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Abstract

Aristotle considers passions (emotions) as a�ections of the human soul involving a

body. Concretely, gentleness, fear, pity, courage, joy, loving, and hating involve corporal

changes, concurrent a�ections of the body. For Aristotle, the passions of the soul or

emotions are enmattered accounts (DA, 403a20-25).

With the development of cognitive science and neuroscience, a lot of the cur-

rent emotion research studies the biological and neurological substrates of emotions.

Within contemporary psychology research, Barbara L. Fredrickson’s provocative ap-

proach deals with love’s biology, studying the biological underpinnings of love and

suggesting a body’s de�nition of love.

After exposing Fredrickson’s concept of love, I discuss some conceptual aspects

of this perspective, taking into consideration the unity of the human being and its

di�erent features in order to avoid reductionist explanations or conclusions that may

lack re�ection on the di�erent epistemological levels of Philosophy, Psychology and

Neuroscience.

Keywords: love, positive emotion, social interaction, psychological and neurophysio-

logical research, Barbara L. Fredrickson
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1 introduction

Since approximately the second half of the twentieth century, social psycholo-
gists have started to do psychobiological research on emotions, using physiolog-
ical and neuroscience measurements. Magda B. Arnold (1903-2002), one of the
pioneers in the study of emotions explained in the sixties that the principal ques-
tions psychologists faced were how emotion is aroused, why a perceived object
gives rise to this state or fails to do so, and how emotion, once aroused, can in�u-
ence action. The analysis of the process from perception to emotion and action,
suggested the necessity to complete it with recourse to neurological research.
Emotional expression, autonomic changes and overt action imply functioning cir-
cuits in the brain; hence no explanation can be complete unless it shows what is
happening in the brain during emotion.1

Around these years, authors from di�erent psychological orientations (be-
haviourism, cognitivism) focused on the neuropsychological research of emo-
tions by studying the interplay between psychological and physiological pro-
cesses.2

After the generation of these researchers, and since more than twenty years
within the �eld of Positive Psychology, Barbara Fredrickson has been leading
neuropsychological research on positive emotions, connecting them with per-
sonal �ourishing. As a result of her research she has developed the theory of
broaden-and-build e�ects of positive emotions.3

By positive emotions, Fredrickson understands a range of discernible pleasant
a�ective states, including joy, gratitude, serenity, interest, hope, pride, amuse-
ment, inspiration, awe, and love. This list is not exhaustive, instead it groups
together ten representative positive emotions that research suggests people ex-
perience with some frequency in daily life. Like all emotions, positive emotions
are brief, multisystem activation patterns related to changes in the way people
appraise their present circumstances. An individual’s past experiences and cur-
rent situation ultimately shape the emotion(s) that will be experienced. When
these multisystem activation patterns register that an individual’s circumstances
are somehow bad for the self, an unpleasant a�ective state is experienced; when
it registers good prospects or good fortune, a pleasant a�ective state is experi-
enced. Love is the most frequently experienced positive emotion. Love broadens
thought-action repertoires by creating momentary perceptions of social connec-
tion and self-expansion. Likewise, love builds a wide range of enduring resources,
especially social bonds and community.4
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2 a psychophysiological concept of love

Love is one of the positive emotions studied by Fredrickson, the main emotion.
Love is not a single emotion but rather a complex feeling experienced by peo-
ple in all its varieties (romantic, friendship, familiar bonds, etc.). According to
Fredrickson, we need to distinguish between love relationships and love experi-
ences, even if in love relationships there can be a lot of love experiences. People
have love relationships with intimates, loved ones. Love experiences instead are
wider and can occur among strangers. While love relationships last long time,
love experiences are momentary.

The psychophysiological concept of love explained here is related then to the
context of love experiences, where love is experienced as a moment of connection
or, in Fredrickson’s terms, positivity resonance, as explained below.

From this psychophysiological perspective, love can be de�ned as an emo-
tion, a momentary state of shared positive emotions (i.e. joy, awe, interest) 5be-
tween two or more people, that arises to infuse mind and body alike, creating a
biochemical resonance which alters the activity within one’s body and brain in
ways that trigger parallel changes within another person’s body and brain. This
true sensory and temporal connection is characterized by mutual care and is ac-
companied by a feeling of oneness, between two or more intimate people or even
between strangers.6

In this notion of love, there are three de�ning attributes: shared positive emo-
tions, bio-behavioral synchrony, and mutual care.

As mentioned, love is a �eeting state when sharing other positive emotions
with people, so that love comprises any other positive emotion that is felt in the
context of connection with others, be it interest, joy, or other positive emotion.
For example, when in a public transport we make eye-contact with the child of a
woman seated beside us and start exchanging smiles, even laughs.

Like all emotions love sparks motivational changes. Concretely, love moti-
vates mutual care:

“Each person, in a moment of shared positivity, becomes momentarily invested
in the other’s well-being(...) The momentary experience of love brings an urge to
focus on the other person, holistically, with care and concern for his or her well-
being, a motive that momentarily eclipses any tendency toward self-absorption.
And this caring motive is mutual, re�ected back and forth between the two”.7

Love makes people more open to others. According to Fredrickson when peo-
ple are feeling good —under the in�uence of positive emotions— their sense of
self expands to include others. On the contrary, when someone is feeling bad, ex-
periencing any negative emotion (anger, anxiety, sadness, etc.) or nothing special
the person is more self-focused.
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The reason is that when people feel positive emotions, over time, these pos-
itive emotions become associated with greater feelings of self-other overlap and
oneness, and this broadened sense of self may predict a more complex under-
standing of others.8

Fredrickson stresses the importance of �nding the ways that help to build up
the natural tendency to be a little bit more other focused than self-focused. It is
kind of building the habit to transform oneself in a more benevolent person.

The third element in this perspective of love is biobehavioral synchrony,
which

“refers to the mirroring across people’s behaviors, bodies, and brains that each
moment of shared positive emotional connection creates”.9

A study about nonverbal gestures of people getting to know each other
showed that nonverbal biobehavioral synchrony is a key mechanism through
which self-disclosure produces an embodied sense of understanding.10 It
appears then that when people share a positive emotional state, they also share
gestural, biochemical, and neural patterns. A biobehavioral unity or oneness
unfolds.

Fredrickson explains that when these three elements co-occur, love is expe-
rienced as positivity resonance:

“Within moments of interpersonal connection that are characterized by this am-
plifying synchrony—of shared positive emotions, biobehavioral synchrony, and
mutual care—resource-building positivity resonates between and among peo-
ple. This back-and-forth reverberation of positive emotional energy sustains
itself—and can even grow stronger—until the momentary connection inevitably
wanes”.11

Besides love’s elements, two pre-conditions are necessary for love emerging
as resonance: a sense of safety and temporal or sensory connection. It needs to
be physical and a real time connection for our physiological responses to mirror
each other. The most common sensory connections are eye-contact, voice, touch,
and mirrored body postures and gestures.

Notwithstanding, based on cultural variation, one could object that the safety
condition might be relative in di�erent cultures. For instance, establishing when
it is appropriate to smile or have eye contact. Fredrickson explains that when
people feel safe, humans are designed in a way that their reaction to smiles can
be very similar. The emotions are a �eld where there is a lot of cultural variation,
and a lot of universality at play, simultaneously.12

Based on �ndings from neuroscience, Fredrickson’s research explains that
love is a social engagement system,13 describing love’s biology as a system with
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three main interacting parts that work in the neurophysiological background sup-
porting people’s social interactions and love experiences: the brain (neural cou-
pling), the hormone oxytocin, the vagus nerve (vagal tone).

Working on brain imaging, that is, using fMRI (functional magnetic resonance
imaging) of people’s brains while either telling or listening to an engaging story,
the neuroscientist Uri Hasson and colleagues found widespread brain coupling
between speaker and listener, especially during emotional moments and for pairs
for whom communication is particularly e�ective.14

What Hasson found was more than isolated mirror neurons,15 indeed a far
more extensive neuronal coupling through which occurs people’s mutually un-
derstanding. Hasson even claims that communication is a single act performed
by two brains.16

Hasson’s �ndings revealed that a key brain area that showed coupling in
his speaker-listener study was the insula, which is linked with conscious feeling
states. Synchrony in two people’s insulae suggests that in good communication,
two individuals come to feel a single, shared emotion as well. In other work, Has-
son and colleagues have shown that people’s brains come particularly into sync
during emotional moments.17

If sharing the same emotion in a good connection with another person is
re�ected in neural coupling, then a micro-moment of love is a single act, per-
formed by two brains. Research on self-other overlap at the neuronal level shows
that when imagining painful events happening to a loved one, and the loved one’s
pain becomes your pain, then the brain activity of both is virtually indistinguish-
able.18

The hormone oxytocin is a polypeptide synthesized in the hypothalamus,
which can be released into the bloodstream as well as to the forebrain, so that
it acts within brain and body, playing a key role in social bonding and attach-
ment. Recent research in this area has suggested that oxytocin may speci�cally
heighten the salience of social information.19

Concretely, a study on the changes in oxytocin within parents and their
infants engaged in face-to-face play, has shown that positivity-infused
behavioral synchrony, through a mother or father’s eye contact (a�ectionate
touch and smiles) together with their infant, predicts a synchrony between
the oxytocin surges evident within both them and their infant. A
biochemical synchrony can emerge, supporting mutual engagement, care and
responsiveness, as in the case of the interaction between parents and babies, but
not only. There is research evidence that oxytocin surges are present when
forming new social bonds or simply cementing existing ones.20

The third biological attribute is the vagus, the tenth cranial nerve, that goes
from brain stem to various internal organs, mainly the heart and lungs. In contrast
to a “�ght or �ight” autonomic response, which is orchestrated by the body’s
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sympathetic nervous system, the vagus nerve has been implicated —together with
oxytocin— in a “calm and connect” autonomic response, which is orchestrated
by the parasympathetic nervous system. Thus the vagus nerve is involved in the
body’s ability to �exibly and e�ciently respond to changing circumstances.21

Usually the strength of the vagus nerve is measured by tracking people’s heart
rate in conjunction with their breathing rate. Like muscle tone, higher levels of
cardiac vagal tone are better than lower levels. Research evidence has shown that
people with higher vagal tone are more �exible across di�erent domains (physi-
cal, mental, social); they regulate their bodily processes more e�ciently, like their
glucose levels and in�ammation; they regulate better their attention and emo-
tions, even their behavior;22 and they are especially skillful in social interactions
and forging positive connections with others. Compared to people with lower
vagal tone, those with higher vagal tone experience more love in their daily lives,
more moments of positivity resonance.23

Even if it is not included in this explanation of love’s biology system, gene ex-
pression has caught also Fredrickson’s research attention. By tracking how emo-
tions, and the biochemical changes they trigger, alter gene expression within the
human immune system, the tools of molecular biology show how a lack of love
compromises immunity and health. Fredrickson and colleagues have been study-
ing the ways that oxytocin and other ingredients that make up love’s biochem-
istry trigger healthy changes in gene expression that may foster physical and
mental well-being.24

Fredrickson states that all of love’s unseen biological transformations —in
brain rhythms, blood stream, vagus nerve, and cells— in turn prepare individuals
to become more attuned to love (connection), better equipped, biologically, to
cultivate moments of positivity resonance with others. She concludes that human
biology enacts and embodies people’s experiences of love.25

Based on Niedenthal and colleagues’ research, Fredrickson suggests that in
the sphere of social interactions there is a lot of embodied cognition: the knowing
is not just abstract and conceptual, it is embodied and physical. For example:
through eye contact and close attention to all manner of smiles, our personal
appraisal about who to trust and who not to trust become more reliable.26

Using a metaphor, Fredrickson points out that our body is more verb than
noun: it shifts, cascades and pulsates; it connects and builds; it erodes and �ushes.
The body acts as a verb, in the sense the body takes action, and broadcasts ev-
erything one feels —the moments of positivity resonance or their lack— to every
part of us, readying us for either health or illness and rendering us either more or
less equipped for loving connection. In a few words, the biology of love in action
consists in the ways positivity resonance can synchronize one’s brain and oxy-
tocin waves with those of another, and how, over time, it can build the capacity of
the vagus nerve, which points individuals toward physical health, social skill, and
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overall well-being. Nonetheless, as Fredrickson warns, a fully integrated view of
love cannot end with biology. It demands to rise above for considering the ways
that love also infuses all that lies beyond our physical body, its e�ects on actions
and relationships, wisdom and spiritual potential.27

3 commentary

In Fredrickson’s perspective of love there are many helpful insights for emotion
research and notable work to show scienti�c empirically based studies. Like in
other contemporary psychological works, the view presented here entails a mix,
a hybrid of biology and psychology, that renders philosophical analysis more dif-
�cult. It requires an e�ort of translation-conceptualization of the terminology
used.

As stated, there is a tendency among emotion researchers in psychology to
engage in neurophysiological studies to support or better explain the biologi-
cal substrates of emotion. Yet Arnold’s work moved on this direction, though
warning about reductionist explanations.28 Similarly, other psychologists like R.
Lazarus (1922-2002), who studied especially the relation between emotion and
thought, was opposed to explain all human behavior by looking at the structure
of the brain.

Logically, engaging in neurophysiological studies within the �eld of emotion
research does not imply necessarily to fall into reductionist approaches. But it
could be the case, if the di�erent epistemological levels of Philosophy, Psychology
and Neuroscience are not su�ciently considered.

The contributions from the interdisciplinary work of Psychology and Neuro-
science must be placed then within an adequate epistemological context, mostly
empirical, between biology and social psychology. The analysis of human emo-
tion can be developed, thus, integrating the neurophysiological, phenomenologi-
cal and ontological levels. Each of them brings their perspective. Philosophy, tak-
ing into account data from ordinary experience as well as from scienti�c knowl-
edge so as not to digress in the empty, brings an essential meaning to that knowl-
edge. Science, concretely neuroscience, along with cognitive sciences like psy-
chology, provides knowledge concrete and empirical.29

Neurobiological studies have a partial, but not irrelevant, role speci�cally
relative to human cognitive and a�ective states and operations. Interdisciplinary
work on emotion demands a dialogue among philosophy, psychology and
neuroscience, �rst of all, about terminology. In my opinion, a work on
conceptualization-de�nition is frequently missed in psychological studies.
Obviously it does not imply that (neuro)psychological studies must delve into
philosophical argumentations nor the contrary —even if some neuroscience
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research does that—30 rather it is enough an acknowledgement of the di�erent
epistemological levels.

Yet Aristotle asked how should be a de�nition of one a�ection of the soul in
the science of nature. He realized that di�erent disciplines de�ne in a di�erent
way the same a�ection: a physicist —a scientist— would de�ne an a�ection of
soul di�erently from a dialectician —a philosopher—. For example, anger would
be de�ned by a dialectician as the appetite for returning pain for pain, while a
physician would de�ne it as a boiling of the blood or warm substance surrounding
the heart. Following the explanation in Aristotelian terms, while the physician
assigns the material conditions, the philosopher assigns the form or account; "for
what he states is the account of the fact, though for its actual existence there must
be embodiment of it in a material such as is described by the other".31

Fredrickson’s insights highlight the embodied condition of love as emotion
and other human capacities. When approaching whatever dimension of human
�ourishing —virtues, emotions, relationships, mental and physical health, spiri-
tual dimension, etc.—, the essential key is therefore the consideration of the unity
of the human being. It is true that we do not have intuitive access to the unity
between the mental (psychic) and the neuronal. Science lets us glimpse this unity,
which we understand as correlation, that is, we grasp it indirectly, as rational con-
clusion. Because of that it surprises and delights us that some physical structure,
for example the layout of retinal cells, makes the visual act emerge. It is di�cult
to understand why it needs to be like that, but this gap between the psychic and
the physical always subsists.32

Even if analytically we distinguish the soul-body, mind-brain binomials, the
human person moves and acts in extraordinarily unity like a whole. As Allport
said, quoting Lavater’s statement "one and the same spirit is manifest in all".33

That is another reason why an interdisciplinary work is needed.
From an Aristotelian-Thomist view, emotions are linked to corporal struc-

tures and brain functions, and their essential material cause is the neural basis.34

Then, love is linked to brain functions by having neural basis —as Fredrickson’s
research shows—, which however do not explain all what is love as an emotion
—even less what is love as a virtue—, but as material cause, brain functions are
conditio sine qua non of love, and emotions in general.

Emotions, thoughts, consciousness, intentions, decisions are rather psycho-
somatic operations and states, in that they include a psychical dimension as a
dynamical and unitary whole including the body.35

The psychic act is, therefore, always psychosomatic, and because of the prop-
erty of intentionality it can also be said that is intrinsically relational, open to the
world and not closed in its own immanence. In other words, the individual mind
is not con�ned within the head, but extends throughout the living body and in-
cludes the world beyond the skull, especially the social world of self and other;
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and this is also the world in which mind and brain are essentially formed.36 This
can explain Fredrickson’s remarks on relatedness and how love in her perspec-
tive can open ourselves to other people. It is a kind of cognitive and a�ective
openness, interesting to be explored more.

In these terms, what Fredrickson argues is that love as a positive emotion
brings us in social cognition and the perception of the other, which is always
based on social inter-action, and implies embodied inter-subjectivity. It can be
showed that from birth on, everyone posses interpersonal body schemas for spon-
taneous facial imitation and emotional resonance, experiencing the other’s body
as similar to our own. Thus, embodiment and inter-a�ectivity form the basis of
social understanding through an interactive practice of meaningful and expres-
sive bodies.37

Personal interrelations imply, in this sense, the reciprocal and dynamical co-
existence of each one in the cognitive and a�ective workspace of other people in
many respects; however friendly relations, familiar relations or wider collective
relations are very di�erent in quality and cannot be considered univocally.38

Is then Fredrickson’s perspective a reductionist concept of love? Apparently
one could say yes, but even if not expressed in these terms, she is aware of the
di�erent epistemological levels, concretely when she explains that love cannot
stop with biology or in other words that biology cannot explain all that is love.
In addition, Fredrickson states that the essential feature of love —that spans all
varieties of love, from romantic to parental— is care and concern for another, for
his or her own sake. She recognizes the di�erent quality of love relationships,
and bonds. But as developed in the previous section, the consideration of love
as an emotion or a�ect —even in its �eetingness— under a psychophysiologi-
cal perspective refers to moments of a�ective connection when sharing positive
emotions, which is a common element of the di�erent love bonds. This explains
also the possibility to experience sympathy even with people we �rst meet.39

Another question arises: Is it possible to study love from a biopsychological
perspective without an anthropological view? Probably not. It is always in the
background an anthropological view even if it is not so de�ned. It seems that
there are in Fredrickson’s perspective of love many un-themed anthropological
assumptions. From her work can be supposed an implicit notion of human nature,
an assumption of the unity of human being, and a concept of what a good person
is, even if she does not speak in terms of virtues.40

Last but not least, other themes that Fredrickson’s perspective of love open
are the relations of causality between love as a positive emotion, and physical
and mental health and well-being. It appears that there are reciprocal causali-
ties because of the circularity of the embodied mind. But to which extent can we
a�ect/in�uence our biology? More basic, what is �rst, the biological or the psy-
chological aspect? The latter has been answered above, they both are correlated
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aspects. But still as Arnold exposed, one of the problems in emotion research is
how are correlated bodily symptoms (physiological-neurophysiological) and the
psychological experience.41

As Fuchs explains, neuronal processes make the experience of feelings pos-
sible. But making possible does not mean causation, for conversely it is also true
that only meaningful biographical experiences have made the neuronal processes
possible in their speci�c form. For example, shame can be described in a dual as-
pect mode: on the one hand as a complex concatenation of physiological mech-
anisms, on the other hand as a biographically understandable reaction to an in-
terpersonal situation. However, Fuchs states, there is no reciprocal causation in-
volved; rather, the person as a living being embodies and encompasses both as-
pects.42

The former question is even more di�cult to answer. In her research,
Fredrickson looks at the prospective and reciprocal relations between positive
emotionality and the physical resources. She also aims to �nd out if love’s
biochemistry trigger healthy changes in gene expression that may foster
physical and mental well-being.43 At an experimental level these implications
are not easy to prove, many variables must be controlled. Though we know by
experience that our psychology (mental well-being) a�ects our biology (physical
well-being) and our physical well-being in�uences also our mental well-being.
At least, we can say with Aristotle that every modi�cation of the soul involves a
modi�cation of the body and vice versa. Thus, a proper treatment of the body
—in the case of mania— or its success resides not only in altering the physical
condition, but also simultaneously in curing the soul of mania; and “the fact that
the changes are simultaneous proves that the sympathetic modi�cations of body

and soul are thoroughly concomitant”.44

Fredrickson’s perspective of love could be still enriched with philosophical
analysis and/or commentaries based on the study of Aristotle’s psychology, ethics
and natural philosophy, together, and with some phenomenological considera-
tions from Merlau-Ponty.45
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