODUCTION

Posttruth, which was selected as the annual word by Oxford Dictionary in 2016, is defined as that emotion and personal belief that is more effective than objective facts in shaping public opinions (Scheufele and Krause, 2019). The narration of the posttruth, tracing to the description for political events, has been used to serve a particular political purpose manipulating truths and facts with the discourse. Previous studies have shown a commonly shared concern of scholars that the fundamental belief of truths and facts has gradually been faded away in the global scene (Laybats and Tredinnick, 2016; Oxford Dictionaries, 2016; Gewin et al., 2017; Rochlin, 2017).

Posttruth alludes to the recognition of the influence of other factors for the truth rather than a denial of truth. The concept of the posttruth has expanded from the political region to more extensive fields, and it is defined in the process of information receiving the reaction of audiences to all forms of truth (Keane and Wight, 2017). It is emphasized that the analysis of the posttruth should originate from more standpoints of the audiences, involving their individualized interpretation of information from different perspectives and their emotions, experiences, and feelings, which would interrupt their own cognition of the truth (Weeks, 2015). It could be seen that emotional expression is an essential feature of media information in the age of posttruth.

Currently, the critical role of emotions has been realized in studies such as cognitive neuroscience and communication (Meyer et al., 2014; Crilley, 2018), where a number of primary researches have explored the impact of emotionalized expression on the audiences under the context of new media. In particular, emotionalized information could affect the cognition of information of the audiences through emotional contagion, besides their judgment on the usefulness of the information with further influence of their follow-up communication behaviors (Ding et al., 2014; Kramer, 2014; Hong et al., 2016). However, self-report or computational online data analysis involved is more frequently used to measure how emotionalized information would affect the cognition and behavior of the individuals. It is often criticized for lacking accuracy or being too macroscopic, and so on the microlevel, the cognitive processing and emotional experience of the individuals could not be reflected in real time.

In cognitive neuroscience experiments, which could be considered as good open science practices, electroencephalography (EEG) measure has been widely applied, which comprehensively reflects through a record of neural activity in the cerebral cortex the cognitive mechanism of the individual in the information processing. The technology is harmless to humans, and the data recording is facilitated with higher time-resolution, leading to a distinct advantage in the implicit monitoring of real-time information processing of an individual. In the previous research, EEG technology has played an essential role in the emotional experience measurement of the individuals, especially when some subtle emotional stimuli could not be easily perceived subjectively, with different emotion statuses that could be reflected by the fluctuations of EEG signals (Kamarajan et al., 2004; Ohme et al., 2009, 2010; Vecchiato et al., 2011; Cartocci et al., 2016; Chen et al., 2017). By far, many studies to have proved a close relationship between the emotional experience of the individuals and their cognitive processes through EEG experiments.

Emotional cognitive processing, additionally, involves the coordination of multiple brain regions; thus, it is necessary to investigate the functional connectivity (FC) between different EEG channels. FC analysis enables the description of cognitive processes within the human brain to support further stage distinctions of brain activities (Torres-Valencia et al., 2017) and is also widely applied in exploring emotion processing mechanism. For instance, the non-linear connectivity of phase-locking value in alpha, beta, and theta oscillations have been used to study the FC of positive and negative emotions induced by different types of stimuli in the brain network (Dasdemir et al., 2017). Moreover, the weighted phase lag index (wPLI) is an acknowledged and robust estimation to detect alterations of functional brain connectivity at the consciousness level (Imperatori et al., 2019).

Hence, the study has been undertaken with the hypothesis that the emotionalized expression of news content in the posttruth era could affect the cognitive activities of the audiences. One news text that was written with two different expression types (emotional expression vs. neutral expression) was adopted as the experiment material in this study, with the EEG measures to record brain signals in the reading process, and the FC method was used to analyze the FC of EEG signals in different oscillations to observe the influence of emotional discourse on individual cognitive activities.



MATERIALS AND METHODS


Participants

A total of 50 right-handed undergraduates and graduates were recruited and randomly divided into two groups; one experimental group (13 women and 12 men, mean age 22.16 ± 1.91), and one control group (13 women and 12 men, mean age 22.96 ± 2.32). All the participants reported normal or corrected-to-normal vision, had no history of current or past neurological or psychiatric illness, and took no medications known to affect the central nervous system. Their emotional statuses were assessed normal by the Chinese beck anxiety inventory, beck depression inventory, and the positive and negative affect scale (as shown in Table 1). There was no significant difference in the scores of positive and negative emotions [t (48) = 1.240, p = 0.221; t (48) = 0.303, p = 0.763] between the two groups before the experiment. They signed consent before the experiments and were paid for their participation.


TABLE 1. Age, BAI, BDI, and PANAS scores of the experimental and control group.
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Materials

The two groups were asked to read two news texts (with emotional expression vs. neutral expression). Control group read the news article The United States Will Begin Compulsory Labeling of Genetically Modified Foods with 1,369 Chinese characters, concerning the unbiased introduction of the technology of Genetically Modified (GM) foods and food labeling regulation; while the experimental group read the news version which was modified with more emotional expressions and discourses based on the previous one, the original argument was kept unchanged, with 1,343 Chinese characters. All the news materials were printed on A4 papers of size 210 mm × 297 mm.



Procedure

The participants were instructed to have a 3-min resting state before the experiment, and then they were asked to read the text in detail. After the reading, they were asked to answer six questions related to the versions to deepen the image of the content. After finishing the experiment, they took a 3-min tranquillization to recover the emotion status to benchmark. The reading time was about 4 min, and the total experiment time was about 10 min.



Recordings and Analysis

The raw EEG data were real-time recorded from Cognionics Quick-30 32 channels amplifier (CGX, San Diego, CA, United States), which is a dry and non-contact wireless bioelectric sensor system, and sampled at 1,000 Hz, with a 0–100 Hz bandpass. The left mastoid electrodes were used as a reference during recording, and a standard average reference was calculated off-line. Artifacts were corrected using independent component analysis method, and the averaged EEG signals were low-pass filtered at 30 Hz and divided by every 2 s, using EEG Lab 14.1.1 software.

The EEG recording sites were F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4. The average power spectral density (PSD), which were extracted from all the sites on four bands of delta (1–4 Hz), theta (4–8 Hz), alpha (8–13 Hz), and beta (13–30 Hz), were analyzed and the PSD values between the two groups were compared with independent t-test using SPSS 24.0.

Furthermore, the brain FC neuroscience method was also used to show scale-free current source density (CSD) to investigate the brain activity of the audience in the processing of reading news texts. CSD was extracted from the four bands and then the wPLI index was calculated. Whole-brain connectivity was drawn based on the average wPLI, with independent t-test and false discovery rate adjusting, to analyze interregional brain interactions.




RESULTS


PSD Results

As presented in Table 2, the scalp EEG PSD values show significant differences between the experimental group and the control group (reading emotional news text vs. neutral news text).


TABLE 2. PSD value (δ, θ, α, and β) and t-test between experimental group and control group.
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First, the delta EEG rhythm wave [t (48) = −2.728, p = 0.009, Cohen’s d = −0.614], which related to the complexity of the task (Harmony et al., 1996), shows that in the experimental group the participants encountered a more complex reading task, that is, to say a reading with emotional discourse, leading to more attention resources to be input.

Second, the theta oscillations index [t (48) = −2.764, p = 0.008, Cohen’s d = −0.410], which is related to the arousal and control of working memory (Gevins et al., 1997; Krause et al., 2000; Raghavachari et al., 2001; Deiber et al., 2007), shows that in experimental group the participants had left fewer attention resources for memory.

Third is the alpha EEG power [t (48) = −2.952, p = 0.005, Cohen’s d = −0.381]. The weaker the alpha was (Davidson, 1995; Sarlo et al., 2005), the stronger cortical activity the participants had during the emotional text reading task.

Fourth, it is worthy to note what the beta EEG rhythm oscillation [t (48) = −3.518, p = 0.001, Cohen’s d = −0.399] showed. As the PSD value of beta wave in the experimental group was lower than that of the control group, and the beta wave is related to awareness and cognition (Haenschel et al., 2000; Tibbetts, 2013), it shows that the participants of the emotional text reading group had a weaker cognitive resource input, which could indicate that the news content with emotional expression may hinder deep thinking of the individuals in the process of reading.



FC Results

In Table 3, the differences in the whole-brain connectivity wPLI on all the bands are presented. Notedly, FC on beta band was significant [t (48) = 58.382, p = 0.0008, Cohen’s d = 17.250], across all sites and conditions, but there was no main significance on other bands [alpha, t (48) = 0.521, p = 0.605, Cohen’s d = 0.104; delta, t (48) = 0.650, p = 0.519, Cohen’s d = 0.182; and theta, t (48) = 0.199, p = 0.843, Cohen’s d = 0.091], respectively.


TABLE 3. The differences between two groups in the whole-brain connectivity wPLI (M ± SD).
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On beta band, whole-brain connectivity is presented in Figure 1, the wPLI interaction metrics is presented in Figure 2, and the significant interaction dynamics (F4–C4, FC5–C4, FC6–Cz) are presented in Figure 3.
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FIGURE 1. The whole-brain connectivity on beta band. Note: wPLI values presented in line colors.
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FIGURE 2. The wPLI interaction metrics on beta band. Note: the wPLI values presented in color blocks.
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FIGURE 3. The wPLI in Experiment Group (interaction: F4–C4, FC5–C4, FC6–Cz).


Moreover, the study compared wPLI performances between the two groups and found out that the FC of the experimental group was significantly stronger than that of the control group in frontal brain regions in F4–C4 comparison [t (48) = 3.818, p = 0.0002, Cohen’s d = 1.103], FC5–C4 comparison [t (48) = 3.701, p = 0.0003, Cohen’s d = 1.079], and FC6–Cz comparison [t (48) = 3.636, p = 0.0003, Cohen’s d = 1.056], as shown in Table 4.


TABLE 4. The significantly higher wPLI value in the experimental group than that in the control group on beta band (M ± SD).
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CONCLUSION

The present study incorporated the cognitive neuroscience experiment, with the EEG measures to record brain signals in the news-reading process, and FC method and CSD to analyze FC of EEG signals in different oscillations to observe the influence of two different materials (emotional texts vs. neutral texts) on cognitive processing of individuals, indicating that emotional discourses of news content in the posttruth era could affect the cognitive activities of the audiences.

Electroencephalogram results with δ, θ, α, and β bands revealed that news with emotionalized expression caused a stronger cortical brain activity, consuming more attention resources but fewer cognitive resources (beta oscillations), which may further impede rational thinking of the audiences. More importantly, also on the beta band, it was showed that the brain FC of the emotional news reading group was stronger than that of the control group. This robust connectivity appeared in the central frontal region, consistent with the findings of previous studies (Aydin et al., 2018), and mainly in the right brain hemisphere.

The cross brain regional FC of the beta wave was enhanced, which is related to early emotional processing rather than sustained status (Knyazev et al., 2016), and so individuals may locate more attention resources into emotion-related task processing, and less cognitive resources for content-related tasks, which would lead to the weakening of deep processing, showing the PSD in every band to be significantly reduced, especially the theta band, related to working memory, and the delta band related to complex cognitive tasks (Harmony et al., 1996; Gevins et al., 1997; Krause et al., 2000; Deiber et al., 2007).

On top of that, the synchronous activity on beta band represents an implicit mechanism of perceptual emotion regulation, which may be related to the stress for negative emotion (Wyczesany et al., 2018a, b). The emotional discourses in the experiment, particularly negative emotions in the news text, have functioned as a stressor and elicited the brain regions in the right hemisphere to regulate these emotional threats automatically. In this condition, a massive amount of cognitive resources have been consumed in the emotion regulation process rather than in deep thinking and rational processing of news content, also in accordance with the typical performance of the individuals of the posttruth era (Higgins, 2016; Gewin et al., 2017; Rochlin, 2017).



DISCUSSION

Belief echoes in the public sphere (Thorson, 2016) states that in the long term, the attitude of the audiences would maintain even if opposite pieces of truth were provided. In the posttruth era, emotions and bias integrate with worldviews and have created “an alternative epistemology that does not conform to conventional standards of evidentiary support” (Lewandowsky et al., 2017). Emotions affect our cognitive processing of information, thus making a difference to our judgment and cognitive strategies (Forgas, 1995, 2010; Milyavsky et al., 2019). The more exposed we are to negative emotional materials, the more time and energy we squander in distracting tasks to deal with them (Isen, 1987). It is concluded that the emotion triggers a priming effect, and emotional expression serves as the noise of communication. Thus, the era of posttruth discourse prioritizes emotion over facts, be it GM food news or other kinds of information.

In summary, in the posttruth era, the news context with emotionalized expression could easily activate cortical activity and connectivity, and attract the attention of the audiences, explaining the phenomenon that conveying information and reporting with emotionalized expression would be easier in the media channels. Compared with the neutral and objective discourses, emotional content is equipped with subjective standpoints, ready to arouse the interest of the audiences when it is consistent with their presumed values, beliefs, and attitudes. Meanwhile, the study has found that audiences may dedicate much more cognition resources to handling those with emotionalized expression with little attention to the actual content or fact itself. In other words, the audience would prefer superficially to stay in the emotions while the emotionalized expression hinders possible deeper consideration of the truth. With the principle of news objectivity unprecedentedly challenged, news content rendered with emotions and opinions induces the truth to be no longer fact-based or objective, one of the critical problems faced by news production as well as the receivers in the age of posttruth.
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INTRODUCTION

The COVID-19 emergency brought out the role of online digital technologies. The increase in online social interactivity was accelerated by social distancing, which has been recognized to have adverse effects due to physical and emotional isolation (Canet-Juric et al., 2020).

Body language is central to social interactions, and its role is clearly diminished when going online, but the relevance of this change is still not clear. This transition toward online could affect the wellness of the people, especially the population with specific fragilities, e.g., young people and seniors (Beam and Kim, 2020; Canet-Juric et al., 2020; Fernández Cruz et al., 2020).

We here briefly present our viewpoint on some issues concerning changes in body interactions in online interpersonal communication. Our aim is to encourage constructive discussion and raise awareness about these very topical issues.



ONLINE COMMUNICATION PLATFORMS: TOWARD NEW COMMUNICATION STRATEGIES?

Progress in digital technologies is having a profound impact on interpersonal communication. The natural face-to-face modality is nowadays often replaced by interactions through video-mediated online communication platforms (VMOCPs) (mediatized communication). Furthermore, the duration of restrictions related to the COVID-19 emergency determined, in a very short time, an acceleration in the diffusion and an intensification in the use of VMOCPs.

In fact, VMOCPs are now ubiquitously used for meetings and courses in different contexts, such as work environments, education, and, in general, for whatever activity involving social interaction, thus, determining rapid changes in the everyday lives of the people (Chan et al., 2020; Dorn, 2021).

Interestingly, also the seniors, which were only marginal users of these technologies, were forced to use them as their only chance for social contacts (López et al., 2020; Pelicioni and Lord, 2020).

The new form of communication has brought great improvement in communication possibilities, by overcoming the limitations of time and space. However, VMOCPs have also modified the communication rules, e.g., those related to proxemics (Hall, 1966). Proxemics assumes a direct proportionality between the geometrical peripersonal/extrapersonal space and different types of interpersonal acquaintanceship: intimate, personal, social, and public. When people communicate through VMOCPs, the geometrical distance separating the screen image and the real interlocutor is a few tens of centimeters, which is smaller than the distance between persons involved in a social/public face-to-face conversation. Then, when passing online, does a short “perceived” distance imply a personal/intimate level? In our opinion, the answer to this question is not obvious as going online likely brings non-trivial changes in the proxemics rules.

For example, such a physical closeness would presuppose an intimacy between persons and a mutual disposition to the potential use of the tactile channel (handshake, hug, and tap on the shoulder). However, despite this virtual closeness, we cannot touch (Drag, 2020).

Another important change concerns the communicative role of eye gaze. In fact, in agreement with the “fractured ecologies” concept (Heath and Luff, 1992; Luff et al., 2003), the eye contact and the meaning it conveys (Drag, 2020), when mediated by the camera, is unrecoverable by the interacting participants.

In summary, the above discussed issues suggest that changes from live to online communication are complex, as the direct proportionality between (apparent) geometrical distance and interpersonal acquaintanceship is deeply changed both quantitatively and qualitatively.



BODY MOTION AND VIDEO-MEDIATED ONLINE COMMUNICATION PLATFORMS: A FOCUS ON ONLINE EDUCATION AND THERAPEUTIC INTERVENTION

Body movements and language are crucial in both emotion-based non-verbal communication and cognitive-based social interactions. It is foreseeable that extensive use of online technologies could have important effects on cognitive processes, not only those involving learning/educational/training activities but also those related to emotion-driven relationships in social living. To date, however, the role of body movements in inter-subject online interaction has been scarcely investigated (Zuo et al., 2021).

Let us discuss two different examples: online education and dance movement therapy (DMT).

Serious games are interactive virtual simulations whose goal is to train while entertaining. They were proposed as useful tools to improve learning performances (Hanus and Fox, 2015) and, with the COVID-19 emergency, have been thought as a possible mainstream solution to mitigate the problem of social distancing in online teaching (Koivisto and Hamari, 2019).

This approach, although certainly useful, needs to be reviewed considering the concept of “embodied education,” which refers to the embodied cognition (EC) theory (Kiverstein and Miller, 2015; Shapiro, 2019). According to it, cognition is formed by the processing of informative stimuli from and through the body. Some authors found a positive correlation between learning performances and movement synchronization in the teacher–learner interaction (Sacheli et al., 2018; Shapiro and Stolz, 2019; Madsen et al., 2020; Pan et al., 2021). Furthermore, mobility strategies of the teachers in the classroom (classroom proxemics) at various stages of a lesson and according to the task of the students have been found to have positive effects on engagement (Chin et al., 2017), motivation (Fernandes et al., 2011), and disruptive behavior of the students (Gunter et al., 1995).

DMT is a complementary therapy where body movements are employed to promote personal and social wellbeing. This is reached by eliciting the harmonization of mental, somatic, and relational manifestations of the individual through the creative use of movement improvization and dance (ADTA—American Dance Therapy Association, 2014). DMT emphasizes the communicational aspect of dance (Karkou and Sanderson, 2006). In fact, the DMT setting presupposes a social component triggered by interpersonal interactions mediated by body language and, in particular, movements. Indeed, the social component through body interaction has a crucial role in DMT functioning: the game of distances, perspectives, and reciprocity creates the communicative context in which movement takes place. The circle, for example, is a DMT basic figure (Karampoula and Panhofer, 2018) in which all group members can see everyone else, thus, having direct access to verbal and nonverbal cues of the participants. The basic elements of a circle include mirroring, echoing of emotional states, containment and holding, and physical contact through the holding of hands. Mirroring consists of matching/echoing the movements of the person (Tortora, 2006) and, in a circle, is multiple (multimirror). This technique has been shown to be effective in strengthening the self-confidence and physical resilience of the group members but also social integration and affiliation by promoting empathy. The “motor theory of empathy,” in fact, proposes that the human mirror system may participate to the understanding of the intentions and feelings of others (Rizzolatti and Fabbri-Destro, 2008) and that empathy may stem from the link between perception and action (Iacoboni, 2009; Zardi et al., 2021). In brief, understanding of action may promote empathizing with others (Carr et al., 2003). Despite this theory being criticized (Hickok, 2014), phenomena based on motor resonance (i.e., a direct link between the perception of an action and its execution), namely, mimicry, synchrony, and automatic imitation, are considered involved in higher social cognition, including empathy, and in promoting positive social effects both in the adult and during development (Rauchbauer and Grosbras, 2020).



WHAT IS MISSING ONLINE?

In DMT, the dyadic relationship between the conductor/participant is at least partially preserved (APID—Associazione professionale italiana danzamovimentoterapia, 2021). The conductor can stimulate the participant with the voice, music, and gestures also through the screen. The participant, by observing the conductor on the screen, can be accompanied in the experimentation of his own movement aimed at creating an internal/external dialog. Indeed, evidence from trials of online meditation (Cavalera et al., 2019; Yang et al., 2019) supports the idea that online, it is possible to work on the “vertical dimension of energy” that is on the individual depth of feelings. In contrast, the transversal level, which includes all the non-verbal interactions between participants, is greatly impaired. Even with groups of three to four persons, most of the interpersonal and transpersonal components of movement cannot be reproduced.

The example of DMT shows that online sensory interaction is very different from a live one. The visual and auditory sensory channels are essentially the only online communication modalities. Actually, images on the screen are two-dimensional (2D), thus, reducing tridimensional visual perception to a quasi 2D one1. Other modalities such as the tactile and olfactory ones cannot be directly employed. Human touch has been suggested to play a large role in establishing a sense of “proximity” between persons and to facilitate affiliative behavior and social bonding (Morrison et al., 2010). Previous studies have demonstrated a close association between pleasant social touch and the release of oxytocin, which is a crucial modulator of social behavior and emotions across species (Olff et al., 2013; Walker et al., 2017; Kendrick et al., 2018; Tang et al., 2020).

The sense of smell is also involved in the non-verbal social communication of humans; in fact, through smell, humans can involuntarily convey personal information (de Groot et al., 2017; Parma et al., 2017; Pause, 2017; Roberts et al., 2020).

Some authors claim that chemosignal communication critically contributes to the formation and maintenance of social groups and has a role in the evolution of the social brain (Dunbar and Shultz, 2007; Parma et al., 2017).

A new multidisciplinary discipline involving psychology and chemistry (sociochemistry) is studying the chemical basis of olfactory communication emphasizing the role of psychological states and traits in modulating body odorant composition (de Groot et al., 2020). Interestingly, data from patients with no or reduced olfactory capabilities show that the loss of smell severely affects the richness of social relationships over the lifespan from the early developmental stages to the old age (Boesveldt et al., 2017).



FINAL DISCUSSION

We can argue that in online social interactions:

(i) smell and touch are absent;

(ii) visual is limited to a quasi 2D perception;

(iii) auditory is almost unchanged;

(iv) changes in the relationship between perceived geometrical distances and acquaintanceship

are expected, but still unclear;

(v) there are no direct bodily interactions.

According to the “fractured ecologies” concept, when online, interacting persons cannot recover most of the relevant features of the environment and bodily behavior of others (gesture, eye contact) and behave accordingly (Luff et al., 2003).

These changes may undermine the emotional and empathetic aspects of interpersonal communication. However, cooperation is still possible through the auditory and the reduced quasi 2D visual perception.

A better understanding of these aspects could need a partial revision of classical communication theories (McLuhan, 1964; Hall, 1966; Bolter and Grusin, 1999; Jensen, 1999) in order to consider the new modalities of communication introduced by online interactions. Thus, the consequences of passing online probably include remediation mechanisms related to the use of the new digital technologies (Bolter and Grusin, 1999). These mechanisms are compatible with the self-organization paradigm of complexity: cooperative social dynamics between different individuals/groups trigger the emergence of a new dynamical equilibrium in a relatively short time due to an environmental change (in this case, the new digital technologies) (Zeleny, 1977; Santos et al., 2006; Paradisi et al., 2015; Paradisi and Allegrini, 2017; Mahmoodi et al., 2018). The equilibrium is constrained to the optimization of social interactivity mediated by the new technology, the optimum possibly being a condition as nearest as possible to live interactivity. Thus, the question that should be answered should not only be “what is lost?” but also “what is new?,” possibly involving the development of virtual proxemics.

An open question that deserves further investigations is the quantification of perceived virtual distances in online interactions. For example, the distance between the screen and the individual could be used, but the effect of the image size on the screen should also be clarified.

Figure 1 reports a graphical summary of our discussion. Panel (A) is a scheme of self-organizing live interaction between two individuals. Panel (B) sketches the passage from live to online interactions.


[image: Figure 1]
FIGURE 1. (A) Simple scheme of a live interaction between individuals A and B. The two horizontal arrows indicate the mutual feedback between A and B, while the vertical ones denote the individual internal information exchanges between the sensory and motor systems. The vertical motor-to-sensory dashed arrows indicate the increased strength of sensory-to-motor (continuous arrows) when an individual interacts, thus, triggering the clockwise feedback loop, which represents the emergence of self-organizing behavior of A–B as a whole. The double diagonal arrow represents the direct interaction through the sensory system, e.g., eye contact or touch. (B) Qualitative sketch of the passage from live to online interactions. Live interactions involve both visual and tactile/smell senses, while online determines a reduced perception, represented in the figure as a shift toward the quasi 2D vision. The wave in the left arrow denotes that the projection on the vision axis is neither two- nor three-dimensional, but in between. The right dashed arrow represents technologies needed to (partially) fill the online–live interactivity gap. Being almost unchanged, auditory is not reported.


To address the challenges of online communications and to mitigate the effect of emotional isolation, an interdisciplinary research is needed that would have to (i) monitor the social change, (ii) develop new communication models, and (iii) develop strategies and technologies to partially fill the online-live interactivity gap.
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FOOTNOTES

1Here “quasi” is related to a partial mental reconstruction of vision depth that the brain can operate on the basis of past live experiences, by elaborating what is actually a two-dimensional image on the screen.
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A great story told by a musician is the basis of the best stage experimentation of the second half of the 20th century. The musician is John Cage, whose work synthesizes the entire system of arts within the extraordinary world of the avant-garde. This great story begins with the experimental artistic activities which were developed in the 1920s, consolidated in the thirties and continued through the post-war period up to the dawn of the fifties. Apart from the socio-historical cross-section Cage’s experimentation provides, it is also a pretext for reflecting on the artist’s work as well as the relationship between neuroscience and art. Important contributions to this topic come from the neuro-scientific-social research on new expressions “of creativity, imagination, genius” (Pecchinenda, 2018). This study is based on the assumption that Cage was the forerunner of neuronal experimentation that would be central to the experiments and research of many other artists. The theoretical reference model can be found in the research of the neuroscientist Kandel et al, whose work was the starting point for this investigation. Kandel grasps the definitive break between scientific logic and humanistic sensitivity in the methodological reductionism practiced by neuroscience and in the experiments of contemporary creativity. According to Kandel, both neuroscience and artistic experimentation have similar objectives and problems, and in some respects seem to develop similar methodological practices. Kandel identifies the use of memory, synthesis and knowledge of the world in authors such as Mondrian, de Kooning, Pollock, Rothko, Louis, Warhol as well as the New York school of which Cage was an important member. The relationship between art and neuroscience is synthetized in the avant-garde action of Cage and in all the artists who launched continuous attacks against traditional forms. The transition from figurative art to abstraction is “comparable” to the reductionist process that is used in the scientific field to explain complexity and phenomenology. The prolegomena of this discourse are anticipated by a previous work written by Kandel in 2012 and can also be found in other studies on the relationship between neuroscience and art, in particular in the reflections of the neurobiologist and father of neuroaesthetics, Semir Zeki. Zeki analyzed artists work as a practice perfectly comparable to the research carried out by neuroscientists. Cage, the focus of this investigation, carried out a sound-stage-vision experimentation affecting theatre, media and art which can be examined from at least two different perspectives. The first concerns the definitive subversion of “innate rules of perception” (Kandel) and the second deals with the relationship between art and neuroscience.
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INTRODUCTION
We often consider an artistic work as an experience belonging to the humanistic, social or cultural dimension, ignoring the biological component that contributes to creating it.
Art originates primarily in the functions and structures of the nervous system, which not only guarantees the entire apparatus of perceptive and executive possibilities but also pre-constitutes the linguistic architecture of the artistic work.
Among all artistic disciplines, music seems to be the one able to involve, simultaneously and deeply, the largest number of cortical and subcortical networks. This contingency has led to numerous studies on the “ability of musical practice to impose itself not only as an operational model to investigate the functioning of the brain in its complexity, but also as an enriching experience in terms of psychic activity, even independently of the cultural dimension”1.
This context is the starting point of the present research that analyzes the relationship between art and neuroscience. In particular, the analysis focuses on the work of John Cage, an artist who embodies the spirit of the avant-garde of the second half of the 20th century. Cage (1912–1992) is a central figure for any experience linked to contemporary experimentation. His work, which starts from the late surrealist rediscovery of Breton and Duchamp, ranges from musique concrète and aleatory music to dance, from Zen to theatre and media.
According to Semir Zeki’s theories, artists act in the same way as neurologists who study the brain and its organization through their art. The function of the brain is to “grasp eternity in what is desperately transient”2, a function similar to that of art which has always tried to show the true nature of things beyond mere reproduction. This was accentuated by the advent of the camera: photography could perfectly reproduce objects and individuals, but painting could overcome the mere representation of the visible and show the invisible essence of things. Citing the French critic Jacques Rivière, Zeki points out that “the true purpose of painting is to represent objects as they are in reality, not as we see them. Painting always tends to give us their perceptible essence, their presence and that is the reason why its images do not resemble their ever-changing appearance”3.
Zeki’s definition compares two temporal concepts: eternity and transiency. Can art make what is transient eternal and is there a more transient form of art than happening? To answer these questions, the research focuses on John Cage who can be considered the father of happening for his performance at Black Mountain College in 1952. (De Marinis, 1987; Bonomo, Furghieri, 1998; Sylvester, 2012; Amendola, Frammenti d’immagine. Scene schermi video per una sociologia della sperimentazione, 2006; Cuomo, Distasio 2013; Fronzi 2014; Cage 2015)
Furthermore, Cage’s art is not an exclusively visual art; he staged musical experiments that stimulated the audience’s hearing and performances that implied movements. According to the concept that there is not one single aesthetic sense, Cage’s art can stimulate the different areas of the brain.
From neuroscientific studies, it has emerged that the inferior temporal cortex is the most involved part of the brain when an individual is observing or listening to a work of art, but it is not the only one. Art can involve the amygdala and, consequently, generate emotions. Therefore, art does not only make what is transient eternal, but also generates emotions.
Neurophysiologist Luciano Fadiga (2009); Fadiga (2019) associates the cerebral representations activated by art, in particular by music, with “a synaesthesia of a high order, which involves deep feelings, gives us the flavor of sensations and experiences, and makes the Spring by Vivaldi much more “spring” than the other three seasons of the same composition. This is due not only to the fact that the music sequence is in tune with the colors, scents, sounds of spring, but also to the fact that it evokes its movement, its destination”4.
Fadiga’s studies on music and on the areas of the brain activated at the moment of listening are in line with the work carried out by Cage, especially with regard to the analyses that the neurophysiologist carried out on the basis of Bukhard Maess studies. “By inserting unexpected harmonics Maess and co-workers created a sort of musical “syntactic” violation. Using magnetoencephalography (MEG), they studied the neuronal counterpart of hearing harmonic incongruity and they found an early right anterior negativity (ERAN) usually associated with harmonic violation”5.
These studies revealed the similarity between the network of the human brain involved in the elaboration of music and that of language processing. In particular, when an individual is subjected to unexpected musical chords, such as those that characterise Cage’s work, Broca’s and Wernicke’s areas, the superior temporal sulcus, Heschl’s gyrus, plana polaris and temporalis, and the anterior superior insular cortices are activated.
The object of the introduction is to explain the point of view from which Cage’s work will be analyzed in this paper which is organized as follows: Materials and Methods illustrates the sources and materials on which the research is based and the study methodologies used; Results analyzes John Cage’s artistic output, starting from the 1952 happening at Black Mountain College, in relation with some avant-garde artists of the second half of the 20th century; Discussion examines Cage’s work from a neuroscientific point of view.
MATERIALS AND METHODS
This essay can be defined a comparative research design, as the topic is analyzed from different points of view. In fact, the research is not limited to the artistic world, but it is also extended to the sociological and neuroscientific fields. The methodology used followed the phases as listed below:
Reconstruction of the Object of Study Through Sources
The study is based on reports and analyses of Cage’s work. In particular, the sources consulted to study happening as an artistic phenomenon are the volume Happening by M. Kirby (1968) and “Qualcosa deve succedere” in Nuovo teatro 1947–1970 by De Marinis (1987).
To understand the influence of Cage on the system of arts, important materials for the analysis are A. Amaducci (2014), Videoarte. Storia, autori, linguaggi, V. Valentini (2015), Nuovo teatro made in Italy 1963–2013, A. Amendola (2006), Frammenti d’immagine. Scene schermi video per una sociologia della sperimentazione, and A. Amendola (2012), Videoculture. Storia, teorie ed esperienze artistiche dell’audiovisivo sperimentale.
Correlation Between the Object of Study and the Historical-Cultural Context
It was essential to set Cage’s work in the historical era in which the artist lived. Even in this case, the analysis was conducted through sources. As regards Oskar Schlemmer (1888–1943), Walter Adolph Gropius (1883–1969) and the other Bauhaus masters, the reference text is Bauhaus by Wingler, (1969), as well as the materials produced within the same school of art. For a reflection on the Bauhaus in contemporary society, the reference texts are A. Amendola and Camargo Molano, (2019), Bauhaus, un’idea di sperimentazione, and J. Camargo Molano (2021), Bauhaus 2.0.
Insertion of the Object of Study in Schemes and Categories
This research aims to read John Cage’s work from a neuroscientific viewpoint. The innovative element of this study lies in the distinct perspective in reading Cage’s work.
In the neuroscientific field, the main references are the studies conducted by Eric Kandel and Semir Zeki. Analyzing John Cage’s artistic output, the research tries to adopt the same method used by Zeki in examining the receptive field (Mondrian and Malevič), kinetic art, neurology of abstract and figurative arts in Inner Vision. An Exploration of Art and the Brain (1999). The comparison with the most recent research in this sector was also very important. In particular, the studies of Stefan Koelsch (2009), Roger Beaty et al. (2014), Dennis Ramirez (2015), Davis Bashwiner et al. (2016), Kenneth Heilman (2016) and Wolfgang Mastnak (2020) were taken into consideration.
Discussion on the Results
The neuroscientific reading of Cage’s work is studied and compared with recent theories on the relationship between music and human brain. This process leads to a reflection on what was analyzed.
RESULTS
It was the year 1952. John Cage’s sound experiments and aleatory music were already well known. He had founded his orchestra of percussion instruments only, created compositions for “prepared piano”, mixed extra-artistic objects in his musical production and revolutionized dance in collaboration with Merce Cunningham. Moreover, he had researched noise, silence and rejection of harmony and established his own orientation in the history of music towards the work of Henry Cowell and Edgard Varèse. In particular, he made it clear that music holds a continuous dialogue with all arts.
This section deals with the sensational happening that took place at Black Mountain College in North Caroline in the summer of 1952. It is a work rich in ideas, elements, procedures, proposals, language research, interference, quotations, games and fragmentations which characterize a large part of the subsequent media and stage experimentation. The stars M.C. Richards, Charles Olsen, David Tudor, Robert Rauschenberg and Merce Cunningham led by Cage, dressed in black, came on stage. This great event of the distant summer of 1952 was characterized by a free, albeit coherent explosion of linguistic forms that, starting from sound, ranged from painting to music, from cinema to improvisational gestural-instinctive theatre. Different languages and actions interacted with each other in fragmented scenes, creating a new dimension that had little to do with conventional theatre. The show, which was not staged by any director, had no guide and offered scenes full of irony and daring improvisation. It aimed at an experimental communication in which the language was of an auditory and visual nature. This is the aim of every happening: an expressive construction involving both the sense of hearing and that of seeing. Cage offered “a puzzle made of gestures, matters and noises”6. He invented a very innovative form of artistic expression. From then on, nothing was the same as before. In fact, the main and most significant experiences of happening show a continuous fragmentation of environments, cultural attitudes, linguistic constructs and trends. Recurring themes of this form of art are action, redundancy, repetition and difference. Happening uses a range of different spaces (art galleries, squares, beaches, warehouses), rejects any concert-theatre logic and creates irruptions, variations, new systems and forms. This triumph of fragmented creativity, which only an inattentive individual would identify as “chaos" without grasping the innovations of such creative experiences, is not an end in itself, or the result of a disorganized planning. Happening is characterized by a disrupted and not completely defined nature. It is a work in progress, “but this does not mean that happening has no structure”7. Its structure is based precisely on disruption, readaptation, contamination, new creativity.
It should be noted that some experiments had already appeared in the field of music research a few decades earlier. Among the abundant traces left by the historical avant-garde or even before, two names are noteworthy: Arnold Schönberg and Oskar Schlemmer. But it is also necessary to go back to Richard Wagner, whose vision includes the unification of all arts in Gesamtkunstwerk, a total art work. With Der Ring des Nibelungen, Wagner aimed to bring the unconscious part of human nature to the level of consciousness through the symbolism of theatrical actions, through an iconography that can be compared to a sort of interface design, where every sound motif reminds the spectators of an emotion, a concept, a character, an event. Schönberg tried to define Gesamtkunstwerk as a possible way to synthesize the totality of “musikdrama” in an abstract form of expression. It is no coincidence that Die Glückliche Hand was composed (1912–1913) in the same years in which Kandinsky painted his first pictures. Schönberg’s work, which expresses the moody visions of a man tormented by a continuous spiritual search, incorporates unprecedented stage techniques. Examples of these techniques include: a menacing choir of statues, mimic gestures illuminated by spotlights with a “ghost” effect and accompanied by mysterious chords, a rapid crescendo of lights together with changeable music structures through a series of fast, synchronized beats written on the score. Walter Gropius’s vision of theatre broke the scheme of the “spatial separation” between stage and auditorium with the aim of identifying an interactive medium that made the spectator participate in the play on the stage. Moholy-Nagy, continuing in the same direction and staging his mechanistic visions, created a synthesis between forms and movements, lights and sounds, colors and aromas. At the same time, Schlemmer planned performances based on the spatial dimensions of the human figure. Circus and variety entertainments combined with theatre and oriental puppets allowed him to create the new form of the theatre of illusion. Schlemmer’s thought focused not only on the human figure but also on the extension of the spatial dimensions of the stage. Das Triadisches Ballet embodies Schlemmer’s vision of Gesamtkunstwerk, a symbiosis of geometric elements influenced by machine technology and architecture, as well as by Kandiskian shapes and colors. The triad is made up of “the three parts of architectural composition and the fusion of dance, costumes and music”8. The mechanistic choreography derives from the author’s passion for machines. And the actors? They are nothing more than dolls moving in a music box. On the stage, the geometric environment is balanced by joyful rhythms and bright colors and expands beyond the boundaries imposed by stage machinery. The multidisciplinary language is precise, coherent and abstract. As Schlemmer said, the stage, as an arena for progressive and transient actions, offers shapes and colors in motion. At first, they are showed in their primary aspect as separate and individually mobile entities, colored or uncolored, linear, flat or plastic and subsequently as transformable architectural structures, mobile and floating spaces. Such a kaleidoscope, that is both infinitely variable and tightly organized, would theoretically represent the absolute visual stage.
Besides these influences, it is worth mentioning the fact that, in the course of his experimentation, Cage also approached oriental philosophies becoming a Zen master. This knowledge of Zen emerges especially in Cage’s collaboration with the choreographer Merce Cunningham. “The collaboration of Merce Cunningham and John Cage brings together two art forms using minimalism and indeterminacy. Cunningham’s choreography explores the use of repetition and chance, Cunningham also used the I Ching (traditional Chinese text considered by Confucius to be the book of wisdom) that was passed along by Cage”9. The element that unites Cunningham’s choreographies and Cage’s works is chance: “His method of dance compositions in which the scenic designer, the composer, and the choreographer each worked independently of one another, knowing the climate of a dance but not its particulars”10. The two artists worked separately, Cage did not see Cunningham’s choreography and likewise Cunningham did not listen to Cage’s compositions. “By using “dancers” with no prior dance experience, Cunningham was able to teach them new movements without having preset movements in their body Performers now become audience members and audience members now become performers. Everyday people, not dancers, are asked for, hoped for. For the possibility of chance choreography, that new ideas not set movement would be expanded upon. The element of chance which has no real mood, meaning, and never a beginning or an ending thought was the biggest idea brought to concert dance. Nothing has to be or needs to be done for a reason. The music doesn’t drive the dance and the dance doesn’t persuade the music”11.
Dance plays a fundamental role in Cage’s work and it is also a point of reference in the neuroscientific framework of the artist’s activity. In particular, studies by Julia F. Christensen and Beatriz Calvo-Merino (2013) analysed which and how different areas of the brain are activated when a subject attends a dance performance.
12demonstrated that the perception of emotion expressed through bodily actions is related to activity in the superior temporal sulcus, recuneus and geniculate nucleus. Observing the emotional body movements of musicians performing a piece of music - shown in silence, without the music - also increases activity in the inferior parietal gyrus, insula and anterior cingulate cortex13. The identification of the emotion expressed in point views of human emotional movements is accompanied by increased activity in the EBA 14. The observation of whole-body emotional gestures is also related to increases in the activity in the EBA, as well as the ventral striatum 15,16.
The musical discourse, as a project of fragmentation of the scene and not only of the scene, held an absolute supremacy in the following decades. It contributed to developing a combination of formal and informal language, from which mass-media drew their terminology, fragmentation and reproduction as key elements of happening, and theatre as a fusion of genres and experiences. Thanks to Cage’s “creature”, happening materializedd a sound-stage-vision experimentation that affected theatre, media and art.
A reading, which is certainly outdated today, considered this form of art to be closely linked to certain forms of psychiatric therapy such as psychodrama. The “genre” was particularly influenced by the techniques used by Stanislavski in rehearsal to free actors from any inhibition and drive them to completely identify themselves with their characters. In the United States, a group of movie and theatre directors and actors (Elia Kazan, etc.) were attracted by these techniques, which they used to create successful films and plays through improvisation or free “expression”. It is probable that happening was influenced by the so-called theatre of the absurd and by some of Brecht’s experiments. It is clear that happening was only analyzed as a theatre product, ignoring the visual elements which were present in its fragmentation.
Today’s reader realizes that the 1952 happening and subsequent similar experiences are rich in socio-cultural elements, beginning from visual experimentation (action painting, new dada and subsequently pop-art) to the way of thinking about the function of theatre as a marked contamination of forms and styles.
The experimentation of happening can be better read through the magnifying lens of the historical avant-garde: from the editing of Futurism to the Dadaist improvisations of the Cabaret Voltaire in Zurich and to the surrealist exhibitions animated by Marcel Duchamp, from the structural technicality of the Bauhaus to the assemblages of Pop-art, and even musique concrète and serialism, avant-garde cinema, dance, poetry. It is therefore necessary to go back to the 1952 happening coordinated by Cage, which appears to be the most indicative moment of a new form of expression based on interrelation and fusion. Cage’s “concerted action” at Black Mountain College was not only an event that immediately became so famous that it is always mentioned, in more or less mythical terms, in any speech on the origins of the artistic neo-avant-garde in America, but also a synthetic anticipation of almost all the most important elements that characterize the proposals of the new theatre (American theatre and otherwise). Such elements are the participation of different artists (musicians, dancers, poets, painters), the type of actions, the way of organizing the space where these actions take place and the relationship between the artists on the stage and the public. Obviously, Cage continued carrying out his experiments throughout his career, influencing different sectors of the world avant-garde within and beyond the music field, including art, cinema, theatre, dance and many other spheres.
DISCUSSION
On the basis of his research, Eric Kandel asserts that “the reductionist approaches of scientists and artists are analogous: they both aim at the bases, at the nervous17 (Reductionism in Art and Brain Science, 2016).
Artists perform the same action of reductionism as scientists, but they do it with a different purpose: “while scientists use reductionism to solve complex problems, abstract artists exploit it to elicit a new perceptive and emotional response”18.
The emotion caused by observing or listening to a work of art is determined by the centers of affectivity and emotivity in the limbic system. According to Kandel’s studies, it is possible to state that every perceptive, emotional, mental or motor process is based “on distinct groups of specialized neuronal circuits located according to an ordered hierarchical arrangement in specific regions of the brain. The brain structures are anatomically and functionally linked to each other and therefore cannot be physically separated”19. It follows that art influences all the other categories of conscience and is influenced by them.
The analysis of Cage’s work fits into this theoretical framework. First of all, it is necessary to highlight that Kandel’s studies mainly focused on visual art, especially painting, a branch of art to which John Cage does not belong. Cage’s work is tipically musical, although the visual component of his works should not be absolutely neglected (just think of the 1952 happening at Black Mountain College).
Unlike the “visual brain” which consists of various areas, each of which is specializied in a specific function, the human brain does not have a single “music center”. Listening to music involves different networks distributed throughout the brain.
From the studies of Oliver Sacks (2011) it emerges that listening to music is not only an auditory, but also an emotional and motor experience. But the fundamental element in the analysis of music and consequently of Cage’s work, from a neuroscientific perspective is memory. “Much of what happens during the perception of music can also take place even when it is played in the mind. The imagination of music, even in relatively unmusical individuals, tends to be very faithful to the original: not only in melody and sentiment, but also in absolute pitch and time. At the basis of all that there is the extraordinary tenacity of music memory”20.
As stated by Stefan Koelsch21, listening to music activates mirror neurons: “mirror neurons are active during both perception and action, auditory working memory relies on sensorimotor codes that encode and maintain information, syntactic processing of music involves brain structures also involved in speech production, and the premotor cortex also serves a variety of cognitive tasks, such as working memory sequencing, and serial prediction.”
The cortical areas in charge of vision make use of two processes that Zeki calls bottom-up and top-down. The bottom-up process is based on higher-order mental and cognitive functions, first of all on memory, but also on attention, expectations and learned visual associations. The top-down process involves a creative task since the visual brain is required to integrate and complete the information that comes from the outside and is ambiguous or incomplete. For this reason, Kandel believes that the process activated by observing or listening to a work of art is a top-down process: the more ambiguous or essential the image is, the more active the observer’s imagination is.
Zeki comes to sthe same conclusion by carrying out a comparative analysis between abstract art and figurative art. “The works of art in conflict with the ordinary experience of the visual world - for example Magritte, De Chirico or Max Ernst - intensely involve the parts of the frontal lobe that are also activated by the paintings of the Fauves. In these works there is a conflict to be solved, that is the conflict between the present vision and the records of past experiences, and it seems that the frontal lobe is involved in this task”22.
Therefore, the analogy with Cage’s work is evident. John Cage offered his audience some new, unexpected sounds, different from what they had known until then. In observing a work of abstract art or listening to a work by Cage, the brain is required to perform that function that Kandel defines as a creative function. Observing shapes or listening to sounds that seem not to be part of his/her memory, an individual has to make an effort to decrypt, but above all, to complete the information he/she receives. Each individual will complete the information on the basis of his/her memory, reacting to observing or listening to the same work in a different way.
The creativity, which generates the work of art, also generates creativity in the public. It creates a circular link in which art and the public interact: art, as works originated by artistic gestures, makes the public, who enjoy them, artists, albeit within their own brain.
Neuroscience studies creativity through the underlying brain mechanisms (Heilman, 2016) and the dynamics of the brain network (Beaty et al., 2016).
Beaty asserts that creativity is based on the interactivity of different regions of the brain that define the default mode network (DMN), which is made up of the posterior cingulate cortex, the precuneus, the medial prefrontal cortex, the angular gyrus and the hippocampus.
Wolfgang Mastank23 thinks that DMN can be considered a form of inner intelligence, highly sensitive to music. For this reason it should be developed through an adequate musical education. This theory is shared by Bashwiner et al. (2016), who considers that “musically creative people have greater cortical surface area or volume in 1) regions associated with domain-specific higher-cognitive motor activity and sound processing 2) domain-general creative-ideation regions associated with the default mode network and 3) emotion-related regions These findings suggest that domain-specific musical expertise, default mode cognitive processing style, and intensity of emotional experience might all coordinate to motivate and facilitate the drive to create music”24.
From the analysis conducted, it emerges that John Cage’s work can be read from several points of view that, in some cases, intersect and influence each other.
Cage’s innovations are a cornerstone of the avant-garde of the 20th century. His experimentation influenced the history of music both of his period and the subsequent time. His innovative impetus can be also studied from a social point of view with the aim of understanding how Cage was able to revolutionize the world of art and his society.
Finally, the setting of Cage’s work in a neuroscientific context is grafted onto the broader scenario of contemporary research regarding the perception of music by the human brain. This analysis can be the starting point for revising the great masters of the avant-garde of the 20th century and reading their works in a different perspective.
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Neuroscience has well evidenced that the environment and, more specifically, social experience, shapes and transforms the architecture and functioning of the brain and even its genes. However, in order to understand how that happens, which types of social interactions lead to different results in brain and behavior, neurosciences require the social sciences. The social sciences have already made important contributions to neuroscience, among which the behaviorist explanations of human learning are prominent and acknowledged by the most well-known neuroscientists today. Yet neurosciences require more inputs from the social sciences to make meaning of new findings about the brain that deal with some of the most profound human questions. However, when we look at the scientific and theoretical production throughout the history of social sciences, a great fragmentation can be observed, having little interdisciplinarity and little connection between what authors in the different disciplines are contributing. This can be well seen in the field of communicative interaction. Nonetheless, this fragmentation has been overcome via the theory of communicative acts, which integrates knowledge from language and interaction theories but goes one step further in incorporating other aspects of human communication and the role of context. The theory of communicative acts is very informative to neuroscience, and a central contribution in socioneuroscience that makes possible deepening of our understanding of most pressing social problems, such as free and coerced sexual-affective desire, and achieving social and political impact toward their solution. This manuscript shows that socioneuroscience is an interdisciplinary frontier in which the dialogue between all social sciences and all natural sciences opens up an opportunity to integrate different levels of analysis in several sciences to ultimately achieve social impact regarding the most urgent human problems.
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NEUROSCIENCE ASKS THE SOCIAL SCIENCES

Neuroscience has already demonstrated the influence of social experience and social action on the constitution of the brain (Kentner et al., 2019). Santiago Ramón y Cajal (1989), known as the father of modern neuroscience, already suggested it when he said that each person can, if s/he wants to, be the architect of her/his own brain. The capacity of the brain to change with social experience and action builds upon the hypothesis of brain plasticity, first coined also by Ramón y Cajal (Kandel, 2006), and which is today one of the cornerstones of neuroscience. Brain plasticity refers to the ability of synapses, neurons, and entire brain regions to change their properties in response to use or to different profiles of stimuli (Ramón y Cajal, 1959; Kandel et al., 1991; Kandel, 2006). Eric Kandel, another Nobel Laureate in the field, and one of the most prominent figures in neuroscience today, has also published that “even though I had long been taught that the genes of the brain are the governors of behavior, the absolute masters of our fate, our work showed that, in the brain as in bacteria, genes also are servants of the environment. They are guided by events in the outside world (p. 154)”. Research on twins with identical genes is among the most powerful in showing the influence of experience on the brain, as such studies demonstrate that differences in brain architecture in twin siblings are the result of life trajectories that differ in social experiences and social interactions (Bouchard et al., 1990; Kandel et al., 1991; Kandel, 2006).

Today, there are several studies, particularly in the field of adversity in development, that have proven the ability of social experience to shape the brain. Neuroscientific research (Eluvathingal et al., 2006; Behen et al., 2008) of children raised with little social stimuli and children who are victims of abuse and neglect are particularly enlightening about the negative impact of deprivation of quality social interaction in both brain architecture and brain functioning with subsequent implications that those neural changes can have in deteriorating mental and physical health (Kathryn, 2019; Callaghan et al., 2019). Linking with Kandel’s idea that genes are servants of the environment, studies in epigenetics have proven that the epigenome can be influenced by environmental factors, such as toxic stress derived from violent social experiences, and can end up producing phenotypes and be inherited (Zhang and Meaney, 2010; Hayes, 2018). Along this line, research in animals and humans has shown that traumatic experiences in parents, in particular, emotional trauma, may change their children’s biology (Kaiser, 2014; Curry, 2019). Despite this science still being young, and many questions remain open to exploration, the hypothesis that an individual’s experience might alter the cells and behavior of their children and grandchildren, that our own actions and experiences could biologically affect the lives of our children, puts a very different spin on how we choose to live and also to the decisions that we make throughout life.

Importantly, all this research has evidenced that the ability of the brain to change its properties as a result of environmental stimuli can have two different directions, for the good and for the bad. That is, while some social stressors harm the brain, quality human relationships and quality social experiences benefit the brain. In this sense, longitudinal neuroscientific research on human development, among which the Harvard Adult Development Study stands out, evidences that quality human relationships are better predictors of a healthier, longer, and happier life than genes, IQ or socio-economic status (Waldinger and Schulz, 2010; Harvard Second Generation Study, 2021). That people with better relationships have healthier brains and stronger biological profiles is now well evidenced.



SOME SOCIAL SCIENCES’ CONTRIBUTIONS TO NEUROSCIENCE

In the inquiry into brain plasticity and neural development, neuroscience has embraced contributions from the social sciences. As an example, Eric Kandel, in his seminal book “Principles of Neural Science” (1991) and in “In search of memory” (Kandel, 2006) mentions the behaviorists several times. In particular, he refers to Pavlov, Thorndike, and Skinner and their investigations on reflexive learning as crucial in informing the neuroscientific understanding of implicit memory (Kandel, 2006). Kandel explicitly writes that William James, Thorndike, Pavlov, Skinner, Ulric Neisser, and Freud, who had investigated learning and memory, influenced his work considerably: “Their thinking, and even their errors, provided a wonderfully rich cultural background for my later work” (Kandel, 2006).

The contributions of the social sciences to neuroscience can also be seen in neuroscientific research looking at the effects of adversity, violence, and stress on the brain, and its mitigation. A good example of this is that of the collaboration between the Nobel Laureate Elisabeth Blackburn, and Elissa Epel, a psychologist. Blackburn (1991, 2005) and Armanios and Blackburn (2012) had investigated that poor sleep quality, absence of exercise, unhealthy diet, and even certain chemicals profoundly affect our telomeres, shortening them, meaning an acceleration of the cellular oxidation. This oxidation implies an acceleration of the biological aging of the individual which, in turn, implies an increased likelihood of alterations in immune function and increases in inflammatory markers, which are known to be associated with poorer health outcomes. Yet in looking at the telomere data also from a psychological perspective, attending to socio-economic and socio-cultural factors, but especially to strained and toxic relationships, Blackburn and Epel saw that such relationships produced negative thoughts and chronic stress that also shortened the telomeres (Blackburn and Epel, 2017). Thus, knowledge from clinical and developmental psychology made it possible to make new and complementary meanings of the data, achieving a deeper understanding of telomere functioning and the influence of quality relationships on it via the mediation of emotional states.

One more example of contributions of the social sciences to neuroscience is in the field of studies on the neurobiology of attachment (Buchheim et al., 2017). The psychological theory of attachment (Bowlby, 1969, 1982) described attachment as lasting psychological connectedness between human beings (Bowlby, 1969), an emotional bond with another person. Given that humans are social, attachment plays a crucial role in healthy development in any person throughout life. The behaviorists suggested that attachment was a learned process, mostly dependent on feeding. But Bowlby and others proposed that children are born with an innate motivation to form attachments with caregivers. Depending on how social interactions are between babies and caregivers, mostly in terms of responsiveness and availability, different types of attachment emerge, mostly four, with different implications for the social development of the person and her mental health (Lyons-Ruth, 1996; Young et al., 2019). When primary caregivers are available and responsive to the infant’s needs (secure attachment type), then the child acquires a secure base from which to explore the world and other relationships. Contrarily, when secure attachments are not formed early in life, behavior in later childhood and throughout life (Young et al., 2019) can be negatively affected. Neuroscience has embraced this knowledge, for example, in the investigation of the neurobiological implications of impaired early attachment for emotion regulation in abused and neglected children. A famous study in this area is the one on Romanian children raised in institutions during Ceaucescu’s dictatorship in the 1990s, the English and Romanian Adoptees (ERA) study (Sonuga-Barke et al., 2017). These children were abandoned as babies and brutally neglected. Studies employing neuroimage demonstrated that the absence of caring and responsive relationships led to shrunken brains and a number of neural alterations in these children (Sonuga-Barke et al., 2017). Likewise, in light of psychological studies on the positive impact of quality human relationships throughout life (Dunkel Schetter, 2017; Pietromonaco and Collins, 2017), neuroscience has identified that “critical periods may be less restrictive than once thought; in some cases they can be extended or ‘reopened”’ (Kandel et al., 1991), this offering a very transformative view of the brain development of children who have suffered early life adversity (Canzi et al., 2018).

Sociology has also contributed knowledge to current research in cognitive and affective neuroscience. Sociological understandings about primary and secondary socialization (Berger and Luckmann, 1966) have been included in neuroscientific research on the important role that the peer group, and the quality of relationships in it, plays in brain development in adolescence (Telzer et al., 2015). Despite the contributions from the social sciences that the neural sciences have taken into account, they still demand more to make meaning of the many recent and very profound findings on the human brain in relation to social questions such as violence, poverty, racism, etc.



THE FRAGMENTATION OF THE SOCIAL SCIENCES

Social sciences have made, and are increasingly making, contributions promoting social impact (Aiello et al., 2020) in education (Rios-Gonzalez et al., 2019; Yeste et al., 2019; Duque et al., 2020; Ruiz-Eugenio et al., 2020b), ethnic and cultural minorities (Gómez et al., 2019; Khalfaoui, 2019; Garcia Yeste et al., 2020; Serradell et al., 2020), gender, sexuality and masculinities (Foraster and Morlà, 2019; Serrano Amaya and Ríos González, 2019; Merodio et al., 2020; Salceda et al., 2020), communication and digital media (Madrid et al., 2020; Pulido et al., 2020a, b; Rodríguez et al., 2020) or occupation and organizations (Campos et al., 2020; Mara et al., 2020; Redondo-Sama, 2020; Tellado et al., 2020), among others. However, when we look at the scientific and theoretical production throughout the history of social sciences, a great fragmentation can be observed, having little interdisciplinarity and little connection between what authors in the different disciplines are contributing. This is due to the myth that great production and contributions come from individual authors (Soler-Gallart, 2017).

An example of this fragmentation would be in language and interaction. During the 20th century, very relevant contributions have been made from psychology, especially with the work of Herbert Mead on social psychology in the concept of interaction (Mead, 1934, 1964). He proposed that animals only had conversations by gestures and that it is later in the evolution towards the human being when we move from gestures to symbols or signals, that is, to giving shared meaning to gestures and, hence, these become a symbol. Fire, for instance, is not only an indicator that the forest is burning, but it is also a form of communication through smoke signals between different human beings. Then, as these symbols become more complex, they are perfected and become languages. Hence, overcoming the dualism between the individual and society, Mead argues that the interactions between the individual and society form the individual, that the self is a reflection of those interactions. In his own words, “The ‘I’ is the response of the organism to the attitudes of the others; the ‘me’ is the organized set of attitudes of others which one himself assumes” (Mead, 1934, 175).

Simultaneously, in parallel and without any connection, another social science such as linguistics and specifically linguistic pragmatics, mainly with Austin (1962) and then his pupil Searle (1969), deepens on what language is and how human language works. These authors develop and make contributions to the theory of speech acts, that is, the role that language plays not only in human communication but in constructing social reality itself. Austin distinguishes between locutionary, illocutionary, and perlocutionary acts; to him, the locutionary act is any expression which has meaning, the illocutionary act constitutes the speaker’s intention, and the perlocutionary act would be the action resulting from the act. Searle differs from Austin’s conception by arguing that any act includes the speaker’s intention and, therefore, does not distinguish between locutionary and illocutionary acts. Instead, Searle proposes the distinction between propositional content and illocutionary force, and adds that there is no perlocutionary act but, rather, the perlocutionary effect of a speech act.

On the other hand, and also in parallel and without any connection, in sociology, whose main author Max Weber (1978) already proposed that the animal only has reactive behaviors, we can see a parallelism with Mead’s idea of gestures but without any connection between them. Weber goes on to explain that we go from animals’ reactive behavior to human action, which is characterized by the meaning attributed to it. That is, the animal does not attribute meaning to its behavior, but the human being does, and social or collective actions are those in which several human beings participate and give that action a shared meaning.

The fragmentation of the social sciences cannot be sustained today; in order to provide contributions to science and, most importantly, for those contributions to achieve social impacts, such contributions need to be globalized and in dialogue among the different sciences and disciplines.



THE CONTRIBUTIONS OF COMMUNICATIVE ACTS TO SOCIONEUROSCIENCE ON COERCED AND FREE SEXUAL-AFFECTIVE DESIRE

In the 21st century, an unprecedented scientific revolution is taking place, with citizens not only having access to knowledge but also to the co-creation of that knowledge, which overflows the watertight compartments that each science and even each author had been building from their contributions. Today, in order to improve individuals’ lives and societies, we need important research groups and research networks that can contemplate interdisciplinary and global contributions. At this moment, the most advanced point is the dialogic turn that is taking place in societies and in the sciences themselves (Soler-Gallart, 2017; Torras-Gómez et al., 2019). Sciences are becoming increasingly dialogic, not only in establishing interdisciplinarity to contribute from all sciences to the research and creation of knowledge but also in engaging citizens in a co-creation process to produce knowledge (Soler and Gómez, 2020). This ever increasingly dialogic way of conducting science is contributing novel ways in which reality is understood, which in turn entails new ways of researching it.

Within this dialogic shift, the pivotal contribution is the theory of communicative acts (Searle and Soler, 2005; Soler and Flecha, 2010; Soler-Gallart, 2017) developed by the Community of Research on Excellence for All (CREA), which brings together all the contributions of the different social sciences relevant to understand and transform social reality. Yet the development of this theory is not simply a step forward; it is a true Copernican revolution because it globally addresses and gathers all the dimensions and contributions of what we human beings do, which is to communicate with communicative acts. Be it reading a book—as Kandel says, commenting on it, having a sexual relationship, voting, taking a class, participating in a seminar, participating in a musical concert, forming a family, having friendships, etc., all of this is done through communicative acts.

The theory of communicative acts advances and differs from speech acts in four important ways. On the one hand, whereas speech acts only take spoken language into account, communicative acts include any signs of communication in addition to words, such as body language, intonation, gestures, gaze, or context, among others. Second, unlike Austin’s (1962) illocutionary speech acts which only include understanding, illocutionary communicative acts necessarily include the search for consensus. This understanding also differs from Searle (1969), as for him consensus is part of the perlocutionary effect, whereas, in the theory of communicative acts, the perlocutionary effect of an illocutionary communicative act is what is agreed upon by consensus. Hence, the objective of the illocutionary communicative act is not to achieve something, but for the people interacting to construct and achieve consensus, and its perlocutionary effect will be whatever they freely agree to do by consensus. Third, illocutionary communicative acts require a lack of coercion. However, lack of coercion is not a requirement for perlocutionary communicative acts. This means that for a communicative act to be illocutionary, seeking and reaching consensus is not enough; this consensus must be constructed free of coercion. Last, sincerity is not necessarily a requirement for perlocutionary communicative acts, but it is for illocutionary communicative acts. This does not mean that an action resulting from a perlocutionary communicative act cannot be achieved by consensus, or that this consensus cannot be based on sincerity and free of coercion. The difference, then, is that consensus is not a prerequisite for a perlocutionary communicative act, as its goal is to lead to action regardless of whether this action is achieved by consensus or not—and even if there is consensus, this might be achieved through lack of sincerity and through coercion. Yet for a communicative act to be illocutionary, the goal is to achieve consensus and whatever action results from that consensus, which needs to be constructed based on sincerity and free from coercion.

The theory of communicative acts provides us not only with information on how our human communication works but also on the typology of human communication according to the nature of these acts. This sheds light on which communicative acts favor human values, human rights, the Sustainable Development Goals, the purely human progress, and which communicative acts not only do not collaborate in this progress but harm and attack it, playing a crucial role in society’s and science’s concern for advancing towards the former and overcoming the latter. This framework, thus, allows researchers from all sciences to analyze reality by taking into account all elements of communication, many of which have been overlooked by authors in the social sciences due to the aforementioned fragmentation. By integrating contributions from different sciences, the theory of communicative acts overcomes the imposed speech-body language dichotomy:


The concept of communicative acts enables us to overcome the dualism that opposes speech and body language, intellect and emotions, soul and matter. Communicative acts include all dimensions of people, both what for some is the language of the mind and what for others is the language of the body. Communicative acts include words, tones of voice, looks, caresses, smells, like-nesses, desires, emotions, feelings, etc. They may be separately considered for analytical purposes, but we must always consider they are interrelated in the social reality.

(Soler-Gallart, 2017, 30)



In order to better understand reality and contribute to transforming it, the theory of communicative acts has established a typology of dialogic communicative acts and power communicative acts. Dialogic communicative acts are those based on illocutionary communicative acts and in which dialogic interactions prevail. This does not mean that, even when a male boss and a female employee have a dialogic relationship, one in which both freely share actions, feelings, and desires, there are no power interactions such as the social structure involved. Indeed, in dialogic relationships, there are often power-based interactions, but dialogic ones predominate. On the contrary, communicative acts of power are those in which interactions of power prevail, and they include perlocutionary communicative acts aimed at certain actions. This conceptualization of dialogic communicative acts goes beyond (Habermas, 1984, 1987) validity claims and becomes more useful when determining when a relationship is based on equality and freedom or on violence. On the one hand, communicative acts not only analyze a person’s claim, but also other elements of the communication such as the social structure in which that claim is said. On the other hand, focusing solely on the claim means only taking into account the speaker’s intention. Yet using and extending Weber’s (1930) ethics of responsibility, the overall consequences of the communicative act—not only of what the speaker says but also, for instance, of the social structure in which it is said—are taken into account. Last, the theory of communicative acts understands dialogue by taking into account both the Apollonian—rationality—and Dyonisian—emotions, feelings, and desires—dimensions, whereas Weber’s validity claims focus only on the Apollonian one.

The different communicative acts, whether they are of power or dialogic, are the ones that neuroscience knows are important for the formation of the brain. What neuroscience has not delved into is what types of communicative acts and interactions constitute one or the other. This is why the contribution of this typology allows neuroscience to study jointly with the human and social sciences how power or dialogic communicative acts influence the brain. In other words, how a power relationship in a couple in which there is psychological or even physical abuse towards a woman or a newborn child influences physical health, mental health, and the brain itself, and how a free, dialogic, satisfactory relationship influences it.

Sexual freedom and consent are increasingly approached by social sciences and discussed in our societies today. We have still not resolved, neither theoretically, nor socially or legally what constitutes consent in a relationship (Flecha et al., 2020). The motto “no means no” has already been substituted by “only yes means yes”, implying that for there to be consent in a sexual relationship, there needs to be an affirmative, conscious and voluntary agreement by all the people involved in the relationship. However, current legal cases in which whether a sexual relationship is based on consent or not is being decided spotlight the need to go beyond words in this analysis. That is, a woman might say “yes” to a sexual relationship, but such a yes might be coerced by the man and/or the environment. In turn, two (or more) people who freely desire to have sex do not necessarily say “yes” to indicate their free desire. Desire might be expressed in different ways, not necessarily through words, and at the same time, words of consent might be expressed with no desire to actually engage in the relationship because the person feels coerced and pressured to do so. The theory of communicative acts, therefore, fills the gap of spoken language by shedding light on the different communicative acts which make a sexual-affective relationship one that is based on consent or on coercion. When analyzing consent—or lack thereof—in a sexual relationship, we need to take into account that, for instance, the context in which the communicative act is occurring might be embedded in institutional power. If a university professor makes a sexual proposal/proposition to a student while the two are revising an exam in the former’s office, the student will not be able to give free consent, even if she provides it, and even if the professor’s sincere aim is to obtain consent. The social hierarchy situates the professor in a power position in which he is in control of the student’s grade and academic success. Following the ethics of responsibility, even if the professor does not intent to coerce the student by using his power to manipulate her grades and only wants to have sex with her if she freely desires so, he cannot ignore the social structures that grant him institutional power over the student, which impedes her from expressing her true desire. Hence, if we analyze the social context of the communicative act, we see that there is coercion even if the professor does not intend to coerce the student.

However, institutional power is not the only element impeding sexual freedom and lack of coercion in a given sexual relationship. The theory of communicative acts also takes into account interactive power, which refers to the power that interactions established among people provide. For example, a woman might agree to have sex with a man, even going to his home without the use of physical force, because if she does not her peers will keep reminding her she is the only virgin in the group or will ask her how long has it been since she last had sex.

These pressures from peers and from men with aggressive attitudes and behaviors are part of the coercive dominant discourse (CDD) that imposes the link between attraction and violent attitudes: “due to imbalanced power relationships between men and women, this coercive dominant discourse (e.g., through TV, teen magazines, social networks, popular media, among other things) influences many girls’ and women’s socialization into linking attractiveness to people with violent attitudes and behaviors” (Puigvert et al., 2019, 2). The theory of communicative acts provides socioneuroscience with a new lens to analyze how the communicative acts that configure the CDD shape the brain and, hence, shape coerced sexual-affective preferences and desires. Through different communicative acts of power, such a discourse forces women, especially adolescents and young girls, into believing that men with aggressive attitudes and behaviors are more exciting and attractive and that egalitarian men are nice but boring and not desirable. The CDD then configures and drives many girls’ preferences and desires (Ruiz-Eugenio et al., 2020a), as not only are they pressured to have relationships (especially hook-ups) with these men, but also to tell their “friends” that they liked doing it, even when they did not (Torras-Gómez et al., 2020). By telling and retelling what they recognize to be a false narrative, they end up assuming such a discourse in their own coerced preferences and desires, becoming part of their own cognitive and affective schemata (Puigvert Mallart et al., 2019). In other words, when a girl hooks up for the first time with a boy with aggressive attitudes and behaviors because her friends tell her it is about time she hooked up with someone, she does not like it, she rejects it and is disgusted by it, she feels it is not what she expected or what her friends told her it would feel like. But because she has assumed the CDD deeply, when telling her friends what it was like, she feels that if she shares her true feelings, her friends will think—and say—she has no idea about sex and will laugh at her. She thus assumes these feelings as her own problem and ends up telling them a different narrative, one in which the boy and the hook-up are portrayed as exciting. Such narrative becomes part of her autobiographical memory, and repeating it over and over again strengthens the synaptic connections that link the boy’s despising and dominating attitudes with pleasure and excitement, normalizing despise and humiliation and finding lack of excitement when someone does not treat them that way (Puigvert Mallart et al., 2019; Ruiz-Eugenio et al., 2020a).

However, the theory of communicative acts also informs socioneuroscience on those dialogic communicative acts that contribute to freed sexual-affective desire. Just as power communicative acts socialize many women in linking attraction to violence, dialogic communicative acts can lead them to a process of re-socialization through dialogic contexts which are critical about the CDD, the narratives it imposes, and the coerced sexual-affective preferences and desires. Interventions that promote dialogic communicative acts to spark reflections about past violent relationships have been found to awaken critical memories. By remembering exactly what they felt during those relationships, by adopting a critical awareness of the way in which the CDD controlled their desire and behavior, women can transform their cognitive and affective schemata and dissociate pleasure from violent attitudes, thus freeing desire (Racionero-Plaza et al., 2020). Only through these dialogic communicative acts can individuals and communities “question and modify the cognitive and affective schemata imposed by the dominant coercive discourse, and thus think, feel, and choose in their intimate life by their own volition, and no by a volition also addicted to the dominant coercive discourse.” (Puigvert Mallart et al., 2019, 212).



DISCUSSION

From Santiago Ramon y Cajal up to Eric Kandel and other prominent contemporary neuroscientists, neuroscience research has well evidenced that the neural system is greatly influenced and shaped by the social environment. Thus, it is now very clear from neuroscience that the human brain cannot be understood in a vacuum, outside the social world where the person develops. Consequently, it is not only that the human brain facilitates social processes, which is studied by social neuroscience, but also that social experience, social interaction, communication, different types and quality of human relationships, etc., shape the human brain. In turn, those brain changes affect the human experience, including how we feel, who and what is attractive, what is remembered and how, etc., questions that are central in the social problems that individuals and society face. The study of these bidirectional relations between social context and the human brain is the realm of analysis for socioneuroscience. Socioneuroscience takes into account scientific knowledge from all social sciences and all the natural sciences to study the relationships and interlinks between the human brain and human interactions. These interlinks can lead to good or bad directions, depending on which are the social interactions and relationships that individuals are surrounded by and engage in. Research in neuroscience has long had evidence that different interactions and communicative acts lead to very different outcomes. What neuroscience research still lacks is what are the interactions and communicative acts that lead to such different outcomes. This endeavor makes the important role that the social sciences play in neuroscientific studies clear.

Social sciences have made important contributions that have informed neuroscientific research. Kandel (2006), for instance, names several behaviorists as impacting neuroscience’s understanding of implicit memory. Other contributions from social sciences have given neuroscientists a deeper and more nuanced understanding, for instance, of the environment on humans’ telomeres (Blackburn and Epel, 2017) from clinical and developmental psychology, or of the role of peer groups and the quality of relationships in brain development from sociology (Telzer et al., 2015). However, if we look at the social sciences, we see a great fragmentation among the different disciplines and even among authors within the same discipline, following the false idea that relevant contributions come from individual authors. In spite of great contributions to understanding human communication and experience from authors such as Mead, Weber, Austin, or Searle, among others, the fragmentation within their fields and between their works hinders the further potential impact social sciences could have on neuroscience.

In order to respond to society’s increasing demand that science has a clear social impact on the Sustainable Development Goals (SDG), social sciences need to engage in dialogues among themselves, as well as with the natural sciences, in order to deepen into very complex and profound processes that can help individuals and communities improve their lives. Socioneuroscience gathers all these contributions and engages them in dialogue in order to provide theoretical and scientific contributions that will help humanity advance towards its shared goals, such as the SDG. The theory of communicative acts and the empirical research based on it is the pivotal contribution that, as a result of engaging the main works of social sciences, has revolutionized how we study, how we understand, and, most importantly, how we construct and can transform human relationships. Now, we can better understand the development of sexual-affective patterns of attraction, and its neural correlates, that raise the likelihood to engage in violent sexual-affective relationships from a young age; as well as the dialogic and communicative processes that help transform a person’s cognitive and affective schemata. Such a contribution has allowed us to inquire into and understand socialization processes that enslave sexual desire by means of associating it to stimuli related to risk, danger, humiliation, and violence overall (Puigvert Mallart et al., 2019; Racionero-Plaza et al., 2020). This association is imposed on individuals via internalization of a coercive dominant discourse (Puigvert et al., 2019) that is sustained through power communicative acts. Socioneuroscience examines the potential translation of this discourse, and its stimulus and response association, into neural circuits in the brain that then coerce the person’s thinking, desire, and behavior, with negative consequences in both the physical and the mental health. However, socioneuroscience has also shed light, taking into account the plastic nature of the human brain, that it is possible for individuals to transform these mental, affective and behavioral patterns via new social interactions based on dialogic communicative acts—that is, uniting the Apollonian and Dyonisian dimensions of dialogue.

In all, this manuscript has demonstrated that socioneuroscience is an interdisciplinary frontier in which the dialogue between all social sciences and all natural sciences opens up an opportunity to integrate different levels of analysis in several sciences to ultimately achieve social impact regarding the most urgent human problems.
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INTRODUCTION
Penal Neuroabolitionism is a complementary thesis to the sociological abolitionism of Nils Christie, Thomas Mathiesen and Louk Hulsman (Borbón, 2021). This new approach is based on the findings of science, especially neuroscience, to provide new arguments to the abolitionist perspective that criminal law is an illegitimate mechanism of social control. In that sense, it closely approximates neurosociology as a new scope for transdisciplinary social analysis. In this brief opinion, we offer three commentaries for future work: on the neuropsychological effects of prison, on the ability of neuroscience to analyze and prevent criminogenic social factors, and a critical perspective on free will as a narrative to justify criminal law as a mechanism of social control. These considerations invite scholars around the world to study, within the field of neuroscience, the new arguments for penal abolitionism.
NEUROSOCIOLOGY AND PENAL ABOLITIONISM
The sociological European penal abolitionism led by Christie, Mathiesen and Hulsman denounces the illegitimacy of criminal law, as a sterile and futile way of imposing pain. Abolitionism holds that the criminal justice system is a social problem in itself and the complete abolition of this system is considered to be the only adequate solution (De Folter, 1986). According to Christie, social systems should be built in a way that minimizes the need to impose pain to achieve social control, as the hell created by man through criminal law is avoidable (Christie, 1981). This argument is further supported by the fact that this pain imposed is usually selective, since it historically punishes particularly vulnerable groups of people (Vegh, 2017). In general, sociological abolitionism has created a body of theories to explain the necessary substitution of criminal law for more humane and restorative alternatives (Christie, 1981; Hulsman, 1991; Mathiesen, 2006; Mathiesen, 2015).
In this direction, neurosociology is a new label for thinking about the human brain and its relationship to human interaction and social organization (Franks and Turner, 2013). Indeed, with advances in science, it is possible to glimpse the usefulness of neurosociology as a new scope for transdisciplinary social analysis to provide innovative arguments in favor of the abolitionist thesis. In particular, a transdisciplinary approach is essential when considering individual and social deviant behaviors.
ADVERSE NEUROPSYCHOLOGICAL EFFECTS OF IMPRISONMENT
Imprisonment is the most widely used form of punishment in contemporary penal systems. In 2021, more than 11.5 million people were incarcerated in prisons worldwide (Fair and Walmsley, 2021). However, multiple authors have exposed the uselessness of imprisonment, except in a few cases of extreme danger, where the prison fulfills a dubious function of “quarantine” or isolation of the offender (Pereboom, 2003; 2019). Thomas Mathiesen (2006) devoted his intellectual effort to show that, when evaluated in terms of the penal system’s stated goals, prison is a complete failure. The empirical evidence shows that the objectives of imprisonment are not achieved for the most part: prisons do not rehabilitate, and they do not deter from future crimes (Davis, 2003; Mathiesen, 2006; Cid, 2009; Cullen et al., 2011; Mathiesen, 2015). Furthermore, neuropsychology can provide significant arguments against generalizing prison sentences to be the main sanction in penal systems.
Research has yielded valuable results on the adverse neuropsychological effects of prison (Nurse, 2003; Huey and Mcnulty, 2005; Haney, 2012; Schnittker et al., 2012; Brinkley-Rubinstein, 2013; Meijers et al., 2015; Constantino et al., 2016; Haney, 2017; Meijers et al., 2018; Edgemon and Clay-Warner, 2019; Piper and Berle, 2019; Reiter et al., 2020). Overall, these findings tend to correlate prison with poorer mental health, as impoverished spaces, punitive practices, and the prison environment are profoundly disadvantageous factors for mental health and general well-being. For example, the study by Meijers et al. (2018), suggests that 3 months of imprisonment may lead to reduced self-control, increased risk taking and significant deterioration in attention.
According to research from the World Health Organization, within prisons the prevalence of mental disorders is significantly higher than in the general population (Durcan and Zwemstra, 2014) and it has also been suggested that there are ten times more individuals with a mental disorder in jail than in mental hospitals in the United States (Torrey et al., 2014; Semenza & Grosholz, 2019). Instead of fulfilling a positive function, the prison impoverished environments could end up violating minimum human rights standards (Ligthart et al., 2019), and even become criminogenic factors (Vieraitis et al., 2007; Cid, 2009; Cullen et al., 2011; Meijers et al., 2018; Wallace and Wang, 2020).
These are significant findings that should be understood as an open invitation for researchers around the world to study the neuropsychological effects of prison. It is possible to advise, as a criminal policy, to start the reduction of imprisonment as a form of social control, while prioritizing restorative, conciliatory, civil, and therapeutic alternatives to punishment, to reach abolition in the long term. In the medium term, the humanization of the prison, the improvement of the infrastructure and the prison service is an effective way to promote mental health (Gabrysch et al., 2020).
NEUROCRIMINOLOGY AND NEUROSOCIOLOGY
Since the rise of neurolaw with Taylor et al. (1991), scientific evidence has shown that deviant behaviour has a neurobiological basis, and this has intensified judicial interest in the potential application of neuroscience to criminal law (Glenn and Raine, 2014). In line with this, neurocriminology combines multiple factors (Straiton and Lake, 2021) including genetics, parental influences, early life experiences, hormones, psychophysiology, brain structure, brain function, and neuroimaging to understand why certain individuals are driven to break the law (Glenn and Raine, 2014; Anderson, 2021; Straiton and Lake, 2021). Now that we are confident that neuroscience will have important implications for criminal justice systems (Greely and Farahany, 2019), research on the interaction between neuroscience and criminal law is booming.
Neurocriminology has identified structural and functional deficits in frontal, temporal and subcortical regions, as well as verbal, spatial, and executive dysfunction in antisocial behaviour, and these findings are largely supported by neurological studies of brain trauma in antisocial populations (Schug et al., 2015; Bellesi et al., 2019; van Dongen and Franken, 2019; Katzin et al., 2020). However, some criticize neurocriminology studies for being reductionist. Fallin et al. (2018) argue that most neuroscientists obfuscate legitimate social explanations, transforming complex socially situated behaviors into problems of neurocircuitry.
While this is a legitimate concern, we consider that it is possible to promote a collaboration of disciplines, instead of allowing them to become antagonistic towards each other. Understanding deviant behavior is complex, therefore the careful study of such behavior could benefit greatly from more constructive dialog and collaboration between sociological and neuroscientific disciplines (Aharoni et al., 2019).
Sociology has theoretically and empirically studied social facts such as extreme inequality, poverty, marginalization, and exclusion. In this context, neuroscience can explain how these supra-individual factors affect people’s psychological well-being and leave traces on their neural structures. In addition, lack of nutrition, stress, physical and psychological aggression, stigmatization, and other risk factors might produce adverse neuropsychological effects that can interest criminological studies. With this in mind, it is possible to consider prevention programs that avoid the occurrence of problematic situations related to aggressiveness, impulsivity, lack of empathy, stress and others.
The more effective social programs are implemented, the less criminal law will be seen as a bitter necessity used to threaten individuals in a society. In this transition, institutions such as the prison, or the penal system itself, will be gradually replaced by restorative, community, conciliatory, civil, and therapeutic alternatives. This evolution, under the framework of a true abolitionist proposal, should be far from a dangerousness1 perspective that would invade the mental privacy of offenders with neurotechnologies for predicting the risk of aggression or recidivism, which would be unnecessary, inaccurate and affect human dignity.
FREE WILL AS A NARRATIVE FOR SOCIAL CONTROL
At least in continental European criminal law, with deep Italian and German influences, criminal law has been built unequivocally on free will. The German scholar Claus Roxin maintains that there is an agreement that criminal law must start from free will, although free will cannot exactly be demonstrated (Roxin, 1997). Free will is the foundation of the culpability principle that implies a judgement of reproach to a free and conscientious person who could act according to the law but decided to act against it.
However, in recent decades, neuroscience has provided experiments that suggest that free will does not exist (Libet et al., 1983; Haggard and Eimer, 1999; Soon et al., 2008, 2013; Fried et al., 2011). These studies have not been far from controversy, as several academics also argue against the methodology and conclusions from these findings (Trevena and Miller, 2010; Glannon, 2011; Guggisberg and Mottaz, 2013; Mele, 2014). The truth is that, in general, in philosophy of free will there are two dominant positions: compatibilism and incompatibilism. Compatibilism assumes that even if determinism is true, we would still have free will, while incompatibilism,2 excludes the possibility that free will exists if determinism is assumed to be true. (McKenna and Pereboom, 2016). It is also interesting to note that, within sociology, there is a strong debate around structure versus agency, which could imply that society determines human behavior (Stones, 2015).
In that sense, many scholars have pointed out the great challenges that criminal law must face. Jurists such as Gimbernat (1971) have affirmed that attempting to found criminal law on the unprovable free will is a battle lost beforehand; fighting it can only increase the irritation of empirical scientists. On the other hand, Winfried Hassemer (2011) argued that the consequences of human biology for criminal justice are obvious and that the only advisable approach is to avoid this discussion, or it will be the end of the criminal justice system.
In this brief commentary we will not deal with the question of whether criminal law can exist without free will. Several scholars such as Günther Jakobs (1992) and Morse (2015) have challenged the idea that the free will debate poses a real threat to criminal law. Rather, we want to point out that free will, despite not being a direct object of sociological questioning (Durkheim, 1966), is of interest in a transdisciplinary debate on penal abolitionism. Free will, in addition to being a metaphysically refutable concept, is a functional idea to achieve social control, as it serves as a justification for holding others morally responsible and facilitates punishment (Clark et al., 2014). This is not only applicable to criminal matters, Nietzsche (1968) argued that the idea of free will, despite being false, served as a narrative for Christianity and priests, for punishment, and therefore, for social control and the maintenance of the status quo. From this perspective, under the allegedly false narrative of free will in the penal system, the State ignores the causes of crime by holding the offender responsible and leaving the social structure intact. In that case, prisons would embody a hidden role in the wider field of political domination and general social control, which would be different from prison’s declared objective of disciplining individuals (Foucault, 1977; Garland, 1991).
CONCLUSION
The new thesis of Penal Neuroabolitionism can be nourished by scientific findings. If neuroscience can show that voluntary decisions are not in fact consciously taken nor available to a responsible agent, and furthermore, if physics demonstrates that classical determinism and quantum indeterminism are true, then criminal law might lose its foundations. Without free will, it will be possible to stop simplifying criminal phenomenon and instead to scientifically understand the neurobiological, social, and cultural risk factors behind deviant behavior. With these inputs, it will be possible to offer more effective social programs and eliminate archaic concepts of moral or criminal responsibility. In addition, since it is possible to identify the adverse neuropsychological consequences of prisons, rigorous programs of humanization in the medium term, and of abolition in the long term, should be considered. In the future, neuroscience could even be useful to intervene in brains that clearly present severe pathologies related to deviant behavior. Penal Neuroabolitionism is a new approach, to invite researchers and academics to join in collective efforts to determine how we want to shape criminal policies of the future.
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FOOTNOTES
1We use the concept of dangerousness in the context of expansive proposals of the punitive power of the State under the narrative that there are dangerous individuals who must be arrested without even having committed a crime. In recent years the concept of Neuroprediction has become popular, which uses neurotechnologies to assess the risk of violence, crime, or recidivism. However, these technologies are still limited in accuracy, and are ethically problematic (Tortora et al., 2020).
2We have argued that Penal Neuroabolitionism as a criminal policy proposal should be based on an adaptation of hard incompatibilism (Borbón, 2021), which implies that our actions are either deterministic or truly random events and both possibilities exclude free will and moral responsibility (Pereboom, 2003). Now, in our vision, we should adopt a theoretical nuance that we have called humanistic incompatibilism, which would imply, in addition to the fact that free will does not exist and that we are not morally and criminally responsible, that human dignity must be a limit to the advancement of science and justice (Borbón, 2021).
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INTRODUCTION

This study was motivated by doubts about the idea of the natural superiority of face-to-face medium, which develops both at the conceptual level (e.g., Kock, 2004, 2005, 2012) and is taken as a reference point when testing or developing improvements in technological communication systems (e.g., Almeida et al., 2012; Chua et al., 2012; Kegel et al., 2012; Kimura et al., 2020). The idea of natural superiority of face-to-face communication is complementary to evolutionary mismatch hypothesis, according to which the evolved human nature is less consistent with all other types of device-mediated communication, which can be a source of negative social and cognitive consequences (undermine immediate interpersonal interactions, impairment in the development of the ability for theory of mind and role-taking, etc.; e.g., Sbarra et al., 2019; Kalkhoff et al., 2020).

With regard to video-mediated online communication (VMOC), with an explicit or implicit acceptance of the idea of evolutionary mismatch, it is often concluded that imitation of face-to-face interaction through technical means or through users' learning and training is a valid way to improve communication (more on this below).

The purpose of the article is to encourage a discussion about whether video-mediated online communication should be brought closer to face-to-face communication or whether we should look for other ways, in particular: (i) the validity of a reference to the evolutionary past of humanity (at least in the meaning of the absence of an evolved biological mechanism for VMOC) in improving VMOC, (2) problematic nature of taking the idea of the natural superiority of face-to-face communication for granted, (3) the need for search for alternatives for the development of VMOC systems.



THE NATURALNESS OF FACE-TO-FACE MEDIUM AND THE DIVERSIFIED NATURE OF THE BIOLOGICAL COMMUNICATION APPARATUS

The idea of the natural superiority of face-to-face communication underlies Kock's media naturalness hypothesis, which is quite popular in communication research (e.g., DeRosa et al., 2004; Simon, 2006; Vlahovic et al., 2012; Blau et al., 2017; Karl et al., 2021). According to this hypothesis, “the face-to-face medium is the most natural medium of all” (Kock, 2004, p. 124), arising from natural selection as the most efficient way of exchanging information in terms of the survival of our ancestors (Kock, 2004, 2005). Therefore, any forms of communication deviating from face-to-face interaction are considered as less suited to innate human communication capacities and as requiring greater cognitive efforts to exchange information, leads to an increasing communication ambiguity and a decreasing physiological arousal (Kock, 2004).

The media naturalness hypothesis is inherently complementary to the evolutionary mismatch hypothesis, central to evolutionary analysis (Lloyd et al., 2011) and fruitfully applied in different disciplines. According to the hypothesis, behavioral, mental and other adaptations, rigidly tied to the structure and functioning of the brain, which were useful for the survival of our ancestors in the past, may not be so in the new changed conditions. The evolutionary mismatch can be a source of negative social, psycho-emotional and other consequences; for example, affect the performance of organizations, lead to chronic psychological stress, be a source of low level of well-being, and so forth (Van Vugt and Ronay, 2013; Brenner et al., 2015; Kanazawa and Li, 2015; Li et al., 2017).

Kock proceeds from the fact that in the process of evolution our ancestors developed a biological apparatus tuned to the properties of face-to-face communication, such as colocation, synchronicity, facial expression, the ability to convey and observe body language, and speech language (Kock, 2005, p. 125; Kock, 2012, p. 386). Accordingly, there is a mismatch between the biological communication apparatus and the characteristics of modern means of communication. Fixing this evolutionary mismatch is used by Kock to argue the position about the need to approximate e-communications in business to the properties of natural face-to-face communication (Kock, 2005).

The statement that in the process of evolution humans have formed a single biological apparatus associated with face-to-face communication is insufficiently substantiated. Evidence from anthropology, evolutionary psychology and evolutionary sociology (e.g., Dunbar, 1997; Buss, 2019; Turner, 2021) suggests that our ancestors participated in communication, which (1) is characterized by varying degrees of representation of the above properties of face-to-face communication, (2) is connected with solving various adaptation problems. Accordingly, (3) neurobiological mechanisms associated with communication of various kind have evolved.

It is likely that our ancestors during scavenging or hunting (it is believed that our ancestors began to hunt since the time of Homo erectus, perhaps earlier; however, this point of view is not accepted by everyone, e.g., Nitecki and Nitecki, 1987) communicate with each other without being able to read non-verbal information, see the face of a fellow tribesman, and this kind of communication in an evolutionary sense is no less natural than face-to-face communication. In addition, by participating in face-to-face interactions, our ancestors solved various problems, for example, detecting social alliances, managing long-term pair-bonding, attaining and maintaining social rank, etc. (e.g., Kurzban et al., 2001; Fletcher et al., 2015; Maner and Case, 2016). Solving these adaptation problems can be considered in the context of maintaining strong or weak social ties and the corresponding development of cognitive abilities with the rewiring of the human brain (Turner and Maryanski, 2013; Turner, 2021).

As Turner and Maryanski (2013) demonstrated, originally to our ancestors (the last common ancestor to all the great apes who lived in the first half of the Neogene period until about 12–18 million years ago, when the orangutans split from other great apes) were characterized by weak social ties, low sociality, and organization (Turner, 2021). The changes took place about 5–6 million years ago, when solving the problem of survival in open areas of the African savanna led to the development of primary, first and second order emotions, large volume of neocortex, enhanced cognitive capacities, capacity for speech, capacity to produce and use cultural symbols that allowed them to become better organized (Turner, 2021, p. 239). Moreover, “at our genetic core, it is not likely that the ape in us disappeared; rather, it is more likely that new behavioral propensities were layered over the more ancient ways of behaving and organizing (...)” (Turner, 2021, p. 38). Other researchers also pay attention to the evolutionary layering of the modern human brain, for example, Dunbar when considering the evolution of language though transition of mankind from social grooming to telling of gossip (Dunbar, 1997, p. 61–62).



DYSFUNCTIONAL EFFECTS OF APPROACHING VIDEO-MEDIATED ONLINE COMMUNICATION TO THE PROPERTIES OF FACE-TO-FACE MEDIUM AND EVOLUTIONARY MISMATCH

One approach to the problem of improving VMOC is to approximate it to the properties of face-to-face interaction (see the references below). In the terms of evolutionary analysis, the implementation of this approach can be described as: (1) the desire to bring the environment (technologies) in line with the evolved biological communication apparatus associated with face-to-face medium, (2) humans' adaptation to a novel environment through learning, training and/or the process of habituating.

A technological strategy for simulating face-to-face communication in an online environment is implemented (or justified for subsequent implementation) by creating the illusion of physical co-presence (telepresence), tracking of the person's face, body language and gestures, improving the quality of video and sound, maximum synchronization, using Virtual Reality technology, system for eye contact, realization of the function of tactile sensations, neurostimulation, using Augmented Reality technologies, and so forth (e.g., Almeida et al., 2012; Chua et al., 2012; Kimura et al., 2020).

An adaptive approach to improving VMOC is expressed in recommendations for learning users certain rules of interaction through video-mediated online platforms (gaze direction, camera and microphone mute, voice volume, “hide self” view, using an external webcam, virtual proxemics rules, interactions to enhance the sense of group belongingness, and so forth; e.g., Bailenson, 2021; Bennett et al., 2021) and training in the use of VMOC systems (e.g., Rivet et al., 2021) to enable users to perform their social functions in a similar way to how it is done using a face-to-face medium. In addition, this approach postulates the possibility of achieving an optimum in social interactivity mediated by new technologies through self-organization (e.g., Paradisi et al., 2021).

The authors of the above and similar studies consider the lack of face-to-face communication properties in the online environment as the causes of the negative psychological and other consequences, decrease in the effectiveness of communication and/changes in the habitual performance of social roles. For example, non-verbal overload is considered as a cause of fatigue during long-term participation in videoconferences (Bailenson, 2021), the reduced visual and tactile/smell senses as a factor that can reduce the effectiveness of dance movement therapy (Paradisi et al., 2021), a low level of social presence (caused by incomplete view, lack of eye contact and life-size scaling, etc.) as a decrease in involvement in communication, mutual understanding and satisfaction with communication (Almeida et al., 2012; Chua et al., 2012; Kimura et al., 2020).

Without questioning that technological and learning/training ways of approaching VMOC to face-to-face interaction can improve the quality of communication, at least for some users, I would like to draw the attention of readers to the non-obviousness of considering the properties of face-to-face interaction as a guideline in this kind of search.

In the terms of evolutionary analysis (previous section) the technological strategy does not eliminate the evolutionary mismatch, but rather may exacerbate it. Evolutionary mismatch captures a moment of dysfunctional consequences as a result of mental and other human traits that were evolved in one environment being placed in another (Lloyd et al., 2011). The environment in the considered case should be understood as the social context in which communication was carried out to solve a certain adaptation problem.

Some of these dysfunctional effects are inherent in face-to-face communication environments and could potentially be eliminated in an online environment by keeping the VMOC properties in a standard form, for example, by maintaining the benefits of not having direct physical presence on cognitive and affective processes and by giving priority to speech (an idea of prioritizing the ability to convey and listen to speech over facial expressions, body language for the effectiveness of communication and proximity to face-to-face communication is also indicated in the media naturalness hypothesis in “speech imperative proposition,” Kock, 2004, p. 335). Spoken language as an adaptation for the transmission of information (Pinker, 1994/2007) is a later human evolutionary aacquisition than the cognitive abilities associated with reading and communicating non-verbal information (in particular, emotions; e.g., Turner and Maryanski, 2013; Turner, 2014)1. Saturation of video-online communication with non-verbal social cues through technical improvements can lead to the activation of more ancient mechanisms of social cognition and perception. These mechanisms may interfere with the implementation of the mechanisms associated with the speech aspect of communication, which is the most important in many areas of human activity. To illustrate, this can lead to an increase in forms of behavior inappropriate for the professional sphere, such as harassment, flirting, intrigue, aggression, etc. and interfering with work performance (e.g., Blackwell et al., 2019 indicates that embodiment and presence can intensify harassment in VR social reality).

Other consequences are specific to VMOC and not inherent in face-to-face communication in the traditional form; for example, the appearance of asymmetry in obtaining information about the interlocutor due to different technical means (AI-based emotion detection technologies, predictive technologies, automatic data capture and data analysis technologies, masking and deepfake technologies, etc.) that users have at their disposal, inequality and technological escalation associated with it. In addition, the technological and ideological legitimization of the idea of normativity and natural superiority of face-to-face communication may have negative consequences both for the development of the VMOC systems (we set limits in advance) and people (stress, anxiety, frustration, impaired well-being, etc.), since this ideal is unlikely to be achieved.

Thus, as follows from the above idea of the diversified nature of the biological communication apparatus and how the adaptive approach leads to this, VMOC generates its own sociality (see also works on the theory of social presence, Cui et al., 2013 for a review), which is (or becomes over time) no less natural than sociality associated with face-to-face medium. Therefore, the reference to the naturalness of face-to-face medium and evolutionary mismatch in the context of discussing the problems of modern VMOC systems requires at least concretization, depending on the goals and features of the users, allowing to identify specific evolved adaptations and adaptation problems. Otherwise, we face one-sided and potentially misleading interpretations of data indicating differences of face-to-face communication compared to VMOC, referring to our brain's unpreparedness for this kind of communication; for example, the results of such studies, which recorded partial activation of mirror neurons in video-mediated online circumstances (e.g., Dickerson et al., 2017), or data concerning other emotionality (intensity, valence, etc.) of video-mediated online compared to face-to-face communication in different categories of people (e.g., Riby et al., 2012; Schaarschmidt and Koehler, 2021).



INSTEAD OF CONCLUSION: THE NEED TO STUDY ALTERNATIVE WAYS TO IMPROVE VIDEO-MEDIATED ONLINE COMMUNICATION

An alternative way is to move away from considering the problem of improving VMOC as a task to bridge the gap between VMOC and face-to-face medium. One approach involves focusing on the development of alternative institutions through the implementation of such VMOC systems that level the imperfections of social interactions such as excessive ritualization, particularism, prejudice, biased perceptions, etc. generated, among other things, by the properties of face-to-face communication. Orientation to the functional tasks of institutions, may help us to justify and accept the possibility for “non-natural” VMOC systems; for instance, neurotechnological invasive or non-invasive interventions in the human brain and other alternatives to enhancing cognitive abilities and customizing VMOC are worth exploring.
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FOOTNOTES

1The capacity for speech arose about 2 million years ago, accompanied by the growth of the neocortex, while human emotional abilities developed 10–12 million years ago, associated with an increase in the subcortical areas (Turner, 2014).
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Adolescence is a period of substantial neural and social development, and prosocial decisions are beneficial to personal well-being, the well-being of others, and the functioning of society. Advances in network neuroscience call for a systematic synthesis and reappraisal of prosocial neural correlates during adolescent development. In this systematic review, we aim to outline the progress made in this field, identify the similarities between study results, and propose a model for prosocial cognition in adolescents to young adults. A total of 25 articles were included in this review. After reviewing and synthesizing the literature, we propose a DOmain-General Developmental “Do-GooD” network model of prosocial cognition that aligns with the reviewed literature, accounts for development, and combines elements of the value-based decision-making model with distinct value contributions from the default mode network, salience network, and control network. We offer predictions to test the “Do-GooD” model and propose new future directions for studying prosocial behavior and its development during adolescence, which in turn may lead to improving education and the development of better health interventions for adolescents.
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INTRODUCTION

Adolescence is a period of substantial neural and social development. Prosocial behavior, defined as voluntary behavior intended to benefit another individual (Eisenberg et al., 2007), is a key element to human cooperation in society, it relates to health benefits for the giver (Inagaki and Eisenberger, 2016; Moieni et al., 2019), and it is thought to be causally related to improved well-being [for reviews, see Helliwell et al. (2017) and Aknin et al. (2019)]. While prosocial behavior is multi-dimensional with many possible incentives, altruistic prosociality is dominated by motivations to benefit others without obvious self-benefit (Batson, 1991), and thus it may reflect intrinsically motivated helping behavior. Consolidating magnetic resonance imaging (MRI) research on altruistic prosocial behavior could elucidate prosocial decision-making mechanisms significant to adolescence, which could inform the development of interventions aimed at improving prosocial development in youth.

Prosocial behavior in childhood predicts adulthood prosociality (Eisenberg et al., 2001), and prosocial development during early adolescence appears highly influenced by the social-cultural environment (House et al., 2013). Both childhood prosocial behavior and social-cultural environment highlight adolescence as a critical period for healthy prosocial development. Competencies related to prosocial behavior are known to develop during adolescence, such as decision-making (Mann et al., 1989) and interpersonal relationships (Smetana et al., 2006). The adolescent brain also undergoes substantial structural remodeling in the gray matter, white matter, and functional activity related to social-cognition [see for review Blakemore (2012)].

Neural mechanisms of prosocial behavior and cognition are under active investigation. MRI neuroimaging has an advantage over other imaging modalities by providing excellent spatial resolution and whole-brain coverage. Functional MRI (fMRI) in particular is able to identify regions with greater blood oxygen level dependence (BOLD) signal during prosocial tasks compared to control tasks. Bellucci et al. (2020) conducted a recent meta-analysis on this neuroimaging literature, showing that brain regions associated with prosociality included the ventromedial prefrontal cortex (VMPFC), left dorsolateral prefrontal cortex (DLFPC), middle cingulate cortex (MCC), and the posterior cingulate cortex (PCC). The authors also noted that prosocial brain regions had significant overlap with mentalizing (or Theory of Mind) regions in the VMPFC and PCC, as well as with an empathy region in the MCC (Bellucci et al., 2020).

To our knowledge, no models have been developed to explicitly describe prosocial decision-making during development. Research on Theory of Mind (ToM), which is the ability to attribute mental states to self and others (Goldman, 2012), has been often suggested to underly prosocial behavior through greater involvement in other-oriented brain regions that facilitate empathy and develop during adolescence (Cassidy et al., 2003; Decety and Jackson, 2004; Carter and Huettel, 2013; Slaughter et al., 2015; Meinhardt-Injac et al., 2020). Value-based decision-making as a general model for decision-making in the brain has also been speculated to describe altruism (Brosch and Sander, 2013). One neuroeconomic model proposed by Declerck et al. (2013) uses a value-based decision-making framework to characterize prosocial behavior in adulthood, proposing that different brain systems are responsible for different prosocial motivations: that altruism primarily involves social brain regions, while selfish incentives (e.g., money or reputation) drive prosocial behavior through cognitive control brain regions (Declerck et al., 2013). Yet none of these models synthesize findings into a general understanding of prosocial neurodevelopment.

Recent advances in human neuroscience research emphasize the importance of brain networks for describing general cognitive processes (Bassett and Sporns, 2017). Domain-general networks such as the medial frontoparietal “default-mode” network (DMN), the midcingulo-insular “salience” network (SN), and the lateral frontoparietal “control” network (CN) are identified in resting state brain activations and during task-evoked cognition (Uddin et al., 2019), which may suggest their role in facilitating cognitive processes such as prosocial behavior. Each network’s functionality is varied, but a few broad patterns have emerged. The DMN is likely involved in generating predictions (Dohmatob et al., 2017), consolidating social information (Meyer et al., 2019), and theory of mind (Hyatt et al., 2015). The SN is strongly connected to deep-brain structures involved in bodily sensation (Kleckner et al., 2017), empathy (Fan et al., 2011), and evaluating fairness (Gabay et al., 2014). The CN is generally implicated in self-control (Berkman et al., 2017), but it also is involved in understanding social norms (Hackel et al., 2020) and evaluating moral preferences (Crockett et al., 2017). Moreover, accumulating evidence has highlighted significant development both within and between the DMN, SN, and CN during adolescence (Uddin et al., 2011; Ryali et al., 2016). Yet to current scientific knowledge, no accounts of prosocial behavior in terms of such domain-general networks exist.

This present work systematically reviews the literature on prosocial cognition spanning adolescent development with three goals. Our first aim is to summarize the common findings on the neural correlates of adolescent prosocial behavior grouped by domain-general networks. That review informs our second aim in which we propose a DOmain-General Developmental “Do-GooD” model of prosocial cognition that synthesizes many of the previously described models into a domain-general network framework that can explain the reviewed results and some of their heterogeneity. Our third and final aim is to offer new predictions based on the “Do-GooD” model to guide advances in the field of adolescent prosocial neural development.



METHODS

We reviewed and synthesized the literature on MRI neural correlates of prosocial development in typically developing adolescents from three electronic databases as described by the following sections. We conducted this systematic review following PRISMA recommendations (Moher et al., 2009).


Search Strategy

We conducted our search on 16th April 2021 in three databases: PubMed, PsychINFO, and Web of Science. An updated search was conducted on 8th November 2021.

The following search terms with Boolean operators queried the databases’ titles and abstracts: [(adolescen* OR “young adults”) AND (fMRI OR DTI OR MRI OR “magnetic resonance”) AND (prosocial OR pro-social OR altruis* OR coop* OR trust OR “trust game” OR recipro*) AND (behavior* OR behaviour*)]. To ensure search results from recently published work, we searched Google Scholar using the terms [adolescent AND prosocial AND mri] published since the year 2020, and evaluated the first twenty most relevant results for eligibility.



Screening, Eligibility and Data Extraction

We removed duplicate results, then screened abstracts and methods sections for all articles. The following criteria were considered a reason for exclusion: not a full research paper, not peer-reviewed, the publication was not in English, assessed a strictly adult (over 22) or childhood (under 10) population, no MRI imaging, animal studies, case studies, no prosocial measures relating to MRI. Our age criterion was based on past work and reviews on adolescence (Steinberg, 2008; Van Hoorn et al., 2019), and we included studies with subjects ages 10 to 22 years. We excluded studies where the mean subject age was below 10- and above 22-years-old. Full-text articles were then assessed for eligibility. Studies upon closer inspection that did not have a clear relationship between prosocial decisions and neural correlates were further excluded from the analysis. Since we focused on the altruistic dimension of prosocial behavior, we excluded studies with tasks where adolescents’ optimal strategy to maximize self-payoff was to be prosocial, which does not reflect altruistic choices. Lastly, we excluded atypical populations because the aim was to review healthy prosocial decision-making and development.

The remaining studies were reviewed, and their data were extracted. Extracted information included the following: the first author’s name, year published, a general summary of study aims, study sample sizes, population ages, MRI modality, any tasks performed by the subjects during/after the MRI, the study’s measure of prosociality, the resulting neural correlates in their experiment, and any correlations/effect-sizes corresponding to those neural correlates.




RESULTS

The PRISMA flow chart is presented in Figure 1. Our database search revealed 187 total articles: PubMed returned 60 results; PsychINFO returned 35 results; Web of Science returned 92 results. Twenty articles were assessed from Google Scholar. After removing all duplicates, 114 articles remained. Thirty-six articles remained after initial screening for eligibility. Eleven full-text articles were excluded: four were not altruistic; three focused on conduct disorder; two did not relate prosocial findings to neuroimaging; one focused on adaptive learning; one had young adults with a mean age over 22-years-old. Twenty-five total articles were reviewed.
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FIGURE 1. PRISMA flow chart for the systematic review literature search.


The 25 included studies are summarized in Table 1. In the following, we describe the types of methodologies used to study prosocial behavior. We then describe neural correlates related to prosociality in sections focusing on reward and valuation regions, the default mode network, the salience network, the control network, and visual/somatosensory networks. We close each section with a summary of the main findings.


TABLE 1. This table summarizes all results from the reviewed studies.
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Methodological Strategies to Study Prosociality in Adolescents

Among the 25 included articles, seven reported prosocial neural correlates related to behaviors that were not imaged directly (see Table 1, column “Prosocial Measure”). Two of these used the self-report Strengths and Difficulties Questionnaire’s (SDQ) prosocial subscale related to cortical thickness changes (Ferschmann et al., 2019) and resting state functional connectivity (Okada et al., 2019). The other five studies used a prosocial behavioral task after neuroimaging and related prior neural activations to subsequent prosociality (Masten et al., 2010; Overgaauw et al., 2014; Tashjian et al., 2018; Tousignant et al., 2018; Spaans et al., 2020).

Nineteen studies reported prosocial neural correlates concurrently with a prosocial decision-making task. Seven of these used the Dictator Game (Moor et al., 2012; Güroğlu et al., 2014; Will et al., 2016, 2018; Schreuders et al., 2018, 2019; Duell et al., 2021), and five used close variations on the Dictator Game, including either the Allocation Game (Do and Telzer, 2019; Do et al., 2019), the Family Assistance Task (Telzer et al., 2011, 2013), or the Charity of Self Yield Task (Spaans et al., 2020; Brandner et al., 2021). The seven remaining studies used various games that also involved resource distribution: the Socially Mindful task (Lemmers-Jansen et al., 2018), the Altruism Antisocial Game (Sakai et al., 2017), the Trust Game (van den Bos et al., 2009, 2011), the Public Goods Game (Van Hoorn et al., 2016), and Cyberball (van der Meulen et al., 2016; Tousignant et al., 2018).

In addition to the methodological differences described above, the reviewed studies focused on three different aspects of the decision-making process (see Table 1, column “Aspect of Prosociality”). Eight studies compared (pro)social decision-making in general (i.e., the deliberation phase) to neutral/non-prosocial control conditions (hereafter, “prosocial decision-making”) (van den Bos et al., 2011; Moor et al., 2012; Van Hoorn et al., 2016; Sakai et al., 2017; Lemmers-Jansen et al., 2018; Tousignant et al., 2018; Will et al., 2018; Duell et al., 2021). Eleven studies contrasted prosocial decision-making trials based on the actual prosocial choice such that decision-making with prosocial outcomes were compared to decision-making with non-prosocial outcomes (hereafter, “prosocial choices”) (Telzer et al., 2011, 2013; Güroğlu et al., 2014; Lemmers-Jansen et al., 2018; Schreuders et al., 2018, 2019; Do and Telzer, 2019; Do et al., 2019; Spaans et al., 2020; van der Meulen et al., 2016; Brandner et al., 2021). Twelve studies analyzed neural activation during prosocial decision-making that correlated with the frequency of making prosocial choices, and therefore accounts for between-person differences (hereafter, “giving frequency” or “behavior frequency”) (van den Bos et al., 2009, 2011; Masten et al., 2010; Moor et al., 2012; Güroğlu et al., 2014; Overgaauw et al., 2014; Will et al., 2016; Schreuders et al., 2018; Tashjian et al., 2018; Tousignant et al., 2018; Ferschmann et al., 2019; Okada et al., 2019).



Reward and Valuation Regions

The reviewed studies often identified the striatum as related to prosociality in adolescents. Studies that analyzed prosocial decision-making found activation in the bilateral striatum (Will et al., 2018) including the dorsal striatum (van den Bos et al., 2011) and the caudate (Sakai et al., 2017; Tousignant et al., 2018; Duell et al., 2021). Prosocial choices across adolescence frequently implicated the ventral striatum (VS) (van den Bos et al., 2009; Telzer et al., 2013; Güroğlu et al., 2014) including the nucleus accumbens (Spaans et al., 2020; van der Meulen et al., 2016; Brandner et al., 2021), with greater VS activation when decisions were prosocial. The VS also had significant functional connectivity relating to prosocial choices in other regions, including the posterior superior temporal sulcus (pSTS) adolescents behaved equitably with outgroups (Do and Telzer, 2019), and the left ventrolateral prefrontal cortex (VLPFC), left dorsomedial prefrontal cortex (DMPFC), and right medial prefrontal cortex (mPFC) in young adults making costly donations (Telzer et al., 2011). The putamen also activated in adolescents (Schreuders et al., 2019) and young adults (Schreuders et al., 2018) while making prosocial choices toward friends more than to disliked peers. The midbrain was also identified during both decision-making (Sakai et al., 2017) and prosocial choices (Telzer et al., 2013). Lastly, the VMPFC was identified in youth during prosocial decision-making (Güroğlu et al., 2014; Tousignant et al., 2018; Will et al., 2018; Duell et al., 2021), its activation during decision-making interacted with pubertal hormone changes (Duell et al., 2021), and its activation was greater for prosocial choices (Güroğlu et al., 2014; Spaans et al., 2020; Brandner et al., 2021). One study additionally found a correlation between nucleus accumbens and VMPFC activation during prosocial choices (Brandner et al., 2021).


Summary

In the reviewed literature, brain regions involved in reward and value processing were related to prosocial behavior. Both the striatum and VMPFC were involved in prosocial decision-making, and they had greater activation when youth made prosocial choices. Some striatal subregions may be more involved in (pro)social decision-making generally, while others were involved specifically in making prosocial choices.




Default Mode Network Regions

The reviewed studies identified default mode network (DMN) regions as related to prosociality in adolescence. Gray matter cortical thinning rate was greater in the mPFC, temporoparietal junction (TPJ), inferior frontal gyrus (IFG), and medial temporal gyrus (MTG) for adolescents who scored as highly prosocial on the SDQ compared to those who scored as low prosocial (Ferschmann et al., 2019). While only one study showed changes in the brain’s structure, many others showed DMN activation and developmental differences during prosocial tasks.

The mPFC, and specifically the DMPFC, both activated during prosocial decision-making, and most frequently activation was right-lateralized (Telzer et al., 2011; van den Bos et al., 2011; Tousignant et al., 2018; Do et al., 2019) or bilateral (Van Hoorn et al., 2016; Sakai et al., 2017; Lemmers-Jansen et al., 2018). Four studies also found prosocial choices related to D/MPFC activation that was left-lateralized (Spaans et al., 2020), right-lateralized (Telzer et al., 2011; Do et al., 2019), or bilateral (Will et al., 2016). Some studies suggest that adolescent development relates to activation changes during prosocial tasks, where young adults had greater activation in the right DMPFC (Telzer et al., 2011; Tousignant et al., 2018) but decreasing activation in the mPFC (van den Bos et al., 2011).

The PCC and precuneus had activation that predicted prosocial frequency occurring after a non-prosocial fMRI task (Masten et al., 2010). The PCC and precuneus were identified bilaterally active during both prosocial decision-making and prosocial choices in adolescents (Van Hoorn et al., 2016; Tousignant et al., 2018; Will et al., 2018; Do et al., 2019; Spaans et al., 2020) and young adults (van den Bos et al., 2009; Güroğlu et al., 2014; Lemmers-Jansen et al., 2018; Schreuders et al., 2018).

The TPJ/STS was frequently identified relating to adolescent prosocial decision-making (Van Hoorn et al., 2016; Sakai et al., 2017; Tousignant et al., 2018; Will et al., 2018) and prosocial choices (Tashjian et al., 2018; Do et al., 2019; Schreuders et al., 2019; Spaans et al., 2020). Young adults continued showing activation in the TPJ/STS (van den Bos et al., 2009; Telzer et al., 2011; Lemmers-Jansen et al., 2018; Schreuders et al., 2018; van der Meulen et al., 2016), and there was additional evidence that activation during prosocial tasks in this region increases with age bilaterally (van den Bos et al., 2011; Van Hoorn et al., 2016; Tousignant et al., 2018). The IFG bilaterally was less often related to prosocial cognition, but it was consistently identified with studies that also found activation in the TPJ (Sakai et al., 2017; Lemmers-Jansen et al., 2018; Schreuders et al., 2018; Will et al., 2018; Do et al., 2019; van der Meulen et al., 2016).

Lastly, Duell et al. (2021) found that DMN regions, including the PCC, TPJ, and MTG, had activation relating to prosocial decision-making that interacted with adolescent testosterone and cortisol levels.


Summary

Twenty-one studies found DMN regions related to prosocial cognition during adolescence, and several found evidence suggesting developmental increases in DMPFC and TPJ activation during prosocial tasks. In general, the mPFC and TPJ regions were commonly identified across both prosocial decision-making and prosocial choices, but other regions including the PCC, precuneus, and IFG may be significant in certain contexts.




Salience Network Regions

In the reviewed literature, the salience network, consisting of the anterior cingulate cortex (ACC) and bilateral insula, had increased activation to prosocial decision-making relative to a calculation control (Sakai et al., 2017), had greater activation in prosocial decision-making after observing highly prosocial peers relative to low prosocial peers (Duell et al., 2021), and had greater activation in young adults compared to younger adolescents when making forgiveness decisions (Moor et al., 2012). Increased dorsal (d)ACC and bilateral insula activation also positively related to prosocial giving frequency when youth made antisocial choices, such that greater activation while behaving antisocial related to greater giving frequency in both adolescents (van den Bos et al., 2011) and young adults (van den Bos et al., 2009).

Activation in the dACC showed a relationship with overall giving frequency, although in one study this relationship was positive (Moor et al., 2012), while in another it was negative (Do et al., 2019). Studies also identified the ACC without the insula during prosocial decision-making (van den Bos et al., 2011; Lemmers-Jansen et al., 2018; Will et al., 2018), prosocial choices (Telzer et al., 2013), and prosocial choices when regressed with a prosocial questionnaire in young adults (Telzer et al., 2011). Prosocial inclination also related to greater cortical thinning in the dACC across adolescent development (Ferschmann et al., 2019) and greater resting state functional connectivity between the ACC and the bilateral PCC, middle cingulate cortex, and right precentral gyrus (Okada et al., 2019). This same study also used magnetic resonance spectroscopy and found that gamma-aminobutyric acid (GABA) was the only neurotransmitter in the ACC to relate to prosocial inclination (Okada et al., 2019).

Insula activation during social observation tasks positively related to prosocial behavior frequency following the task in both adolescence (Masten et al., 2010) and young adults (Tousignant et al., 2018), as well as prosocial decision-making across development (Tousignant et al., 2018). Interestingly, the right insula had greater activation while subjects behaved prosocially to friends more than disliked peers in early adolescence (Schreuders et al., 2019), but in young adults, right insula activation was negatively related to prosocial giving frequency to friends compared to disliked peers (Schreuders et al., 2018). Yet other studies still found that when young adults made prosocial choices, they had greater insula activation when distributing money (Güroğlu et al., 2014) and when playing Cyberball (van der Meulen et al., 2016).


Summary

Seventeen studies reviewed here found that the salience network was involved in prosocial behavior across adolescent development, but its exact relationship to enacting prosocial behavior remains unclear. Some studies found that salience network regions positively related to prosocial decisions, while others indicated the opposite. Overall, this network appears most related to prosocial cognition when accounting for the frequency of prosocial decisions across an entire task rather than activation specific to adolescent prosocial choices.




Control Network Regions

The control network, consisting of the bilateral LPFC and inferior parietal lobule (IPL), related to prosociality in adolescence and more so in young adulthood. Right-lateralized DLPFC and IPL were related to prosocial decision-making compared to non-prosocial calculation in adolescents (Sakai et al., 2017), and the bilateral DLPFC and left IPL related to socially mindful decision-making in young adults, with the right DLPFC and left IPL specifically relating to prosocially mindful choices (Lemmers-Jansen et al., 2018). Both the left DLPFC and right inferior parietal sulcus related to greater cortical thinning in high prosocial compared to low prosocial adolescents (Ferschmann et al., 2019). While both adolescents and young adults showed activation in the bilateral IPL when making prosocial choices to friends more than disliked peers (Schreuders et al., 2018, 2019), only young adults showed increased activation in the right DLPFC to this contrast, and its activation negatively correlated with giving inequity that favored friends more than disliked peers (Schreuders et al., 2018). Similarly, young adults had greater activation in the left DLPFC and bilateral IPL when making prosocial choices, and they had activation in the left DLPFC that positively related to prosocial feelings toward one’s family (Telzer et al., 2011). The right IPL related to prosocial giving frequency in adolescents and young adults while playing the Dictator Game after viewing social scenes (Overgaauw et al., 2014). The right DLPFC related to decision-making across adolescents and young adults (Tousignant et al., 2018) and prosocial choices in young adults (Güroğlu et al., 2014), and one study found greater activation in young adults compared to adolescents during decision-making (van den Bos et al., 2011). The left DLPFC showed activation across adolescence in response to prosocial choices (Spaans et al., 2020), left DLPFC activation during prosocial choices changed across early to mid-adolescence (Do et al., 2019), and its activation during decision-making was modulated by testosterone and cortisol concentrations (Duell et al., 2021).


Summary

Thirteen studies found CN regions relating to prosocial decision-making, choices, and choice frequency. In general, these findings suggest that DLPFC activation is more pronounced in young adults, especially during choices, and most findings suggest that greater DLPFC activation is related to greater prosocial and equitable choices.




Visual and Somatosensory Regions

Ten studies found that visual regions such as the middle occipital gyrus (Will et al., 2018; Schreuders et al., 2019; Duell et al., 2021), cuneus (Telzer et al., 2013; Lemmers-Jansen et al., 2018; van der Meulen et al., 2016; Duell et al., 2021), fusiform gyrus (Tousignant et al., 2018; Will et al., 2018; Duell et al., 2021), calcarine gyrus (Schreuders et al., 2018; Will et al., 2018), and visual cortex generally (van den Bos et al., 2009, 2011) were involved in both prosocial decision-making and choices across adolescence and young adults, and across tasks including the Dictator Game, the Trust Game, the Socially Mindful task, and Cyberball. One study also found that adults recruited more activation in the right fusiform face area than adolescents during prosocial decision-making while playing Cyberball (Tousignant et al., 2018).

Six studies found somatosensory regions related to prosocial behavior in the precentral gyri (Schreuders et al., 2018, 2019; Okada et al., 2019; Duell et al., 2021), the right postcentral gyrus (Sakai et al., 2017; Schreuders et al., 2019; Duell et al., 2021), and the supplementary motor area (Schreuders et al., 2018; Will et al., 2018). These findings were in both adolescents and young adults, and in studies focusing on prosocial decision-making, choices, frequency, and prosocial inclination from resting state functional connectivity.


Summary

Although not often hypothesized, both visual and somatosensory regions were implicated in eleven prosocial cognition studies from early adolescence to young adulthood and relating both to the prosocial decision-making process in general as well as making prosocial choices.





DISCUSSION

In the following, we propose a synthesis of the above findings in terms of domain-general brain networks (Uddin et al., 2019). Our proposed Domain-General Developmental “Do-GooD” Network Model of Prosocial Cognition in Adolescence is shown schematically in Figure 2. Specifically, we propose that the general mechanism of prosociality in adolescents follows value-based decision-making, with three domain-general networks contributing computations as follows: the default mode network computes value predictions for both the self and other, the salience network assesses fairness to modulate value accrual, and the control network develops throughout adolescence to compute value for upholding social rules and norms. The contributions of these three networks are integrated in the VMPFC and striatum, as described below.


[image: image]

FIGURE 2. The domain-general developmental “Do-GooD” network model of prosocial cognition. Three domain-general networks contribute value computations for prosocial decisions, which are integrated in the ventromedial prefrontal cortex. Activation in the ventromedial prefrontal cortex and striatum corresponds to the relative value between available options. Once the prosocial option reaches the decision-threshold, prosocial behavior is enacted. The default mode network predominantly computes value for self and other, and these value computations can be influenced by events that occur before the prosocial decision and may reflect general prosocial disposition. The salience network may contribute at least two types of information, one is value attributed to affect while another is self-monitoring for fairness norms, the latter of which may suppress value accrual to uphold perceived fairness. The control network computes the value for abstract desires and learned social norms and contributes this value in ways that align with those desires and norms. The control network is involved across adolescence, but importantly, it further develops through young adulthood with greater activation that increases the weight of these social norm values during decision-making. This model proposes a bidirectional process between value computation and value accrual that unfolds over many cycles in time, and where response time is proportional to the decision threshold in the ventromedial prefrontal cortex.



Ventromedial Prefrontal Cortex and Striatum

Value-based decision-making is a framework for general decision-making in the brain, and it is thought to be especially suited for describing both altruism (Brosch and Sander, 2013) and adolescent development (Pfeifer and Berkman, 2018). This framework proposes that the VMPFC integrates value computations from other brain regions (Brosch and Sander, 2013). Prior work demonstrates that VMPFC activation reflects the relative subjective value of selected options (Boorman et al., 2009; Nicolle et al., 2012) together with the VS (Lim et al., 2011). Work by Juechems et al. (2019) helps disentangle the role of the striatum from the VMPFC, showing that the striatum encodes the outcome’s value receipt independent of goals, while the VMPFC encodes a “representation of cumulative assets in a way that maximizes a specific goal” (pg. 984). However, an exact understanding of the VMPFC and striatum’s roles in value-based decision making remains unclear.

Neurocomputational research may help provide further evidence for the differing roles of the VMPFC and VS during prosocial cognition. Hutcherson et al. (2015) developed a neurocomputational model that predicted altruistic decision-making in adults using activation in the VMPFC, VS, and TPJ with strikingly accurate results within and across subjects. In their model, behavior was executed once VMPFC activation representing the decision’s relative value exceeded a decision-threshold. TPJ activation accounted for computations regarding the value of giving to others whereas the VS had greater activation during selfish decisions, and the VMPFC responded to both selfish and prosocial decisions (Hutcherson et al., 2015). Other neurocomputational work on prosocial learning suggests that the VS and VMPFC activations were also related to prediction error (PE) signals in adolescents, where the VS represents PE while learning for oneself while the VMPFC represents PE while learning for others (Westhoff et al., 2021). However, in a previous adult study using the same experiment, PE in the VS was impartial to self-versus other, and the subgenual ACC contributed to prosocial PE (Lockwood et al., 2016). While the VMPFC, subgenual ACC, and VS are all anatomically close and may partially overlap, these discrepancies could also reflect subtle differences between adult and adolescent prosocial learning mechanisms related to value encoding. Overall, these results align well with and expand the value-based decision-making framework for prosocial behavior, with value accrual taking place in the VMPFC, value outcome in the striatum, and value computation in the TPJ (and possibly other regions/networks, as we discuss below).

Studies reviewed here supported and expanded on these findings into the adolescent age range. The VMPFC and VS had greater activation during prosocial behavior, and the VS had significant functional connectivity with both mentalizing (pSTS, medial PFC) and control regions (VLPFC) during prosocial decision-making (van den Bos et al., 2009; Telzer et al., 2011, 2013; Güroğlu et al., 2014; van der Meulen et al., 2016; Lemmers-Jansen et al., 2018; Tousignant et al., 2018; Do and Telzer, 2019; Spaans et al., 2020; Brandner et al., 2021; Duell et al., 2021). Furthermore, adolescent reaction times for making prosocial choices in the Dictator Game were longer than selfish choices (Will et al., 2016; Do et al., 2019), which aligns well with a bidirectional mechanism involving both value computation and accrual over time.



Default Mode Network

The default mode network (DMN) subsumes the mentalizing regions of the brain (Lombardo et al., 2010; Hyatt et al., 2015). The DMN’s involvement in prediction (Dohmatob et al., 2017), social information consolidation (Meyer et al., 2019), and goal orientation (Spreng et al., 2014) makes it a likely candidate for a system that computes both self- and other-value. Most studies reviewed here identified key mentalizing and DMN nodes relating to prosocial behavior, and activation of DMN regions outside of direct prosocial decision-making also predicted subsequent prosocial behavior (Masten et al., 2010; Tashjian et al., 2018). Evidence suggests that some DMN regions have specificity for self-processing, such as the PCC and mPFC (Blakemore et al., 2007; van Schie et al., 2018), with others being more specific for other-processing, such as the DMPFC and TPJ (Mason and Just, 2009; Sabbagh et al., 2009; Carter and Huettel, 2013). However, these associations are not always the case and vary based on context (Nicolle et al., 2012) and subregional functionalization (Molnar-Szakacs and Uddin, 2013). We propose instead that the computation for self- and other-value occurs throughout the DMN and that the resulting information accumulates in the VMPFC for value integration. It should be noted that the VMPFC is also considered to be a key DMN region (Uddin et al., 2019), so while we differentiate our discussion of the VMPFC from the DMN for clarity, it is likely meaningful that a value accrual mechanism is integrated with the value computation mechanisms so postulated.

The mirror neuron system may also act as a neural substrate upon which mentalizing regions simulate others (Gallese and Goldman, 1998), and thus may be relevant to computing other-value. The mirror neuron system consists of some DMN regions, such as the IFG and STS, as well as other regions, including the primary motor and occipital cortices (Rajmohan and Mohandas, 2007). The mirror-neuron system involvement helps explain why regions such as the motor cortex (Sakai et al., 2017; Okada et al., 2019; Schreuders et al., 2019; Duell et al., 2021) and occipital cortex (van den Bos et al., 2009, 2011; Telzer et al., 2011, 2013; van der Meulen et al., 2016; Lemmers-Jansen et al., 2018; Duell et al., 2021) had activation relating to prosocial behavior. Supporting this relationship between mirroring and prosocial decision-making, the electroencephalography (EEG) signal from adult subject’s dorsal somatosensory cortex while observing another’s hand being struck (by a belt) accounted for the amount of money donated to reduce subsequent strike intensity, and transcranial magnetic stimulation (TMS) disruption of the same region accordingly impaired that prosocial giving (Gallo et al., 2018). The mirror neuron system has a rich functional relationship with the DMN that has been shown to contribute to embodied simulation for both self and other processing (Lombardo et al., 2010), constituting a likely module leveraged by core DMN regions to compute self- and other-value.



Salience Network

While the DMN plays a significant role in computing the value for both self and other, it needs not be the only system that contributes value. The salience network (SN) may also contribute to value computations in emotional contexts such as giving to friends (Schreuders et al., 2019), to family (Telzer et al., 2013), to previous exclusion (Moor et al., 2012; van der Meulen et al., 2016), or self-chosen charities (Spaans et al., 2020; Duell et al., 2021). The reviewed literature and other research also highlight another special involvement of the SN in prosocial decision-making: it appears to assess fairness imbalance to modulate value accrual.

Most neuroimaging studies on adolescent altruistic prosociality implement the Dictator Game or one of its many variations. The key element is that “Dictator” decides how to distribute a resource (usually money) between two people, generally themselves and/or some other person/player(s). Prosocial behavior can be operationalized in terms of the fairness in the resource distribution, where the distribution can favor the Dictator (selfish choices), the other player (prosocial inequity), or both evenly (prosocial equity). Prior work on the Dictator Game has shown that the amount of money that a Dictator keeps and gives was based on the entire experimental session according to what that Dictator determined to be a “fair” distribution, even if that Dictator played with a new recipient each trial (Bolton et al., 1998). Thus, determining fairness across all trials is an integral part of prosocial decision-making in this context.

The SN consists primarily of the ACC and insula (Uddin et al., 2019), and a meta-analysis found the SN regularly active when processing unfair offers (Gabay et al., 2014). In a study with ages ranging from 10- to 20-years-old, all ages showed dACC and bilateral insula activation when processing unfairness, and specifically when the adolescent themselves deviated from their own sense of fairness (Güroğlu et al., 2011). That is, the SN was self-monitoring unfairness in their own behavior, and activation in the SN was strongest to personal-norm fairness violations in those adolescents who mostly behaved fairly (Güroğlu et al., 2011). Therefore, strong activation in the SN during prosocial decision-making suggests an experience that one’s actions are not aligned with their personal sense of fairness. The ACC in particular has also been shown to have significant functional connectivity with the VMPFC to provide information about task switching that optimizes long-term payoff (Economides et al., 2014). This could be especially relevant to fairness considerations, as a signal that payoffs are unfair demands switching one’s strategy in subsequent trials to optimize fairness. This may additionally indicate that VMPFC and ACC connectivity is an important source of feedback both within and across prosocial task trials.

Some of the reviewed studies on adolescent prosocial behavior found the dACC positively related to giving (van den Bos et al., 2009, 2011; Moor et al., 2012; Duell et al., 2021), yet another found the dACC negatively related to giving (Do et al., 2019); however, considering the dACC as encoding personal unfairness can resolve this discrepancy. van den Bos et al. (2009, 2011) found that dACC activation while choosing to act Selfish > Prosocial related to greater overall giving, suggesting that processing selfish behavior as unfair conferred greater prosocial behavior throughout the experimental session. Similarly, Do et al. (2019) found that dACC activation during the prosocial choice contrast Costly Giving > Costly Reward negatively related to overall prosocial giving; that is, feeling that costly giving was unfair led to decreases in overall giving. Moor et al. (2012) found that dACC activation during decision-making positively related to more “forgiving” offers to players who had previously Excluded > Included them. Because the adolescents were previously excluded, most offers were highly unequal and punishing, but those who had greater dACC activation possibly found that punishment overly unfair and subsequently gave more prosocial offers. Lastly, Duell et al. (2021) found the dACC had increased activation when behaving prosocially after having just observed a highly prosocial peer donate to charity. Observing a highly prosocial peer may have increased fairness self-monitoring in subsequent giving that increased dACC activation and conferred more prosocial decisions. In some of these studies, activation in the dACC during either prosocial or selfish contrasts could predict overall prosocial behavior. Fairness considerations are based on the entire experimental session, not trial-by-trial, so it could be that the dACC modulates the ongoing value accrual in the VMPFC to suppress unfair options. Supporting this possible mechanism, Okada et al. (2019) found that the only neurotransmitter in the ACC that related to a prosocial questionnaire was GABA, responsible for neuronal inhibition.



Control Network

The control network (CN) consists of the LPFC and the IPL (Uddin et al., 2019). The LPFC structurally and functionally develops during adolescence (Sowell and Jernigan, 1998; Dumontheil, 2014), which suggests its role in prosocial decisions may also develop during this time. The LPFC represents abstract and multi-dimensional values (Dixon and Christoff, 2014), such as delayed-discounting (Guo and Feng, 2015), social norms (Hackel et al., 2020), and moral attitudes (Crockett et al., 2017). Prosocial decision-making is frequently multi-dimensional, it includes social other recognition, understanding goals related to context specific social norms, and the cost-benefit-analysis for different options. The CN within a value-based decision-making framework may contribute value reflecting abstract goals and social rules rather than strictly suppressing selfishness (Berkman et al., 2017). Thus, the CN develops to contribute value that accounts for these contextual goals and learned moral norms in the decision-making process to support prosocial decisions.

In the reviewed literature, the DLPFC and IPL were frequently engaged in prosocial decision-making and choices, and the DLPFC specifically showed evidence for development across adolescence relating to prosocial behavior, both in brain structure (Ferschmann et al., 2019) and function (van den Bos et al., 2011; Do et al., 2019). Interestingly, the right DLPFC showed activation in young adults when the recipient of their prosocial behavior was unknown and not depicted (van den Bos et al., 2011; Güroğlu et al., 2014; Lemmers-Jansen et al., 2018; Tousignant et al., 2018), whereas the left DLPFC showed activation in young adults when giving prosocially to their families (Telzer et al., 2011), to a visible other (Do et al., 2019), or to a charity of their choosing (Spaans et al., 2020; Duell et al., 2021). The DLPFC accounting for abstract social values also resolves a discrepancy between most studies finding greater activation to prosocial choices, but Schreuders et al. (2018) finding that greater activation during decision-making to friends compared to disliked peers negatively related to giving inequity that favored friends more than disliked peers. It could be that giving equally to disliked peers requires more value for abstract social norms than does giving only to close friends, and thus giving to a disliked peer would necessitate greater recruitment in regions that account for this abstract virtue of “giving despite disliking the peer.” The IPL overall had less frequent activation related to prosocial behavior; it was bilaterally active when mid-adolescents gave money to Friends > Unknown peers (Schreuders et al., 2019) and when young adults gave to their family compared to receiving a reward (Telzer et al., 2011). While evidence suggests that the CN was more involved in older adolescents and young adults, it is unclear what exactly this network contributes to prosocial neural mechanisms; however, because previous work shows that the CN represents abstract values, its involvement could be illuminated through individual differences in social values and behavior.

Most individual differences in brain activation in response to social norms were demonstrated in the CN, DMN, and reward regions. When adolescents decided to give prosocially to their family, those with a greater sense of family obligation had more activation in the striatum (Telzer et al., 2013), greater activation in the right TPJ, bilateral pSTS, right ACC, and left DLPFC, as well as greater functional connectivity between the VS and the left VLPFC, left DMPFC, and right mPFC (Telzer et al., 2011). Culture likely plays a role, as evidenced by a study finding that adolescents from a communalist culture had greater striatum activation when giving to their family than those from an individualist culture (Telzer et al., 2010). The LPFC contributes value regarding social rules and expectations, especially when they are different from one’s disposition. In adults, greater right DLPFC connectivity to the VMPFC occurred when abiding by prosocial or selfish norms different from the individual’s prosocial disposition (Hackel et al., 2020). Furthermore, transcranial magnetic stimulation of the DLPFC in adults increased prosociality (Balconi and Canavesio, 2014). Prosocial giving toward in-groups versus out-groups also shows individual differences, where functional connectivity between the VS and pSTS can either indicate greater bias or lesser bias depending on which group the individuals are giving when the functional connectivity is greatest (Do and Telzer, 2019). Yet not many studies investigating adolescent prosocial behavior manipulate social norms or relate brain activation to cultural values, both of which may better elucidate how neural correlates relate to individual perceptions of social norms and how one could leverage this relationship to increase prosociality.



Limitations

This review has several limitations. First, substantial study heterogeneity precluded a meta-analysis of this literature. Such a meta-analysis would greatly assist in the interpretation of this work, including the discussion of the TPJ, which has unclear and disputed anatomical boundaries (Carter and Huettel, 2013; Geng and Vossel, 2013; Schurz et al., 2014). However, meta-analyses cannot currently accommodate functional connectivity or magnetic resonance spectroscopy findings, both of which contribute to the current review and model proposed here. Second, while our model proposes a domain-general network framework, there are not enough connectivity studies to make strong claims about the networks as a whole, and not about which brain regions definitively constitute those networks. Given this limitation, our aim is to present a network-informed model aligned with the current evidence to drive brain connectivity hypotheses for future work on prosocial development. Third, most studies reviewed here investigated prosocial neural correlates during a task that involved sharing or keeping money, namely the Dictator Game (or a variation). While monetary giving may be a convenient operationalization for prosocial decision-making, it limits the scope and generalizability of these findings, as it may be only one dimension of prosocial behavior in adolescent lives. Evidence also shows that introducing monetary transactions during social decisions can change the social context of that situation (Gneezy and Rustichini, 2000; Mellström and Johannesson, 2008). Indeed, while our model suggests the role of fairness detection in prosocial decision-making, this may be specific to economic prosocial contexts rather than prosociality in general. An important direction for new research would be to compare prosocial neural correlates in situations that involve resource distribution with neural correlates observed in situations that, for example, involve prosocial emotional consolation.



Future Directions


Methodological Advances

Future studies could benefit from new methodological approaches to study neural correlates of prosociality. As previously mentioned, prosocial paradigms thus far use games in which adolescents distribute a resource (usually monetary) between themselves and others. However, everyday life includes prosocial behavior that does not incorporate resource distribution, such as empathetic listening, playing cooperative games, or expressing love and kindness for friends and family. Future studies on prosocial behavior could adapt this real-life game observation during moments of cooperation or selfishness to investigate questions about prosocial cognition in ecologically valid contexts for adolescents. On the MRI methodological side, connectivity studies have been sparse. The reviewed literature on prosocial cognition implicates many brain regions, yet it remains unclear how these regions coactivate in networks during tasks to support prosocial behavior. Furthermore, only one study we reviewed had considered resting state functional connectivity, which may be especially useful to understand individual differences in prosocial disposition. The brain’s structural connectivity may also offer insights into prosocial disposition and one’s change in prosociality with development.



Model Predictions

The “Do-GooD” model predicts that greater activation of key other-value computing regions (e.g., the TPJ) through TMS could increase prosocial giving, as was similarly demonstrated in the DLPFC, which also resulted in increased prosociality (Balconi and Canavesio, 2014). With respect to developmental changes, we expect both prosociality and its associated brain network connectivity to increase during adolescent development. Specifically, we expect prosociality to increase in tandem with functional within- and between-network connectivity development in the DMN, SN, and CN, which has previously been shown in Ryali et al. (2016), and which may be associated with changes in myelination. Furthermore, because studies find that resting state functional connectivity shows relationships similar to those during tasks (Smith et al., 2009), it may be fruitful to test whether individual prosocial tendencies are associated with differences in resting state connectivity. The proposed model could also help develop new targets for interventions and for monitoring changes. Specifically, we may expect that interventions aimed at increasing prosociality, such as love and kindness meditation, will increase functional and structural connectivity within the DMN and between it and the mirror neuron system, thus improving the computation of other-value. Furthermore, interventions that promote prosociality as an intrinsically good or “fair” option, which would decrease SN activation while giving and increase SN activation while behaving selfishly, each correlating with the intervention’s effectiveness. SN activation toward prosocial versus selfish decisions as well as functional connectivity between the DMN, mirror neuron system, and CN all could be used to assess adolescents with challenges relating to low prosocial behavior, such as conduct disorder or the early development of a potential antisocial personality disorder, and inform treatment planning. For example, the intervention could emphasize communal responsibility in those with strong SN activation to the (un)fairness of prosocial options or instead emphasize human shared experiences to enhance other-value computations between the DMN and mirror neuron system.





CONCLUSION

In this review, we summarize and synthesize the current neuroimaging findings on prosocial behavior during adolescence. We propose that prosocial decision-making is a form of value-based choice carried out by domain-general networks. In particular, we suggest that overall value accrues in the ventromedial prefrontal cortex and reward regions, value for self and others is computed in the default mode network, fairness imbalance is monitored in the salience network, and abstract values for social norms develops during adolescence in the control network. Ultimately, understanding the neural basis and development of prosocial behavior is crucial to understanding how cooperation can be promoted in a society. This neuroscientific understanding may help illuminate the underlying neural development of psychiatric disorders, such as conduct disorder or antisocial personality disorder, and aid in the development and evaluation of improved and innovative treatments for these conditions.
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This article describes a research project in which a qualitative research was carried out consisting of 24 semi-structured interviews and a subsequent data analysis using the MAXQDA software in order to investigate a particular dimorphic emotional expression: tears of joy (TOJ). The working hypothesis is that TOJ are not only an atypical expression due to a “super joy,” or that they are only an attempt by the organism to self-regulate the excess of joyful emotion through the expression of the opposite emotion (sadness), but that it is an emotional experience in its own right—not entirely overlapping with joy—with a specific adaptive function. Through the interviews, conducted in a cross-cultural context (mainly in India and Japan), we explored the following possibility: what if the adaptive function of crying for joy were to signal, to those experiencing it, the meaning of their life; the most important direction given to their existence? The material collected provided positive support for this interpretation.
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INTRODUCTION

The emotions we experience and express have an adaptive function. They allow us to live better in the surrounding environment and respond accordingly to specific circumstances (e.g., fleeing from danger in response to feeling fear). They are the result of a process, of a largely unconscious process of self-regulation, which modulates their nature, intensity and manifestations. Responses to emotions are almost never as violent and powerful as they could be; as such, it happens rarely that a person “loses their mind” completely ignoring internal and external feedback signals. Emotions are also involved in automatic regulation (Matarazzo and Zammuner, 2009). We make conscious attempts to modify our emotions in order to align them with our goals and interests by asking ourselves whether it is useful to feel fear when facing a certain difficulty. Thus, we can cope with fear by changing the perspective we use to observe the situation. Emotional regulations mean that one is able to modulate their form or mitigate their urgency. More generally, it means that one is able to assess demands from the environment and one’s own resources, and to respond to them in a flexible and adaptive way. Emotions, properly modulated and regulated, improve social interaction and individual wellbeing. Crying is an emotional expression that has both a self-regulatory goal (decreasing tension and recovering psychological balance) and the purpose of attracting the attention of others and requesting their help and support. Crying can also be the emotional expression of the “opposite” emotion: it can occur in situations in which a person experiences great joy. The dimorphous expression of tears of joy (TOJ) is a unique, non-mixed experience: the person experiences only joy, and not joy mixed with sadness. TOJ occurs in very significant situations in people’s lives, especially in correspondence with the perception of a deep connection with others and with episodes of personal success.

These are the findings from the literature, and the starting point for our qualitative research. This research, which started in an unusual way—due to a journey in India and in Japan taken by one of the authors—sought to explore the cultural influence on emotions and emotional expression, and, above all, on the possible links between TOJ and people’s definition of the meaning of life (MOL). Regarding the first point, we know from the literature that there are cultural differences that regulate emotional expression. In collectivist cultures (which exalt “the good of the group before the good of the individual”) social rules seem to lead people to avoid the direct expression of emotions, especially negative ones, which can undermine group harmony; on the other hand, the rules of individualistic cultures (which exalt “the good of the individual before the good of the group”) seem to be more tolerant of the expression of strong emotions (e.g., anger), because of values such as self-affirmation. Interestingly, the emotional expression of crying tends to occur more frequently in democratic countries with individualistic cultures, where there is greater wealth and political freedom. As for the second point—the pivot of the research—the literature says that people who experience a higher level of meaningfulness in their lives are more likely to experience positive moods and greater wellbeing. So, what if the adaptive function of TOJ were to signal the MOL to those experiencing it? In the literature, these two themes have never been related to each other. The present study aims to investigate a possible connection.


The Adaptive Function of Emotions

From an evolutionary perspective, emotions help humans cope with and adapt to different situations in life (cf. Lazarus, 1991; Plutchik, 2001). When triggered, emotions simultaneously activate different systems—such as perceptual, attentional, and neurophysiological systems—that predispose people to certain behaviors (Tooby and Cosmides, 2008). For example, anger stimulates the activation of the sympathetic nervous system and triggers a flow of energy adequate to support a dynamic response to the situation, which may be self-defense or decompression; fear, on the other hand, induces a state of neurophysiological activation that allows the individual to respond to the initial stimulus through attack, avoidance, or escape. In the literature (Fredrickson, 1998; Ruini, 2017) it has been found that “positive” emotions play important adaptive functions, on par with “negative” ones. Specifically, emotions such as joy, interest, or satisfaction have the ability to modify styles of thought and action, and may expand and improve people’s cognitive, behavioral, and social skills, which will in turn become lasting resources for the future. Fredrickson (1998) further argues that the important adaptive functions of positive emotions lie in their ability to counteract negative emotions and their consequences, leading to improved mental and physical health and motivation to work for one’s wellbeing.



The Regulatory Function of Emotions: Emotional Self-Regulation

It has been widely attested in the literature that an individual’s ability to self-regulate their emotions is a key feature in maintaining social functioning, physical wellbeing, and mental health (cf. Gross and John, 2003). Emotional regulation can be defined as the ability to cope with, monitor, and modulate one’s own emotional experiences, and refers to behavioral and cognitive processes that coordinate the intensity, duration, and expression of emotions in response to internal and external stimuli (Gross, 1998; Gross, 2007). For example, when we find ourselves in circumstances that trigger fear, we can divert our attention away from those elements of the situation that most disturb us and focus instead on other aspects we perceive as less dangerous in order to regulate the intensity of the emotion felt in that moment. Gross (2001) distinguishes between antecedent-focused and response-focused strategies: antecedent-focused strategies refer to what individuals do before the emotional response tendencies are fully activated (e.g., choosing not to frequent places or people perceived as disturbing in order to avoid the onset of unpleasant emotions); response-focused strategies refer to what people do when the emotional response is in progress (e.g., striving to appear calm rather than angry, thus suppressing the expression of the emotion felt). The different strategies can down-regulate or up-regulate emotional experiences: while down-regulation strategies tend to attenuate the emotional response, up-regulation strategies contribute to enhancing and prolonging it, whether it be a positive emotion triggered by a pleasant event, or a negative emotion generated by an unpleasant event.

Many works in the literature have focused on the regulation of negative emotions, while few studies have focused on understanding how people regulate positive emotions, such as happiness or pride. Positive emotion regulation refers to how humans modulate responses to stimuli in order to enhance and maintain the positive emotional experiences experienced at a given time (Bryant and Veroff, 2007). Some studies (cf. Langston, 1994) show that, when experiencing very positive situations (e.g., victory in a competition; achievement of an important goal) people can implement behaviors designed to protect their state of happiness: for example, sharing good news with friends or relatives is a way to prolong the positive experience (capitalization). Positive emotional regulation strategies include savoring (Bryant, 1989), which is the ability of humans to enhance and intensify positive experiences in their lives (Bryant and Veroff, 2007). Bryant et al. (2005) theorizes three types of savoring: savoring in relation to an impending positive situation (e.g., anticipatory excitement before an enjoyable event); savoring that prolongs and reinforces the positive event experienced in the present moment (e.g., sharing the experience with people important to us); and savoring intense memories of positive experiences in order to relive the emotions associated with them (e.g., remembering the best moments of an event). Bryant and Veroff (2007), identified several strategies that people use to enhance their savoring ability and that are expressed at cognitive, behavioral, and interpersonal levels. These include: memory building, which consists in creating a lasting memory of an event (for example, taking a mental picture of an event, or taking a diary); self-congratulation every time we manage to achieve something important in our lives in order to amplify positive feelings; sharing positive emotion with others; comparing the experience lived with a worse one, to appreciate it more; attentional absorption, which means to stay focused and engaged in the present moment and in experience that we are living, without turning our thoughts to the past or future; sensory-perceptual sharpening, which consists in focusing on the sensory aspects that are stimulated in a certain experience (e.g., smells or sounds); behavioral expression, which covers all those physical expressions of happiness (laughing, jumping, clapping) that contribute to generating a positive cycle of pleasure; temporal awareness, for example, reminding ourselves that the experience will not last forever may spur us to enjoy it even more; counting blessings, i.e., experiencing gratitude for having had the opportunity to experience something positive; avoidance of kill-joy thinking, which refers to not focusing exclusively on negative aspects when we go through a difficult time. Use of savoring strategies is positively associated with variables related to individual wellbeing (e.g., self-esteem, life satisfaction, self-reported optimism), whereas lack of savoring skills is linked to depressive feelings, hopelessness, and anhedonia (Bryant, 2003; Joormann and Stanton, 2016).



Interpersonal Emotion Regulation

Humans often seek to moderate their emotional states through the comfort and support of other individuals, thus engaging in a process referred to as interpersonal emotional regulation (Zaki and Williams, 2013). When people listen to and support someone’s feelings by showing empathy, solidarity, and sharing, they are actually helping them to regulate the intensity of the emotions they experience. Zaki and Williams (2013) identify two different processes that can support interpersonal emotional regulation: response-independent and response-dependent. The latter is based on the quality of feedback received from the person with whom the emotion is shared; in other words, when people express their sadness or joy to another person, they are only satisfied if that person responds favorably to the request to share. If the interlocutor shows indifference, then emotional regulation does not succeed. Response-independent processes, meanwhile, do not imply that the person with whom emotional states are shared must respond in a particular way: the fact of having talked with someone about one’s emotions, giving them a label and identifying their source, is enough in itself to allow people to feel regulated. As is the case in self-regulation, different strategies can be used in interpersonal regulation, depending on the goal one wants to achieve for a given emotional state. We refer to down-regulation processes when people respond in a way that attenuates and minimizes the intensity of the emotional experience shared by the communicative partner, while also weakening behavioral responses (Krompinger et al., 2008). In an experimental study, Pauw et al. (2019) asked participants to watch a video of a man crying over his partner’s cheating and asked them to record a supportive video message for him. Analysis revealed that when the situation required immediate emotional down-regulation (such as having to be ready to face an upcoming job interview), participants attempted to regulate the other through disengagement from the emotional experience by implementing distraction and suppression strategies. For example, by saying “Try not to think about her for now,” or “Don’t let your emotions take over.”

When, on the other hand, a person shares positive events with significant others (relatives, friends, partners) and they respond in a way that maximizes and prolongs the positive feelings and benefits experienced, we refer to the phenomenon of capitalization (Gable et al., 2004; Gable and Reis, 2010; Reis et al., 2010). Gable et al. (2004) found that communicating positive situations with significant others is associated with increased wellbeing and daily positive affect. The authors also showed that if significant others respond actively and constructively to capitalization attempts, benefits increase: in couples, this translates into greater wellbeing in some important aspects of the relationship, such as daily marital satisfaction and intimacy.



Crying in Literature

Crying is one of the most common and universally recognized forms of expression through which people manifest and share their emotions. Crying results from the interaction between psychobiological, cognitive, and social processes (cf. Vingerhoets et al., 2000) and serves several functions. It has been suggested in the literature that crying may lead to a decrease in tension (cf. Vingerhoets et al., 2009) and promote the recovery of psychological balance (Rottenberg et al., 2003; Hendriks et al., 2007), although the empirical evidence supporting these hypotheses is conflicting. Some authors have investigated the interpersonal effects of this emotional expression. For example, Hendriks et al. (2008) conducted a survey with the purpose of studying how individuals respond when faced with a crying person, and had participants read six short vignettes depicting social situations. Specifically, three vignettes depicted unpleasant situations (e.g., talking to someone at a funeral or causing a car accident), while the other three depicted pleasant situations (e.g., meeting someone who had just become a parent). In each vignette there was a main character for participants to identify with, and another person who may or may not be crying. In most cases, participants reported that if they were faced with a crying interlocutor, they would exhibit more emotional support and fewer negative feelings toward him or her. Crying could therefore serve as a means of attracting attention, conveying requests for help and support, stimulating others to provide emotional support and thereby facilitating social bonding (Frijda, 1997; Kottler and Montgomery, 2001).



Cultural Differences in Emotional Expression

Several studies (cf. Matsumoto, 1989, 1990; Safdar et al., 2009) have investigated cultural differences that may influence the display of emotions. In this regard, Ekman and Friesen (1969); Ekman (1972) proposed the existence of social rules, referred to as display rules, which govern the manifestation of emotions within different cultural groups, and which are learned by individuals through the socialization process. These rules direct emotional expression based on whether it is more or less acceptable within a given culture (Matsumoto et al., 1999) and establish how, and in what context, a person should express their emotions. The studies by Ekman (1972) and Friesen (1972) provided the first, which has become a milestone in the history of psychology, provided the first evidence of the existence of the “display rules.” The authors highlighted how American and Japanese people have a different way of expressing their emotions depending on the context: if a stranger was present during the viewing of a movie with the participants, the Japanese (unlike Americans) tended not to express negative emotions, disguising them with smiles. The presence of a stranger activated a set of unwritten, culturally learned rules in Japanese participants that regulated the expression of negative emotions. Ekman and Friesen’s study was later resumed by Matsumoto (1992), who compared the responses of American and Japanese people in reference to a task of facial expression recognition, finding results in keeping with those of previous studies. In the same research, Matsumoto found that Japanese participants were less able to recognize negative emotions than American subjects, while he found no significant differences in the recognition of positive emotions. To account for these differences, the author investigated cultural differences between the United States and Japan, focusing specifically on the concepts of individualism and collectivism. In cultures with an individualistic features (like most Western cultures), the primary values are those of individual autonomy, self-interest and success; it can be hypothesized that this is why levels of conformity to the group are lower and independence is greater instead: emotions can be experienced primarily as personal experiences, the expression of which is an individual’s right. In these cultures, for example, the manifestation of anger is tolerated and considered functional for the individual, as long as it is expressed in socially appropriate ways (Eid and Diener, 2001). Collectivistic cultures, on the other hand, would foster a greater level of conformity within the group, and collective needs would tend to take precedence over individual needs. In general, these cultures seem to urge the individual to maintain cohesion and harmony in the group, rather than to foster individual affirmation (Matsumoto, 1991; Noon and Lewis, 1992); where emotions are experienced as interactive experiences, reflecting the social context, their expression needs to be controlled. In particular, negative emotions may threaten group cohesion and are therefore discouraged. The expression of emotions such as anger or contempt would not be considered acceptable, as they threaten authority and harmony in the group (Miyake and Yamazaki, 1995). Regarding positive emotions, in individualistic cultures there would be a great attention to the pursuit of happiness and its individual expression: not expressing positive emotions could be considered a failure, and unhappiness would tend to have a strongly negative connotation. Conversely, in collectivist cultures, display rules might also filter out the expression of positive emotions, as expression is sometimes considered undesirable (see Eid and Diener, 2001).

A study by Safdar et al. (2009) examined the display rules of seven basic emotions in three different populations: American, Canadian, and Japanese. The goal of the research was to compare the display rules of emotional expression, both across and within cultures. The authors hypothesized that Canadians and Americans showed more approval toward the expression of both negative emotions such as anger and disgust, as well as positive emotions such as happiness and surprise, than Japanese participants, and that all three populations did not show particular differences regarding the expression of emotions such as sadness or fear. In keeping with the first hypothesis, the results showed that Japanese subjects expressed fewer negative emotions than Americans and Canadians, and showed significantly lower mean scores in the expression of positive emotions than Canadians. It was also found that there was no difference between Japanese and North Americans in the expression of emotions of sadness or fear.

Regarding the emotional expression of crying, some authors have conducted cross-cultural studies (see Kraemer and Hastrup, 1986; Vingerhoets and Becht, 1997). Williams and Morris (1996) investigated the crying behaviors of 448 participants from Great Britain and Israel, and the results showed that Britons cried more frequently than Israelis and that women cried more intensely and more often than men. Van Hemert et al. (2011) conducted a study to examine the tendency to cry in 37 countries, including Africa, Asia, the Caribbean, Europe, the Middle East, North America, Oceania, and South America. Analyses showed that crying is not significantly related to perceived distress, but is related to subjective wellbeing; that is, happier countries report more expressions of crying. At for the frequency, the results also showed that crying occurs more frequently in democratic countries, with an individualistic culture, where there is greater wealth and political freedom.



Tears of Joy

TOJ is a special form of crying which can occur when a person is completely involved in situations in which they experience great joy. TOJ is an emotional experience that has been little researched to date, so much so that it is not even mentioned in an atlas of 156 human emotions (Watt Smith, 2015), and in the study conducted by Cowen and Keltner (2017) at the University of California at Berkeley—which identified 27 different interconnected emotions—it is not explicitly mentioned; it is shown in a video (this study made use of video recordings of different emotional expressions) within the category of the emotion of joy. The main studies in the literature that have focused on TOJ consider it as a dimorphous expression of positive emotions (cf. Aragón et al., 2015; Aragón, 2017; Aragón and Clark, 2017): the strong emotion felt (joy) is manifested through an expressive mode (crying) that refers to a different, or even opposite, emotional state (sadness, pain). An example of this is the tears shed by Olympic athletes after winning a gold medal: their joy is so enormous and uncontrollable that it triggers a crying reaction. The hypothesis put forward by the authors is that dimorphous expressions perform a regulatory function of emotional states: when individuals feel overwhelmed by positive feelings—so intense that they are perceived as unmanageable—they may respond through the expression of an emotion that has opposite value to the one experienced in order to compensate for its excess. In this regard, Aragón and Clark (2017) hypothesize that TOJ also function as a model of interpersonal emotional regulation. Through six experimental studies, the authors found that, when faced with joy expressed in a dimorphic way by significant others, people tend to provide down-regulation responses, thus dampening the intensity of the emotion and attempting to bring it to a level perceived as more manageable. Aragón (2017) again argues that dimorphous expressions cannot be identified with mixed expressions of emotion: as shown in their study, dimorphic expressions derive from a single evaluation of the event experienced, for which there is a single corresponding emotional experience, yet manifested through two recognized expressions, one with positive valence (smiling) and one with negative valence (crying). In contrast, mixed emotion expressions arise when an event stimulates positive and negative evaluations and emotions simultaneously (e.g., joy and sadness), which might then manifest in two emotional expressions of opposite meaning (Larsen et al., 2001; Larsen and McGraw, 2014). For example, Aragón in their study (ibid.) shows participants a video of of a generous man willing to help others; the video also informs viewers that the man died young in a tragic accident. From the analyses performed, the researcher finds that those who watched this video reported paired positive and negative appraisals, emotions, and expressions (joy/sadness, smiling/crying), in contrast with participants who watched the same video but were informed that the man had lived a long time; these latter participants reported primarily positive appraisals and positive emotions. Aragón and Bargh (2018) also suggest that dimorphous expressions may represent certain motivational orientations: in particular, happiness expressed through expressions of anger may communicate experiences of appetitive nature, characterized by the drive toward a desired end state; happiness manifested through expressions of sadness (such as tears) may communicate consummatory states, characterized by the hedonic experience of pleasure when the desired state has been achieved. For example, a basketball player may manifest happiness through aggressive expressions while he is playing a game and scores a point (appetitive state); the same athlete may manifest joy through tears when the desired state has been achieved, or when the game has been won (consummatory state).

An initial taxonomy of experiences in which TOJ occurs was developed by Hoffman et al. (2013). Through a systematic study using a sample of Indian adults, the researchers came to identify 15 main types of situations in which TOJ may occur: non-romantic affection; personal achievements; birth of a child; reunion; romantic love; identification with a movie/other medium; observing a child; reflection on one’s life; recovery of a loved one from illness/injury; personal recovery from illness/injury; aesthetic delight; material gain; individual religious experience; interpersonal laughter; witnessing an act of goodness. The research also found that the most frequently reported categories were those related to non-romantic affection and personal success, while religious experiences were reported less frequently. Subsequently, a more nuanced study conducted by Zickfeld et al. (2020) distinguished between four different macro-categories of positive tears: tears of affection (e.g., those shed during a wedding), tears of success (e.g., those shed for a sporting victory), tears of beauty (when one perceives something as extraordinarily beautiful), and tears of amusement (shed in situations in which one laughs so hard that one begins to cry). A number of international studies have investigated whether tears provoked by negative emotions show a different impact on mood compared to those stimulated by positive feelings, and have also tried to identify the possible functions of positive emotional crying. According to Ishii and Shinya (2021), positive crying is more effective in calming one’s mood than crying triggered by negative feelings, while Hoffman et al. (2016) find that the frequency of joyful tears is significantly associated with reduced self-perceived transitory stress, physical wellbeing following joyful crying, and self-reported health perceptions.



The Meaning of Life in Literature

We conclude the literature review section by addressing the topic of MOL; the authors’ clinical experience has shown that patients tend to associate TOJ with the meaning of their lives. The literature (cf. King et al., 2006; Datu, 2015) shows that having a clear idea of the meaning of one’s own life is linked to people’s propensity to experience greater wellbeing and positive affect. In this regard, King et al. (2006) believe that it is the daily frequency of positive emotional states that may give meaning to a day or not. Other authors (Emmons, 2003; McDonald et al., 2012; Machell et al., 2015) relate MOL to the achievement of one’s own goals: individuals attach great value to these activities, and their accomplishment gives meaning to one’s actions, thus also increasing the sense of self-efficacy and promoting the development and maintenance of wellbeing (cf. Diener, 1984; Emmons, 1986). Machell et al. (2015) investigated how people’s everyday events are able to influence their perception of meaning on a daily basis. The researchers asked 162 college students to complete daily reports in which they provided measures of: meaning in life, positive and negative social events and achievements, and positive and negative affects. The results showed that social events and positive achievements were correlated with higher perceptions of meaning, whereas social events and negative achievements were correlated with lower perceptions of meaning. Existence may also be infused with meaning through social relationships and contact with others. In this regard, Lambert et al. (2013) investigated which element of social relationships was most likely to promote a sense of MOL. In one study, which included American and Indian participants (the latter in smaller numbers), four methodologically different studies were conducted that found that a strong sense of belonging correlated with higher levels of perceiving life as meaningful, much more so than social support and social worth.



Methodological Background: Narratives and Narrative Psychology

Before describing the methodological approach of the research, we consider it useful to make a brief reference to the use of narratives, narrative psychology, and the biographical approach to the study of emotions and actions related to emotional manifestations. In recent years, the use of narratives in social research has become a popular and widely used approach in the humanities. Various models of narrative analysis have been developed from materials and research data based on biographies, biographical and narrative interviews, diaries, and—more recently—blogs and other web sources. Broadly speaking, narrative analyses are based on the philosophical assumptions of ontological relativism and constructionism (Smith, 2013); these models imply a continuous interaction between the researcher and the external environment and view knowledge (including scientific knowledge) as a co-constructed and culturally-characterized product. Narratives are methods rooted in people and contexts, situations and cultures; in this sense, using narratives has theoretical implications, both regarding theory of method (how to use narratives) and theoretical elaboration resulting from the analysis of results (what to do with narratives). The reference to narrative constructionism here recalls a socio-culturally oriented approach that understands human beings as “meaning makers” who make use of narratives to interpret, mediate, and share their experience in story form (Smith and Monforte, 2020); in this sense, a narrative is a story told by tracing cultural canons. The stories each of us tell about our experiences (including those elaborated from biographical experience) are based on a narrative structure (Sarbin, 1986a; Murray, 1995). The relationship between biography and self-narration is so close that real streams of study (such as narrative psychology) and research tools (such as biographical interviews) have become widespread in the history of psychology and psychological research. Mancuso and Sarbin (1983) argue that human beings think, perceive, imagine, and dream according to a narrative structure; each individual gives events an order and confers on them a plot which together lay the foundation for a narrative description of reality. Bruner (1990, 2002) states that every narrative can be considered a mental model, a way of perceiving and organizing reality; in order to understand human behavior, it is necessary to bring out the individual’s ability to narrate. Our experience takes a narrative form because actions and thought (cognitive processes such as, for example, planning and memory) are guided by narrative structures: the narrative, in short, is our way of organizing social episodes, actions and their stories, as is widely attested by autobiographical studies (Sarbin, 1986b; McAdams et al., 1996).

Given these premises, in the present article we decided to use a qualitative and narrative approach to explore, through the interviews, the psychological and cultural factors that influence the emotional representation of joy in a particular circumstance, that is, when it is expressed through unstoppable crying: TOJ. The guidelines for analysis of the interviews were shared among the three authors of this article; two coded the texts and extrapolated the results; one acted as a supervisor. The entire work was guided by the qualitative research validity criteria described by Tracy (2010), namely: (a) worthy topic (the topic of the research is relevant, timely, significant and interesting), (b) rich rigor (the study relies on sufficient, abundant, appropriate, and complex theoretical constructs, context issues and data collection and analysis processes), (c) sincerity (the study is characterized by a clear positioning of the researcher(s) in the field, transparency about the methods and challenges), (d) credibility (the research is marked by a thick description, concrete detail, and multivocality, (e) resonance (the research influences or moves particular readers or a variety of audiences through evocative representation of processes under investigation and shows transferable findings), (f) significant contribution (the research provides a significant contribution to the field), (g) ethics (the research considers situational and culturally specific ethical factors), and (h) meaningful coherence (the study achieves what it purports to be about, uses methods and procedures that fit its stated goals and meaningfully interconnects literature, research questions and findings, interpretations). The process of analysis, which leads to the elaboration of results from a qualitative study, is cyclical and iterative: the work of the researcher resembles a moving back and forth between each interview, between pieces of the same interview, giving greater emphasis to some linguistic forms and content today and to others tomorrow, once again under the banner of the complexity of qualitative work (Smith and Monforte, 2020).




RESEARCH: IS THERE A CONNECTION BETWEEN TEARS OF JOY AND THE MEANING OF LIFE?

In the present research we wondered whether TOJ could be considered not merely an emotional expression, and therefore a sort of subcategory of joy, but a phenomenon with its own specific qualities; whether it was not merely an automatic emotional self-regulation but also fulfilled a specific adaptive function. The research hypothesis is that TOJ is an emotion that is not entirely superimposable with joy but that it accompanies and signals the most significant experiences in people’s lives, whereby the meaning of their lives is understood; its attainment constitutes the most ambitious goal that a human being can establish for themself in the orientation of their entire existence. To investigate this hypothesis we chose to use a qualitative method, through semi-structured interviews, to facilitate a free narrative of emotional experience in the respondents and to bring out potentially new aspects not yet investigated in the literature.


Participants and Interviews

Our qualitative approach was based on the collection of in-depth, semi-structured interviews with 24 participants, of which 17 were from India, 6 from Japan, and 1 from England. The recruitment of participants may seem atypical. In fact, the entire research begun with interpersonal and friendly contacts with two cultural mediators who put one of the authors in contact with some interviewees (the interviews took place during a 6-month trip to India and Japan by one of the authors). At a later stage, the recruitment of the other interviewees followed a snowball principle, a strategy now recognized in qualitative research (Heckathorn, 1997; Morgan, 2008). The recruitment has, therefore, followed a mix of snowball-like organization and casual encounters; both solutions are accepted in qualitative research and mixed methods. Specifically: 8 chance encounters (5 Indian, 2 Japanese, 1 English), 12 encounters organized by a professor of Periyar University (Salem, Tamil Nadu, India) with students from the Faculty of Psychology, and 4 encounters organized by a cultural mediator from Tokyo. Although not belonging to the two cultures Indian and Japanese, we decided to keep the interview with an English man within the group because of his interesting contribution to the topic of research. All interviews were audio-recorded and conducted in English. If the interviewee was unable to speak English, the presence of a language mediator was requested (5 interviews were conducted with the presence of a mediator). An informed consent form was signed by each interviewee. In order to respect ethical and privacy issues we decided to anonymize all participants, so that the parts of the interview reported in this article are attributed to interviews and not to specific individuals; moreover, male personal pronouns are used everywhere, regardless of the gender of the interviewees. Regarding the demographic characteristics of the respondents: 15 women (11 Indian and 4 Japanese) and 9 men (6 Indian, 2 Japanese, 1 English) participated. The average age of the respondents was 29.2. The mean age of the Indians was 23.2; that of the Japanese was 42.5. This difference is consistent with the different overall mean age of the two populations: in India 28.7; in Japan 48.61.

Interviews were conducted following a semi-structured protocol. The interview guide can be found in Appendix. As can be read in the interview guide text, the questions about TOJ were placed at the beginning of the interview, while those about the MOL were placed at the end, in order to reduce the possibility the interviewee associated the two topics only because they were treated one after the other. The interview was conducted in a style open to dialogue and following the narratives of the interviewees, so that it was possible to better understand the specificity of the socio-cultural context in which they lived. The approach used made it possible to co-construct a shared narrative between interviewee and interviewer while adhering to the cultural and local context in which the emotional expression was taking place. The value of co-construction in the data collection phase described by Bruner (1990) constitutes the main theoretical-methodological reference for the research.



Qualitative Data Analysis

The semi-structured interviews were subjected to a qualitative content analysis through a coding procedure for narrative themes (Ryan and Russell Bernard, 2003; Braun and Clarke, 2006). Prior to content analysis, each interview was transcribed, and the interviewees’ transcripts reviewed by a language facilitator. Next, in each of the transcribed interviews, an attempt was made to identify emergent themes. In the tradition of the qualitative approach, a theme is important because it captures something significant about the data as it relates to the research questions (Braun and Clarke, 2006). We used MAXQDA software to perform computer-supported qualitative content analysis (Kuckartz, 2013; Kuckartz and Rädiker, 2019) to filter the structure of our transcripts and then code them. In the first step, major themes were identified through reading the interviews. This led to the identification of the main content analysis categories (codes and code sets):


1.Tears of joy (TOJ);

2.Meaning of life (MOL);

3.Personal characteristics.



After identifying the parts of the interview pertaining to each of these three thematic areas, we proceeded to extend the analysis, extrapolating segments of text from the transcripts which had specific, recognizable contents relating to the main topics:


1.TOJ: frequency, trigger events, description, situations in which it happened, situations in which it didn’t occur, tensions before, family/friends/social conflict, inner conflict.

2.MOL: whether life has a meaning or not, trigger events, what is the MOL, related concepts, connection between TOJ and MOL.

3.Personal characteristics: self-description (hard or soft), ways of experiencing emotions (whether they can or can’t control their emotions), whether they speak about themself in the third person, personal/professional realization.



Each interview segment featuring the above-described topics was (re)coded so as to detect, with greater precision, the specific narrative theme around which the discourse of the interviewees was built; for each theme the corresponding segment was identified and defined (coded). More dense segments (articulate, complex, polysemic) were coded with more than one code.




RESULTS

A first reflection concerns the different responses to the project among Indian and Japanese participants. A certain ease in recruiting Indian interviewees was contrasted by a greater difficulty in recruiting people that were happy to be interviewed by a foreigner in the Japanese context. In Japan, on several occasions the initial openness to the project was followed by disinvestment; during the interviews—due also to the difficulty of communicating in English—even those most open to dialogue showed some resistance to talking about emotional issues. What we observed is consistent with established findings in the literature about Japanese people’s reticence in expressing their emotions with strangers (Nakane, 1970; Matsumoto, 1991). The different emotional investment in the interviews between Indian and Japanese participants can also be seen through the different richness of the codes attributed during the qualitative analysis: the interviews of the Indian participants have an average of 34.9 codes attributed to each interview (limited to the themes of TOJ and the MOL); in the case of the Japanese participants the average number of codes per interview is 13.5. Another interesting finding is that almost all Japanese interviewees, specifically all those from a predominantly mountainous prefecture bordering Tokyo, initially confused the interviewer’s description of TOJ with a different type of emotional experience that they claimed they had experienced many times: feeling sadness inside and showing joy externally (the exact opposite of what happens with TOJ). This cultural duty to repress one’s negative emotions in favor of preserving group harmony is a finding consistent with what has been described in cultural anthropology texts (cft. Nakane, 1970).


Tears of Joy

The interviews indicate that the Indian participants have generally experienced TOJ a few times, while the Japanese participants report that it has happened to them only once. In general, however, TOJ is a known experience, but not one experienced it with particular frequency; this could be due to the young age of most of the interviewees (Table 1). It is also significant to note that the participants who said they had never cried for joy were also more likely to describe themselves in a “hard” and confident way (e.g., “I have a different set of priorities,” “I’m very good at deleting people,” “I have been able to shield my personal ambitions. I’m very ambitious”). The reported contexts in which TOJ have been experienced are: with relatives, during a birthday, at university/school, during a competition, receiving news, doing hard work/solving a problem, at the birth of a child, in a religious building, in nature, during a political election, during a wedding, helping someone, cooking, watching a video, alone. The main triggers recognized by respondents were: achieving a result, pride for others, birth, positive surprise, acceptance by the family, a child being given his/her name, spiritual wonder, wedding, solving a critical situation, feeling part of a group (Table 2). Consistent with findings in the literature (Hoffman et al., 2013), the achievement of a personal success (winning a school or a sport competition, gaining access to a university or a job) is a major trigger of TOJ. Again, the fact that there is no co-prevalence of TOJ experiences associated with family life moments may depend on the young age of many of the respondents. The terms used to describe the TOJ experience were: instantaneous, instinctive, unexpected, incomprehensible, significant, powerful, emotional, shocking, overwhelming, relevant, with a big impact; experience of greatness, of change, of ecstasy, of victory, of achievement; insight, deep understanding, sense of responsibility; feeling loved, happy, proud, alive, free, important, special, on the right track. The three terms that stand out the most are “happiness,” “unexpected,” and “achievement”: the triggering event was unexpected, just as the strength of the reaction upon the achievement of an important goal for their life and career was also unexpected. Consistent with this, the main emotional tensions that the interviewees experienced before the TOJ were related to not knowing if they would be able (or if their family members would be able) to achieve a certain goal (“When you decide to participate in something, especially a competition, you always want to win, you know, there is always this ambition, desire behind. But you also know that you doubt yourself”), but also a sense of constraint due to a commitment made to oneself or one’s family (“I was feeling so stuck”), which was followed by a sense of liberation (Table 3).


TABLE 1. Frequencies of coded category “Tears of joy”.
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TABLE 2. Frequencies of coded category “Triggering events”.
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TABLE 3. Frequencies of coded category “Tension before tears of joy”.
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Achievement of Goals as the Main Cause of Tears of Joy

In particular, a strong correspondence was found between TOJ at the achievement of an important goal and the tension of not knowing if one would be able to achieve it; it is also curious to note that the three full words that appeared together most frequently in the interview texts are “[I] don’t know.” We might advance the hypothesis that the unexpected happiness of TOJ becomes more easily accessible to those who strongly desire to achieve a goal but are not fully sure of their abilities. We also found a co-presence of codes between TOJ caused by the realization of an important goal and the presence of an internal conflict (“So I tried to get some job, but mentally I am not in a normal stage”), the description of oneself as able to control one’s emotions (“I told you that I don’t cry very easily. So if I do get good news in front of people, I am just happy”), and the description of the meaning of one’s own life as “helping/having a good impact on others” (“So it’s our duty to live the life to the fullest and have a good life if possible helping others. Being good with others”).



Meaning of Life: Connection With Tears of Joy

“Does life have meaning? If yes, what is the meaning of your life? Do you think life has meaning in and of itself, or are we the ones who put it in there?” When the interview was coming to a close and this question emerged, it always caught the interviewee off guard. It looked like the topic was not as common for them, and the answers were often more succinct than when the topic of emotions was addressed. Similarly, when asked if they saw any connection between their experiences of TOJ and their definition of MOL, an expression of surprise returned: they had never thought about it before, but yes, they did see a connection; respondents, both Indian and Japanese, leaned toward yes: life has meaning (Table 4). The MOL was defined according to the following categories: helping, having a positive impact on others, loving, having good relationships, achieving important goals, doing one’s best, having ambition, following the flow, happiness, a sense of wholeness, being healthy, worshiping God, being creative, and having experiences. Similar to the experiences of TOJ most commonly found in the literature, the terms that occur most frequently for defining MOL are “help/having good impact,” “love/good relationship,” “achievement/ambition/doing the best you can”: having good connections with others, and achieving personal life goals. We cry for joy for reasons connected to what we believe to be the main meaning of our lives. When asked to elaborate further on what they meant by “meaning of life” respondents used expressions such as: doing something good, connecting with others, God, death, making a difference, having an influence, finding the reason behind, one’s dignity, deciding for one’s dreams, improving oneself, changing one’s perspective, positivity, doing with what one has, something non-materialistic, personal ambitions.


TABLE 4. Frequencies of coded category “Life has a meaning or not”.

[image: Table 4]
As we have said, there is a connection between TOJ and the MOL for respondents. However, not all respondents answered this question; those who did mention it leaned toward yes (Table 5). So much so that, even in the analysis of the relationship between codes, there is a strong co-presence between those who said “Sometimes I have cried for joy” and those who said “Yes, life has a meaning” (Table 6).


TABLE 5. Frequencies of coded category “Connection between TOJ and MOL”.

[image: Table 5]

TABLE 6. Shared segments between tears of joy and meaning of life.

[image: Table 6]



DISCUSSION AND CONCLUSION

Through this research, participants had the opportunity to talk about their emotions. Conducting interviews allowed them to name unusual emotional manifestations, and link them to specific events in their lives. The use of narrative methods highlighted some typicalities of the dimorphous emotional expression of TOJ. This is an experience that has been lived by almost all of the interviewees, though not with particular frequency. The Indian participants reported having experienced TOJ a few times, while the Japanese participants reported more frequently that it had happened to them only once; this could be due to the cultural tendency, typical of Japanese people, to favor a greater control of emotional expressions. In this sense, those who reported never having cried for joy also tended to describe themselves as inflexible. The typical profile that emerged during the interviews is of a human being who cries for joy a few times, and who does so—consistently with the findings in the literature—when achieving an important result in their life. In addition, this is often when achieving an important result which they were not sure they would be able to achieve. The emotional experience of TOJ is completely unexpected for the person experiencing it and the triggering event is unexpected (e.g., the person did not expect that they would win a competition). The strength of the joyful reaction experienced upon achieving an important life goal is unexpected too. It was interesting to note that respondents spoke of an emotional tension—experienced prior to the TOJ—mainly due to not knowing whether they (themselves or a family member) would be able to achieve a given goal. Thus, it seems that the unexpected happiness of TOJ is more easily accessible to those who strongly desire to achieve a goal but do not feel completely confident in their abilities. The typical profile that emerged during the interviews is also a person who believes that life has a meaning; this person also believes that there is a strong connection between the MOL and the episodes in which they experienced TOJ. Both Indian and Japanese participants argued that—as is consistent with findings in the literature—the meaning of life corresponds with, on the one hand, having good relationships with others, helping them and having a good impact on them, and on the other hand in doing one’s best and accomplishing important goals. The main reasons why people cry for joy seem to have a close connection to the themes that people report when describing the meaning of their lives.

Given the data collected from the research, we believe we have identified some elements to support the hypothesis that TOJ can be considered not only a dimorphous emotional expression of joy, but also as an emotion in its own right with specific characteristics; moreover, the literature goes in the direction of indicating an increasing number of human emotions that are interconnected and have multiple nuances. The possible adaptive function of TOJ could be to direct people toward a higher level of wellbeing by pointing them to the types of experiences that make their lives meaningful. We conclude by pointing out that the present research contains all the typical limitations of qualitative research, including a very small sample of respondents and a greater freedom for both the interviewer and the respondent to “let oneself go” during the dialogue; so much so that some topics of the research were not discussed with all respondents. We hope that in future more space will be given to the study of TOJ and dimorphous emotional expressions, and that the connection between TOJ and people’s definitions of the MOL will be further investigated using both qualitative and quantitative methods.
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APPENDIX


Text of the Semi-Structured Interview

I am an Italian psychologist. I’m going around the world to collect interviews on some psychological topics that relate to life, relationships, and important choices. Can I give you an interview? It will be completely anonymous. I will record the interview, which will last about 45 min. At the end I will ask you to sign a privacy form in which I declare the total protection and secrecy of your personal information.

The purpose of this interview is twofold: on the one hand to collect some information for research that I am conducting at the international level, on the other hand to help the interviewee to reflect on important aspects of his/her life on which, if anything, he/she had never thought before.

The first part of the interview is dedicated to emotions, and to one emotion in particular: tears of joy. This is a particular emotion because, on the one hand, if you look at the person’s face, he or she seems to be crying with sadness, but inside, instead, they feel joy. Have you ever experienced this type of emotion? (If the person didn’t understand what the emotion was, some typical episodes in which people cry for joy were suggested, such as at the birth of a child, or during a wedding, or winning a competition. If the person still did not understand, two pictures of people crying for joy were shown: Fedez and Chiara Ferragni at the birth of Leone, and Javier Zanetti with the Inter jersey raising his hands to the sky). How many times have you experienced this emotion? Could you describe some episodes in which it has happened? What did you feel at that moment? The fact that you cried with joy in those very situations, what does that say about you?

Going in the opposite direction, I’d like to talk about a different kind of emotion: boredom. Do you find yourself bored? How many times a week or month does it happen to you? If it happens to you every day, what percentage of the time does boredom happen to you during a day? In what situations does it happen to you? Why do you find yourself in those situations? What does it say about you that you are bored in those situations? Do you have any strategies you put in place to try to manage boredom? Which ones work best?

As I mentioned at the beginning, I’m a psychologist, and also a psychotherapist; that’s why I’m so interested in emotions. Are you familiar with psychotherapy? Do you know what it is and how it works? What is the image that people in general have of psychotherapy? What problems do you think people bring to psychotherapy?

In psychotherapy, especially in the kind of psychotherapy I use—Brief Therapy—there is a lot of focus on the effective and ineffective strategies that people put in place. So I’d like to know about two moments in your life: a first instance where you were really proud of the way you handled the situation; and a second instance, on the other hand, where you were not very proud of the way you handled the situation. Would you like to tell me about these two episodes? What strategies did you implement in the first case? And in the second?

Now there are the last two themes, somewhat unrelated to the previous ones, on which I would like to know your point of view. The first theme is about the meaning of life. What is the meaning of your life? Have you ever asked yourself that before? In your opinion, does the meaning of life exist in itself or do we invent/choose it? Is there any connection between the episodes in which you cried for joy and the meaning of your life? Finally, the last theme. Do you remember a story, fairy tale, nursery rhyme, or song from your childhood that your parents, or caregivers, used to put you to sleep? Would you like to tell/sing it to me?
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An anonymous interaction might facilitate provoking behavior and modify the engagement of theory of mind (TOM) brain mechanisms. However, the effect of anonymity when processing unfair behavior of an opponent remains largely unknown. The current functional magnetic resonance imaging (fMRI) study applied the Taylor aggression paradigm, introducing an anonymous opponent to this task. Thirty-nine healthy right-handed subjects were included in the statistical analysis (13 males/26 females, mean age 24.5 ± 3.6 years). A player winning the reaction-time game could subtract money from the opponent during the task. Participants behaved similarly to both introduced and anonymous opponents. However, when an anonymous opponent (when compared to the introduced opponent) subtracted money, the right inferior frontal gyrus (IFG) demonstrated an increased BOLD signal and increased functional connectivity with the left IFG. Further, increased functional connectivity between the right IFG, the right temporal parietal junction and precuneus was observed during the perception of high provocation (subtracting a large amount of money) from the anonymous compared to the introduced opponent. We speculate that the neural changes may underlie different inferences about the opponents’ mental states. The idea that this reorganization of the TOM network reflects the attempt to understand the opponent by “completing” socially relevant details requires further investigation.
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INTRODUCTION

Currently, an increasing number of social interactions occur online. Apart from the positive aspects, an online environment provides conditions for aggressive behavior (Demsar et al., 2021), which might be because most virtual communication is anonymous (Pornari and Wood, 2010; Runions and Bak, 2015). The term “aggression” can refer to “any behavior directed toward another individual that is carried out with the intent to cause harm” (Anderson and Bushman, 2002). Anonymity is a factor that influences social behavior, such that it can be characterized by higher levels of aggression (Zimmerman and Ybarra, 2016), a greater tendency to punish unfairness (Yu et al., 2015), and an increased self-interest in economic games (Burnham, 2003; Charness and Gneezy, 2008) compared to conditions when opponents know each other’s true identity. An important facet of aggressive behavior in an anonymous online environment is understanding another person’s mental states, especially in the case of receiving provocation. The ability to attribute thoughts, beliefs, and intentions to oneself and others is paraphrased as the theory of mind (TOM) (Premack and Woodruff, 1978), which is underpinned by a set of brain regions, the TOM network (Schurz et al., 2020a). According to meta-analytic studies, the network mainly includes the bilateral temporoparietal junction (TPJ), the medial prefrontal cortex (mPFC), the precuneus, and the superior temporal sulcus (Mar, 2011; Bzdok et al., 2012; Dufour et al., 2013; Molenberghs et al., 2016). Additional parts of the TOM network comprise the temporal pole, the middle temporal gyrus, the right visual cortex (MT/V5), the amygdala, and the inferior frontal gyrus (IFG) (Mar, 2011; Bzdok et al., 2012). The neural basis of TOM abilities has been extensively studied in both normal and pathological states [e.g., autism spectrum disorders (Andreou and Skrimpa, 2020), borderline personality disorder (Bora, 2021), psychopathy (van Dongen, 2020), schizophrenia (Vucurovic et al., 2020)]. However, data regarding the re-organization of the TOM network in response to social provocation in anonymous competition contexts are lacking to our knowledge.

Thus, we aimed to study local activity and connectivity of the TOM network during the interaction with an anonymous repeatedly provoking opponent. We base our hypotheses on the assumption that increased local activity in one given area will reflect increased involvement in processes underlying such an interaction. Increased functional connectivity is assumed to support the mental and behavioral processes during the interaction via a stronger communication between the involved structures. The opposite patterns are assumed to indicate reduced involvement in the processes underlying the interaction in the TAP. To address this question, we applied a functional magnetic resonance imaging (fMRI)-compatible version of the Taylor aggression paradigm (TAP) (Repple et al., 2017; Wagels et al., 2019). In this paradigm, participants select a monetary punishment in response to prior social provocation by the opponent. TOM areas are associated with aggressive decision-making during the TAP (Beyer et al., 2014b), but modifying the type of experimental task and considering individual differences between subjects may provide a better understanding of the role of the TOM network. For example, in a previous version of TAP where participants had an alternative to avoid aggression, the activity in the IFG and the TPJ was decreased during aggressive responses compared to avoiding aggression (Buades-Rotger et al., 2017). In addition, participants with high emotional reactivity to threat, measured as fear potentiation (FP) of the startle response, had lower activity in the mPFC, TPJ, precuneus, and IFG during punishment selection for a highly provoking opponent (Beyer et al., 2014a). Different activity might be related to differences in the interpretation of the opponent’s action. Such an interpretation might differ depending on how much a participant knows about the opponent. In order to manipulate this knowledge about the opponent, we modified the TAP task as follows (see ‘Stimuli and procedure’ in the Materials and Methods section for more details): (1) The participants were told they would interact with two different opponents. While they were introduced to one opponent during the instruction (the known opponent), they did not meet the other opponent prior to or after the experiment (the anonymous opponent). (2) We separated the decision-making phase (selecting the punishment) from the motor performance of this action.

The first evidence characterizing brain mechanisms underlying the interaction with an opponent whose identity is unknown or uncertain (anonymous opponent), compared to an interaction with a person with a known identity (known opponent), is provided by electrophysiological studies investigating event-related potentials (ERPs) using an ultimatum game and dictator game (Wu et al., 2011; Yu et al., 2015). These games required the participants to evaluate fair and unfair monetary distributions decided by the opponent. Fairness evaluation is important to establish cooperative behavior, however, in unfair scenarios individuals often get angry and punish others. The study by Yu et al. (2015) has shown increased attentional resources allocated to receiving fair offers from an anonymous (versus known) person, reflected by the increased amplitude of P300. With regard to unfair scenarios, Wu et al. (2011) reported a less positive P300 compared to fair offers only in the anonymous condition. The authors conclude that contextual factors such as anonymity modulate fairness concerns. This may ultimately influence aggressive behavior as shown in previous studies assessing the effect of deindividuation on aggression (Lightdale and Prentice, 1994). However, such investigations are limited with regard to the localization of involved brain regions.

Potential regions for observing the effect of anonymity are those attributed to the TOM network. In the TAP, participants see how much money the opponent has subtracted, after which they have to choose the amount of money, they will subtract from the opponent. They know that the decision will only be implemented in case of the player winning the round. Thus, participants need to understand the intention and reason behind the opponent’s actions to select a corresponding reaction. However, in the anonymous scenario, participants do not have information regarding the opponent, and relevant details about the emotional state of the other (such as the opponent’s face) are absent. Missing information may exacerbate the interpretation of the other’s intention. Hence, it is expected that TOM network nodes will work differently during the anonymous interaction.

A primary hypothesis may be that TOM areas will be less involved when engaging with anonymous versus known people because less information about the opponent is present. Based on our assumptions, we expect a decrease in local activity in TOM-related structures or/and connectivity between them during interacting with an anonymous, compared to a known opponent. In line with this idea, performing an image-phrase compatibility task for images with blurred faces was characterized by decreased local activity in areas of visual social information processing (Proverbio et al., 2018). Furthermore, comparing the categorization of non-social scenes to the categorization of social scenes revealed reduced activity of the TOM areas: the bilateral temporal pole and superior temporal sulcus, mPFC, precuneus, and right IFG (Wagner et al., 2011).

An alternative hypothesis could be that hyper-involvement of the TOM areas may be required because the additional effort is applied to attribute thoughts, beliefs, and intentions to the anonymous opponent to understand his/her actions. Based on our assumption, we expect that increased local activity in TOM-related structures or/and connectivity between them should be found when comparing interaction with an anonymous opponent to interaction with a known one. Yu et al. (2015) have suggested a re-distribution of attentional resources in order to confirm the anonymous opponent’s identity. Similarly, conditions that involve a greater load on TOM-related social-cognitive processes on the neural level are characterized by increased activity of areas within the TOM system. Notably, compared to the task of predicting the intentions of another player (low-level TOM involvement), the task of predicting the thoughts of another player concerning one’s own intentions (high-level TOM involvement) during a strategic game has been associated with increased activity in the left anterior insula and right IFG (Bhatt and Camerer, 2005). In addition, the dorsolateral prefrontal cortex has been reported to encode the depth of reasoning about others’ thoughts (Yoshida et al., 2010), while the degree of how often people use high-level reasoning in strategic games correlated with activity in the medial prefrontal cortex (Coricelli and Nagel, 2009).

Finally, it might be the case that both increased and decreased activity or/and functional connectivity in distinct areas of the TOM network will be observed in association with anonymous interaction. Previous meta-analyses of effective connectivity studies on social cognition indicated that both negative coupling (i.e., segregation) and positive coupling (i.e., integration) between different networks do not imply a contradiction (Shine and Poldrack, 2018; Schurz et al., 2020a). Instead, this may reflect two rivaling constraints on cognitive function.

Based on the relevance of the TOM system during the evaluation of social contexts, such as provocation-aggression contexts, and the influence of social information provided about the other party, the objective of the current study was to study activity and connectivity of the TOM network while performing the TAP task against an anonymous or known opponent. We hypothesized that the local BOLD-signal and functional connectivity in the TOM areas reorganize and that this reorganization is twofold. On the one hand, a lack of information to process will be associated with decreased local activity and functional connectivity in some areas of the TOM system. On the other hand, as mentalizing during the interaction with an anonymous may be more demanding in terms of required resources, increased levels of local activity and distant interactions of other TOM system areas will be observed.



MATERIALS AND METHODS


Participants

Forty-two healthy right-handed volunteers (26 females and 13 males, age 24.5 ± 3.6 years) without a history of psychiatric or neurological diseases or current medication intake were recruited via an advertisement placed on social network and took part in the experiment for a monetary reward (1,500 rubles). We assessed the handedness of the participants using the Edinburgh Handedness Inventory (Oldfield, 1971). All participants provided written informed consent prior to commencing the study. We performed all procedures in accordance with the Declaration of Helsinki, and they were approved by the Ethics Committee of the N.P. Bechtereva Institute of the Human Brain, St. Petersburg, Russia. After the experiment, the participants filled out a questionnaire concerning their game strategy and opinions about the opponent.



Stimuli and Procedure

The participants were informed that they were going to play a reaction time game against two opponents. They became acquainted, spent some time with one of their opponents while receiving the instructions about the experiment, and learned that another opponent would remain anonymous before and after the experiment. The fMRI scanning consisted of four sessions presented in random order: In two of them, the volunteer played with a known opponent and in another two with an anonymous opponent. There were 160 trials across all four sessions: 80 in sessions with a known opponent and 80 in sessions with an anonymous opponent. Each trial (game round) consisted of four phases: “Decision,” “Scale,” “Game,” and “Feedback” (see Figure 1).


[image: image]

FIGURE 1. Structure and temporal characteristics of the modified TAP paradigm. During the “Scale” phase, a scale indicating the amount of money was gradually filled, and the volunteer had to press the button when the box appeared above the selected amount. RT, reaction time.


In the first phase (the “Decision” phase), the inscription “Decide how much money you will take from your opponent” and a picture—either with an anonymous avatar or a photo of a real opponent (whom they had recently met)—appeared on the screen. An avatar represented a silhouette, and no information (sex, age, appearance) could be inferred from it. According to the instructions, during this phase, the volunteers had to decide the amount of money they would subtract from the opponent in case of winning the round.

In the second phase (the “Scale” phase), a gradual filling scale indicating the sum of 0, 20, 80, and 100 roubles appeared on the screen. The volunteers had to press the button with their right index finger when the scale corresponded to the amount they chose earlier in the “Decision” phase.

In the third phase (the “Game” phase), an image of a soccer ball appeared randomly in one of the four corners of the playing field (screen). The task was to press the button with the right index finger as fast as possible upon seeing the ball. At the same time, the participants were asked not to press the button ahead of time (before the ball appeared).

In the fourth phase (the “Feedback” phase), either an avatar of an anonymous opponent or a photo of a real opponent appeared on the screen with the inscription indicating losing (“Your opponent took 0/20/80/100 roubles from you”!) or winning the game (“You won 50 roubles”!).

According to the instructions, the number chosen by the participant at the beginning of the round predisposed the amount of money lost by the opponent in case the volunteer won. The amount taken from the volunteers in case they lost depended, in turn, on their opponent’s choice. It was emphasized that the participants would not earn the money they took away from the opponent. The sum gained in case of victory was fixed to 50 roubles for all players. Thus, subtracting money from a known person or anonymous player could be defined as a reactive, aggressive action (Baron et al., 1994).

In reality, we programmed the “Feedback” phase: The participants won 60 trials across all four sessions, lost 0 and 100 roubles across 48 trials, and lost 20 and 80 roubles across 52 trials. These trials were presented in random order while being matched for the trails played against a known or anonymous opponent respectively. The programmed number of trials could only be changed if the volunteers did not press the button when catching the ball. In this case, 0 or 20 roubles were always taken from the volunteer during the “Feedback” phase. Observing the amount of money lost in the game was considered a social provocation, which could be high (80 or 100 roubles) or low (0 or 20 roubles).

The “Decision” phase lasted for 2 s. The duration of the “Scale” phase was 2.8 s (the first sum of the scale appeared for 1 s, three subsequent ones for 600 ms). On average, the “Game” phase lasted for 1.55 s (1.2–1.8 s), out of which for 700–1200 ms, no ball appeared on the screen, and for 600 ms, the ball was shown. Next, “Feedback” appeared on the screen for 2 s. The interval between the “Decision” and “Scale” phases varied from 2 to 5 s (average: 3.5 s). The interval between the “Scale” and “Game” phases was 1 s. The interval between the “Game” and “Feedback” phases varied from 2 to 5 s (average: 3.5 s). The interval between trials also varied from 2 to 5 s and averaged 3.5 s (see Figure 1).



fMRI Image Acquisition Procedure and Image Processing

fMRI data were recorded using a 3 Tesla Philips Achieva scanner. Structural images were acquired prior to the task using a T1weighted pulse sequence (T1W3DFFE; repetition time [TR] = 25 ms; echo time [TE] = 2.2 ms; 30° flip angle), measuring 130 axial slices (field of view [FOV] = 240 × 240 mm) of 1 mm thickness and a 1 × 1 mm pixel size. Functional images were obtained using an echo-planar imaging (EPI) sequence (TR = 2 s, TE = 35 ms; 90° flip angle; FOV = 200 × 186 mm). In total, 32 continuous 3.5 mm thick axial slices (voxel size = 3 × 3 × 3.5 mm) covering the entire cerebrum and most of the cerebellum were oriented with respect to structural images.

An MR-compatible cervical collar was used to prevent head movements. Data preprocessing and subsequent statistical analyses were performed via SPM12 software1 run in MATLAB R2017a (Mathworks Inc., Natick, MA, United States, CШA). The preprocessing of raw fMRI data for each participant included the following stages: realignment, slice-time correction, co-registration, segmentation, normalization, and smoothing (8 mm FWHM). During the realignment stage, 6 parameters of head movement relative to the first image were generated (translations and rotations in three coordinate axes).



Statistical Analysis

First, statistical analysis was performed for each participant separately, and individual general linear models (GLMs) were generated. The same GLM models, with 11 regressors representing the temporal characteristics of the experimental phases, were created for anonymous and known opponents. Events were classified similar to the GLMs created by Wagels et al. (2019), who also applied an fMRI compatible version of the TAP task. Namely, events were modeled with the onset at the beginning of the experimental phase and duration equal to zero. The “Feedback” phase (provocation) corresponded to three GLM regressors: low provocation (the loss of 0 or 20 roubles), high provocation (the loss of 80 or 100 roubles), and no provocation (winning). “Decision” and “Scale” phases were sorted according to provocation in the preceding trial: low, high, and no provocation. The “Game” phase corresponded to a separate regressor. GLMs also included first trials and mistakes in one separate regressor of no interest and six regressors for six head movement parameters obtained during preprocessing (realignment) (Johnstone et al., 2006). Regressors were then convolved with the standard hemodynamic response function (HRF).

Second, beta values of regression coefficients for the regressors in GLMs were estimated at the individual level of analysis. Linear contrasts of beta coefficients of each game phase and the baseline were calculated and used as a variable for the second-level analysis. At the second-level random-effect analysis, models were generated for each game phase of interest (“Decision,” “Scale,” and “Feedback”) separately and included two factors with two levels: “provocation” (high and low) and “opponent” (known and anonymous). F-contrasts for the main effect of the opponent, the main effect of the provocation, and the interaction between two factors were calculated.

Last, the obtained F-contrasts were used to make a voxelwise statistical inference on a group level. An uncorrected p < 0.001 threshold was applied at the voxel level, and a familywise error (FWE) corrected p < 0.05 threshold was applied at the cluster level. A gray matter mask, created from segmented structural images, was used to only select voxels within the gray matter in all subjects. Xjview Toolbox2 was used to identify the anatomical location of voxels, with significant changes in local neuronal activity. The REX toolbox was applied to illustrate differences in values of beta coefficients in obtained clusters of changes in BOLD signal3.



Psychophysiological Interaction Analysis

To estimate the effect of anonymity on changes in functional connectivity, the generalized form of psychophysiological interactions analysis (gPPI-analysis) was performed using the toolbox for SPM124 (McLaren et al., 2012). This method allows for distinguishing context-dependent changes in the strength of functional interactions from mere coactivations and correlations of spontaneous signal fluctuations observed during the resting state. ROI was selected based on two criteria. First, the ROI should be a node of the TOM network. Second, the ROI should be characterized by differential neuronal activity during the interaction with the known and anonymous opponent obtained in the current study. One cluster comprising the right IFG satisfied the named criteria as characterized by differential activity in our study and assigned to the TOM network in previous meta-analyses (Mar, 2011; Bzdok et al., 2012). In addition, the local BOLD signal in the right IFG was increased for the observation of provocation from the anonymous opponent compared to the known opponent: “Anonymous opponent > Known opponent” contrast calculated for the “Feedback” phase (see “The effect of provocation on local brain activity changes during the observation of social provocation [the ‘Feedback’ phase]” paragraph in the Results section). Thus, we selected the right IFG cluster, with the center at MNI coordinates x = 57, y = 11, z = 14, as the ROI in the gPPI analysis.

In the gPPI analysis, individual GLMs described above (see section “Statistical Analysis”) included additional regressors: a physiological regressor and PPI regressors. The physiological regressor Xphysio(t) represents the BOLD signal time series in the ROI. To create the PPI regressor XPPI(t), BOLD signal time series from the ROI were deconvolved (⊗^-1) with HRF(t) to reveal underlying neuronal activity Zphysio(t): Zphysio(t) = Xphysio(t) ⊗^-1 HRF(t) (Gitelman et al., 2003). The obtained signal was multiplied by the temporal characteristics of experimental events Zpsy(t). The outcome of this multiplication represented the psychophysiological interaction on the level of neuronal activity. To model this interaction on a level of the BOLD signal, it was convolved with the HRF: XPPI(t) = (Zphysio(t) ⋅ Zpsy(t)) ⊗ HRF(t). PPI regressors were created separately for anonymous and known opponents and for regressors of interest, including the “Feedback” phase with low and high provocation. The analysis was performed for the “Feedback” phase because significant changes in local BOLD signals were registered for this phase of receiving provocation from the anonymous opponent.

Similar to the analysis of BOLD signal changes, the group-level model included two factors with two levels: “provocation” (high and low) and “opponent” (known and anonymous). F-contrasts for the main effect of the opponent, the main effect of the provocation, and the interaction between two factors were calculated.

An uncorrected p < 0.001 threshold was applied at the voxel level, and a FWE-corrected p < 0.05 threshold was applied at the cluster level. A gray matter mask, created from segmented structural images, was used to only select voxels within the gray matter in all subjects. xjView Toolbox5 (see footnote 2) was employed to identify the anatomical location of voxels, with significant changes in local neuronal activity. To interpret and illustrate results in terms of which clusters obtained in the whole-brain analysis are localized within the TOM neural system, thresholded maps of seven TOM-related regions (the right TPJ (rTPJ) and left TPJ; the precuneus; the dorsal, middle, and ventral components of the medial prefrontal cortex; and the right STS) were used (Dufour et al., 2013), and downloaded from https://saxelab.mit.edu/use-our-theory-mind-group-maps/. Results obtained in the current study were overlayed with the regions obtained by Dufour et al. (2013). Only those clusters that overlapped with TOM regions were interpreted to be localized within the TOM system.

REX toolbox (see footnote 3) was applied to illustrate differences in values of regression coefficients in obtained clusters of changes in functional interactions.




RESULTS


Behavioral Results

In the statistical analysis, we included 39 out of 42 subjects (13 males/26 females, mean age 24.5 ± 3.6 years). We excluded three participants because their behavioral responses indicated that they did not believe or understand the instructions: One did not believe in having played against another human (according to the post-experimental questionnaire), one repeated the same order of answers throughout the experiment (no actual cognitive involvement), and one lost 74% of reaction time games due to pressing the button too fast (cheating).

When performing the TAP task, participants on average selected low punishment (subtracting 0 or 20 roubles) in 62% of the trials and high punishment (subtracting 80 or 100 roubles) in 38% of the trials. However, we did not detect any significant difference between the anonymous and known opponents in terms of the proportion of trials with low and high selected punishments.



Imaging Results


The Effect of Anonymity on Local Brain Activity Changes During Decision-Making (the “Decision” Phase)

We observed a main effect of the factor “opponent” on the BOLD signal changes during the phase of decision-making. This period comprised the time when the participant thought about the amount of money to subtract from the respective opponent after seeing his/her provocation. Compared to an anonymous person, the thought about reacting toward an introduced opponent was associated with increased BOLD signals in the fusiform gyrus bilaterally (see Figure 2 and Table 1). No voxels demonstrated a significant increase in the BOLD signal if participants thought about the amount to subtract from an anonymous opponent. We did not observe any significant changes for the main effect of the factor “provocation” (high or low) and the interaction of factors “opponent” and “provocation” for the “decision” phase.


[image: image]

FIGURE 2. Results of the group-level BOLD signal analysis. Clusters of increased BOLD signals associated with decision-making after being provoked for the F-contrast “Known opponent vs. Anonymous opponent” (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, k = 15). Plots show effect sizes with 95% confidence intervals. L/R, left/right hemisphere; g., gyrus; Anon, anonymous opponent; Known, introduced opponent.



TABLE 1. Results of the group-level analysis of the BOLD signal associated with decision-making after being provoked (uncorrected p < 0.001 on the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15).

[image: Table 1]



The Effect of Provocation on Local Brain Activity Changes During the Selection of Punishment (the “Scale” Phase)

We observed a main effect of “provocation” during the Scale phase. Subtracting a high amount of money (80 or 100 roubles) compared to the low amount of money (0 or 20 roubles), irrespective of whether the opponent was introduced or not, was associated with an increased BOLD signal in the left putamen (see Table 2). No voxels demonstrated a significant increase in the BOLD signal during selection to subtract a low (versus high) amount of money. We did not observe any significant changes for the main effect of the factor “opponent” or the interaction of factors for the “Scale” phase.


TABLE 2. Results of the group-level analysis of the BOLD signal associated with selection of punishment (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15).

[image: Table 2]



The Effect of Anonymity on Local Brain Activity Changes During the Observation of Social Provocation (the “Feedback” Phase)

We noted the main effect of the factor “opponent” on the BOLD signal changes during the phase when participants received the provocation (the “Feedback” phase). Compared to a known opponent, observing feedback from an anonymous opponent was associated with increased BOLD signals localized in the right IFG (see Figure 3 and Table 3). Compared to observing feedback from an anonymous person, receiving the provocation from a known opponent was associated with increased BOLD signals localized in the right fusiform gyrus (see Figure 3 and Table 3), resembling the finding for the “Decision” phase. We did not observe any effect of interaction between the two factors (“opponent” and “provocation”) for the “Feedback” phase.


[image: image]

FIGURE 3. Results of the group-level BOLD signal analysis. Clusters of increased BOLD signals associated with the observation of provocation for the F-contrast “Anonymous opponent vs. Known opponent” (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15). Plots show effect sizes with 95% confidence intervals. L/R, left/right hemisphere; g., gyrus; IFG, inferior frontal gyrus; Anon, anonymous opponent; Known, introduced opponent.



TABLE 3. Results of the group-level analysis of the BOLD signal associated with the observation of provocation (uncorrected p < 0.001 at the voxel level, FWE corrected at the cluster level p < 0.05, and k = 15).

[image: Table 3]



The Effect of Provocation on Local Brain Activity Changes During the Observation of Social Provocation (the “Feedback” Phase)

When observing provocative feedback from opponents, high provocation (80 or 100 roubles), compared to low provocation (0 or 20) roubles, was associated with an increased local BOLD signal in the angular gyrus and supplementary motor area (see Table 4). Compared to high provocation, low provocation was associated with increased BOLD signals localized in the right middle frontal gyrus and left IFG, the left angular gyrus, and the right precuneus (see Table 4). Among these structures, the right angular gyrus, left angular gyrus, and right precuneus are localized within the rTPJ, left TPJ, and precuneus clusters of the TOM system, respectively, according to masks generated by Dufour et al. (2013). We did not observe any effect of interaction between the two factors (“opponent” and “provocation”) for the “Feedback” phase.


TABLE 4. Results of the group-level analysis of the BOLD signal associated with the observation of provocation (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15).

[image: Table 4]



Functional Connectivity Changes of the Right Inferior Frontal Gyrus: The Effect of Anonymity on the Observation of Social Provocation During the “Feedback” Phase

Compared to a known opponent, observing feedback from an anonymous opponent was associated with increased functional connectivity between the right and left IFGs (see Figure 4 and Table 5). However, we did not witness any significant changes in the functional connectivity of the right IFG for the observed provocation from the known opponent compared to the anonymous opponent.


[image: image]

FIGURE 4. Results of the group-level gPPI analysis with the ROI in the right IFG. Clusters of significant changes in functional connectivity, with the right IFG associated with the anonymity of the opponent (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15), are shown in red. The ROI in the right IFG is presented in blue. The plot shows effect sizes with 95% confidence intervals. L/R, left/right hemisphere; g., gyrus; ROI, the region of interest; Anon, anonymous opponent; Known, introduced opponent.



TABLE 5. Results of the group-level gPPI analysis with the ROI in the right IFG, associated with the observation of provocation from anonymous and known opponents (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15).
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Functional Connectivity Changes of the Right Inferior Frontal Gyrus: The Effect of the Level of Provocation on the Observation of Social Provocation During the “Feedback” Phase

When observing provocative feedback from opponents, low provocation (0 or 20 roubles), compared to high provocation (80 or 100 roubles), irrespective of whether the opponent was introduced or not, was associated with increased functional connectivity of the right IFG with the right superior temporal gyrus and left cerebellum (see Table 6). However, no significant changes in the functional connectivity of the right IFG were associated with observing high provocative feedback compared to low provocative feedback (0 or 20 roubles) from opponents.


TABLE 6. Results of the group-level gPPI analysis with the ROI in the right IFG, associated with the observation of different levels of provocation (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15).

[image: Table 6]



Functional Connectivity Changes of the Right Inferior Frontal Gyrus: Interactions Between Anonymity and the Level of Observed Provocation Regarding the Observation of Social Provocation During the “Feedback” Phase

We noted significant changes in functional connectivity for the ROI in the right IFG and the interactions between the factors of “opponent” and “provocation.” The right IFG changes functional connectivity with the bilateral cerebellum, precentral gyrus, and supplementary motor area; left fusiform gyrus and superior temporal gyrus; right middle frontal gyrus, insula, precuneus, and angular gyrus (see Table 7). Among these structures, the right angular gyrus and right precuneus are localized within the rTPJ and precuneus clusters of the TOM system, respectively, according to masks generated by Dufour et al. (2013) (see Figure 5). During the perception of the provocation from the anonymous opponent, functional interactions between the IFG and the named areas were increased in the condition of high (versus low provocation). Along with that, this interaction was inversed compared to observing provocation from the known opponent. We did not observe any significant results for other directions of comparison.


TABLE 7. Results of the group-level gPPI analysis with the ROI in the right IFG for the interaction between the level of observed provocation and the anonymity of the opponent during the “Feedback” phase (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15).
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FIGURE 5. Results of the group-level gPPI analysis with the ROI in the right IFG. Clusters of significant changes in functional connectivity with the right IFG, associated with the interactions between the level of observed provocation and the anonymity of the opponent (uncorrected p < 0.001 at the voxel level, FWE-corrected at the cluster level p < 0.05, and k = 15), are shown in red. The TOM system clusters are presented in green according to the results of Dufour et al. (2013). The plot on the lower right side indicates effect sizes with 95% confidence intervals. L/R, left/right hemisphere; g., gyrus; TPJ, temporoparietal junction; SMA, supplementary motor area; ROI, region of interest; Anon, anonymous opponent; Known, introduced opponent; High, high provocation; Low, low provocation.






DISCUSSION

The current fMRI study demonstrates differences in both activity and functional connectivity within the TOM network associated with observing anonymous versus known opponent provocations during a modified TAP task. This paradigm allows studying only competitive scenarios while social interactions presume cooperation as well (Decety et al., 2004; Kanske et al., 2015a; Tsoi et al., 2016; Liu et al., 2017; Bitsch et al., 2018). Although participants can decide not to compete, in the TAP there is no possibility to cooperate which may result in very different interactions. Therefore, the obtained data should be attributed only to competitive interactions. While we did not witness any behavioral differences in terms of punishment selected by our subjects for different opponents, the data support the hypothesis about the increased involvement of TOM network nodes during the evaluation of anonymous opponent’s actions in contrast to known opponent’s actions. Compared to observing provocation from a known opponent, being provoked by an anonymous opponent was underpinned by an increased BOLD signal in the right IFG and increased functional connectivity between the right and left IFGs. In addition, we noted increased functional connectivity between the right IFG, rTPJ, and precuneus, when observing high provocation (subtraction of a high amount of money) from an anonymous opponent versus a known opponent.

The obtained results indicate that functional connectivity in the TOM network changes depending on the knowledge an opponent. In more detail, higher functional connectivity seems to support interactions with anonymous in contrast to known opponents. We speculate that these changes underlie the compensatory process of “completing” socially relevant details, as if by “thinking out” this missing information. Furthermore, only specific parts of the TOM network demonstrated increased involvement in the interaction with the anonymous vs. known opponent. This may generate the hypothesis for a twofold character of re-organization of the TOM network: although the bilateral IFG, rTPJ, and precuneus are the nodes in the TOM network (Mar, 2011; Bzdok et al., 2012; Dufour et al., 2013; Molenberghs et al., 2016), the results do not include the exhaustive list of other network nodes. Our results are in line with the fact that the TOM network is heterogeneous. Indeed its nodes have been shown to demonstrate differential involvement in performance, including the activity and interaction between different underlying resting-state networks (Default Mode and Control networks), depending on the experimental task used (Molenberghs et al., 2016; Schurz et al., 2020a). Thus, obtained results in the current study support the assumption that social interactions with an anonymous opponent in a competitive context are associated with re-organization of the TOM network functioning. The observed re-organization consists of hyperactivation and increased functional connectivity in specific parts of the TOM network. A hypothesis to be systematically tested in future studies may be that the re-organization is needed to compensate for the lack of socially relevant information.


Increased Activity in the Right Inferior Frontal Gyrus and Increased Functional Connectivity Between the Right and Left Inferior Frontal Gyrus in the Anonymous Condition Underlie the Compensatory Visual Face Processing Mechanism

In addition to being part of the TOM network, the bilateral IFG is a key node in the mirror neuron system (Rizzolatti and Craighero, 2004; Cattaneo and Rizzolatti, 2009). This attribution is supported by meta-analysis (Molenberghs et al., 2012). It is generally assumed that the mirror neuron system is responsible for understanding the goals and intentions of others’ motor acts by matching them to one’s own motor repertoire (Rizzolatti et al., 2001; Rizzolatti and Fabbri-Destro, 2008).

In the same vein, areas of the mirror neuron system are involved in observing facial expressions. The face conveys information about an individual’s emotional state, and allows the observer to access the individual’s emotional status (Ferrari and Coudé, 2018). For example, the gray matter volume in the right IFG is associated with the ability to recognize emotions via other people’s facial expressions (Uono et al., 2017). In addition, the stimulation of this area increases performance in facial emotion and identity perception tasks (Penton et al., 2017). Moreover, increased activity in the right IFG was observed when, by viewing photographs of faces, participants assessed the likelihood that a society or the participant himself/herself would interact with the presented person (Yamakawa et al., 2009). Meta-analyses also confirm higher activation associated with emotional face vs. neutral face contrast in the right IFG (Liu et al., 2021), left IFG (Schirmer, 2018), and IFG in both hemispheres (Sabatinelli et al., 2011; Müller et al., 2018).

This functional role of the bilateral IFG may be of particular importance for processing provocation. For example, when receiving feedback in the present study, the participants saw both the provocative inscription and the picture of their opponent, who was giving the feedback: either an avatar (a silhouette with no information about the true appearance) of an anonymous opponent or a photo of a real opponent appeared on the screen (see Figure 1). Thus, information about the face of the anonymous opponent was absent. While this is speculative at this stage, the interaction with the anonymous opponent could have required the compensatory, resource-demanding process induced by the lack of socially relevant face information. This is reflected by areas associated with face processing: some of them demonstrate increased involvement (right IFG activity and functional connectivity with the left IFG), while others underperform. The latter is valid for the right fusiform gyrus associated with the decreased level of the BOLD signal for the anonymous opponent compared to the known opponent, while receiving punishment after losing the game, irrespective of the selected punishment level.



Potential Mechanisms Underpinned by the Increased Functional Connectivity of the Right Inferior Frontal Gyrus With the rTPJ and Precuneus in the Anonymous Condition

With regard to functional connectivity, the rTPJ and precuneus showed increased connectivity with the right IFG during the observation of high provocation in the anonymous condition compared to the known condition.

One possible mechanism that could explain this outcome are the interactions between different components of the TOM ability. A recent meta-analytic study characterized a number of TOM subcomponents and allocated social neurocognitive processes into three groups: (1) predominantly cognitive processes; (2) more affective processes; (3) combined processes, which engage cognitive and affective functions in parallel (Schurz et al., 2020b). The affective TOM component refers to the capacity to represent valence, emotions, and feelings, whereas the cognitive TOM component concerns valence-free, unemotional inference of others’ mental states (Brothers and Ring, 1992). Meta-analyses performed for cognitive and affective TOM tasks separately demonstrated that tasks requiring affective TOM showed increased involvement of the bilateral IFG, whereas the bilateral TPJ and precuneus were attributed to the cognitive aspect of TOM (Schurz et al., 2014; Molenberghs et al., 2016). In line with that, clustering meta-analyses have found activation changes in temporoparietal areas related to the cognitive component and signal alterations across the right frontal cortex, peaking in the IFG, related to the affective component (Schurz et al., 2020b).

Contrary to these findings, increased BOLD signals in the rTPJ and precuneus were also associated with the affective TOM condition (Bodden et al., 2013), while involvement of the right IFG underpinned cognitive perspective taking (Hynes et al., 2006) in direct comparisons of the affective (versus cognitive) TOM. In addition, affective and cognitive TOM conditions had common activations in the bilateral TPJ (Sebastian et al., 2012; Corradi-Dell’Acqua et al., 2014). In the work of Kanske et al. (2015a,b), similar results were obtained: two neighboring but distinct peaks related, one to affect sharing, and another to understanding others’ mental states, were detected in the temporoparietal cortex. This indicated that dorsal and ventral subregions of the TPJ are involved in different aspects of social-cognitive mechanisms.

Despite this distinction, previous studies highlight the integration between named areas. For example, the right IFG was one of the regions with the highest level of overlap across PPI analyses for all social brain regions (including the bilateral TPJ and precuneus) during a social evaluation task, in which participants were asked to consider others’ thoughts about themselves (McCormick et al., 2018). It was also argued that affective and cognitive routes of understanding others may coactivate and cooperate in complex social situations (Kanske, 2018; Schurz et al., 2020b). Specifically, Schurz et al. (2020b) have found that clusters in the bilateral IFG, attributed to tasks, requiring affective TOM, and clusters in the bilateral TPJ, and precuneus, attributed to tasks, requiring cognitive TOM, overlap with neural activations associated with the third cluster of tasks (intermediate). The third cluster comprises tasks which engage cognitive and affective functions in parallel. From this angle, the observed connectivity between these regions may reflect the increased requirements of both TOM components and their interactions. The involvement of different TOM components may be needed to figure out the reasons or motives as well as potential emotional states related to the high provocation from the anonymous (vs. known) opponent when the clear socially relevant information was lacking.

Taken together, these studies suggest that the additional involvement of the rTPJ and precuneus, through increased functional connectivity, characterizes the requirement of different aspects of TOM ability or higher-order analysis of social information as a compensatory mechanism during processing anonymous provocation. Since no systematic behavioral differences in the interactions with a known or anonymous opponent were observed, we assume that the anonymous status itself is associated with the connectivity changes. One possible explanation would be that the increased connectivity reflects the attempt to understand the opponent by “completing” socially relevant details.



Limitations and Suggestions for Further Research

The main limitation of the current study is connected to the experimental design used. The effect of anonymity was calculated in the context of competitive social interaction using the TAP task. Although this task is widely used in psychophysiological studies of aggression, it is discussed controversially, how aggression should be defined using the TAP (Elson et al., 2014; McCarthy and Elson, 2018). Namely, participants’ motives for subtracting money from the opponent cannot be unambiguously measured and linked to prior provocations from the opponent. Furthermore, larger amounts of subtracted money do not obligatory reflect only higher levels of aggression. Even though aggression is not the main concern of the current study, the limitation is related to the classification of experimental events. Also, a reaction to provocation may significantly differ depending on individual differences between participants (Hyatt et al., 2019). Collecting and considering psychometric data may further characterize the obtained results and demonstrate otherwise undiscovered effects of anonymity in different groups of subjects. Notably, anonymous interactions occur in different social settings not limited to competitive games as applied in this experiment. Therefore, future research is required to clarify, if the observed effects are fundamental and can be applied to other conditions of social interaction.




CONCLUSION

For the current study, we modified the TAP by introducing to this paradigm an anonymous opponent to examine the reorganization of the TOM brain system in settings of deficits with socially relevant information. A competitive interaction with an anonymous (compared to known) person was associated with functional reorganization in the TOM network: both functional activity and functional connectivity of and between several network nodes were increased. Due to no systematic behavioral differences in the interaction with a known or anonymous opponent, these activity and connectivity changes refer to the degree of knowledge about the opponent. We speculate that the neural changes may underlie different inferences about the opponents’ mental states. The idea that this reorganization of the TOM network reflects the attempt to understand the opponent by “completing” socially relevant details requires further investigation. The obtained data extend the current view on how the brain processes socially relevant information.
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