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Rather than occurring abstractly (autonomously), ethical growth occurs in interpersonal relationships (IRs). It requires optimally functioning cognitive processes [attention, working memory (WM), episodic/autobiographical memory (AM), inhibition, flexibility, among others], emotional processes (physical contact, motivation, and empathy), processes surrounding ethical, intimacy, and identity issues, and other psychological processes (self-knowledge, integration, and the capacity for agency). Without intending to be reductionist, we believe that these aspects are essential for optimally engaging in IRs and for the personal constitution. While they are all integrated into our daily life, in research and academic work, it is hard to see how they are integrated. Thus, we need better theoretical frameworks for studying them. That study and integration thereof are undertaken differently depending on different views of what it means to live as a human being. We rely on neuroscientific data to support the chosen theory to offer knowledge to understand human beings and interpersonal relational growth. We should of course note that to describe what makes up the uniqueness of being, acting, and growing as a human person involves something much more profound which requires too, a methodology that opens the way for a theory of the person that responds to the concerns of philosophy and philosophical anthropology from many disciplines and methods (Orón Semper, 2015; Polo, 2015), but this is outside the scope of this study. With these in mind, this article aims to introduce a new explanatory framework, called the Interprocessual-self (IPS), for the neuroscientific findings that allow for a holistic consideration of the previously mentioned processes. Contributing to the knowledge of personal growth and avoiding a reductionist view, we first offer a general description of the research that supports the interrelation between personal virtue in IRs and relevant cognitive, emotional, and ethic-moral processes. This reveals how relationships allow people to relate ethically and grow as persons. We include conceptualizations and descriptions of their neural bases. Secondly, with the IPS model, we explore neuroscientific findings regarding self-knowledge, integration, and agency, all psychological processes that stimulate inner exploration of the self concerning the other. We find that these fundamental conditions can be understood from IPS theory. Finally, we explore situations that involve the integration of two levels, namely the interpersonal one and the social contexts of relationships.
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INTRODUCTION

Developed as a cross-disciplinary concept (Akrivou and Orón, 2016; Akrivou et al., 2018) inspired by Polo’s anthropology (Polo, 1971, 1999), Interprocessual-self (IPS) is a novel theory of the self and action. According to it, Western civilization has been profoundly influenced by three fundamental roots (radicals), namely the Greek/classical radical or “radical of nature” (represented by Aristotle, it stresses human nature in its biological and psychological aspects, which can be perfected by virtuous growth); the modern radical or the “radical of the subject” (emphasizing production and novelty, and manifesting cognition that achieves mastery through production); and the Christian radical or the “radical of the person” (emphasizing the human person through her singularity and relational intimacy, as well as the notion of co-existence as constitutive of the person) (Polo, 1999). IPS conceptualizes an integration of these three radicals from within the radical of the person (Akrivou and Orón, 2016); this is based on the superiority of the radical of the person, which gives meaning to and orients the other two radicals by emphasizing human singularity via intimate relations (freedom for) and our immense possibilities for personal and interpersonal growth. This explains why the radicals are hierarchically linked, while also constituting three distinct ways of capturing important parts of human beings (González, 2018) that simultaneously involve both tensions and compatibilities.

This theory comes from moral psychology and centers on human development theory. It is based on the unity between knowledge and action (virtue) rooted in personalist anthropology; as such, it elevates the person’s deep disposition toward growth through acts of intimacy and humanity, which enable uniqueness (novelty) in personal and interpersonal relations that are constitutive of ethical progress and innovation. IPS transcends modernist human development proposals— developed in the last 50 years in educational, psychological, and adult development research— that mainly acknowledge the ‘modern radical’ (Orón Semper et al., 2019). Modern philosophy and psychology’s focus on the modern radical to the exclusion of the radical of nature and of the person loses sight of human beings and serves as a very limited conceptual background for achieving unified knowledge of neuroscientific data (Akrivou and Orón, 2016). This proposal, with IPS as its conceptual background, overcomes that limitation. IPS embraces IRs as the basis for personal and social growth whereby ethical being, knowledge, and action are at the heart of growth, integrating the three fundamental roots with a profound personalist viewpoint (Akrivou and Orón, 2016).

Interprocessual-self contains the following fundamental proposals:

First, IPS understands the person as coexisting with, where personal development occurs through the maturation and enrichment of personal intimacy accompanied by affective intensification. The IPS proposal draws on Polo’s (Polo and Corazón, 2005) transcendental anthropology (Akrivou et al., 2018) as a key theoretical source. It aims to integrate a transcendental personalist proposal with human action and growth on interrelational (IR), rather than autonomous, terms.

As such, it sees each person as in possession of absolute, inalienable value and of uniqueness that is expressed as intimacy, while significant personal relations enable said intimacy since personal growth is not an autonomous process, but rather happens through personal relations of significance. Thus, IPS theory is premised on coexistence: self-integrity is based on personal coexistence with and underlined by the notion of interpersonal self-donation (what Polo and Corazón, 2005 called “the personal radical”). However, both personal integration and personal action require the person to integrate this core (personal coexistence, personal relations) with two other spheres or roots related to who we are. This includes acting in our social dimension, which means acting as part of a wider community of flourishing (given that IPS is inclusive of virtue ethics, this implies attention to our common human nature and flourishing on the basis of character, virtue, and community [what Polo calls the “classical radical”]). It also includes acting while learning to incorporate human subjectivity and striving for novelty (called the “modern radical”). These three radicals also impact IPS’ focus on IR growth, implying an ethic whereby each person, as a complex singularity, acts toward growth that involves learning how to grow in terms of personal coexistence, or coexistence with others who are part of the three spheres described above. The idea of “personal coexistence” in IPS and personal integration of these three spheres requires and depends upon “personal giving and acceptance” of others and their donation. It also depends on the integration of cognitive, affective, ethical, and action-based components of the person in IR contexts, implying the different ways through which people affectively experience the self and donate the self in relationships.

The proposals that follow are based on the above and further expand key points surrounding IPS theory.

Second, according to IPS, the person grows in self-awareness precisely through the development of intimacy, thus increased intimacy in IRs makes a person who she is. Growth is both motivated by and signifies improvement of personal relationships via an epistemology of gift (Orón Semper, 2015, 2020). The relational dimension of this process is profound because personal ethical growth happens both ‘together with others’ and, importantly, ‘for the sake of others’ “in order to be able to love (others) better” (Fernández González, 2019, p. 27). Human action no longer rests on the development of particular cognitive faculties and instead rests on the conjunction of a multitude of unified cognitive-affective-practical-ethical faculties. Moreover, this unity is not an abstract object to be mastered by the actor (cognition as an object of agent), nor does the guiding subject have executive control over the actor (person/agent as an object of cognition). It is an integral part of a complicated reality called “person,” orienting action in a self-giving way. Its teleological end is the flourishing of all the parties who partake in a relationship and, at the same time, emphasizes process outcomes that attain overall growth. As such, growth is no longer subject to rules or objectives that must be reached “to be good at that ability,” but rather trusts the person as inherently relational.

Third, each person’s interiority is premised upon a transcendental anthropology (Arancibia, 2018; González, 2019). Fourth, self-integration of what we have learned about life (both positive and negative personal experiences), and the differentiation this entails (because each person integrates the multifaceted self differently), corresponds to two sides of the same phenomenon. Thus, integration, differentiation, identity, and growth are different ways of describing the same reality. Fifth, integration is a process of increasing self-understanding, and growth is based on one’s interiority, which requires relational intimacy (and which may involve some tension for persons with less experience). The fourth and fifth aspects of this theory orient personal action with a concern for development, which occurs when the person is what he is called to be in his own uniqueness and in terms of personal intimacy and relationships. This process is complicated and never linear. Thus, for IRs to work, they must enable shared growth among persons who wish to mutually support one another, growing as persons of virtue and engaging with intimacy and mutuality in an ongoing way.

These things are crucial not only for maintaining and promoting growth but also for supporting personal wellbeing. IRs are crucial for any personalist virtue ethics proposal (IPS, in this case). This approach is rooted in the person, who is the complex, basic atom of this theory. The personhood and development of the self-occur when the person aligns with her own uniqueness in personal relationships. As we will see, this is the basis for IPS’ emphasis on IRs and social neuroscience.

Therefore, in this article, we argue that IPS can be seen as a new interpretative proposal for neuroscientific findings surrounding personal growth that comes through the establishment of constructive interpersonal relationships. This proposal is an alternative understanding to the “autonomous-self theory” (AS), which understands the ‘self’ as a subject oriented toward productive activity and who seeks to improve personal cognitive abilities to build control. In addition, the “processual-self theory” (PS), though more dynamic with the inclusion of interpersonal relationships, continues to focus on the self as the only reference point for personal growth.

In Figure 1, we present a conceptual mapping of our proposal’s basic neuroscientific mechanisms. As portrayed, the AS and PS theories mutually reinforce each other and the neuroscience associated with them involves a cognitive switch between the two (0). On the other hand, the IPS theory is distinct and discontinuous from AS and PS in neuroscientific terms (1). AS/PS theories are reinforced via autonomous will power or action guided by a cognitive “mood” e.g., Cognitive/rational (AS) or more emotivist (PS) as pictured in (2). The IPS theory is reinforced via mutuality in IR (3). Movements back –forth between AS/PS and IPS are possible (4) and are up to the human beings involved in an IR, but, given their sharp distinction, hard work in IRs and personal transcendence are required (5). For a review of AS and PS theories see Akrivou et al. (2018, 2020).
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FIGURE 1. Graphic diagram on autonomous-self theory, processual-self theory and Inter Processual-self theory. IR, interpersonal relationship.




THE INTERPERSONAL RELATIONSHIP AS AN ENHANCER OF COGNITIVE, AFFECTIVE AND ETHICAL-MORAL PROCESSES: A VIEW FROM NEUROSCIENCE AND INTERPROCESSUAL-SELF

Our proposal is strengthened by demonstrating the strong relationship between interpersonal relationships and cognitive, affective, and ethical processes. This section is thus framed by the social brain hypothesis perspective, which contains a personalist anthropology and manifests that the demands implied in living among social groups allow for the development of cognitive processes (Dunbar, 2003). This is in keeping with the primacy of Polo’s “personal radical” (2012) as a basic postulate for IPS; it assumes that the person is naturally concerned with growing in co-existence and relation with the other(s). By integrating interpersonal relationships and associated cognitive, affective and practical ethical-moral processes, we explore the direct and interactive effects of strong relationships on self-recognition, integration, and agency capacities (Kaplan et al., 2008; Powell et al., 2010; Orón Semper, 2015).

Before proceeding, it is worth noting that cognitive/affective neuroscience (CAN) began research by employing isolation paradigms (Becchio et al., 2010), understood as an experimental task that limits the social behavior of a participant to judging, categorizing, or inferring mental/emotional states from images or videos. Neuroimaging studies, which employ functional magnetic resonance imaging (fMRI), computerized axial tomography (CT), and positron emission tomography (PET), and neuropsychological studies have used this approach to identify and dissociate neural substrates and associated connectivity with cognitive domains involved in various areas of social cognition (Adolphs, 2010). Due to technical and methodological limitations, it only allows for unidirectional study of social-interaction (e.g., while reading a book or watching a movie) (García and Ibáñez, 2014), leaving aside person-to-person contact (e.g., a heated debate), which entails the most dynamic aspects of interaction (Bente et al., 2013). It should be noted that this review will focus on human functional magnetic resonance imaging studies and will not contemplate magnetoencephalography and neuroendocrine studies or with animals.

Currently, social CAN is exploring better methods for the study of person-to-person interactions (Liu and Pelowski, 2014). This exploration has led to the formalization of a new research area, namely social interaction neuroscience (SIN) (Hasson et al., 2012; Pfeiffer et al., 2013), which assumes that the neurobiological mechanisms involved in a person’s evaluation of social phenomena are different from the ones activated when people are involved in social interaction (García and Ibáñez, 2014). Thus, SIN promises findings that more adequately respond to the complexity of human relationships. This development has spurred new explanatory and interpretive frameworks and, in this context, IPS presents itself as an option given its understanding of interpersonal relationships, which it does not see as an instrument of individual development, but rather as a path toward development for each member of a relationship. In short, it understands the relationship itself as the goal.

However, SIN research development is recent, thus forcing us to review here findings from both unidirectional (CAN) and interactive (SIN) proposals that explain how interpersonal relationships can facilitate cognitive, affective and ethical-moral processes considered fundamental for self-knowledge, integration, agency and, in general, for personal-development (Pfeifer and Peake, 2012; Orón Semper et al., 2016; Schibli et al., 2017). Complexities arise that make it difficult to study the person in interpersonal relationships; associated processes are necessarily bio-directional at the interpersonal level and manifest as a more complicated multi-level phenomenon at the social level. Scientific observation has always struggled to adequality capture individual uniqueness and intimacy; for this reason, IPS’s theory of moral psychology does not neatly or comprehensively fit into social and cognitive/affective neuroscience, and instead requires a deeper understanding of those involved and their intimacy.


The Interpersonal Relationship as an Enhancer of Cognitive Processes

Some studies suggest that social activities influence cognitive performance, arguing that interpersonal relationships allow for cognitive stimulation via the building of cognitive reserves that facilitate cognitive outcomes (Scarmeas and Stern, 2003). In this regard, neuroscience research with adult humans, the population to which we refer specifically in this review, is scarce, although there are studies that demonstrate an indirect benefit to speed and attention processing through the encouragement of health-oriented social behaviors like exercise among elderly people (Kelly et al., 2014). In addition, other studies identify social relationships as influential on speed processing, WM, visuospatial abilities, executive functions, and global cognition (Kelly et al., 2014). Finally, there is also evidence regarding the effects of stressful social situations on WM and in explicit and implicit memory (Luethi, 2009).


Working Memory

A relationship with another individual requires (simultaneous) representations of other-related and self-generated actions and the integration (online) of these representations in a perceptive process. For this to happen, the ability to simultaneously maintain and manipulate information in the short-term is fundamental, which corresponds to WM (Baddeley, 2012).

Working memory is supported by a fronto-parietal network that also includes hippocampal structures, amygdalae, and the cerebellum (Luis et al., 2015). These findings suggest that WM is engaged in planning, problem solving, reasoning (Suzuki et al., 2018) and intervenes in processing both emotional information and human movement (Shen et al., 2014). This function is important since the way an interlocutor’s movement is processed and interpreted can determine the other person’s possible response and behavior (Pavlova, 2012).

One unidirectional study found a positive correlation between WM’s ability to detect human movement and participants’ level of empathy (Gao et al., 2016). These results included interpretations like WM-processing of human movement contributes to our ability to empathize, meaning that the WM-buffer plays an important role in the transfer of social information in the course of perception. However, as a correlational study, an alternative interpretation based on IPS is possible. Namely, participants with high-levels of empathy possess greater WM-capacity for processing human movement and, in this way, their empathic behavior adapts to the specifics of the context where human movement is produced.

No clear body of research identifies if a significant relationship between human agents has a widespread impact on WM’s storage of interpersonal actions. Recently, Ding et al. (2017) implemented a more interactive paradigm using point-light displays with three experimental conditions, including (1) individuals-actions were presented in different locations, (2) sets of individuals-actions were presented in interaction, and (3) individual-action pairs were presented without interaction. Participants were asked to memorize individual actions and ignore social interactions. The results show that interactive actions were stored in WM as chunks that were not affected by the memory load. Thus, WM automatically and efficiently used a semantic knowledge strategy to store interactive actions that occurred in each trial (although researchers requested that participants consider social interaction as irrelevant). These results emphatically reflect the IPS proposal’s understanding of human action as the integration of cognitive, affective/intuitive, and practical, as well as ethical-moral, elements. Indeed, each participant implemented a semantic strategy for information storage that created personal singularity and intimacy.



Attention

An interpersonal encounter involves focusing one’s attention. People who interact not only pay attention to the other’s actions, but also to their own, simultaneously monitoring the context in which the encounter takes place. Some authors have defined this attention as foundational to action. On the one hand, there are attentional processes that involve a dorsal network (intraparietal sulcus and frontal ocular fields) and that are focused and directed toward the processing of an objective (top–down processing). On the other hand, a stimulus’s action (bottom–up processing) on the organism can elicit other attentional processes, activating a ventral network (ventrolateral prefrontal cortex and right temporo-parietal junction) (Corbetta and Shulman, 2002).

In this regard, we have not found attention studies that focus on improvement of interpersonal relationships. However, some studies have reported the importance of a new construct called “prioritized integrative attention or joint-attention,” which is understood as divided attention between one’s own actions and those of others while monitoring the wider context (Keller, 2008). For example, musicians combine selective attention on the chords that they have to produce (control of their own movements) together with joint-attention that focuses on monitoring the chords as a whole, which facilitates co-interpretation and the possibility that each member may adjust their actions when comparing the ideal sound to the one being produced (Repp and Keller, 2008; Keller et al., 2014).

Baron Cohen (1995) has proposed a model with four subprocesses that constitute joint-attention: (1) intention detection (fundamental to identifying the other as an agent); (2) a shared-attention mechanism (integrating one’s current perception of the self with a representation of the interpersonal relationship to build a global representation); (3) a theory of mind (ToM) mechanism (allowing for attribution of other people’s thoughts and intentions) and detection of eye direction (allowing for the establishment of an intentional relationship between agents through the direction of the gaze) (Saito et al., 2010). To date, the latter three aspects have received the most attention, connecting the neurosciences, research on the ToM, and their relationship with IPS.

In a relevant fMRI-study, participants had to interact contingently, through the gaze, with an animated character (apparently controlled by a human). The interaction consisted in (1) Guiding or (2) Being guided by the gaze of the virtual character, observing other objects present on the screen. The findings indicate that, when guiding, ventral striatum activation is associated with motivation to participate in interpersonal exchange. When being guided, anterior medial prefrontal cortex activation resulted from the coordination of perceptual and cognitive processes in relational-contexts (Schilbach et al., 2010). Another hyperscanning fMRI-study evaluated how visual-contact between pairs of adults provides a communicative bond that favors joint-attention processes, finding that the participants who synchronized their gaze activated the right inferior frontal gyrus (Saito et al., 2010). Similar results were found by Sadato (2016). These studies thus suggest that this brain region serves as a neural center for joint-attention in the exchange of intentions during eye-contact.



Cognitive Flexibility and Inhibitory Control

When the interpersonal relationship presents new challenges, its participants have to create new coping-strategies (cognitive flexibility) and, therefore, normal, daily responses are inhibited (traditionally called inhibition control). Mutual adaptation between people is the glue that allows for the development of joint action, but, in complex situations or where difference or novelty is interpreted as threatening, people may be predisposed to adapt to one another using different strategies (inhibition and cognitive flexibility strategies).

Cognitive flexibility is a construct that emerges from the correct functioning of executive functions and, therefore, involves cortical regions such as the ventro/dorsolateral prefrontal cortex, anterior cingulate, right anterior insula, premotor cortex, inferior and superior parietal cortices, inferior temporal cortex, occipital cortex, and subcortical structures like the thalamus and caudate nucleus (Dajani and Uddin, 2015). The ventrolateral prefrontal cortex is among the best-known neural substrates for inhibition control (Levy and Wagner, 2011), and corresponds to the anterior insular and inferior frontal junction involved in the detection of events relevant to behavior (Brass and Haggard, 2007; Tops and Boksem, 2011). With respect to the latter region, evidence that demonstrates a mediating role between dorsal/ventral attentional networks has also been found (Tamber-Rosenau et al., 2018).

To our knowledge, there are no reported hyperscanning neuroimaging studies involving inhibition and cognitive flexibility tasks in an intersubjective-exchange situation. However, several neurophysiological studies have provided findings that inform the relationship between interpersonal contact and the facilitation of performance in monitoring processes, or what has been called cognitive inhibition underlying flexible behavior aimed at objectives. A recent neurophysiological study explored how interpersonal touch in romantic couples affects the behavioral and neural processes that underlie flexible behavior directed toward goals. The results indicate that interpersonal contact improves intrapersonal neuronal monitoring processes that detect the need for cognitive control. In addition, this improved monitoring also indirectly predicts better inhibitory cognitive control (Saunders et al., 2018). Conversely, different studies have reported how conditions of deprivation in interpersonal relationships have an effect on inhibition and cognitive flexibility (mechanisms of cognitive control) (Leary et al., 2006). Lurquin et al. (2014) found that the incongruent trials of the Stroop test were accompanied by lower negativity of event-related potential (ERPs) N450. In addition, congruent trials presented greater negativity in the potential for the social exclusion of participant groups compared with control groups. These findings are not only in line with other studies (Xu et al., 2017), but also suggest that social exclusion has a deficit effect on cognitive inhibition and flexibility.



Episodic/Autobiographical Memory

Interpersonal relationships not only facilitate the storage of an interpersonal episode in the self but also favor the creation of AM of past interactions, which influences the social processing of future relationships. Over time, this information stored and subsequently integrated in the self enables the construction of a personal or group identity (Fivush, 2011).

Traditionally, AM is understood as a recall process of lived events to create a personal history (Conway and Pleydell-Pearce, 2000). The activation of the medial prefrontal cortex (Summerfield et al., 2009), medial posterior parietal cortex (MPPC) (precuneus, posterior cingulate, and retrosplenial/posterior cingulate cortices), and medial temporal lobe are fundamental for its optimal functioning (Spreng and Mar, 2012). On the other hand, episodic memory (EM) is defined as consciously recalling the events relevant to one’s personal past to project them onto future events (Wheeler, 2000). The type of “episode” influences EM’s neural substrates by involving other cortical areas of association, but, in general, activation of the hippocampus (the subiculum, the dentate gyrus, and the cornu ammonis regions), perirhinal cortex, parahippocampal cortex, and the prefrontal cortex are responsible for this process (Van Strien et al., 2009; Allen and Fortin, 2013). Other authors who implemented a relational paradigm episode (between a participant and another person) during a fMRI-study have found activation in the left precuneus and pre-supplementary motor areas, the right para-hippocampus, the bilateral fusiform gyrus, as well as insula activations. These brain areas are usually involved in processes like self-reflection, the understanding of others, and AM (Wade-Bohleber et al., 2019).

Overall, Wilbers et al. (2012) purport that AM is made up of semantic autobiographical memory (SAM) and episodic autobiographical memory (EAM). Specifically, the latter is considered the process involved in remembering an event, its location in time and space, and specific details with respect to other similar events (Piolino et al., 2003). Likewise, EAM is structured in a narrative manner, allowing for the construction of the autobiographical-self (Nelson, 2003).

However, EAM allows us to not only store information about ourselves, but also to establish flexible models to understand ourselves and our future relationships (Schacter et al., 2008; Eichenbaum and Fortin, 2009). This process is adequate for addressing the complexity of a novel or unknown social environment, decreasing the likelihood of a possible failure in social interaction, while also minimizing the likelihood of social rejection and isolation (Spreng and Mar, 2012).

One problem that seems to arise in determining the effect of interpersonal relationships on specific cognitive processes corresponds to the literature’s lack of clarity when defining the interpersonal indicators to be analyzed (Holt-Lunstad et al., 2010). For their part, Berkman et al. (2000) have proposed a conceptual framework to define participation in social activities, the amount of social resources available, and the perception of social support.

Studies have found that EM performs better in tasks that involve the processing of social information vs. non-social information (Reysen and Adair, 2008); in addition, closeness, i.e., a sense of common ground in a relationship, has been observed as allowing its interlocutors to share specific autobiographical memories (Beike et al., 2016). In fact, one meta-analysis linked subjective measures of social activities, social networks, social support, and measures related to social relationships with specific cognitive domains, including EM, finding a significant improvement effect when it comes to social support and composite measures of social relations on this type of memory. Some interpreted this result from the perspective of the impact that social support has on stress and its probable benefit in the performance of EM tasks (Kelly et al., 2017). Theoretically, this can also be explained from the perspective of the effect that social support can have on the development of episodic cognitive reserves that optimize cognitive performance by recruiting alternative brain networks to face more complex or novel future situations.

In short, in an interpersonal encounter, people share their interpretations of the world, their intentions for the world, and what happens to them; in other words, they share their intimacy. For each interacting person, this sharing implies thinking (cognitive representation) and feeling (affective) that one is familiar with the other. It involves a joint process between cognitive flexibility and WM since others’ representations are constructed from their attitudes, emotions or behaviors. Even though we all think we know ourselves (keeping a representation of what I am/what I share), as well as the other (keeping a representation of what the other is and shares), sometimes surprise is possible (when what I share or the other shares with me is not congruent with previous representation), which forces us to update old contents-representation and maintain those that are compatible, and involves long-term memory processes like autobiographical or semantic memory.

Faced with the different, novel, or strange situations that occur in interpersonal relationships (unexpected comments, out of context behavior, or constant change), or in the face of environmental change, dorsal and ventral attention networks and processes reported in the literature, like inhibition, must insert themselves in order to adequately address these situations. Therefore, the aforementioned cognitive processes are fundamental for personal development and facilitate social exchange processes.

Given that neuroscience research demonstrates a clear interrelation between individual cognitive processes and interpersonal relationships, our next step involves understanding this data in light of our chosen conceptual background, IPS, which assumes an interprocessual dimension.




The Interpersonal Relationship as an Enhancer of Affective Processes

Some studies report the central role of affective dimensions for highly significant interpersonal experiences (Wade-Bohleber et al., 2019). For this reason, we will incorporate the IPS perspective, touching on things like empathy, physical contact and relational motivation, which are decisive both for navigating social environments and, therefore, for participants’ personal growth. We know that interpersonal relationships mediate many more emotional processes beyond those indicated in this article since human beings are complicated and rich organisms. For methodological simplicity, we have decided to focus on processes in which the relationship is fundamental, rather than on processes that imply individual actions. In this way, the processes considered here exclusively contemplate individual affective processes from an IPS perspective.

Emotional experience is configured in the first years of life not as reaction to stimuli, but rather relies on the quality of interpersonal relationships when experiencing the world. In this way, questions of who am I? who is the other? and what is the world? are answered simultaneously depending on interpersonal relationship quality (Winnicott, 1986; Lakovics, 1987; Orón Semper et al., 2020).


Physical Contact and Motivation

For authors such as Cascio et al. (2019), physical contact facilitates human development through social reward, the establishment of attachment (Bowlby, 1969; Schore, 2009), as well as strengthens cognitive processes, communication and emotional states throughout life. According to Hertenstein et al. (2007), physical contact between people allows them to experience states of happiness, security and motivation, which increases enjoyment and one’s disposition toward the tasks aimed at achieving objectives (Legg and Wilson, 2013).

The physical contact that takes place between people involves some measure of a reciprocal relationship (whether intimate or superficial). Several studies provide evidence of neural substrates in paradigms that involve sexual partners during intimate physical contact, as well as encounters between strangers (Hertenstein et al., 2009; Kreuder et al., 2017).

The neural substrates involved in physical contact at the peripheral level are related to the C-touch system (CTS) (low-threshold non-myelinated peripheral afferent fibers) that mediates passively received physical contact signals and overlaps with interlocutors’ affiliative reward and interception systems. At the cortical level, the somatosensory cortex (Ebisch et al., 2011; Gazzola et al., 2012), the posterior insular regions (Ebisch et al., 2014), the ventral striatum and anterior cingulate cortex (ACC) (Kreuder et al., 2017) are all involved in communication through physical contact.

Some studies have found that groups that experience physical contact are more cooperative, increasing the probability of competitive success in activities with other groups (Kraus et al., 2010; Coan and Sbarra, 2015). An interesting neurophysiological study found better outcomes in the Stroop test (color-word interference) in the context of physical contact; the authors see their results as indicating that interpersonal contact can induce intrinsic motivation by supporting autonomy and self-confidence (Lurquin et al., 2014). These results have been corroborated by studies from Legault and Inzlicht (2013) and Tjew-A-Sin et al. (2016), which, following neurophysiological measures, found that physical contact (simulated) led to higher Negativity related to Error (NRE) associated with high intrinsic motivation. In a similar vein, neuroimaging studies found increased perception of relief when subject to a painful stimulus and allowed physical contact with a romantic partner (Goldstein et al., 2018). There are also findings on the positive impact of physical contact in the relief of induced existential concerns (fear of death), especially in people with low self-esteem (Koole et al., 2014).



Empathy in Relationships

Empathy is born from the human need to perceive and understand the emotional states among interlocutors, with the aim of facilitating care, cooperation, and socialization (Cheng et al., 2014). Therefore, it results from the configuration of emotional and cognitive aspects that facilitate understanding of the other (Preston and de Waal, 2002). Authors such as De Waal (2008) suggest that empathy is energized by two systems: on the one hand, a system of basic emotional contagion associated with the lower frontal cortex (Seitz et al., 2008) and right insula (Wicker et al., 2003); it is in charge of recognizing the other’s emotional state and generating concern in the viewer. On the other hand, there is a more cognitive type of system that relates to the ventromedial prefrontal cortex (VMPFC) (Mitchell et al., 2006) and the temporoparietal junction (Samson et al., 2004). It mentalizes the emotional situation that conditions the other and tries to understand her perspective.

Neuroimaging studies that use paradigms of pain, disgust, and physical contact suggest that neuronal substrates that support interlocutors’ emotional and bodily states are similar to those involved in the ability to be empathetic with the other in an IR (Wicker et al., 2003; Keysers et al., 2004; Morrison et al., 2004). Activations in the sensorial motor cortex, medial and orbitofrontal cortex (OFC), the superior temporal cortex, the amygdala, cerebellum, the insular and in the ACC have traditionally been associated with pain discrimination (Apkarian et al., 2005; Emmert et al., 2014; Lu et al., 2016). However, studies have identified similar activations in the insular cortex and the ACC in paradigms that imply empathic pain felt on behalf of another person (Morrison et al., 2004). Thus, the biological resources of touch and empathy intersect with the entire social brain (Frith, 2007; Blakemore, 2008).

Similar activation areas in situations perceived in the first person and in the context of an empathic encounter lends itself to interpretation from the IPS perspective. Namely, IRs not only allow for the person to interpret her own reality, but also that of the other in real time. The latter allows for necessary adjustments to engage in behavior commensurate with the situation, which indicates that interpretation is not an action void of reality, but rather integrates the experiences of both participants in a relationship. The above is corroborated by studies that show how empathetic brain activation is modulated by the social relationships (affective attachment) that individuals share. For example, Singer et al. (2004) show how cooperative behaviors that nourish interpersonal bonds activate regions associated with empathy; conversely, selfish behaviors that compromise those bonds diminish or eliminate empathic brain responses.




The Practical and Ethical-Moral Dimension of Interpersonal Relationships in the Context of Neuroscience

For IPS, the ethical and moral dimensions of the self are not additional to behavior, but rather are at the origin of human action. In our decisions, we decide who we want to be in relation to others, and this configures us. Ethics involves personal development in the midst of free and responsible action in face of the other, rather than of an ideal of behavior (Akrivou et al., 2018).

In neuroscience, morality has been studied in the context of tasks that allow for comparison between non-moral versus moral situations and by using moral dilemmas. Examples include the trolley paradigm and the footbridge dilemma (Navarrete et al., 2012; Özçiftci, 2017). These paradigms use complex situations that involve decision options between (1) death and/or (2) survival of more or less people; therein, the decisionmaker is presented with elements like degree of familiarity (Greene et al., 2004; Pujol et al., 2012).

The neural substrate is a complex process that links a large number of areas based on the implication of various cognitive and emotional subprocesses that support the establishment of moral judgment (Prehn et al., 2008; Pascual et al., 2013). At the subcortical level, this involves areas such as the hippocampus supporting the acquisition/recovery of fear conditioning (Gross and Gruart, 2009), the amygdala involved in moral learning and the evaluation of moral judgments (Mendez, 2006), the bilateral thalamus active in tasks that involve making decisions between a personal desire or a moral rule (Sommer et al., 2010), and the dorsal striatum in tasks that refer to altruistic punishment (De Quervain et al., 2004). They are constantly mentioned in the literature as important nodes of the networks associated with moral processing.

Likewise, the areas that intervene at the cortical level include the VMPFC, the emotional mediator in moral processing (Young and Koenigs, 2007), the OFC, which participates in the online representation of reward and punishment (Shenhav and Greene, 2010), the DLPFC plays a fundamentally executive role in the analysis of situations that require knowledge based on rules (Prehn et al., 2008) and in predictions based on social norms with inferences about the intention to deceive (Hu et al., 2015). In the ToM and in self-referential tasks (Frith, 2001), the ACC is involved in the monitoring of moral conflicts (Greene et al., 2004), the temporoparietal union (TPJ) plays a key role in moral intuition and in the attribution of beliefs to others during moral processing (Harada et al., 2009), and the temporal superior sulcus is associated with the establishment of inferences about others’ beliefs and intentions (Allison et al., 2000).

Some authors suggest that the default mode network (DMN) regions, like the medial prefrontal cortex (MPFC), the posterior cingulate cortex (PCC), precuneus, and the inferior parietal lobe (IPL), are not only involved in self-referential and autobiographical processes but also related to the processing of moral information (Han, 2016). In fact, experimental paradigms that compare admiration via an ethical-moral procedure versus others’ physical conditions evidence the participation of DMN areas therein (Englander et al., 2012; Immordino-Yang et al., 2012) and in tasks that involve prosocial behavior, moral emotions, and moral cognition (Moll et al., 2007; Reniers et al., 2012; Sevinc and Nathan Spreng, 2014).

All this demonstrates that the moral-ethical aspect of personal action is a truly complicated process and, in order to understand it, we need a deeper knowledge of each actor and situation on an almost case-by-case analysis. It also reveals, in line with IPS theory, why the ethical aspects of action are not a separate component, but rather are part of the unifying and binding aspects of the self and action. We know that both the intuitive-heuristic (affective) and analytical (cognitive) reasoning processes are crucial for detecting conflicts and avoiding errors in decision-making in situations with ethical-moral implications (De Neys and Glumicic, 2008). However, to date, research on the interaction between these two processes in ethical-moral situations has failed to yield conclusive data. In this regard, Greene and Haidt (2002) propose three possible theoretical explanations of their interaction: (1) The social intuitionist theory considers moral judgment an automatic process that is influenced by social and cultural conditions (Haidt, 2001); (2) The cognitive control and conflict theory postulates that the brain activation associated with cognitive aspects results in different processing in areas in the brain related to emotion (Greene et al., 2004); and (3) The cognitive and emotional integration theory purports that specific cortical-subcortical loops that organize social cognition, emotion, and motivation support ethical-moral processing (Gottfried, 1999).

Interprocessual-self presents an alternative, affirming that moral judgment arises when defining the type of interpersonal relationship. It is not about absorbing social principles, nor about individual cognitive or cognitive-emotional acts. For example, the classic trolley paradigm reveals that familiarity radically influences the decision of who will die. In this sense, the key is seeing the other as someone rather than just as a number, that is, the type of relationship in question guides the kind of moral judgment used. In brief, IPS and IRs are not just about emotion and cognition separately, but rather are about the need to co-develop with the other (intimacy), while developing one’s singularity and achieving higher self-understanding.

As we can see, there is ground for further theory development and empirical validation linking IPS and SIN within the practical ethical-moral aspects of neuroscience. Such a move would aim to expand beyond conflict detection and error-free decision-making processes (linked to intuitive-heuristic and analytical/cognitive control and conflict theories and to ones related to the emotions in neuroscience) in the direction of expanding our understanding of how different persons resolve ethical dilemmas. This resolution includes cognition/attachment and empathic/affective processing while acting with a commitment to co-develop personhood within a context of (greater or lesser) intimacy, enabling the self and others to grow. It assumes that our understanding of moral situations is much more personal and intimately felt than we currently account for.




SELF-KNOWLEDGE, INTEGRATION, AND AGENCY: AN EXPLANATION FROM THE INTERPROCESSUAL-SELF PERSPECTIVE

These ideas, ranging from the description of cognitive, emotional, and moral processes, are articulated to facilitate more complex processes such as self-knowledge, integration, and agency. We aim to demonstrate and clarify that all human aspects must be understood on equal footing with brain activity, i.e., as an integrated system and not as an addition of analytical dimensions.

To achieve this, we present three processes that involve the participation of the previous processes (cognitive, emotional, and moral) in existential moments within the framework of IPS and neuroscience. Such moments include understanding oneself as a person (self-knowledge) capable of integration, how life and the other relate to oneself (integration), and how that relationship influences my ability to do or create (agency).


Self-Knowledge and Reflected Self-Appraisal Processes Facilitated by Interpersonal Relationships

The significance of IPS is best revealed at the level of personal identity, but, since the construction of personal identity is hard to study from neuroscience, we will focus on self-knowledge, which is part of personal identity and also possible to study within the neuroscience research paradigm.

Self-knowledge and the reflexive self-evaluation process are important for cognitive, affective, ethical-moral, and social functioning. Traditionally, the reflexive self-appraisal process is defined as the internalization of others’ (perceived) opinions, contributing to the consolidation of self-knowledge (Ochsner et al., 2005). According to Nelson et al. (2013), the latter process can be subdivided into two levels, as follows: the pre-reflexive level that groups information associated with bodily, self, and self-agency processing and that is associated with insular activation (Wittmann, 2015), and the reflexive-self level, which involves narrative or autobiographical sub-processes associated with midline brain structures (Zaytseva et al., 2014).

In particular, neural substrates from the self-knowledge process have frequently been associated with activity originating in the ventral medial prefrontal cortex (vMPFC), the precuneus, and the posterior cingulate in the posterior medial parietal cortex (Wagner, 2012; Wagner et al., 2012; D’Argembeau, 2013). On the other hand, reflexive self-appraisals involve the dorsal MPFC (dMPFC), the temporal-parietal junction (TPJ), the superior posterior temporal sulcus (pSTS), and the temporal poles (Gallagher and Frith, 2003; Saxe and Kanwisher, 2003). Therefore, according to Denny et al. (2012) in their fMRI meta-analytic study, the MPFC contains a gradient of ventral to dorsal functional specialization. That is, ventral regions are associated with self-knowledge processes, while dorsal regions are responsible for processing information about other people. In fact, some authors have interpreted this to indicate DMN specialization, when it is actually involved in self-referential processing (Van Buuren et al., 2010).

These areas are also related to closely identified concepts and personal beliefs (Orón Semper, 2014). Psychology, self-recognition, self-awareness, self-esteem, self-conception, capacity for agency, among other constructs, can all be included under the wide umbrella of the self (Alicke and Sedikides, 2011). The construction of the self implies identity construction, which contains personal (that which distinguishes the person), as well as social elements (attachments, relationships between groups, and roles) (Erikson, 1968). Thus, each of us perceives ourselves as a unified, distinct and enduring entity (Pfeifer et al., 2007) in relation to others.

In the process of developing personal and social identity, the information that feeds these processes is mutually shared. For some authors, self-knowledge allows for consolidation of personal identity; it involves not only cognitive capacities (a personal component) but also other components (especially social ones). In turn, self-knowledge is processed by the former component, which mediates the latter; here the loop emerges, feeding back into the consolidation of identity (Harter et al., 1999; Forrester, 2001). In fact, self-knowledge is considered a result of the internalization or incorporation of perspectives that other individuals hold about us in our self-concept, as well as others’ behavioral patterns (Harter and Leahy, 2018). This interactive process is supported by cognitive processes such as attention, WM, episodic-autobiographical memory, cognitive flexibility and inhibition, as well as socio-affective processes such as physical contact, motivation or empathy (as discussed previously); these are all particularly important for self-awareness and reflexive self-appraisal, and, at the same time, are fundamental for personal growth (Pfeifer and Peake, 2012).

The foregoing arguments allow us to understand why IPS assumes that the self is essentially revealed through the IRs in which it engages. It emphasizes the profound role of personal intimacy for self-knowledge and implies that neither an isolated-self nor a static-self can be understood. At the same time, IPS maintains the relevance of IRs and one’s own authorship because it is not just a synthesis of relationships, but rather an active determination of relational quality while achieving personal (virtuous) growth.



Integration as a Process of Increasing Self-Knowledge Facilitated by Interpersonal Relationships

As mentioned earlier, several studies in neuroscience, such as those from Lieberman et al. (2004) and D’Argembeau et al. (2005), have suggested greater activation in the medial prefrontal cortex (MPFC) and the MPPC with the execution of self-knowledge enhancing tasks. However, other studies have reported activations in these same areas when making inferences about others (Schmitz et al., 2004; Ochsner et al., 2005). Overall, processes involving self-knowledge and knowledge of others— especially exploring others’ similarity to one’s self (Benoit et al., 2010)— share MPFC and MPPC activations (Mitchell et al., 2005; Pfeifer et al., 2007; Jenkins et al., 2008).

As a processing and association center for these two information types, these regions evidence that IRs empower integration due to the enriching effect of bidirectional information flows (from self-knowledge to knowledge of the other and vice versa), which, in turn, translates into creative ideas for meeting life’s challenges. Likewise, these areas also facilitate long-term integration of interpersonal experience, allowing for the creation of social knowledge (Spreng and Mar, 2012). Such knowledge is embodied in the mutual fostering of personal and interpersonal skills, and in the flexibility to respond to a novel or complex situation. Based on the above, IPS understands integration as an ongoing, natural capacity that is supported by a two-way feedback mechanism: (1) The interpersonal relationship itself (inter) and (2) Self-knowledge and lived experience (processual). Thus, integration is a process of mutually increasing self-understanding and growth based on interaction with others; it rejects an understanding of relationships as mere instruments for individual growth (Akrivou and Orón, 2016).

Given this, IPS mainly rests on systemic integration of the person and, therein, on a real and sincere dialogue involving interpersonal relationships. Such dialogue comes from the interiority of the person and involves the integration of cognitive, emotional, and ethical/moral dimensions. IPS differentiates realities without separating them from the personal and the social realms and is a more fluid model since its central reference point is the person and relational development.



Agency

The agency capacity is defined as the experience of actions themselves. It has also been defined as the ability to control one’s own actions and, through them, influence environmental conditions (Frith, 2014; Khalighinejad and Haggard, 2016). Therefore, this capacity is fundamental for the achievement of goal-oriented behaviors and for instrumental action, which are relevant for humans when changing the surrounding environment (Moll et al., 2007). The existing literature frequently associates voluntary action with a reconstructed inference to the monitoring of actions themselves and the results obtained (subjective experience or sense of agency), with brain processes related to the preparation of action, or with a combination of the two (the monitoring of actions and their results or interpretation starting from when action is prepared) (Khalighinejad and Haggard, 2016).

Some authors have suggested that agency depends on motor mechanisms and conscious processes. Recently, Frith (2014) published new data that integrate the two previous models. According to this theory, a sense of agency depends on the processes involved in the predictive control of action at a conscious level: the attenuation of sensory feedback specific to our own actions. This attenuation depends on the accuracy of the comparison between the predicted state and the actual state. In addition, a sense of agency also implies the management of the social framework, which usually involves human interaction.

Some neuroscientists have suggested that voluntary action merits neuronal activity in motor and cognitive areas located in the frontal cortex medial (Fried et al., 2011). Other results have associated a sense of agency with preparatory volitional signals linked to fronto-parietal areas (Desmurget et al., 2009; Fried et al., 2011), which subsequently activate voluntary motor commands associated with the primary motor cortex (Sherrington, 1906), which is considered a “final common path.”

However, a meta-analytical and connectivity study (which assumes that sense of agency and motor intention must occur at different times in the generation of voluntary actions) (Seghezzi et al., 2019) has reported that sense of agency is supported by a so-called “self-agency network” constituted by the SMA regions (posterior medial frontal cortex), the posterior insula, the occipital lobe and cerebellum. Functionally, this is responsible for simple motor control, sensorimotor processes, and the elicitation of manifest movement (Showers and Lauer, 1961; Kim et al., 2010; Kurth et al., 2010). On the other hand, it also identifies another network that is more associated with the motor intention or an “intentionality network.” In this network, the middle cingulate and pre-supplementary motor regions (rostral medial frontal cortex), anterior insula, and parietal cortex participate; they are conceptualized as an executive level system that is involved in alternating motor plans, changing tasks, acquiring new motor skills, motor selection, response selection, conflict monitoring, self-referential, cognitive and emotional functions (Mayer et al., 2007; Nachev et al., 2008; Singer et al., 2009; De Baene and Brass, 2013). Finally, together with these networks with dissociated functions, there is a shared network made up of the meso-frontal and prefrontal regions, the middle insula, and the subcortical structures.

The IPS model is relevant for understanding the agency because, instead of just focusing on behavior or cognitive elements, IPS understands agency inside of the complexity of human action, integrating all the dimensions of human action within a social network. From the IPS perspective, action integrates every human dimension, defining the quality of our personal relationships and, at the same time, our identity.




SOCIALIZATION AS A FUNDAMENTAL VARIABLE OF HUMAN ACTION

The analytical view tends to see each human aspect as an independent construction. Throughout this argument, however, it is becoming clearer that neuroscientific research points to the fact that all human aspects must be understood in an integrated and systemic way since they relate to brain activity. Sociability’s impact on the study of brain functioning urges us to consider human beings as a system.

Sociability is of such importance that it has been incorporated into fMRI experiments that involve simultaneous hyper-scans of two people in interaction even though, as mentioned previously, most neuroscience experiments are designed for individual scans (Liu and Pelowski, 2014). The human brain is formed by interaction with other people and it requires, above all, medial areas of the prefrontal cortex, and synchronization is achieved thanks to the activity of the lateral frontoparietal network (Sänger et al., 2011). According to Clark-Polner and Clark (2014) the social realm impacts thoughts, perception, feelings, beliefs, and empathy. In addition, for these authors, the human social character is not sufficiently taken into consideration in neuroscience trials, since it is often wrongly assumed that our social character only intervenes when it comes to explicitly social activities.

The affective base built in childhood guarantees subsequent personal development and affects perception, cognition, learning, emotion, and physical development. For humans, the physical treatment that a child receives from her mother explains how she accesses the world. In the absence of a loving triangle between mother–child-the world, the child interprets the world as an insecure place and ends up associating stimulus with aggression (Cyrulnik, 2005). This is so because the mother presents the world to the child: maternal sensitivity modulates the relationship between the environment and the child’s genetics, affecting her behavior (Zhang et al., 2014). The mother-child relationship occurs very early; for example, at just 34 weeks in utero, a fetus learns his mother’s speech tone and speed. The child’s stress mechanism responds to changes in the mother’s voice, which can be evaluated through heart pulsations (Krueger and Garvan, 2014). This reveals that personal relationships are not just another personal dynamic, but rather the natural dynamic of personal growth (Orón Semper et al., 2020).

Studies of the social brain reveal not only the presence of the social realm in personal life but also that the whole brain is social (Blakemore, 2008). While a clearly social task can be designed to study the ToM, this dimension is ubiquitous; the social and non-social are inseparable. It is often said in neuroscience that choices between material goods are made by way of codifying reward valuation and that, for their part, social valuations are processed differently, in a way that focuses on representing the self and others. In reality, both mechanisms are shared, making up a single mechanism (Ruff and Fehr, 2014).

Other studies confirm similar activations, in this case of the striatum, both for the social and for the non-social (Báez-Mendoza and Schultz, 2013). The biological, the social, the emotional, and the cultural shape our various development trajectories, and the mother–child relationship affects the configuration of the amygdala, medial cortex, orbitofrontal, accumbens, and insula (Silk et al., 2014). Therefore, sociality marks the rhythm of maturation itself and is present from the beginning of the human experience. These reactive levels reflect some innate and other cultural aspects, revealing that human beings’ social nature is inscribed in biology. And said biology is social biology. For example, in an electroencephalography study, 12 high school students in biology class were exposed to two experimental conditions: (1) a face-to-face class and (2) a video-recorded class. Both groups were subject to evaluation. The findings show that students with greater social proximity to the teacher presented greater brain synchronicity between them; additionally, a correlation was found between teacher/student proximity and students’ retention capacity. Thus, aspects of socialization, in this case proximity, reflect brain-to-brain synchronization and can predict cognitive performance (Bevilacqua et al., 2018). Similar results were described by Dikker et al. (2017),Bevilacqua et al. (2018), and Pöysä et al. (2018).

In the same vein, young children only learn a language if it is a means to interpersonal encounter; exposure to stimuli without interpersonal experience does not lead to learning (Kuhl et al., 2003). In this way, the social relationship is not a simple modulator of language; rather a social relationship triggers, enables, opens up, and motivates language acquisition (Kuhl, 2014). To this, we can add that all the great psychological lines of human development agree that the appearance of language sparked human potentiality. Thus, at the base of all human development is the experience of interpersonal encounters.


Mutual Trust and Human Intent

The psychoanalyst Kohut (1977) proposes that human beings are born in trust (which is then confirmed or denied) and Erikson (1968), also a psychoanalyst, locates human beings’ first challenge in the trust-mistrust binomial. Thus trust, a highly relevant element in the IPS proposal, places the reception of an interpersonal encounter at the base of human development. As a process rooted in human biology, it seems clear that human biology is social biology. For example, with just 50 ms of exposure, we already know whether the other inspires confidence or not, and this assessment correlates with activity in the amygdala (Freeman et al., 2014); after 100 ms, evaluation of the confidence aroused by the presence of the other is complete (Vernon et al., 2014). Surprisingly, these studies are conducted such that an explicit trust assessment is not necessary, showing how natural relationships and interpersonal encounters are. Indeed, they are constituent of human beings, as IPS maintains.



Cooperation Between People

Some studies have recently begun to focus on changes in perspective-taking between people. This socio-cognitive process allows us to recognize and appreciate empathy, another person’s point of view, and whether or not the interlocutors share anything (Healey and Grossman, 2018). It is subdivided into cognitive components (the ability to infer the other’s thoughts) and affective ones (the ability to infer the other’s feelings or emotions). Both involve regions such as the temporoparietal junction, the precuneus, and the temporal poles, but they differ when it comes to taking affective perspective involving regions within the limbic system and the basal ganglia, as well as the VMPFC. This is contrary to taking cognitive perspective, which is associated with the dorsolateral and dorsomedial prefrontal cortex (Hynes et al., 2006; Sebastian et al., 2012; Corradi-Dell’Acqua et al., 2014). Taking perspective is a process intimately linked to empathy, and specifically to subprocesses like internal simulation and adoption of mental states between interlocutors, which is fundamental for appropriate social interaction.

But the ability to take on the other’s perspective is not enough to definitively establish the need for IPS. When Rizzolatti discovered mirror neurons in monkeys, he claimed to have found the biological basis of empathy. But the issue is much more complex. Without going into the whole debate, it is worth noting that Rizzolatti himself discovered that activation is not automatic, but rather involves how reality is valued. Monkeys have utilitarian knowledge of one another and only utility activates mirror neurons (Rizzolatti et al., 1988). That is, monkeys use subject-subject relationships for their own interest. On the other hand, for human beings, another person’s movement is a valuable thing to pay attention to regardless of utility (Fadiga et al., 1995), a quality that better fits the IPS model, which puts the interpersonal relationship in the center.

Likewise, interpersonal relationships not only demand empathy, but also the capacity for reciprocity, trust, and cooperation. These conditions can naturally imply investment and small individual losses on the part of participants, to later facilitate collective gains. In addition, they imply the ability to take responsibility for one’s own acts (agency) (Anderson, 2003; Frith, 2014; Steffel and Williams, 2018). Some studies report a shift from a “self-agency” state to a personal-relational “I-thou-agency,” which also involves the wider social “we-agency,” since individuals are connected in personal and broader relations that imply the development of collective action and involve cooperation among participants (Pacherie, 2013; Dewey et al., 2014).

Functional magnetic resonance imaging studies on empathy and cooperation include Singer et al.’s (2006) implementation of a sequentially iterated prisoner’s dilemma, thus presenting the possibility of (1) playing in a more cooperative or trustworthy way by sending other participants greater amounts of money, allowing all players to gain and diminishing non-cooperative behavior/distrust. (2) This implies that the other player’s valuation of these actions is fair or unfair respectively. (3) Inside the fMRI scanner (after determining participants’ taste or distaste for other players’ way of playing), the researchers determined how empathic participants were when observing small electric shocks for infringements when applied to (1) themselves, (2) players seen as fair, and (3) players seen as unfair. The results showed greater brain responses in regions associated with reward processing (ventral striatum, nucleus accumbens, and left frontal orbital cortex) by assuming that pain experienced by unfair players is just punishment. These results are seen as showing that interpersonal relationships valued as fair allow for mutual reward and empathic behavior. An alternative interpretation, starting from IPS, argues that empathy and cooperation facilitate the creation and maintenance of interpersonal bonds, which contrasts with the selfish behavior that puts said bonds at risk by spurring on the diminution or elimination of brain activity associated with empathic behavior.

On the other hand, in a study that linked four experiments on trust among people, Bahrami et al. (2010, 2016) sought to answer the question of how two different individuals can combine the processing of visual sensory signals through social interaction. In other words, is it justifiable to think that “two heads are better than one?” To answer this question, they implemented a perceptual decision task applied to pairs of individuals. Their results showed how fluid communication and trust between people benefits decision-making in a paradigm of perceptual sensitivity, but only when observers are equally sensitive. These findings corroborate IPS’ assumptions, sustaining those participants who enter into a relationship in equal conditions mutually contribute to enhanced performance (a situation that contrasts with the relationships implied in social loafing or interpersonal competition, where performance at the group level does not surpass individual performance).

To conclude and with regard to the limitations of the present study, it is necessary to state that the literature contemplated in this review has been limited to functional magnetic resonance studies with adult humans and did not contemplate a developmental approach that included the effect of interpersonal relationships at different stages of the life cycle. However, we believe that although the evolutionary perspective of interpersonal relationships is interesting, this approach exceeds the claim of the article, which was to propose a new interpretation of the data thrown from the neurosciences on the importance of interpersonal relationships.

Another limitation is that fMRI studies tend to have relatively small sample sizes. An attempt was made to overcome this situation by trying to relate and contrast the results of different studies with different sample sizes to point to the value of interpersonal relationships. However, this is still a limitation compared to the assumptions that each study can show and can have an effect on what is contemplated in the present study.

On the other hand, and as mentioned previously, some of the included studies present paradigms oriented to interpersonal relationships but measured by acquiring data from a single participant interacting with a computer, likewise, other studies, due to technical limitations, show little ecological value in the face of a real situation, which means that its conclusions have to be assumed with caution. To overcome this limitation, we presented both single and multiscan studies.




CONCLUSION, LIMITATIONS, AND FUTURE RESEARCH

This review introduces the interprocessual-self theory as a novel and useful theoretical proposal for the experimental design and interpretation of neuroscientific findings on personal growth. We suggest based on theoretical and neuroscience-based empirical evidence that there is empirical evidence in support of that interpersonal relations play a key role for human growth and the development of essential personal growth aspects including integration, the self and self-knowledge, and the capacity for (ethical) agency. To do so we introduce a new theory “Interprocessual-self” which is a new theory in this regard and draws from a rich albeit systematic compilation of empirical studies in neurosciences to show evidence for the claims of the theory with some further support from anthropological and ethical sources.

Throughout this article, we highlighted how interpersonal relationships have a significant impact on cognitive, emotional, and ethical-moral processes. To demonstrate this influence, we included a detailed conceptualization and description of the neural bases that support the interrelation of these processes and growth-inducing relationships. In terms of evidence from neuroscience, we first describe related research in support of the idea that personal virtue in IRs and relevant cognitive, emotional, and ethical-moral processes are not independent but related aspects of personal growth; while we include descriptors, research, and concepts from neural bases of this we demonstrate how interpersonal relationships allow all persons involved in an IR to grow and to relate ethically. As a second step to providing evidence concerning the new theoretical model, we draw from neuroscience empirical studies on the self and namely: self-knowledge, integration, and agency. We also evidence from studies in neuroscience relevant to the totality of psychological processes that stimulate inner exploration of the self about the other (relationally) showing that these can be understood from IPS theory; as a final step, we demonstrate how the theory involves the integration of two levels of neuroscientific relational processes, namely the interpersonal one and the social one. Traditionally, this research has been done with an understanding of the person as an acting individual whose relationships with the other mediate her activity. This model no longer does justice to contemporary advances in neuroscience, which opens up the possibility of considering an alternative model that sees relationships as constitutive of human beings and human action. In summary, this understanding between theory and neuroscientific evidence supports the relevant role of interpersonal relationships in the development of essential aspects associated with personal growth, including self-knowledge, integration, and the capacity for agency. These psychological processes can be improved upon and nourished by the interprocessual-self, which stimulates internal exploration of the self to the other.

We aspire to be a novel and relevant contribution supported by rich scientific evidence via neuroscience and wider research from fields that inform the latter to help us make progress in understanding personal growth as a matter of IR. Neuroscience and related data as a source of evidence in light of understanding the human being(s) are valid for a rigorous methodology. But of course, it is a method that is incomplete and needs further other sources when it comes to attempting to capture and understand the human beings and interpersonal relational growth: beyond neuroscience, a richer wider qualitative methodology, original biographical and other personal historical information and triangulation of qualitative and quantitative methods would provide a deeper source of data. Also to understand the human being(s), requires a proper theoretical reliance on philosophical anthropology, moral philosophy, and psychology to allow a fuller presentation of a rich anthropological basis to demonstrate what makes up the uniqueness of being, acting, and growing as human being involves something much more profound, which requires too, a methodology that opens the way for a theory of the person that responds to the concerns of philosophy and philosophical anthropology from many disciplines and methods (Orón Semper, 2015; Polo, 2015),

However, we hope this work will open a dialogue to cross-validate and triangulate findings and evidence with other methods, especially qualitative and less analytical, which points to both a limitation of this current research and also invites for future research directions and potentialities. As noted, to fully study the human beings’ ethical-cognitive-affective and action processing in IR is of course something that is complicated and requires a more profound anthropological basis enabling a richer and more profound understanding of what it means to be human. This is not in the scope of this current research.
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