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Abstract

Recent research in social neuroscience has shown how prosocial behavior can increase perceived self-
efficacy, perception of cognitive abilitites and social interactions. The present research explored the
effect of prosocial behavior, that is giving a gift during an interpersonal exchange, measuring the
hyperscanning among two brains. The experiment aimed to analyze the behavioral performance and
the brain-to-brain prefrontal neural activity of 16 dyads during a joint action consisting in a
cooperative game, which took place in a laboratory setting controlled by an experimenter, to play
before and after a gift exchange. Two different types of gift exchange were compared: experiential
and material. Functional Near Infrared Spectroscopy (fNIRS) was applied to record brain activity.
Inter-brain connectivity was calculated before and after the gift exchange. In behavioral data, a
behavioral performance increase was observed after gift exchange, with accuracy improvement and
response times decrease. Regarding intra-brain analyses, an increase in oxygenated hemoglobin was
detected, especially in the dorsolateral prefrontal cortex (DLPFC) in both donor and receiver; and in
the dorsal part of the premotor cortex (DPMC) in the donor. Moreover, as regards the gift type,
greater activation in the DPLFC emerged in both the donor and the receiver after receiving an
experiential gift. Finally, the results of the inter-brain connectivity analysis showed that after gift
exchange, the donor and receiver brain activity was more synchronized in the DPMC and Frontal Eye
Fields (FEF) areas. The present study provides a contribution to the identification of inter-brain
functional connectivity when prosocial behaviors are played out.

Keywords Prosocial behavior = Hyperscanning ° Inter-brain activity * Intra-brain activity = Gift
exchange

Introduction

Gratitude and Gift Exchange

Recent contributions from different research fields, such as anthropology, sociology, and
psychology, have investigated the topic of gift exchange as the primary context of interpersonal and
social relationships. In particular, anthropological studies have examined the economic and social
value of gift, while sociological and psychological research has interpreted gift exchange in terms of
social responsibilities redefinition and mutual individuals interactions (Caplow 1982, 1984).
Moreover, some research focused on the effects related to different type of gifts on human interactions
(Belk and Coon 1991, 1993; Chan and Mogilner 2016). Van Boven and Gilovich (2003) defined two
categories of gifts: material and experiential ones. Experiential gifts is defined as realized with the
primary intention of acquiring a life experience: an event or a series of events that are lived through”,
while material ones, on the contrary, can be categorized as those gifts made with the primary intention
of acquiring a material good: a tangible object that is held in its possession” (Van Boven and Gilovich
2003, p.1994). At this regard, other research has investigated the effects of experiential and mate-rial
gift exchange on individuals pleasure (Carter and Gilovich 2010) and emotional experiences (Van
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Boven and Gilovich 2003), revealing that experiential gifts can increase individuals satisfaction and
positive interpersonal relations more than material ones (Caprariello and Reis 2013; Carter and
Gilovich 2010; Rosenzweig and Gilovich 2012), thanks to the possibility to sharing an experience.
Moreover, it has been shown that experiential gift exchange intensifies individuals’ social con-
nection, strengthening of interpersonal relationships (Bazzini et al. 2007; Clark and Finkel 2017;
Nummenmaa et al. 2012; Peters and Kashima 2007; Raghunathan and Corfman 2006; Ramanathan
and McGill 2006).

Another important aspect that was considered by re-searchers in relation to gift exchange is
gratitude, whose social significance and positive valence have been demonstrated by previous studies
with regard to subjective well-being increase (Emmons and McCullough 2003; Froh et al. 2008),
social relationships modification (Algoe et al. 2008; Gouldner 1960; Lambert et al. 2010) and
prosocial behaviors improvement (McCullough et al. 2001; McCullough and Tsang 2012; Peterson
and Stewart 1996). Concerning prosocial attitudes, the involvement of gratitude was defined as a
trigger of prosocial behaviors when receiving or giving small gifts (Penner et al. 2005). In some cases,
this effect was interpreted as depending on a sense of duty towards the gift donor (Cialdini and
Goldstein 2004). At the same time, an increase in prosocial attitudes was also observed in gift donors
as a result of increased self-efficacy (Bem 1972). Specifically, it has been shown that the
empowerment of prosocial behaviors occurs because donors are motivated by the gratitude received
from the gift beneficiary that leads to being more available in executing benefits to others (Carey et al.
1976; Clark et al. 1988; McGovern et al. 1975; Rind and Bordia 1995).

These effects were not only explored from a psychosocial point of view, but they were also
measured by using a neuroscientific approach. Neuroimaging studies, for example, identified specific
brain regions related to gratitude, such as the right anterior temporal cortex (Wood et al. 2008), the
posterior medial cortex, but especially the pre-frontal regions (Bechara et al. 2000; Harbaugh et al.
2007; Immordino-Yang et al. 2009; Knutson and Cooper 2005; Van Overwalle 2011), which are also
involved in emotion-al, cognitive, and behavioral components of social interactions (Balconi and
Canavesio 2013, 2014; Balconi and Vanutelli 2016). In light of this evidence, in the present study we
wanted to investigate the subfrontal cortex areas, such as the dorsolateral prefrontal cortex (DLPFC),
the dorsolateral pre-motor cortex (DPMC), the frontal eye fields (FEF) and the superior frontal gyrus
(SFG) which are mainly involved in emotional and cooperative processes (Balconi and Pagani 2014,
2015; Chiao et al. 2009) and in the actions planning (Marsh et al. 2009).

Moreover, other studies have observed that when individuals help someone or perform a prosocial
action the reward system is significantly involved (Balconi and Bortolotti 2012a, b; Balconi and
Canavesio 2013; Harbaugh et al. 2007).

Another important topic that has been considered in relation to gift and gratitude is cooperation. In
fact, previous research already underlined that helping and cooperating with others represent an
important social reward, even in the absence of a concrete and material repayment (Vanutelli et al.
2016).

Moreover, cooperation induces specific effects linked to the social meaning that lead the inter-
agents to perceive themselves as immersed within intersubjective contexts and allow them to confront
on a social level (Balconi and Vanutelli 2016). Finally, cooperation reinforces the sense of being part

of a whole, the sense of joint actions, the sense of perceived self-efficacy and interpersonal cohesion
(Balconi and Pagani 2015; Balconi and Vanutelli 2017; Chung et al. 2015; Cui et al. 2012).

Cooperation and Intercerebral Syncronization



Previous research has revealed that cooperating with others can lead to a sort of synchronization
between two inter-agents, triggering a deeper and mutual understanding between the individuals
involved.

Specifically, several studies have shown that cooperation involves a greater inter-cerebral
synchronization concerning competition, which does not envisage cooperating or matching one’s
responses. For example, a study by Lindenberger et al. (2009) observed an inter-cerebral oscillatory
coherence between pairs of guitarists who played a short melody together, reporting an increased
individuals brain responses synchronization in the frontal regions, emphasizing the role of this brain
area in the personal and other actions representation and in the creation of a joint model. Greater brain
synchronization in the prefrontal cortex during cooperation, with consequent improvement in
behavioral performance, and an absence of synchronization in the competition has also been
demonstrated by Funane et al. (2011) and Cui et al. (2012). These results were further con-firmed by a
subsequent study that used a different paradigm that involved the joint development of a complex
piece of music requiring the two couple members to play a different role (leader and follower),
observing a desynchronization in individual’s movement, perception, and proprioception (Sénger et al.
2012). The evidence of a positive correlation between cooperation and inter-cerebral synchronization
has also been reported by other studies that have shown how, when two individuals must produce
precisely the same gestures and the same mimic expressions, there is a greater cerebral
synchronization in some cortical regions such as the anterior cingulate gyrus, the inferior frontal
gyrus, the parahippocampal gyrus, and the post-central gyrus (Dumas et al. 2010; Konvalinka et al.
2014; Yun et al. 2012).

Furthermore, even in the centroparietal areas a two brains responses synchronization was observed
during behavioral synchronicity. Finally, also in the voice responses, in addition to the behavioral
ones, the presence of inter-cerebral synchrony was observed (Kawasaki et al. 2013). Specifically, it
was found that the individual’s responses were more synchronized in the articular condition than the
individual, with asynchronous response in temporal and lateral parietal regions, which are associated
with the understanding of the intentions and actions of others and social cognition (Adolphs 1999).
This evidence shows how the
behavior increases the interbrain synchronization of the individuals involved, bringing benefits in the
field of higher, more efficient and faster team performance and suggesting the functional role of
cerebral synchronization in a general increase in attention in social facilitation (Szymanski et al.
2017).

Hyperscanning Paradigm

Such evidence led over time to reconsider the experimental setting to better explore inter-personal
dynamics in their emo-tional and cognitive components. In fact, to obtain a comprehensive model of
the phenomena of interest, it is important to move from a single-person perspective aimed at
investigating the subjective experience, towards more sophisticated designs meant to capture joint
experiences.

Hyperscanning paradigms allow implementing ecological settings where participants can interact
naturally and similarly to real-life situations, especially if conducted with portable, easy-to-use
devices. At this regard, functional near-infrared spectroscopy (fNIRS) has been proficiently used to
investigate complex psychosocial dynamics through hyperscanning paradigms (Balconi and Molteni
2016) proving to be a non-invasive, portable and user-friendly neuroscientific investigation tool which
does not impose immobility and is rather robust to movement artifacts. Specifically, previous research



with fNIRS-based hyperscanning paradigms has identified the prevalent role of the prefrontal cortex
in emotional, behavioral and cognitive processes related to the performance of cooperative tasks
(Balconi and Vanutelli 2016; Cui et al. 2012; Liu et al. 2012; Suzuki et al. 2011). Notwithstanding the
prevailing role of the prefrontal cortex in emotional processing, as demonstrated by previous studies,
other areas and brain structures are involved in emotional regulation, such as: the hippocampus, the
insula (Phillips et al. 2003) and the cortex anterior cingulate (ACC), in particular the dorsal anterior
cingulate ACC (dACC) and the subgenual anterior cingulate ACC (sgACC) (Beckmann et al. 2009).
Furthermore, as demonstrated by Aalto et al. (2005), also the anterior temporal cortex and the activity
of the frontal gyrus are involved in the processing of positive and negative emotions. In the present
study we decided to investigate the DLPFC, with the use of fNIRS, as it is not a deep structure that
results implicated in low-level emotional processes (Watanabe et al. 2015), emotional regulation,
control of empathic sensations due to emotional activation and cognitive emotional events reappraisal
(Balconi and Bortolotti 2012a, b).

However, despite the evidence showing the presence of a relationship between gift exchange,
gratitude, and cooperation, no previous studies considered all these levels at a time. In detail, we
thought that sharing a pleasant emotional experience, such as a gift exchange, could enhance the
cognitive and emotional tuning of two individuals by increasing their level of cooperation. Thus, the
aim of the present study was to measure inter-brain synchrony through a fNIRS-based hyperscanning
paradigm during a cooperative game including a specific phase of gift exchange to measure if and
how the behaviors and the two neural activities became coupled after the prosocial condition of gift
exchange. At this regard, we expected that the activity of the donor and the receiver could be more
synchronized after gift exchange. Secondly, the present study wanted to explore the specific
significance of the two roles (the donor vs the receiver of a gift) before and after the gift exchange.
We hypothesized that the two roles could be associated with different, specific cortical activation. In
particular, as shown by some previous research (Balconi and Pagani 2014, 2015; Kalbe et al. 2010),
for the donor, unlike the receiver, we expect to observe greater activation in the DMPC area, for
synchronization of motor behavior, and in the DLPFC, which has been shown to be activated in the
processes of shared attention of the others actions and intentions (Bilek et al. 2015; Saito 2010).

Thirdly, this study sought to observe the cortical localization related to empathic and cooperative
brain areas and rewarding networks related to prosocial behavior. We believed that the frontal areas
could be more involved in prosocial behaviors and social and interpersonal relationships. In particular,
as shown by previous studies, the DLPFC has been implicated in the implementation of cooperative
behaviors (Balconi and Pagani 2014, 2015) and in the management of social interactions (Kalbe et al.
2010; Petrican and Schimmack 2008) that are important for an efficient interpersonal exchange
(Suzuki et al. 2011; Baker et al. 2016). Indeed, the affective, cognitive and behavioral components of
social interactions during cooperative actions are supported by specific neural networks connecting
limbic regions and prefrontal cortex (PFC). A key role in this sense is played by the dorsal (DLPFC)
and ventral (VLPFC) portions of the lateral PFC that are mainly involved during cooperative
behaviors (Balconi and Pagani 2014, 2015; Chiao et al. 2009) supporting adequate actions planning
(Marsh et al. 2009). Fourthly, the dif-ference between material and experiential gifts was explored,
supposing that the last one could produce a more significant impact on both receivers and donors due
to the higher interpersonal value of the experiential condition. Finally, we expected that the effect of
this condition could affect the behavioral performance of the dyad during a cooperative task with an
increase of accuracy and a decrease of response time after gift exchange.



Methods

Participants

Sixteen dyads, composed of 32 female subjects in total, took part in the research. Recruited
participants were university students (Mage = 22,59; SDage = 1,83, years). A history of psychiatric or
neurological diseases and the presence of cognitive deficits were all reason for exclusion from
recruitment. Each dyad was composed of same-sex individuals with a consolidated friendship.
Specifically, one of the members of the dyad (the donor) was asked to hire his best friend (the
receiver) to participate in the experiment. All the participants took part in the study after signing the
informed consent. No payment was provided for the performance of the subjects, and they gave their
consent to participate in the research. The research was conducted in compliance with the principles
and guidelines of the Helsinki Declaration and was approved by the local ethics committee of the
Department of Psychology of the Catholic University of Milan.

Procedure

The participants, coupled in sixteen dyads, were invited to carry out the experiment in a laboratory
setting, carefully ar-ranged by an experimenter who provided the indications useful for the task
development. Correctly, the participants were seated next to each other in a moderately dark room at a
distance of 60 cm from a computer and separated by a black screen in a way to prevent visual contact.
Thus, each subject could neither look at her partner nor talk to her. They were asked to participate in a
joint social task which comprised a gift exchange during a general cooperative task. Specifically, one
of the members of each dyad (the donor) was asked to exchange a gift with the partner (the receiver)
at the beginning or half of the task. Therefore, to counterbalance the order effect, the delivery of the
gift was randomized within the dyads: for half of the sixteen pairs (8 dyads) it occurred before the
beginning of the first block, while for the other half (8 couples) at the end of the first block. Half of
the donors (8 dyads) was asked to choose a material gift (objects or accessories) to give to their
partner; while the other half was asked to exchange an experiential gift consisting in experiences to
share, for example tickets for visiting a museum or a concert.

The cooperative task, instead, consisted of a selective attention game modified from a previous one-
person computerized task (Balconi and Pagani 2015). The two members of the dyad had to memorize
a target, and to identify it among other different subsequent stimuli by pressing two left/right buttons.
The target was a figure that could be a circle or a triangle, colored blue or green. Importantly,
however, subjects were not required to perform at their best, but to synchronize their behavioral
responses in terms of both speed and accuracy. After every three stimuli (one trial) subjects received a
positive feedback about their degree of cooperation, visible through two arrows pointing upwards.

Each stimulus appeared on the screen for 500 msec with an inter-stimulation interval (ISI) of 300
msec. Then, a fixation cross appeared on the screen for 5000 msec followed by other 5000 msec blank
appeared on the screen to allow the hemodynamic signal to go back to baseline level. The task
consisted of two different blocks, each composed by 25 trials and 25 feedbacks.

At the end of the experiment, a questionnaire was given to the participants to investigate the
perception of their partner and the game pair during the first and second blocks tasks, before and after
the gift exchange. Specifically, subjects answers to the following open questions: What was the
perception of your workmate in the first phase of the game? What was the perception of your



workmate in the second phase of the game? What was the perception of relevance of gift for you?”,
What was the perception of your cooperation during the game?”. Then, participants’ answers have
been codified by three expert judges along a Likert scale (from 1 to 4). Partecipants revealed high
level of gift relevance, cooperation increasing during the task.

fNIRS Recording and Signal Processing

fNIRS measurements were recorded through a NIRScout System (NIRx Medical Technologies, LLC,
Los Angeles, California) using an 8-channel array of optodes (4 emitters and 4 detectors) placed on
the frontal and prefrontal areas of each subjects using a fNIRS cap according to the international 10/5
system. Specifically, the emitters were placed on FC3-FC4 and F1-F2, while the detectors were
positioned at the following positions (FC1-FC2 and F3-F4) (Fig. 1). A distance of 30 mm for
contiguous optodes and a near-infrared light at two wavelengths (760 and 850 nm) were used for the
recording. The following channels have been acquired: Chl (FC3-F3) and Ch3 (FC4-F4) correspond
to the left and right (respectively) DLPFC (Brodmann Area 9). Ch2 (FC3-FC1) and Ch4 (FC4-FC2)
correspond to left and right (respectively) Dorsal Pre-motor Cortex (DPMC, Brodmann Area 6). Ch5
(F1-F3) and Ch 7 (F2-F4) corresponding to the left and right (respectively) Frontal Eye Fields (FEF,
Brodmann Area 8). Ch6 (F1-FC1) and Ch8 (F2-FC2) correspond to the left and right (respectively)
Superior Frontal Gyrus (SFG, Brodmann Area 6) (Koessler et al. 2009).

The recording of changes in the concentration of oxygenated (O2Hb) and deoxygenated (HHb)
hemoglobin occurred continuously from the acquisition of a baseline lasting 120 s. The signals
obtained from the 8 NIRS channels were acquired with a sampling rate of 6.25 Hz and analyzed and
processed with nirsLAB software (v2014.05, NIRx Medical Technologies LLC, 15Cherry Lane, Glen
Head, NY, USA) based on their wavelength and position, which led to values for changes in the
concentration of oxy and deoxygenated hemoglobin for each channel. The raw O2Hb and HHb data
for each channel were digitally band-passed filtered at 0.01— 0.3 Hz.

Data Analysis

Three sets of analyses were performed with respect to behavioral (Accuracy, ACC; Reaction Times,
RTs) and neurophys-iological (fNIRS: O2Hb measures) dependent measures.

Behavioral Data By using E-prime Software, ACC and RTs were obtained for each subject during the
first (pre) and the second (post) part of the task. Before pre-gift training condition, after the 120-s
baseline record, subjects were given a familiarization task. ACC was calculated as the percentage of
correct responses on the total responses, while reaction times were computed starting from stimulus
presentation. Then, two mixed-model ANOVAs were applied to ACC and RTs with Condition as
repeated factor (Cond: baseline, pre-vs. post-gift exchange), and Role (Role: donor vs. receiver) and
gift type (Gift: material vs. experiential) as between fac-tors. For all the ANOVA tests, the degrees of
freedom were corrected using Greenhouse—Geisser epsilon when appropriate. Post hoc comparisons
(contrast analyses) were applied to the data. A Bonferroni test was applied for multiple comparisons.
In addition, the normality of the data distribution was preliminary tested (kurtosis and asymmetry
tests). The normality assumption of the distribution was supported by these preliminary tests.

Single-Brain Analyses For single-brain analyses, the mean concentration of O2Hb and HHb for each
channel was calculated by averaging data across the two blocks, each lasting five minutes. According



to the mean concentrations in the time series, the effect size in every block was calculated for each
channel and subject as the difference of the means of the block (m2) and the baseline (m1) divided by
the standard deviation (sd) of the baseline: d = (m2-m1)/sd (Cohen’s d value). The procedure was
applied to both O2Hb and HHb variations. Although fNIRS raw data were originally relative values
and could not be directly compared across subjects or channels, these normalized indices can now be
averaged regardless of the unit since the effect size is not affected by differential pathlength factor
(DPF) (Matsuda and Hiraki 2006; Schroeter et al. 2003; Shimada and Hiraki 2006). Then, 4 different
regions of interest (ROIs) were calculated by averaging left/right homologous channels: the values
obtained from Chl and Ch3 were averaged as representative of the activity of the DLPFC area, the
values obtained from Ch2 and Ch4 were averaged as representative of the activity of DPMC area, the
values obtained from ChS and Ch7 were averaged as representative of the activity of FEF and the
values obtained from Ch6 and Ch8 were averaged as representative of the activity of SFG area.
Subsequently, one mixed-model ANOVA was ap-plied to such indices with Condition (Cond,
baseline, pre-, post-gift exchange) and ROI (DLPFC, DPMC, FEF, SFG) as repeated factors, and Role
(2) and Gift type as between factors.

Inter-Brain Connectivity Analyses Starting from the raw data-base showing O2Hb and HHb
concentration datapoint-per-datapoint, a third step was performed to calculate inter-subjects
correlational indices finalized to compute the synchronization between the homologous brain areas
(couple of channels) of each dyad of subjects. Such indices (Pearson coefficients, r values) were
successively entered as dependent variables into mixed-model ANOVA tests, for O2Hb and HHD,
with Cond and ROI as repeated independent factors, and Role and Gift as between factors.

Results

Behavioral Data

For ACC measurement, ANOVA revealed a significant effect for Cond (F[1,28] = 11.63; p < 0.001;
n2 = 0.34), with a better performance (higher percentages) after (post M = 0.77; SD = 0.03) than
before (baseline M = 0.61; SD = 0.04; pre- M =

0.62; SD = 0.07) gift exchange. Concerning RTs, ANOVA showed a significant effect for Cond
(F[1,28] = 17.69, p < 0.0001, n2 = 0.39), with faster RTs after (post M = 239; SD = 8.23) than before
(baseline M = 263; SD = 7.29; pre-M = 273; SD = 10.11) gift exchange (Fig. 2a, b).

Single-Brain Analyses

The statistical analyses were applied to d indices for O2Hb and HHb-concentrations. The analysis on
HHb did not reveal significant effects, and for this reason we reported only results for O2Hb-values.
As shown by ANOVA applied to O2Hb data, Role effect was significant (F[1,28] = 9.34, p <0.01, n2
= 0.33), with a general increased brain activity for donor than receiver, and ROI (F[3,28] = 8.89, p <
0.01, n2 = 0.31), with increased DLPFC and DPMC than other areas (all comparison p < .001). In
addition Cond * ROI * Role * Gift inter-action effect was significant (F[3,72] = 7.09, p < 0.05, 12 =
0.28). Specifically, as revealed by post-hoc comparisons, there was an increase of activation in
DLPFC area mainly for donor after experiential gift exchange in post- condition more than baseline
and pre- condition (respectively F[1,28] = 8.90, p < 0.01, n2 = 0.30; F[1,28] = 8.16, p < 0.01, n2 =



0.30). Similarly, for receiver an increase of activation was observed in DLPFC and DPMC after
experiential gift exchange in post condition more than baseline and pre- condition (respectively
F[1,28]=6.77, p <0.05,m2 =0.27; F[1,28] = 8.05, p < 0.01, n2 = 0.30) (Fig. 3a).

Inter-Brain Connectivity Analyses

The analysis on HHb values did not reveal significant effects, and for this reason we report only
results for O2Hb-values. For what concerns O2Hb, as shown by the ANOVA, the ROI Gift effect was
significant (F[1,72] = 6.78, p < 0.05,12 =

0.27). Pairwise post-hoc comparisons revealed significant higher values of O2Hb in the DPMC for
material gift (F[1,28] = 7.90, p < 0.01, n2 = 0.29) compared to experiential one (Fig. 3b). In contrast
experiential gift showed a higher response in FEF than material one (F[1,28] = 9.04, p < 0.01, n2 =
0.33) (Fig. 4a, b).

Discussion

The present research study analyzed behavioral performances and brain activity (intra- and inter-brain
analyses) during a joint action consisting in carrying out a cooperation task developed before or after
the exchange of two different types of gifts: experiential and material. The modulation of several
variables before (pre) and after (post) donations, such as accuracy, RTs, intra-brain activity and inter-
brain functional connectivity was considered.

Firstly, as expected, improved behavioral performance emerged after gift exchange. Specifically,
after the exchange, higher accuracy rates and a decrease in response times were found. We
hypothesized that such effect could be due to an increase in prosocial behavior and a broader
social/affective bond among the members of the dyad. This result, as reported by previous studies
(Balconi and Vanutelli 2017; Balconi et al. 2017a, b, c), shows that a greater interpersonal
engagement between two individuals can lead to a significant gain for the coordination of behavioral
activities. Significantly, the in-crease of behavioral performance emerged only after gift ex-change
compared to the pre-gift and baseline condition, in which subjects carried out a familiarization test.
For this rea-son, we could limit a mere learning effect due to the sequence of experimental tasks. In
contrast the gift effect could have improved the cooperative significance of the task, with direct effect
on the behavioral performance, as demonstrated by an increase in cognitive skills in terms of
attention, memorization and speed response during the course of the task.

Considering the neurophysiological level, instead, the pos-sible differences in the cortical activity
of donor and receiver were explored following the gift exchange. Specifically, firstly we found
greater cortical activation for the donor than the receiver, especially in the DLPFC and DPMC area.
Such a result highlights the presence of a double process from the participants implying a visuomotor
(DPMC) and a more social (DLPFC) strategy. The first can be referred to the involvement of a
visuomotor network to synchronize the motor response and the behavior which is, nonetheless,
informed by social cues (from the feedbacks) and involves a higher-order net-work implied in social
cognition (Balconi and Pagani 2014, 2015; Kalbe et al. 2010). In other words, we suppose that the gift
exchange might facilitate the visuomotor performance mainly in donor, since this actor could benefit
from the more active role during the prosocial behavior. Specifically, the activation of the DLPFC in
the donor and the receiver could be due to the implementation of empathic mechanisms and emotional



engagement due to the cooperative behavior with one’s partner (Balconi and Pagani 2014, 2015;
Kalbe et al. 2010). Instead, the activation of DPMC only in the donor may be due to the fact that
social cognition is a process that takes place between two or more individuals and requires
coordination of the actions of the agents involved in space and time in order to cause modifications in
the environment (Sebanz et al. 2006).

With regard to the last brain area, the prevalent involvement of the DLPFC area in social and
prosocial processes of exchange and interaction has been demonstrated by some re-searches (Balconi
et al. 2018, 2017a, b, c¢), which have highlighted its implication in perspective and theory of mind
(Kalbe et al. 2010) in the suppression of selfish behavior (Baeken et al. 2011) and in the commitment
to meaningful relationships and social reinforcement (Petrican and Schimmack 2008). Moreover, this
result confirms our hypothesis concerning the role of frontal areas in social processes and
interpersonal relationships, highlighting the involvement of the prefrontal cortex in prosocial
behaviors and in helping decisions (Balconi and Canavesio 2013) through the adoption of joint
strategies and the joint neural network general recruit-ment (Balconi et al. 2017a, b, c).

Also, the result is confirmed by previous evidence showing the involvement of the DLPFC in
prosocial exchange (Balconi and Canavesio 2013). In fact, previous research (Balconi and Canavesio
2013, 2014) has shown the implication of DLPFC in the prosocial domain, especially in highly
empathic contexts (Adolphs 1999; Greene and Haidt 2002), in decision making implying help and
support towards other individuals and in emotional attuning. We believe that its re-cruitment after an
interpersonal moment of gift exchange could be significant for a greater emotional and empathic
tuning, for the strengthening of the interpersonal bond and social sharing.

Furthermore, another objective of our study was to investigate the effects of the type of gift on both
the components of couples (donor and receiver). In particular, as expected, fol-lowing the exchange of
an experiential gift, a significant in-crease emerged in the DLPFC and DPMC areas activity for both
the donor and the receiver. Considering the involvement of the DLPFC in the social and interpersonal
relationship processes, the increase of cortical activity in this area, after receiving an experiential gift,
demonstrates how this type of gift is connected to the representation of the possibility to share an
experience with another individual, activating the areas involved in social and sharing processes. As
for the material gift, however, a greater cortical activation has emerged in the DPMC area which, as
shown by previous studies (Schubotz and Von Cramon 2001), can be activated by the visual
dimension of the familiar objects. Previous studies have shown the involvement of this area in
sensorial processes related above all to the objects spatial information and the expectations of the
latter (Shulman et al. 2010). This result demonstrates that the material gift activates motor networks
linked to the act of giving or a metaphoric version of this act of giving; while, the experiential gift
activates highest level networks linked to social sharing, empathic and emotional attunement. At this
regard the DLPFC activation will be a direct response to the prosocial value of an experiential and
shared gift.

Finally, considering inter-brain connectivity within the dyads, the results showed higher coherence
after gift ex-change. Indeed, there has been a greater cerebral synchronization between donor and
receiver in the DPMC after the exchange of a material gift and in the FEF after the exchange of an
experiential gift. This result showed that after gift ex-change there is a greater cerebral
synchronization between the components of the single dyads, increasing their ability to bind with
other individuals. Recent research (Vanutelli et al. 2017) has shown that strengthening interpersonal



bonding im-proves attentive and behavioral synchronization between two or more individuals (Butler
and Randall 2013; Feldman 2012; Vanutelli et al. 2017), providing a somatosensory structure that
facilitates the understanding of their intentions and actions (Balconi and Canavesio 2014, 2016;
Keysers et al. 2010).

On the other hand, as regards the greater synchronization in the FEF following the exchange of an
experiential gift, recent research has shown that this area is activated when individuals experience
greater excitement towards social interaction. Previous research (Centelles et al. 2011) has shown that
when the characteristics of social interaction are perceived as more exciting, entertaining and salient,
the regions involved in sustained attention are activated (Szymanski et al. 2017; Walker et al. 2009).
Specifically, the eye movements reflected by the activity of the FEF are made to direct our attention in
order to provide salient points to our ongoing behavior (Walker et al. 2009).

However, some limitations should be reported for the present study. First, future research could
include a higher number of dyads to improve the comparisons between all the variables of interest.
Secondly, in future studies, one could propose the experiment in pairs formed by unknown individuals
to see if sharing a pleasant experience increases prosocial behavior and the synchrony between two
individuals without a consolidated bond. Thirdly, pairs of male gender individuals could be included
in the sample to see if gender-related effects occur. Fourth, other neurophysiological measures could
be recorded, such as electrophysiological and autonomic activity, foreseeing the use of a
multimethodological approach. Fifth, although when dealing with hemodynamic time-domain data
correlational analyses are often chosen (Balconi et al. 2017b; Crivelli and Balconi 2017), more
complex analyses related to coherence could also be performed, al already proposed in previous work
(Cui et al. 2012). Finally, future studies should consider entering a non-gift condition in order to
control the learning of the dyad synchronization strategy for the whole task. Furthermore, future
studies could investigate, in addition to the prefrontal cortex, the role of other brain areas that are
involved in emotional processing (Beckmann et al. 2009; Phillips et al. 2003).
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