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1
AN INTRODUCTION TO 

SOCIAL NEUROSCIENCE

The brain is the most complex organ in the known universe, and spec-
ifying the neural mechanisms under lying social structures and inter-
actions has become one of the  grand challenges for the neurosciences 
to address in the twenty- first  century.1 Such an endeavor is both excit-
ing and daunting  because it necessitates the integration of theories, 
methods, and data across levels of organ ization from multiple disci-
plines and social species. To meet this challenge, the field of social neu-
roscience has grown dramatically as an interdisciplinary science. Our 
goal in this book is to introduce you to this field.

1.1 The Evolution of Social Be hav iors

Our journey begins with the question of how did social be hav iors 
evolve? Social be hav iors can be classified according to the fitness con-
sequences for the actor and its social partners. Four types of social be-
hav iors that are found in species ranging from bacteria to  humans 
are:2 (1) mutual benefit— a social be hav ior that benefits all involved in 
the interaction; (2) selfishness— a be hav ior that benefits the actor at the 
expense of the other(s) involved in the interaction; (3) altruism— a 
be hav ior that is costly for the actor but that benefits other(s); and 
(4) spite— a be hav ior that is costly for the actor and the other(s).2

Social be hav iors that fall  under the category of mutual benefit or self-
ishness have direct effects on the fitness of the actor and, therefore, 
are favored through natu ral se lection. Social be hav iors that fall  under 
the category of altruism and spite reduce the fitness of the actor, but 
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the same evolutionary pro cesses can select for  these be hav iors when 
certain conditions set forth in Hamilton’s rule are met.

According to Hamilton’s rule, altruistic be hav iors are favored when 
the cost to the actor is smaller than the product of the benefit to the 
other(s) and the relatedness of the other(s) to the actor, where ge ne tic 
relatedness describes the ge ne tic similarity between two individuals, 
relative to a reference population. For instance, positive relatedness 
means that two individuals share more genes than average, and nega-
tive relatedness means two individuals share fewer genes than aver-
age. By the same logic, spiteful be hav iors are favored when the cost to 
the actor is smaller than the product of the cost to the other(s) and the 
negative relatedness of the other(s) to the actor, or when the mutually 
costly be hav iors represent a cost to the actor that is smaller than the 
product of the benefit for a third party and the relatedness of the third 
party to the actor.2,3

It also follows from Hamilton’s rule that ge ne tic relatedness, which 
can be signaled by  factors such as kin recognition, may play a larger 
role in the evolution of social be hav iors that fall  under the categories 
of altruism or spite than in the evolution of social be hav iors that fall 
 under the categories of mutual benefit and selfishness.

The evolutionary princi ples favoring social be hav iors are the same 
across species, and social be hav iors evolved long before the appearance 
of  humans. The  human brain shares many design features with  those 
of other organisms, and both comparative studies and animal models 
play an impor tant role in revealing the secrets of brain function. The 
 human brain also differs from that of other species. Apparently 
uniquely, the  human brain contemplates the history of the earth, the 
reach of the universe, the origin of our species, the ge ne tic blueprint of 
life, and the physical basis of our own unique  mental existence.4 Two 
observations that arise repeatedly in our journey through social neu-
roscience are that (1)  there are conserved neural, hormonal, cellular, 
and molecular mechanisms under lying social be hav ior; and (2) social 
connections (e.g., kinship), social complexity (e.g., pos si ble interaction 
partners), and social and cultural learning are driving forces  behind 
the evolution of the remarkable capacities of the  human brain.

1.2 The Social Brain of the Desert Locust

Social species are so characterized  because they interact frequently 
with members of their own species (or what is termed “conspecifics”) 
to form structures (i.e., patterns of interaction such as pair bonds, 
mother- infant attachments, and teams) that extend beyond the individ-
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ual. Frequent interactions with conspecifics introduces complexities, 
demands, challenges, dangers, opportunities, and benefits not faced by 
nonsocial species. As a result, not only does the brain underlie social 
pro cesses and structures, but social structures and pro cesses can in-
fluence brain function and structure.  These influences are generally 
thought to occur over generations through evolutionary pro cesses such 
as natu ral se lection. However, the influence of the social environment 
on brain structures and function can also be seen within a lifetime.

At any single moment in time, an individual member of a social spe-
cies may vary in terms of its position along a continuum of social inte-
gration (salubrious social connections and bonds) to social isolation 
(e.g., exclusion, neglect). Where an organism falls along this continuum 
can be studied longitudinally in natu ral settings or manipulated ex-
perimentally in the laboratory to investigate the causal effects of the 
social context. Research has shown that where an organism falls along 
this continuum can influence brain structures and functions.5 We sur-
vey a number of such influences in chapter 2 but consider the desert 
locust (Schistocerca gregaria) as a case in point (figure 1.1).

The desert locust is found in Africa, Asia, and the  Middle East. It is 
a voracious insect, eating its weight in fruit, leaves, seeds, flowers, 
stems, bark, and shoots. At 2 grams, the daily consumption of an indi-
vidual insect is insignificant. However, in their gregarious state, des-
ert locusts form swarms of fast flying insects numbering as many as 
50 billion and consuming up to 200,000 tons of food per day. Swarms of 
desert locust have ravaged crops and spawned famine for centuries.

What makes the desert locust of special interest  here is that it can 
switch back and forth between an asocial state and a social state. The 
asocial state is the more typical condition, during which period the 
locust generally avoids conspecifics.  Under specifiable conditions (e.g., 
stimulation indicative of swarming), the locusts transform from a soli-
tary state to a gregarious (social) state, at which point the brains of  these 
locusts grow approximately 30% larger presumably to accommodate 
the additional information- processing demands of their now more 
complicated social environment (figure 1.1).6

The deprivation of  these social connections leads to a return to the 
asocial state, along with a consequent reduction in brain volume. Im-
portantly, the brains of  these locusts do not grow generally, but rather 
the growth is in brain regions that are particularly impor tant in the 
swarming phase (box 1.1).

Social pro cesses in  humans  were once thought to have been inciden-
tal to  human learning and cognition. However,  there is growing evi-
dence that this is not the case, and instead that the social complexities 
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figure 1.1. A. Top panel. The desert locust (Schistocera gregaria). iStock . com 
/ MaYcal. B. Bottom panel. Half- brains of a solitarious locust (left) and gregarious 
locust (right) in frontal view to the same scale (scale bar, 1 mm). The locusts  were 
of near- identical body size. This image shows the visual neuropiles of the optic 
lobe that include the medulla (lime), the lamina (cyan), and the lobula (red). Adapted 
from Ott and Rogers.6 From Fig. 1 of Swidbert R. Ott and Stephen M. Rogers. 
Gregarious desert locusts have substantially larger brains with altered proportions 
compared with the solitarious phase. Proceedings of the Royal Society B: Bio-
logical Sciences http:// doi . org / 10 . 1098 / rspb . 2010 . 0694.
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and demands of primate species have contributed to the evolution of 
the neocortex and to vari ous aspects of  human cognition.7,8 For in-
stance, cross- species comparisons have revealed that the evolution of 
large and metabolically expensive brains is more closely associated 
with social than ecological complexity.9 Moreover, although  human 
toddlers and chimpanzees have similar cognitive skills for engaging 
and interacting in the physical world, toddlers show more sophisticated 
cognitive skills than chimpanzees for engaging the social world.10 We 
further address this topic in chapter 3.

BOX 1.1. Use It or Lose It

Not the entire brain increases in size when submitted to complex social inter-
actions.  Because the brain is energetically expensive, it has been posited that 
specific brain regions should enlarge only when needed to meet functional de-
mands.46 In other words, the size of a neural region is related to its functional 
significance. If social connections/isolation follows the rule of “use it or lose it,” 
regional neuroanatomical adjustments should occur contingent on the demands 
of social versus isolated living conditions. Consistent with this reasoning, ex-
perimental studies of social isolation or solitary states on brain size indicate 
that the effects are not uniform across the brain but instead are most evident in 
brain regions that reflect differences in the functional demands of solitary ver-
sus social living for that par tic u lar species. For instance, the gregarious locust 
has a larger midbrain to optic lobe ratio, and within both the visual and olfac-
tory systems higher multimodal integration centers are disproportionately 
larger than the primary sensory neuropils.6,48 The central complex, an impor-
tant multimodal sensory and sensorimotor integration center, is also consider-
ably larger in gregarious locusts. Despite the solitary desert locust having a 
smaller brain overall, the solitary locust has disproportionally large primary vi-
sual and olfactory neuropils, putatively due to the increased individual preda-
tion risk and the need for the solitary locust to detect visual stimuli at a greater 
distance.48 Similar reductions in regional brain size in socially isolated animals 
have been found in other animals, including Drosophila melanogaster,49 sev-
eral species of honeybees,(see 5 for review) and mammals.27 For instance, Tech-
nau49 showed that socially isolated adult female wild- type Kapelle Drosophila 
melanogaster have fewer mushroom body fibers than do members of a control 
group— the mushroom bodies in D. melanogaster are involved in olfactory 
learning, multisensory integration, and memory.(see 50 for review) Other animals, like 
mice, that rely heavi ly on tactile inputs from whis kers have an enlarged sensory 
cortex. On the other hand, bats, which rely a lot on echolocation, have a large 
auditory cortex, and the highly visual short- tailed opossums have a large visual 
cortex.27,51
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1.3 Neuroscience and Social Neuroscience

The  human brain is a surprisingly recent evolutionary development. 
If we compressed the 4.5 billion year– long history of the Earth into a 
24- hour period, the first single- cell organisms would have emerged 
around 18 hours ago, the first  simple ner vous systems separating ani-
mals from plants would have emerged around 3.75 hours ago, the first 
brain would have emerged about 2.67 hours ago, the first hominid brain 
would have emerged less than 2.5 minutes ago, and the current model 
of the  human brain would have emerged less than 3 seconds ago.

Despite the long evolutionary heritage, the  human brain is not the 
most impressive looking structure. The average  human brain mea sures 
about 140 millimeters (5.5″) wide, 170 millimeters (6.6″) long, and 90 
millimeters (3.6″) high, and weighs about 1,300–1,400 grams (3 pounds). 
Yet the  human brain is the most complex organ in the known universe. 
It consists of around 86 billion neurons, and each neuron is estimated 
to form around 5,000 synapses with other neurons, forming approxi-
mately 430 trillion synaptic connections for information transfer. If we 
 were to develop a machine that could count all  these connections at a 
rate of 1 per second, it would take more than 13.5 million years to com-
plete the count for a single  human brain. Moreover,  these structures 
and transfers remain modifiable across the life span based in part on 
the environmental demands placed on the brain, including the de-
mands placed on it through interactions with  others.

The brain is the central organ of perceiving, identifying, and adapting 
to social and physical stressors via multiple interacting mediators from 
the cell surface to the cytoskeleton to epige ne tic regulation and non- 
genomic mechanisms.11,12 The brain has evolved to determine what is 
threatening to it, and to respond or adapt to the potential threat with a 
remarkable plasticity. By elucidating the under lying mechanisms of 
plasticity and vulnerability of the brain, social neuroscience provides a 
basis for understanding the efficacy of interventions for a broad variety 
of social disorders.11–16 Social stressors cause an imbalance of neural cir-
cuitry that may alter one’s cognitive or emotional state. This imbalance, 
in turn, affects systemic physiology via neuroendocrine, autonomic, im-
mune, and metabolic mediators14,17. While acute vigilance or hyperatten-
tion to potential social threats may be adaptive, the chronic surveillance 
of the environment may be maladaptive and require intervention with a 
combination of pharmacological and behavioral therapies, as is the case 
for chronic loneliness.17–19 While prevention is key, the plasticity of the 
brain gives hope for therapies that take into consideration individual 
differences, gender differences, and brain- body interactions.11,12,17
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The scientific study of the structure and function of  human brain 
plasticity is so complex that it requires a variety of basic, clinical, and 
applied disciplines.20 It also requires comparative research across spe-
cies as well as studies of healthy  people, patients, and animal models 
to cover the terrain. Although scientific investigations of structure and 
function go hand in hand, differences in emphasis exist in this scien-
tific frontier. The emphasis in some fields is on identifying constituent 
structures at dif fer ent levels of organ ization, such as neuroanatomy. 
The emphasis on  others is weighted more  toward understanding the 
function of the brain and ner vous system, such as the complementary 
fields of behavioral, cognitive, and social neuroscience.

Behavioral neuroscience, the oldest of  these perspectives, replaced 
the black box between a stimulus and a response in behaviorism with 
the brain. Accordingly, the brain was viewed as an instrument of 
sensation and response, with representative topics of study including 
perception, learning, motivation, homeostasis, biological rhythms, and 
reproduction.

Cognitive neuroscience, which emerged in the early 1990s, grew out 
of the cognitive sciences to view the brain as the classic computer, with 
an operating system; input devices that  were designed for selective 
input; output devices of vari ous types; methods of representing, trans-
forming, manipulating, and storing information; software programs 
that permitted incoming information to be combined with stored in-
formation to produce adaptable responses; and so forth. Accordingly, 
representative topics of study included attention, repre sen ta tions, 
memory systems, reasoning, decision making, executive functioning, 
and response inhibition and response se lection.

Social neuroscience, which also emerged in the early 1990s, repre-
sents yet another broad perspective on brain function.21 In social neu-
roscience, the  human brain is regarded not as an isolated computer but 
meta phor ically akin to a smart phone— computationally power ful, 
mobile, and broadband connected. The connection with other such 
devices— and sites that have been  shaped or visited by other devices—
is what makes our phones so power ful and so special, and the same is 
the case for the  human brain.

The functions that are highlighted by this perspective go beyond 
the solitary computer to include the connections and coordination 
among interconnected computing devices as well as the structures 
and pro cesses that  were developed in the ser vice of  these devices 
(e.g., the existence and culture of social media). The brain functions 
that immediately come into focus from this perspective include com-
munication, social perception and recognition, impression formation, 
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imitation, empathy, competition, cooperation, pair- bonding, mother- 
infant attachment, bi- parental caregiving, social learning, status hi-
erarchies, norms and cultures, social learning, conformity, contagion, 
social networks, socie ties, and culture.

The existence of connections between computing devices leaves 
them vulnerable to vari ous forms of malware, including malicious soft-
ware such as computer viruses, ransomware, spyware, Trojan  horses, 
worms, adware, and scareware. The  human brain is no dif fer ent. Sci-
entific investigations of the social brain have shown that  humans are 
capable of altruism and salutary relationships and they are capable of 
deceptive, exploitive, and malicious interactions and relationships. 
Investigations discussed in this book are beginning to illuminate the 
biological mechanisms under lying salutary social interactions and re-
lationships as well as protective mechanisms to reduce vulnerability 
to hostile interactions and exploitive interactions and relationships.

Behavioral, cognitive, and social neuroscience may look at the same 
construct or be hav ior but do so from dif fer ent perspectives and interests. 
For instance, from the perspective of cognitive neuroscience, language is 
a system for the repre sen ta tion and pro cessing of information within the 
brain; from the perspective of social neuroscience, language is a system 
for information exchange between brains, a system that promotes com-
munication and coordination across discrete and sometimes distant or-
ganisms. This illustrates how each of  these perspectives can provide 
impor tant, complementary perspectives for understanding brain function.

In sum, social species are so characterized  because through social 
recognition and interaction they form structures that extend beyond 
any individual member of the species. Social structures and pro cesses 
differ across species but have evolved hand in hand with neural, hor-
monal, cellular, and genomic mechanisms  because the consequent 
capacities and be hav iors— such as communication, mutual aid, and 
mutual protection— helped  these organisms survive, reproduce, and leave 
a ge ne tic legacy. Social neuroscience is defined as the study of the neu-
ral, hormonal, cellular, and genomic mechanisms under lying social 
structures and pro cesses. An impor tant goal of social neuroscience is 
to identify  these biological mechanisms and to specify the transduc-
tion pathways between neural and social structures and pro cesses.

1.4 What Makes Us  Human?

The question “what makes us  human?” typically means, how are we 
dif fer ent from other species? The debate over what differentiates 
 humans from other species has a venerable history. Charles Darwin 
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reasoned that the difference in mind between humans and the higher 
animals,  great as it is, is one of degree and not of kind. For most of the 
twentieth  century, research emphasized the similarities between the 
mind, brain, and biology of  human and nonhuman animals, demon-
strating that we are not unique in our use of language, tools, cultures, 
syntax, or even teachers.

“What makes us  human?”  here means what in our evolutionary past 
has contributed to the  human brain and ner vous system. In this sec-
tion, we introduce the  human brain from this perspective, and we elab-
orate on the evolution of the  human brain in chapter 3.

Although  humans are a unique species, the  human body and brain 
share many design features with  those of other organisms. Many of the 
structures and associated functions of the  human brain and body are 
related to antecedents in other animals (box 1.2).  These similarities 
are not always evident  because selective evolutionary pressures may 
produce a discontinuity in the form or function of a structure across 
species. As neuroscientist Michael Gazzaniga22 noted: “Just as gases 
can become liquids, which can become solids, phase shifts occur in 
evolution, shifts so large in their implications that it becomes almost 
impossible to think of them as having the same components” (p. 3).

The  human brain has evolved yet differs from nonhuman brains in 
more fundamental ways than simply the size of the brain. Differences 
have been found in gene expression across neocortical layers of the 
 human, in contrast to the nonhuman primate, brain, suggesting sub-
stantial neocortical reor ga ni za tion.23,24 The predominant neural cir cuit 
under lying sensory- motor hierarchies in nonhuman primates, for in-
stance, may have yielded to a form that spans the cortex, develops late, 
and promotes intermodal integration, abstract repre sen ta tion, manip-
ulation, and storage of information.25 Moreover, astrocytes, glia cells, 
neuronal synapses, and morphology of cortical minicolumns are not 
the same in all animals but instead show an evolutionary expansion 
to support increased computational capacities across regions of the 
brain.23,26–28 As the be hav ior of species becomes more complex, more 
room is needed for the increase in the number of cells and intracellu-
lar connections in the brain. Real estate within the cranial vault is pre-
cious, so an evolutionary adaptation is an increased convolution (wrin-
kling) of the ce re bral cortex29 (figure 1.2). Each of  these solutions to the 
need for computational power emerged in the mammalian brain long 
before the appearance of  humans, and each contributes to what makes 
us  human  today.

The vertebrate brain is composed of three major components: (1) the 
hindbrain, the evolutionarily oldest part of the brain, which includes 
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BOX 1.2. Integration of  Human and Animal Research

The basic structure of vari ous brain systems has been conserved in vertebrate 
species throughout evolutionary time.  There are not only similarities across ver-
tebrate brains in neural structures, but also in the systems that control gene 
activity and in the neurochemicals that influence neuronal functions (e.g., glu-
tamate, gamma- aminobutyric acid [GABA], norepinephrine, dopamine, sero-
tonin, corticotropin releasing  factor, oxytocin, vasopressin, endorphins).23,52,53

 These similarities make animal models an impor tant source of information 
about brain structures and brain function in the neurosciences, and  these 
models provide an opportunity to study ancient aspects of social motivations 
(e.g., pair- bonding, response to isolation, parental nurturing) through experi-
ments that include techniques such as optoge ne tics, electrophysiology, and 
gene manipulations that are not pos si ble in  humans. Neuroimaging techniques 
in  humans are more focused on the role of cortical structures, whereas animal 
models involving rodents are more focused on the role of evolutionarily older 
subcortical structures in social be hav ior. Neurobiologists Damian Stanley and 
Ralph Adolphs from the California Institute of Technology summarized the rela-
tive strengths and weaknesses of four animal groups commonly used in social 
neuroscience.54

Differences in neural structures have also evolved across vertebrate species 
based on their unique needs and adaptations, which makes comparative stud-
ies across species pos si ble. For instance, rodents, compared to  humans, rely 
on olfactory cues for information about their environment, and their olfactory 
bulbs are relatively large and evolved.  Humans, in contrast, rely more on visual 
cues, and their visual cortices and associated regions are relatively large and 
evolved compared to  those in rodents. The oxytocin receptors in prairie voles 
are located within the dopamine- rich area of the striatum, whereas the oxytocin 
receptors in montane voles are not.  These differences in receptor distributions 
are associated with differences in pair- bonding (prairie voles form pair bonds, 
montane voles do not), and experimental studies demonstrated pair- bonding 
depends on oxytocin acting on receptors within the striatum.55

The integration of knowledge from  human and animal studies is especially 
impor tant in social neuroscience, with findings in  human studies providing in-
sights for animal experimentation, and animal studies providing insights into the 
molecular, cellular, and circuit- level attributes of the social brain.

areas such as the cerebellum, pons, and medulla; (2) the midbrain, 
which includes areas such as the tectum (superior and inferior collic-
uli) and tegmentum (red nucleus, periaqueductal gray, and substantia 
nigra); and (3) the forebrain, generally the evolutionarily newest part 
of the brain, which includes areas such as the ce re bral cortex, amyg-
dala, thalamus, and hypothalamus.
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The ce re bral cortex has two hemi spheres (the right hemi sphere and 
the left hemi sphere), each in appearance the mirror image of the other. 
The surface of each of the ce re bral hemi spheres is characterized by gyri 
(ridges), sulci (shallow grooves between gyri), and fissures (deep 
grooves between gyri), which give the ce re bral cortex its wrinkled 
appearance.

Major gyri and sulci divide each hemi sphere into four lobes 
(figure 1.3): (1) the frontal lobe, the anterior portion of the ce re bral cortex, 
which includes motor areas, supplementary, and premotor areas, areas 
involved in aspects of mentalizing and self- representation, language 
(e.g., Broca’s area), planning, and executive functioning; (2) the parietal 
lobe, the  middle portion of the ce re bral cortex, which includes the so-
matosensory associative areas that interpret sensations as well as brain 
areas involved in visuospatial attention, mathe matics, language com-
prehension, and abstract constructs (e.g., aspects of self- representation); 
(3) the temporal lobe, a lateral portion of the ce re bral cortex, which in-
cludes the primary and associative auditory areas as well as areas 

Human

Monkey FrogRaccoon

Baboon Squirrel
Camel

CatDolphin

figure 1.2. The gyrification (or wrinkling) of the ce re bral cortex varies across spe-
cies. Gyrification permits more brain mass to fit within a given volume. From 
https:// serendipstudio . org / exchange / brains.
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involved in memory, aspects of mentalizing, and social perception; 
and (4) the occipital lobe, the posterior portion of the ce re bral cortex, 
which includes primary and associative visual areas. The left and 
right hemi spheres are connected by a wide bundle of nerves called 
the corpus callosum.

The two hemi spheres are central to a feat of the brain that appears 
to have emerged uniquely in  humans. One function performed by 
the left hemi sphere is to interpret events in a way that forms a coher-
ent narrative. The interpretive function of the left hemi sphere inte-
grates information from the two hemi spheres and associated opera-
tions of the brain to create this narrative.30,31  These narratives may be 
confabulations— invalid narratives fabricated by the left hemisphere— 
but the resulting conscious experience is that the narrative is an ac-
curate explanation for the observed events.22 It is this left brain func-
tion that also provides for our unique ability to pro cess vast amounts 
of contingently true information, which contributes to our unique so-
cial, cognitive, and environmental adaptability.

The notion that the left hemi sphere functions like an Interpreter that 
fabricates a story—in many cases an erroneous story—to create a co-
herent personal narrative of events— past, pre sent, and  future—is con-

figure 1.3. Each ce re bral hemi sphere consists of four lobes: the frontal lobe (red), 
parietal lobe (yellow), temporal lobe (blue), and occipital lobe (green). The cere-
bellum (purple) and brainstem (orange) are also shown  here. Each lobe can have 
vari ous functions (white). iStock . com / eli _ asenova.
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trary to the ancient notion that one can trust the accuracy of one’s own 
conscious reasoning and interpretations. Indeed, this lay notion seems 
so beyond reproach that long ago common sense was given the mantle 
of being axiomatic— self- evident and unquestionable. And yet research 
on  human brain function has shown that what seems self- evident or 
commonsense about one’s own thoughts and be hav iors cannot be taken 
as true any more than the commonsense notion that the sun and the 
stars circle around the earth can be taken as true.

In a classic series of experimental investigations, psychologists Rich-
ard Nisbett and Timothy Wilson32 found that “when  people attempt 
to report on their cognitive pro cesses, that is, on the pro cesses mediat-
ing the effects of a stimulus on a response, they do not do so on the 
basis of any true introspection” (p. 231). The results of their studies— 
and many that have since been conducted— indicate that self- reports 
of pro cesses of this form tend to be invalid  because (1)  people can be 
unaware of the existence of a stimulus that influences a response, (2) 
they can be unaware of the existence of the response, (3) they can be 
unaware that the stimulus has affected the response, (4) they may have 
developed a false belief about the cause for a response, and (5) they may 
have overgeneralized a belief about a cause for a response. In short, 
 these self- reports reflect the operation of the Interpreter within us try-
ing to make sense of the world.

Self- reports of current conscious states or be hav iors depend on our 
willingness to report what we are experiencing at a given moment in 
time.  These are not equivalent to self- reports of the narratives or ex-
planations we generate for our conscious states or be hav iors— a con-
scious state that typically reflects the work of the Interpreter. For in-
stance, when  people are asked to rate what they feel  after having been 
exposed to an advertisement, they are able to report on their conscious 
state. ( Whether or not they are willing to report this state accurately is 
a dif fer ent question.) However, when  people are asked to rate how their 
exposure to an advertisement influenced what they feel, they typically 
feel able to do so but their reports depend on the operation of the In-
terpreter and are generally invalid. Nisbett and Wilson showed that 
even when such reports are accurate, the accuracy is the result of a lay 
theory of the effects of some stimulus being correct, not the result of 
 people having access to the pro cess on which they are reporting.  People 
are willing to say more than they can know in large part  because the 
brain functions to form coherent narratives from past and pre sent 
events, resulting in  people often having no clue about what they think 
they know versus what they can actually know. This issue  will emerge 
throughout the book.
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All the ways in which our brains differ from other brains and with 
what consequences is a story that has only begun to be written. What 
is clear is that the final story  will not be self- evident and that, given 
the importance of our interactions with  others, it is a story that social 
neuroscience  will likely have a significant hand in writing.

1.5 Doctrine of Multilevel Analy sis and  
the Golden Triangle

Social organisms are constituted at vari ous levels of organ ization. Al-
though not an exhaustive list,  these levels include: (1) individual cells 
(e.g., nerve cells), which are an impor tant unit of structure in living or-
ganisms and may serve a specific function(s); (2) tissues (e.g., nerves), 
which are made up of cells that are similar in structure and work to-
gether to perform a specific function(s); (3) organs (e.g., brain), which 
consist of tissues that work together to perform a specific function(s); 
(4) organ systems (e.g., ner vous system), which consist of two or more 
organs that work together to perform a specific function(s); (5) individ-
ual organisms (e.g.,  humans), which refers to the entirety of a living 
 thing that carries out basic pro cesses such as taking in materials, 
releasing energy from food, releasing wastes, growing, sensing and 
responding to the environment, and reproducing; (6) dyads (e.g., mother- 
infant), referring to a pair of organisms who together perform social 
pro cesses such as communication, coordination, mutual aid and pro-
tection, bonding, imitation, nurturance, cooperation, social influence, 
and social learning; (7) groups, which refers to sets of three of more 
organisms who operate together to perform social pro cesses; and (8) 
society, which refers to a large group involved in per sis tent social in-
teraction who share institutions and a distinctive set of beliefs and 
knowledge (e.g., norms, practices, and be hav iors) transmitted through 
social learning (i.e., culture).

Mapping across systems and levels (from genome to socie ties and 
cultures) requires interdisciplinary expertise, comparative studies, in-
novative methods, and integrative conceptual analyses.33,34 The doctrine 
of multilevel analy sis in social neuroscience provides one such frame-
work for the scientific investigation of social structures or pro cesses 
across multiple levels of organ ization.21 The doctrine includes three 
princi ples for formulating and interpreting investigations along the 
continuum of orga nizational levels.

The first is the princi ple of multiple determinism, which specifies that 
social be hav iors may have multiple antecedents ( causes) within or 
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across levels of organ ization. For instance, one might consume a con-
siderable quantity of pizza in an effort to remedy a low blood- sugar 
condition (biological determinant) or to win a food- eating contest (so-
cial determinant). Biological responses can also be multiply determined. 
Although immune response was once thought to reflect only physio-
logical responses to pathogens or tissue damage, a more complete un-
derstanding of immunity has led to demonstrations of how a person’s 
perceptions of his or her close personal relationships may impact in-
flammation and immunity.35 Psychosocial stress, operating through 
the brain’s perception of the meaning of events, can also increase pro-
inflammatory cytokine production in the absence of infection or injury. 
Animal research has revealed related findings in mice: exposure of 
mice to two weeks of social isolation enhances tumor liver metastasis 
in part via its suppressive effect on the immune system of the host.36 
An impor tant implication of the princi ple of multiple determinism is 
that comprehensive theories require a consideration of multiple  factors, 
often from vari ous levels of organ ization— for example, from the bio-
logical through the organismal to the social level.

The princi ple of nonadditive determinism specifies that properties of the 
 whole are not always readily predictable by the  simple sum of the (ini-
tially recognized) properties of the parts.21 For instance, the be hav ior 
of nonhuman primates was examined following the administration of 
amphetamine or placebo.37 No clear pattern emerged  until each pri-
mate’s position in the social hierarchy was considered. When this so-
cial  factor was taken into account amphetamine was found to increase 
dominant be hav ior in primates high in the social hierarchy and to in-
crease submissive be hav ior in primates low in the social hierarchy. A 
strictly biological (or social) analy sis, regardless of the sophistication 
of the mea sure ment technology, might not have unraveled the orderly 
relationship that existed.

Fi nally, the tendency is to think that biological  factors determine so-
cial structures and pro cesses, but the princi ple of reciprocal determinism 
specifies that  there can be mutual influences among biological and so-
cial  factors.21 For example, it is unsurprising that the level of testoster-
one in nonhuman male primates has been shown to promote sexual 
be hav ior. However, it has also been shown that the availability of re-
ceptive females in a colony influences the level of testosterone in the 
male primates.38,39 That is, the causal pathway between the biological 
and social level is bidirectional or reciprocal.  There are numerous other 
such examples, such as maternal be hav ior altering the expression of 
genes in female rodent infants through a pro cess of deoxyribonucleic 
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acid (DNA) methylation, and the genes altered in this way  later affect-
ing the maternal be hav ior of  these female rodents.40 That is, the effects 
of social and biological pro cesses can be reciprocal. One impor tant im-
plication is that comprehensive accounts of social be hav ior may not be 
achieved if the biological, cognitive, or social level of organ ization is 
considered unnecessary or irrelevant.

 These princi ples point to the importance of multilevel analyses, but 
how might scientists use  these princi ples in the design of their inves-
tigations? We have suggested a golden triangle approach.41,42 The equi-
lateral triangle in figure 1.4 represents the equal importance of three 
converging approaches that contribute to an understanding of the 
neural, hormonal, cellular, and ge ne tic mechanisms under lying social 
structures and pro cesses.

First, behavioral analyses and assessments are impor tant. Accord-
ing to this approach, the functional consequences of a social phenom-
enon are decomposed into component repre sen ta tions and pro cesses. 
 These, in turn, may be decomposed into the computations that are 
likely to be implemented by the brain. What  these component pro cesses 
(or computations) might be  will change with advances in theory, meth-
ods, and evidence. Evidence from functional or electrical neuroimag-
ing is not necessary in such studies, but it may prove useful  either as a 
source of hypotheses about what  these constructs, components, or com-

figure 1.4. The golden triangle of social neuroscience research. This equilateral 
triangle represents the equal importance of three  angles (behavioral testing, ex-
perimental manipulation, and physiological mea sures) to perform sound research 
on brain– be hav ior relationships. Based on Cacioppo & Cacioppo.42
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putations might be or as a means of performing a crucial test between 
competing hypotheses. Tasks can then be defined that permit the 
isolation of one or more specific component pro cesses, as verified by 
behavioral analyses, which in turn permit finer grain analyses of 
brain function in subsequent research.

 Because neuroimaging is noninvasive, it can have an impor tant role 
to play in the development, testing, and refinement of theories of (and 
component pro cesses under lying) social phenomena that are difficult 
to study in nonhuman animals. Correlative evidence from the waking 
brain using a variety of mea sure ment techniques, therefore, constitutes 
a second leg of the golden triangle. The brain does not operate exclu-
sively at the spatial level of molecules, cells, nuclei, regions, cir cuits, or 
systems, nor does it operate exclusively at the temporal level of milli-
seconds, seconds, minutes, hours, or days. Any single neuroimaging 
methodology provides a partial view of brain activity within a very 
 limited range of spatial and temporal levels. Therefore, converging 
mea sures that gauge neural events at dif fer ent temporal and spatial 
scales can be used to provide a more complete picture of brain func-
tion (figure 1.5).42,43 The neuroimaging studies can then be designed to 
investigate one or more specific component pro cesses or computations 
that  were isolated in behavioral analyses.

Fi nally, the third leg of the golden triangle represents experimental 
evidence from animals and  humans. Neuroimaging is a correlative 
methodology, so random assignment and experimental manipulations 
including reversible lesions and pharmacological interventions in 
 humans and nonhuman animals are essential to further elucidate the 
causal role of any given neural structure, cir cuit, or pro cess in a given 
task. The term animal model can refer to the assay or experimental pro-
cedure by which a treatment is produced or mea sured,44 but we use it 
 here to refer to investigations in which the participants are nonhuman 
social animals. We are not the first or the only social species, and the 
similarities and differences between  humans and other social species 
make comparative, experimental, and mechanistic studies of nonhu-
man animals an impor tant source of information regarding the role 
of specific neural, hormonal, and molecular mechanisms in social neu-
roscience. The protection and ethical treatment of  these animals is 
therefore of paramount importance and is governed by the same ethi-
cal princi ples as is research on  human participants.

Each of the legs of the golden triangle has limitations, but yield from 
the combination of the three is greater than the sum of the parts. Thus, 
for instance, functional and electrical neuroimaging represents an 
impor tant part of the methodological armamentarium, but the resulting 
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knowledge is more likely to be beneficial when combined with concep-
tual analyses that decompose complex constructs into component 
structures, repre sen ta tions, pro cesses, and computations; converging 
mea sures that gauge neural events at dif fer ent temporal and spatial 
scales; behavioral mea sures that permit fine- grain analyses of brain– 
be hav ior associations; and experimental studies that test the putative 
role of specific brain structures, cir cuits, or pro cesses.

1.6 Concluding Remarks

Social species are so characterized  because through regular social rec-
ognition and interaction, structures (e.g., pair bond, group) are formed 
that extend beyond any individual member of the species. Social struc-
tures and pro cesses differ across species but have evolved hand in 
hand with neural, hormonal, cellular, and genomic mechanisms 
 because the consequent capacities and be hav iors helped  these organ-

figure  1.5. Illustration of functional neuroimaging and neurophysiological tech-
niques showing comparison of spatiotemporal resolution and penetration depth of 
neurometabolic optical techniques. The x- axis (time in seconds  today or size of 
object/animal/patients) and the y- axis (distance from neuron to lobe) are scaled 
logarithmically. Penetration depths are color- coded from noninvasive (blue) to in-
vasive (red). LFPs = local field potentials, NIRS: near infrared stimulation, fMRI = func-
tional magnetic resonance imaging, MEG + EEG = magneto- encephalography and 
electroencephalogram. Image is inspired from Van Gerven et al. (2009).43
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isms survive, reproduce, and leave a ge ne tic legacy. Social neuroscience 
is defined as the study of the neural, hormonal, cellular, and genomic 
mechanisms under lying social structures and pro cesses.

Social neuroscience is built on studies across levels of organ ization 
in which variables are mea sured and/or manipulated to determine the 
pathways and mechanisms operating within and between each of the 
levels of organ ization under lying a phenomenon. Teams of scientists 
who are investigating brain function in neurological patients, animal 
models, and healthy individuals are increasingly common.  These in-
terdisciplinary collaborations have capitalized on a variety of methods 
and techniques ranging from behavioral studies, neuroimaging tech-
niques (e.g., magnetic resonance imaging, functional magnetic reso-
nance imaging, high density electroencephalography, optoge ne tics, 
receptor autoradiography) to experimental manipulations of neural 
mechanisms (e.g., transcranial magnetic stimulation, optoge ne tics, viral 
vector gene transfer) across scales of neural organ ization in chimpan-
zees or healthy  humans to cellular and molecular techniques. Even 
well- traveled techniques such as meta- analyses and electrophysiology 
have seen upgrades that, for instance, permit investigations of the 
source and chronoarchitecture of neural structures and pro cesses. The 
development of experimental manipulations of neural pro cesses in 
 humans through, for instance, the use of transcranial magnetic stimu-
lation and neurotransmitter agonists and antagonists has also helped 
determine the causal significance of specific neural regions in social 
cognition, emotion, and be hav ior. Fi nally, increases in computational 
speed and capacities are increasingly simplifying the prob lem of ad-
dressing questions across levels of organ ization that involve large da-
tasets and/or previously computationally prohibitive simulations or 
analyses.

Moreover, the twenty- first  century pre sents its own unique array of 
questions. The development and accessibility of the Internet have trans-
formed major aspects of the social environment, including how and 
where  people study, meet, shop, and interact. Understanding how on-
line interactions are similar to and dif fer ent from face- to- face social in-
teractions and how they might best be performed to benefit users 
across the life span is of par tic u lar relevance to a world growing more 
and more dependent upon the Internet and social networking sites for 
social interactions. And the  century is still young. What the short his-
tory of social neuroscience has shown is that the number of social 
neuroscience papers that are appearing in multidisciplinary science 
journals has grown dramatically since the field was first defined in 
1992 (figure 1.6), and the field continues to attract some of the best and 
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brightest young scientists across a wide range of disciplines, with high 
rates of citation of social neuroscience articles in their dominant disci-
plinary journals.45

The successes that social neuroscience has already met in its first few 
de cades of existence suggest a promising  future as it opens a critical 
ave nue for better understanding the neural mechanisms under lying 
social structures, cognition, interactions, and be hav ior. A multilevel 
integration of the social, biological, and cognitive  factors under lying 
be hav ior should also contribute to the development of new therapeu-
tic interventions to address acute and chronic individual, communi-
cative, and social disorders such as autism, psychopathy, and social 
phobias. The road ahead is replete with conceptual challenges and meth-
odological issues, but it also promises exciting scientific discoveries. 
In short, the twenty- first  century is an exciting time in which to be a 
social neuroscientist.

figure 1.6. Mean number of scientific articles published per year on social neu-
roscience, based on a Web of Science lit er a ture search on the topic (social AND 
neuroscience) OR (social AND brain) for the periods of 1900–1949, 1950–1959, 
1960–1969, 1970–1979, 1980–1989, 1990–1999, 2000–2009, and 2010–2017.

2000–2009

1990–1999

1980–1989

1970–1979

1960–1969

1950–1959

M
ea

n

2500.00

2000.00

1500.00

1000.00

500.00

0.00

Year
2010–2017

1900–1949

125-80237_Cacioppo_SocialNeuroscience_4P.indd   20 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



INDEX

Italic page references refer to figures or  tables

activation likelihood estimate (ALE), 61–62
Adolphs, Ralph, 10b, 57, 93, 99, 128–29, 194
adrenocorticotropic hormone (ACTH), 49
adrenomedullary system (SAM), 36, 49
affective perspective taking, 82, 87–95, 109–10
aggression, 25, 28, 60, 120, 169, 178
aging, 40, 121, 144, 216
Agricultural Revolution, 67
Ainsworth, Mary, 201b
altruism: Cacioppo Evolutionary Theory of 

Loneliness (ETL) and, 213–15; connecting 
forces and, 110; cooperation and, 166–69; 
group pro cesses and, 152–57, 166–69; 
punitive, 29, 166–69; social brain and, 73, 
81, 83; social connections and, 29–30, 39, 
211; spite and, 1–2, 29–30, 39, 73, 170, 213, 
215

Alzheimer’s Disease, 44–45, 51
Amodio, David, 160, 164
amygdala: connecting forces and, 87, 91–93, 

94; eye perception and, 139–40, 142, 145, 
148–50; face perception and, 120, 123, 126, 
128–29, 131–32; group pro cesses and, 
162–65; social be hav ior and, 10; social 
brain and, 57, 58–59, 69–70; social connec-
tions and, 49, 50–51, 200, 207; social 
influence and, 179

A/New Caledonia vaccination, 43
anger, 48, 120, 126–27, 131, 134
angular gyrus, 59, 186, 192–99, 206, 210
anterior cingulate cortex (ACC): connecting 

forces and, 91, 92, 98b, 109; eye perception 
and, 150; face perception and, 121, 132; 
group pro cesses and, 163–65; social 
connections and, 192, 194, 199, 206–7; social 
influence and, 187

anterior insula: connecting forces and, 87, 91, 
92; group pro cesses and, 163, 168; social 
brain and, 80; social connections and, 
192–94, 199, 201, 203–4, 206

antibodies, 43–44

anxiety: connecting forces and, 98; depres-
sion and, 25, 41, 48; loneliness and, 41, 48, 
80; Passionate Love Scale (PLS) and, 217; 
social brain and, 80; social connections 
and, 25, 41, 45, 48, 201b

Ardipithecus ramidus, 54, 153
Aristotle, 182
Arsalidou, Marie, 200
artificial signals, 123–24
Asch, Solomon, 119, 174
Astolfi, Laura, 167b
astrocytes, 9
attachment styles, 200, 201b
attention: Cacioppo Evolutionary Theory  

of Loneliness (ETL) and, 214; connecting 
forces and, 87, 96, 109–10; eye perception 
and, 138, 140, 143b, 144, 145b, 147–48; face 
perception and, 118, 133; group pro cesses 
and, 160; hyperattention, 6; joint, 138, 140, 
144, 145b; social be hav ior and, 6–7, 11; 
social brain and, 59, 67, 81; social connec-
tions and, 28, 193, 196, 198b, 207, 209–10; 
social influence and, 176–78; visual, 11, 133, 
143b, 144, 145b, 191, 198b

auditory areas, 5b, 11–12, 47, 196
automatic preparatory adjustments 

postulate, 215
aversive signals, 33, 214–15
axons, 67, 79–80, 125, 131

Babiloni, Fabio, 167b
baboons, 11, 23, 37–38, 66, 131
Baron- Cohen, Simon, 75, 138–39
Bartels, Andreas, 192
Başar, E., 205
bed nucleus of the stria terminalis (BNST), 50
Bennett, David, 51
Berns, Gregory, 195b
Bernston, G. G., 146–47
Berra, Yogi, 155–56
bi- parental caregiving, 8, 208, 212

125-80237_Cacioppo_SocialNeuroscience_4P.indd   275 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

276

Birbaumer, N., 205
birds, 54, 73, 79, 109, 172
Blakemore, Sarah J., 70b
blood pressure, 23, 32, 36–38
bodily self, 59, 191, 198b
Boehm, Christopher, 179
bonobos, 66, 70b, 111, 178
Borge, Victor, 70b
Bowlby, John, 201b
Bowles, Samuel, 169
brain- body interactions, 6
brain- derived neurotropic  factor (BDNF), 51
brain size, 4–6, 9, 55b, 65, 68, 71, 73, 78–80, 85
brain stem, 12, 94, 140; deception and, 146, 

149; face perception and, 123–24; group 
pro cesses and, 162; social brain and, 66, 70; 
social connections and, 50, 202

Brewer, Marilynn, 158
Broca’s area, 11
Brodmann area, 39, 195

Cacioppo, John T., 21, 64
Cacioppo, Stephanie, 91, 102, 192–95, 207, 209
Cacioppo Evolutionary Theory of Loneliness 

(ETL): altruism and, 213–15; attention  
and, 214; competition and, 214; cost- benefit 
analy sis and, 213; depression and, 47–48; 
food and, 214; ge ne tics and, 41–42; 
hormones and, 215; inflammatory 
substrate and, 44; mortality and, 22, 28; 
mutual benefit and, 213–14; pain and, 214; 
propositions of, 30–31, 213–16; salutary 
relationship and, 213–14; selfishness  
and, 213–15; short- term preservation and, 
28; social be hav ior and, 213–15; social 
connections and, 22, 28–31, 33, 36, 41, 44, 
47, 213–16; spite and, 213, 215; survival and, 
213–15; sympathetic tonus and, 29, 32, 33, 
36–38; transcriptome dynamics and, 29, 32, 
33, 38–45

Calit2, 126
cardiovascular system, 23, 32, 36–40, 44–45
caregiving, 8, 22, 72–73, 85–86, 212
Caruso, Eugene, 106
central ner vous system (CNS), 41, 45, 146–49, 

185
cerebellum, 10, 12, 66, 70, 196
ce re bral cortex, 70; deception and, 146; eye 

perception and, 146; social brain and, 65, 
66, 70; structure of, 9–12

ce re bral hemi spheres, 12–13, 82
chemokine monocyte chemotactic protein 

(MCP-1), 45

Chicago Health, Aging, and Social Relations 
Study, 40

chimpanzees: axonal projections and, 67, 68; 
eye perception and, 141; face perception 
and, 114, 129, 131; group pro cesses and, 
153; guilt and, 178; laughter and, 70b; social 
be hav ior and, 5, 19; social brain and, 
66–68, 70b; social influence and, 178; social 
learning and, 109; TOM mentalizing and, 
111; war and, 153

Chua, Hanna Faye, 185–86
Cicero, Marcus, 134–35, 182
Claidmère, Nicolas, 172
Cocaine and Amphetamine Regulated 

Transcript Protein (CART), 42
Coelho, A. M., 37–38
cognition: connecting forces and, 88, 89–101, 

108, 110; deception and, 144–50; face 
perception and, 114, 118, 129; group 
pro cesses and, 159–60, 164–65; love and, 
25, 191–201, 205–12, 217; social brain and, 3, 
5–8, 12–13, 16, 18–20, 54, 57, 59–62, 66–68, 
71–80, 85; social connections and, 23, 28, 
51–52, 191–201, 205–12; social influence 
and, 176, 179–80, 183–88

Cole, S. W., 42
colliculi, 10
communication: connecting forces and,  

91, 191; deception and, 135, 146, 150–51; 
Elaboration Likelihood Model (ELM) and, 
183–85; eye perception and, 134–35, 146, 
150–51; face perception and, 112, 125–26; 
persuasion and, 179–87; social brain  
and, 7–8, 14, 67, 72, 75–76, 79–80; social 
connections and, 22; social influence and, 
179–87

competition: Cacioppo Evolutionary Theory 
of Loneliness (ETL) and, 214; for food, 22, 
72, 100, 178, 214; group pro cesses and, 
152–54, 158–59, 170; interspecific, 153–54; 
intraspecific, 153–54; social brain and, 8, 
72, 76; social connections and, 22, 178

computers, 7–8, 86, 119, 126, 131, 206, 209
conceptual self, 189, 191
conditioning, 108–9, 120, 150, 163
conformity: connecting forces and, 96; social 

brain and, 8, 75; social influence and, 
172–77

connecting forces: affective perspective 
taking and, 87–95, 109–10; altruism and, 
110; amygdala and, 87, 91–93, 94; anterior 
insula and, 87, 91, 92; anxiety and, 98; 
attention and, 87, 96, 109–10; cognition and, 

125-80237_Cacioppo_SocialNeuroscience_4P.indd   276 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

277

88, 89–101, 108, 110; communication and, 
91, 191; conformity and, 96; contagion and, 
86–95, 109; cooperation and, 87; cultural 
issues and, 96; egocentrism perspective 
and, 97–99; emotion and, 86–97, 105–6, 
109–10; empathy and, 86–95, 109–10; 
evolution and, 100; fear and, 109–10; 
functional magnetic resonance imaging 
(fMRI) and, 91, 103, 106; gyrus and, 96,  
100, 103, 104; hormones and, 89; hypothala-
mus and, 94; identification and, 86–87, 93, 
95–97, 103, 110; imitation and, 86–87, 88, 
95–97, 100, 109–10; impressions and, 21,  
99, 106; infants and, 86–87; intention and, 
86–87, 88, 91–95, 99–107, 110–11; macaques 
and, 98b, 111; memory and, 103, 105; 
mentalizing and, 92, 93, 94, 97–109, 111; 
multiple pathways and, 107–8; neuroimag-
ing and, 90b, 91, 93, 98b, 99, 103; neurons 
and, 87, 98b, 99–104, 111; norms and, 96; 
orbital frontal cortex (OFC) and, 91, 92, 94, 
98b, 162; pain and, 93–94, 109–10; prefron-
tal cortex (PFC) and, 90b, 91–93, 98b, 109; 
simulation perspective and, 99–104; social 
learning and, 96, 108–10; social perception 
and, 90, 100; society and, 98; somatosenso-
rimotor resonance and, 87, 88; status and, 
90, 107; superior temporal sulcus (STS) 
and, 91–92, 93–94, 96, 103, 107; survival 
and, 91, 100, 103, 109; theory of mind 
(TOM) and, 92, 97, 98b, 105–7, 109, 111

conservation postulate, 214
Conserved Transcriptional Response to 

Adversity (CTRA), 39–42
conspecifics, 2–3, 21–22, 26, 35, 39, 51, 72, 75, 

97, 171, 214
contagion: affective perspective taking and, 

87–95, 109–10; connecting forces and, 
86–95, 109; emotional, 86–95, 109; social 
brain and, 8; social connections and, 21–22; 
somatosensorimotor resonance and, 87, 88

cooperation: connecting forces and, 87; 
deception and, 135; group pro cesses and, 
153–56, 159, 166–70; punitive altruism and, 
166–69; social brain and, 8, 14, 72, 76, 81; 
social connections and, 22, 208

coronary heart disease (CHD), 37
corticotropin releasing hormone (CRH),  

10b, 49
cost- benefit analy sis: Cacioppo Evolutionary 

Theory of Loneliness (ETL) and, 213; 
extended immaturity and, 73, 85; eye 
perception and, 150; group pro cesses and, 

72, 110, 150, 153, 156–57, 168–69, 171, 187–88; 
love and, 207–11; social be hav ior and, 1–2, 
213; social connections and, 29–30; social 
influence and, 171, 187–88; social learning 
and, 73

courtship, 143, 144b
Crowne, D. P., 219
cultural issues: connecting forces and, 96; 

deception and, 145, 149; group pro cesses 
and, 152, 154, 157–58, 160, 165–66, 169; 
Passionate Love Scale (PLS) and, 219; 
persuasion and, 179–82; social brain  
and, 8–9, 14, 56, 67–68, 72–73, 85; social 
connections and, 22, 29; social influence 
and, 171, 174, 179, 181–82, 187; social media 
and, 7, 181, 182

cultural learning, 2, 73, 85, 96, 145, 158
cytokines, 15, 41, 45–46

Darwin, Charles, 8–9, 122
deception: central ner vous system (CNS) 

organ ization and, 146–47; ce re bral cortex 
and, 146; cognition and, 144–50; communi-
cation and, 135, 146, 150–51; cooperation 
and, 135; cultural issues and, 145, 149; 
detection of, 145–49; dorsolateral prefron-
tal cortex and, 148; emotion and, 137–38, 
144, 146, 148; evolution and, 134–37, 145–51; 
expressions and, 135–38; eye perception 
and, 135–38, 145–49; fake smiles and, 
135–36; fear and, 134; food and, 140; 
happiness and, 135–36, 142; impressions 
and, 135, 148–50; intention and, 136, 138, 
145b, 148; love and, 142, 143; mutual benefit 
and, 149; neurons and, 137, 145–46, 148; 
production of, 145–49; selfishness and,  
136; social be hav ior and, 149; status and, 
142–43; survival and, 135, 139, 145; theory 
of mind (TOM) and, 148–49

Decety, Jean, 91
deleterious effects, 29, 77, 170, 216
dendrites, 80, 204
deoxyribonucleic acid (DNA), 15–16, 24, 

38–39, 40b, 63
depression: anxiety and, 25, 41, 48; face 

perception and, 123, 133; loneliness and, 
25, 32, 33, 35, 41, 47–48, 51; Passionate Love 
Scale (PLS) and, 221; social connections 
and, 21, 25, 29, 31–32, 33, 35, 41, 47–48,  
51, 206

desert locust (Schistocerca gregaria), 2–5, 78
DeVries, A. C., 46
diabetes, 44

125-80237_Cacioppo_SocialNeuroscience_4P.indd   277 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

278

Digital Revolution, 85
discrimination: group pro cesses and, 22, 60, 

75–77, 90b, 129, 133, 154, 160, 162–64, 170, 
195b, 214; outgroups and, 157–60, 163–64, 
166, 170; prejudice and, 158, 160, 162–66, 
170; stereotyping and, 159–65, 170

divorce, 143, 189, 190, 203
doctrine of multilevel analy sis, 14–18
dogs, 15b, 36, 78, 194
dopamine, 10b, 81; face perception and, 

120–21; love and, 192–93, 195, 199–200, 
211–12; social connections and, 35, 42, 
50–51

dorsal striatum, 163, 168, 200
dorsolateral prefrontal cortex: connecting 

forces and, 90b, 109; deception and, 148; 
eye perception and, 148; face perception 
and, 132; group pro cesses and, 165, 168; 
social brain and, 77

dorsomedial prefrontal cortex (DMPFC): 
connecting forces and, 78, 90b, 91, 97–99, 
106, 109; group pro cesses and, 160, 162, 164; 
social connections and, 199

down- regulation, 32, 39–42, 64, 176
Drosophila melanogaster, 5b
drugs, 81, 211
Dunbar, Robin, 73

egocentric mentalizing, 10, 97–99, 105, 149, 
198b

Eichmann, Adolf, 176–77, 179
Einstein, Albert, 59
Einstein (robot), 126
Ekman, Paul, 125–26, 205
Elaboration Likelihood Model (ELM), 183–85
electroencephalograms (EEGs), 18, 34, 56, 63, 

91, 167b, 204
embarrassment, 131–32
emotion: affective perspective taking and, 

87–95, 109–10; anger, 48, 120, 126–27, 131, 134; 
anxiety, 25, 41, 45, 48, 98, 201b; characteris-
tics of core pro cesses of, 88; connecting 
forces and, 86–97, 105–6, 109–10; contagion 
and, 86–95, 109; deceptive, 135–38, 145–49; 
depression, 21, 25, 29, 31–32, 33, 35, 41, 
47–48, 51, 123, 133, 206, 221; embarrass-
ment, 131–32; empathy, 88b, 89–91, 92; 
expressions of, 125–26, 127; face perception 
and, 118–33; fear, 65 (see also fear); gaze 
and, 88–89, 142–45; grief, 21, 25, 122; group 
pro cesses and, 162, 163, 168; guilt, 86, 105, 
131–32, 178; laughter, 70b, 133; loneliness, 
22 (see also loneliness); love, 58–59 (see also 

love); negative moral, 131–32; omega sign 
and, 122; Passionate Love Scale (PLS) and, 
217–19, 220, 222; sadness, 28, 47, 123, 126, 
127, 131, 137; shame, 131–32; social brain 
and, 6, 19, 57–58, 68–70, 77; social connec-
tions and, 189, 192–95, 199–212; social 
influence and, 181; somatosensorimotor 
resonance and, 87, 88; surprise, 126, 127, 
131, 144

empathy, 8; affective perspective taking and, 
87–95, 109–10; cognitive, 88, 89, 92; connect-
ing forces and, 86–95, 109–10; development 
of, 89, 90–91; emotional, 88b, 89–91, 92; 
functional magnetic resonance imaging 
(fMRI) and, 57, 91; gaze and, 89; group 
pro cesses and, 159, 180; network of, 57; 
pain and, 57, 91–95; social be hav ior and, 91, 
95; social brain and, 57, 72, 80–81, 85; social 
connections and, 22, 195; social influence 
and, 179; somatosensorimotor resonance 
and, 87, 88

encephalization, 180, 185
endorphins, 10b
endotoxin, 45
epige ne tic pro cesses, 6, 63–65
Epstein- Barr Virus (EBV), 43
event- related potentials (ERPs), 56, 204–5
evolution: Ardipithecus ramidus and, 54,  

153; Cacioppo Evolutionary Theory of 
Loneliness (ETL) and, 22, 28–31, 33, 36,  
41, 44, 47, 213–16; connecting forces and, 
100; Darwin and, 8–9, 122; deception  
and, 134–37, 145–51; face perception and,  
125; group pro cesses and, 152–54, 158; 
Hamilton’s rule and, 2, 30; Homo sapiens 
and, 54, 65–71, 84, 141, 185;  human 
ascendancy and, 54, 55b; loneliness and, 
28–31; natu ral se lection and, 1, 3, 30,  
38–39, 68, 85, 108, 134, 139, 145, 169, 171; 
persuasion and, 179–85; social be hav ior 
and, 1–6, 9–10; social brain and, 54, 55b, 
65–74, 81; social connections and, 22, 
28–31, 33, 39, 43–44, 47, 85, 191, 197, 201b; 
social influence and, 172, 173, 178–85

executive functioning, 7, 11, 21, 77, 90, 105, 
109, 148, 150

Expressions of Emotions in Man and Animals, 
The (Darwin), 121–22

extended self, 189, 191
extrastriate body area (EBA), 117
extroversion, 120
eye perception: amygdala and, 139–40, 142, 

145, 148–50; attention and, 138, 140, 144b, 

125-80237_Cacioppo_SocialNeuroscience_4P.indd   278 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

279

144, 145b, 147–48; ce re bral cortex and,  
146; chimpanzees and, 141; communica-
tion and, 134–35, 146, 150–51; cost- benefit 
analy sis and, 150; deception and, 125–28, 
145–49; fear and, 138–40, 142, 144–45; 
fusiform gyrus and, 144; gaze and, 138–45; 
happiness and, 23, 135–36, 142;  human 
brain and, 137, 145; identity and, 144; 
impressions and, 44, 135, 144, 148–50; 
infants and, 141; intention and, 134, 136, 
138–39, 142, 143, 145b, 148; isolation and, 
146–47, 151; macaques and, 144; memory 
and, 151; mentalizing and, 138, 144, 148–49; 
mindreading and, 138–39; neocortex  
and, 146; neuroimaging and, 140, 144–45,  
148; neurons and, 137, 142, 144–46, 148; 
physical influences and, 149–50; prefrontal 
cortex (PFC) and, 144, 148–50; reading eyes 
and, 138–39; social influence and, 149–50; 
superior temporal sulcus (STS) and, 144, 148; 
theory of mind (TOM) and, 138, 144, 148

face perception: amygdala and, 120, 123,  
126, 128–29, 131–32; animal research in, 
128–32; artificial signals and, 123–24; 
attention and, 118, 133; axons and, 125,  
131; chimpanzees and, 114, 129, 131; 
cognition and, 114, 118, 129; communica-
tion and, 112, 125–26; depression and,  
123, 133; distinction of face and, 112–18; 
Ekman- Friesen system and, 205; emotion 
and, 118–33; evolution and, 125; eye 
perception and, 134–51; fear and, 120, 
126–31; functional magnetic resonance 
imaging (fMRI) and, 114–15, 120, 123, 126; 
fusiform gyrus and, 58, 114–15, 116–17,  
126, 144, 148, 160, 163, 200; gaze and, 117; 
happiness and, 120–21, 126, 131; hippo-
campus and, 117, 126; holistic, 114;  human 
brain and, 113, 116–17, 126; hypothalamus 
and, 123; identification and, 117–18; identity 
and, 118b, 119; imitation and, 123; impres-
sions and, 112, 119–22; infants and, 120; 
intention and, 119, 123, 125, 131, 133–34; 
International Affective Picture System 
and, 205; love and, 199–200; macaques and, 
118b, 131, 144; memory and, 114; mentaliz-
ing and, 112, 114, 116, 132; neuroimaging 
and, 114, 118, 120, 132; neurons and, 116, 
124–25, 131, 133, 137; omega sign and, 122; 
orbital frontal cortex (OFC) and, 121; patient 
studies in, 128–32; power/dominance and, 
119; prefrontal cortex (PFC) and, 121, 126, 

132; rapid signals and, 124–32; slow 
signals and, 121–23; static signals and, 
118–21; superior temporal sulcus (STS) 
and, 116–17, 126, 130, 131; theory of mind 
(TOM) and, 114, 116, 132; valence/
trustworthiness and, 119

falsehood, 13, 59, 106, 136, 148, 181
Farah, Martha, 114
fascia, 113, 124
fear: connecting forces and, 109–10; decep-

tion and, 134; eye perception and, 138–40, 
142, 144–45; face perception and, 120, 
126–31; Passionate Love Scale (PLS) and, 
221; social brain and, 65; social connec-
tions and, 45

fish, 52–54, 79, 109, 171–72
fitness, 1, 28–31, 47, 69, 152, 169, 187, 213–15
food: Cacioppo Evolutionary Theory of 

Loneliness (ETL) and, 214; competition  
for, 22, 72, 100, 178, 214; desert locust  
and, 3; eye perception and, 140; group 
pro cesses and, 156;  limited resources of, 
22; organisms and, 14; sharing of, 65, 84; 
social brain and, 54, 55b, 65, 69, 72, 84; 
social connections and, 100, 195, 211; social 
determinants and, 15; social influence and, 
172, 178–79; variety of, 54, 55b

forebrain, 10, 94
Freiwald, Winrich, 98b
Friesen, W. V., 205
frontal lobe, 11, 12, 66, 71, 85
functional magnetic resonance imaging 

(fMRI): activation likelihood estimate 
(ALE) and, 61–62; BOLD, 58; brain matrix 
from, 57–58; causal inferences and, 59–60; 
connecting forces and, 91, 103, 106; 
cumulative science approach and, 61–62; 
empathy and, 57, 91; face perception and, 
114–15, 120, 123, 126; intention and, 103–4; 
loneliness and, 80–83; love and, 192, 200, 
204, 209; mentalizing network and, 57; 
moderator variables and, 60–61; multi-
level kernel density analy sis (MKDA) 
and, 61–62; Passionate Love Scale (PLS) 
and, 192; persuasion and, 185; simplicity 
and, 58–59; social be hav ior and, 18; social 
brain and, 56–63, 70b, 80–83; social 
connections and, 192, 200, 204, 209; social 
influence and, 185; social perception 
network and, 58; time course and, 62–63; 
uses of, 56–63

fusiform face area (FFA), 114–15, 116–17, 126, 
148, 200

125-80237_Cacioppo_SocialNeuroscience_4P.indd   279 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

280

fusiform gyrus: eye perception and, 144; face 
perception and, 58, 114–15, 116–17, 126, 144, 
148, 160, 163, 200; gaze and, 58, 144; group 
pro cesses and, 160, 163; social brain and, 
58–59; social connections and, 194, 199

Gamma- aminobutyric acid [GABA], 10b
Gardner, A., 213
gaze: automatic mimicry and, 88; communi-

cation and, 142; courtship and, 143, 144b; 
direction of, 138–45; emotion and, 88–89; 
eye perception and, 138–45; face percep-
tion and, 117; fusiform gyrus and, 58,  
144; imitation and, 88; infants and, 141;  
love and, 142–44; mentalizing and, 144; 
prefrontal cortex (PFC) and, 76; superior 
temporal sulcus (STS) and, 80; survival 
and, 139; theory of mind (TOM) and, 144

Gazzaniga, Michael, 9
gender, 6, 21, 26, 52, 76, 83, 118, 161, 164
ge ne tics: Cacioppo Evolutionary Theory of 

Loneliness (ETL) and, 41–42; CTRA and, 
39–42; DNA and, 15–16, 24, 38–39, 40b,  
63; epige ne tic pro cesses and, 6, 63–65; 
genotype and, 38–39, 134; Hamilton’s rule 
and, 2, 30; HPA axis and, 40b; inclusive 
fitness and, 152, 169; maternal be hav ior 
and, 15–16; phenotypes and, 38, 41, 47–48, 
134; relatedness and, 30; RNA and, 35, 38, 
42, 63; social influence and, 171; transcrip-
tome dynamics and, 29, 32, 33, 38–45; up/
down regulation and, 32, 39–42, 64, 176

genotypes, 38–39, 134
Gintis, Herbert, 169, 179
glial cells, 9, 45–46, 124
glucocorticoids (GCs), 34, 36, 39–42, 49, 64
Gobbini, M. I., 118b
golden triangle, 14–18
gorillas, 66, 70b, 141
gray  matter, 76b, 79–80, 93
grief, 21, 25, 122
Grossmann, Tobias, 75
group pro cesses: altruism and, 152–57, 

166–69; amygdala and, 162–65; anterior 
insula and, 163, 168; attention and, 160; 
bias mitigation and, 164–66; chimpanzees 
and, 153; cognition and, 159–60, 164–65; 
competition and, 152–54, 158–59, 170; 
cooperation and, 153–56, 159, 166–70; 
cost- benefit analy sis and, 72, 110, 150, 153, 
156–57, 168–69, 171, 187–88; cultural issues 
and, 152, 154, 157–58, 160, 165–66, 169; 
discrimination and, 22, 60, 75–77, 90b, 129, 

133, 154, 160, 162–64, 170, 195b, 214; emotion 
and, 162, 163, 168; empathy and, 159, 180; 
evolution and, 152–54, 158; fitness and, 152, 
169; food and, 156; gyrus and, 160, 162–63, 
165; hormones and, 162;  human brain and, 
159; hyperscanning and, 167b; hypothala-
mus and, 162; identification and, 157–59, 
163; impressions and, 160–62, 164; ingroups 
and, 96, 157–60, 163–64, 166, 170; kinship 
and, 2, 67, 152, 157; macaques and, 153; 
memory and, 160–61; mentalizing and, 162; 
neuroimaging and, 160, 164, 166, 168; norms 
and, 157, 164–65, 169; orbital frontal cortex 
(OFC) and, 162–63; outgroups and, 157–60, 
163–64, 166, 170; pain and, 163; pair- bonds 
and, 153; persuasion and, 179–88; prefrontal 
cortex (PFC) and, 160–64, 165, 168; prejudice 
and, 158, 160, 162–66, 170; reciprocity and, 
154–57, 159, 168–70, 210, 217; selfishness 
and, 166–68; social be hav ior and, 153,  
156, 168; social learning and, 169; social 
perception and, 170; society and, 153, 158, 
160; spite and, 170; stereotyping and, 
159–62, 164–65, 170; survival and, 154,  
157, 159, 170; teams and, 2, 90, 163; ventral 
striatum and, 162, 168

guilt, 86, 105, 131–32, 178
Gürek, Özgür, 166
gyrus, 76b; angular, 59, 186, 192–99, 206, 210; 

connecting forces and, 96, 100, 103, 104; eye 
perception and, 144; face perception and, 
115, 116–17, 126; fusiform, 58–59, 115, 116–17, 
126, 144, 160, 163, 194, 199; group pro cesses 
and, 160, 162–63, 165; gyrification and, 11; 
love and, 195, 197; social brain and, 58–59, 
68, 80; social connections and, 31, 192–99, 
206–7, 210; social influence and, 186–87; 
supramarginal, 31, 207

Hamilton’s rule, 2, 30
Hanson Robotics, 126
happiness: deception and, 135–36, 142; eye 

perception and, 135–36, 142; face perception 
and, 120–21, 126, 131; Passionate Love Scale 
(PLS) and, 220, 222; social brain and, 76; 
social connections and, 23, 52, 189

Harrari, Yuval, 65
Hatfield, Elaine, 217–19
Haxby, J. V., 118b
Health and Retirement Study, 33
Heatherton, Todd, 83
Hillis, Argye, 91
hindbrain, 9–10, 66

125-80237_Cacioppo_SocialNeuroscience_4P.indd   280 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

281

hippocampus: face perception and, 117, 126; 
social brain and, 68, 79; social connections 
and, 49, 192, 193, 196, 209, 211

Holocaust, 176–77, 179
Homo sapiens, 54, 65–71, 84, 141, 185
hormones: Cacioppo Evolutionary Theory  

of Loneliness (ETL) and, 215; connecting 
forces and, 89; group pro cesses and, 162; 
social be hav ior and, 2, 8, 16–19, 23; social 
brain and, 54, 56, 78b; social connections 
and, 25, 28, 33–34, 36, 38, 40b, 47, 49

 human brain: animal research and, 10b; 
brain- body interactions and, 6; capabilities 
of, 2; cognitive functions of, 6–8 (see also 
cognition); cranial nerves of, 113; current 
model of, 6; design features of, 2; emotion 
and, 91 (see also emotion); eye perception 
and, 137, 145; face perception and, 113, 
116–17, 126; functional connectivity of, 31; 
gray  matter and, 76b, 79–80, 93; group 
pro cesses and, 159;  human identity and, 
9–14; imaging techniques for, 56; impres-
sions and, 7; language and, 8–9, 11, 67, 68, 
109; love and, 204–6; methods for studying, 
55–65; number of neurons in, 6; perceived 
social isolation and, 48–52; plasticity of, 
6–7, 25, 51, 79; size of, 4–6, 9, 55b, 65, 68, 71, 
73, 78–80, 85; social connections and, 53–54, 
197, 204–6; structure of, 6 (see also specific 
structure); subtractive method and, 23–24; 
TOM mentalizing and, 107, 116; unique-
ness of, 8–14. See also social brain

 human immunodeficiency virus (HIV), 44
hyperscanning, 167b
hypothalamic- pituitary- adrenocortical 

(HPA) axis, 32, 33–36, 38, 40b, 49, 51
hypothalamus: connecting forces and, 94; 

face perception and, 123; group pro cesses 
and, 162; social be hav ior and, 10; social 
brain and, 70; social connections and, 35, 
40b, 49, 200

identification: connecting forces and, 86–87, 
93, 95–97, 103, 110; face perception and, 
117–18; group pro cesses and, 157–59, 163; 
imitation and, 95–97; ingroups and, 96, 
157–60, 163–64, 166, 170; self- attribution 
and, 90b; social connections and, 198b, 209; 
visual word form area (VWFA) and, 117

identity: bodily self and, 59, 191, 198b; 
constructs of self and, 189, 191; eye 
perception and, 144; face perception and, 
118b, 119; group pro cesses and, 157, 159; 

social connections and, 189, 191, 209; social 
influence and, 181

imitation: connecting forces and, 86–87, 88, 
95–97, 100, 109–10; face perception and, 
123; gaze and, 88; human/animal, 100; 
identification and, 95–97; mimicry and, 87, 
88–89, 95, 99, 112–13, 124–25, 137–38; social 
brain and, 198b

immunity: antibodies and, 43–44; HIV and, 
44; SIV and, 43–44; social be hav ior and, 15; 
social connections and, 29, 32, 33–34, 39, 
43–44, 46; vaccination and, 43

immunoglobulin, 43–44
implicit vigilance, 28, 30, 47, 53, 81, 215
impressions: connecting forces and, 21, 99, 

106; deception and, 44, 135, 148–50, 160–64; 
eye perception and, 135, 144, 148–50; face 
perception and, 112, 119–22; false, 106,  
136; formation of, 7; group pro cesses and, 
160–62, 164;  human brain and, 7; social 
brain and, 7; social connections and,  
21, 198b

Industrial Revolution, 67, 84
infanticide risk hypothesis, 74
infants: connecting forces and, 86–87; eye 

perception and, 141; face perception and, 
120; gaze and, 141; HPA activation and,  
35; language and, 74–76;  mother attach-
ments and, 2, 8, 14; neural commitment 
and, 75; pair- bonds and, 2, 8, 14, 35, 74,  
78b; prefrontal cortex (PFC) and, 75–76; 
rodent DNA and, 15–16; social brain and, 
74–77; social connections and, 189; social 
influence and, 172–73, 178, 185

inflammatory substrate, 15, 32, 33, 39–46,  
52, 64

Information Revolution, 67
ingroups, 157–59
intention: connecting forces and, 86–87, 88, 

91–107, 110–11; deception and, 136, 138, 
145b, 148; eye perception and, 134, 136, 
138–39, 141, 143, 145b, 148; face perception 
and, 119, 123, 125, 131, 133–34; functional 
magnetic resonance imaging (fMRI) and, 
103–4; social brain and, 58, 62, 66, 76–77, 85; 
social connections and, 3, 47, 191, 208–9; 
social influence and, 171, 179, 182, 187; 
sports and, 101–3

interleukin-1 receptor antagonist (IL-1Ra), 45
interleukin-6 (IL-6), 45
International Affective Picture System, 205
interpersonal self, 191
introversion, 21, 25, 120

125-80237_Cacioppo_SocialNeuroscience_4P.indd   281 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

282

Irlenbusch, Bernd, 166
isolation: consequences of, 31–48; eye 

perception and, 146–47, 151; mea sur ing, 
24–28; objective, 24–28, 31, 33; outgroups 
and, 157–60, 163–64, 166, 170; pathways of, 
31–48; perceived, 24–28, 33, 38, 47–53, 83; 
social be hav ior and, 3, 5b, 10b, 15, 17; social 
brain and, 48–52, 64–65, 66, 70, 77–83; social 
connections and, 24–53, 206; social control 
and, 24–25

Italian Re nais sance, 182

Kanai, Ryota, 79–80
Kanwisher, Nancy, 114
Karelina, K., 46
Keltner, Dacher, 131–32
Kennedy, D. P., 57
Kiecolt- Glaser, J. K., 43
kinship, 2, 67, 152, 157
Klucharev, Vasily, 175
knockout mice, 24
Korsakoff’s syndrome, 185
Kuhl, Patricia, 75

language: axonal projections and, 67; body, 
76, 89; Broca’s area and, 11; connecting 
forces and, 109; CTRA and, 41; gene 
analy sis and, 41; ge ne tics and, 171;  human 
brain and, 8–9, 11, 67, 68, 109; infants and, 
75; mentalizing and, 76; social be hav ior 
and, 8; social brain and, 67, 68, 72–76; social 
connections and, 210; social influence and, 
171, 182

laughter, 70b, 133
Legare, Christine, 96
leukocytes, 29, 32, 33, 38–46
Levine, S., 42
lifespan, 6, 19, 22, 28, 33, 36–37, 79, 90, 108, 

118, 189, 216
loneliness: anxiety and, 41, 48, 80; Cacioppo 

Evolutionary Theory of Loneliness (ETL) 
and, 22, 28–31, 33, 36, 41, 44, 47, 213–16; 
cardiovascular system and, 23, 32, 36–40, 
44; CART and, 42; chronic, 6, 42, 64; 
contagion and, 21–22; cost- benefit analy sis 
and, 213; dejection and, 47; depression and, 
25, 32, 33, 35, 41, 47–48, 51; evolutionary 
theory of, 28–31; functional magnetic 
resonance imaging (fMRI) and, 80–83; 
hypothalamic- pituitary- adrenocortical 
(HPA) axis and, 32, 33–36, 38, 40b, 49, 51; 
immunity and, 29, 32, 33–34, 39, 43–44, 46; 
inflammatory substrate and, 15, 32, 33, 

39–42, 44–46, 52, 64; leukocytes and, 29,  
32, 33, 38–46; macaques and, 41, 43–44; 
marriage and, 22–23, 25, 189; mortality 
and, 22–25, 28, 29, 32–48, 189, 215; objective, 
24–28; pain and, 214; Passionate Love Scale 
(PLS) and, 222; perceived, 24–28; prepotent 
responding and, 29, 32, 33, 46–47, 81; repair/
replacement postulate and, 215; scale for, 
27b; short- term preservation and, 28; sleep 
quality and, 29, 32–34, 52; social be hav ior 
and, 6; social brain and, 64, 77, 79–84; social 
connections and, 21–22, 26–33, 36–52, 206; 
social control and, 24–25; sympathetic 
tonus and, 29, 32, 33, 36–38; transcriptome 
dynamics and, 29, 32, 33, 38–45

love: affect system and, 194; angular gyrus 
and, 195, 197; attachment styles and, 200, 
201b; biological drive and, 199–204; brain 
network of, 194; Brodmann area 39 and, 
195; cognition and, 25, 191–201, 205–12; 
constructs of self and, 191; deception and, 
142, 143; desire and, 201–2; dopamine and, 
192–93, 195, 199–200, 211–12; Ekman- Friesen 
system and, 205; face perception and, 
199–200; familial, 199–200; functional 
magnetic resonance imaging (fMRI) and, 
192, 200, 204, 209; gaze and, 142–44;  human 
brain and, 204–6; International Affective 
Picture System and, 205; maternal, 199; 
other types of, 199–204; passionate, 81, 
191–212; Passionate Love Scale (PLS) and, 
192, 197, 199, 217–23; quest for  union and, 
191–92; rejection and, 206–7; reward/
motivation system and, 193–94; romantic, 
81, 142–43, 191–99, 204–12, 220, 222; 
self- expansion model and, 192–93, 197,  
198b, 209; social brain and, 58–59, 81;  
social connections and, 191–212; soul 
mates and, 191; speed of in  human brain, 
204–6; unrequited, 25, 217; ventral 
tegmental area (VTA) and, 200

lower motoneurons (LMNs), 124–25, 137
Lynch, J., 37

macaques: axonal proj ects and, 67, 68; 
connecting forces and, 98b, 111; CTRA  
and, 41; dedicated brain networks and, 
98b; eye perception and, 144; face percep-
tion and, 118b, 131, 144; group pro cesses 
and, 153; loneliness and, 41, 43–44; social 
brain and, 66, 67, 68; TOM mentalizing 
and, 111

magneto- encephalography (MEG), 18, 56

125-80237_Cacioppo_SocialNeuroscience_4P.indd   282 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

283

Marlowe, D., 219
marriage, 22–23, 25, 143, 189, 190, 203
Matthews, Gillian, 50–51
McEnroe, John, 101–2
Mearns, Jack, 206
medial prefrontal cortex, 126, 194; connect-

ing forces and, 91, 92, 98b; deception and, 
144, 148–49; group pro cesses and, 164–66; 
social brain and, 77–78; social connections 
and, 49, 59; social influence and, 186, 188; 
ventromedial prefrontal cortex (VMPFC), 
52, 77, 78, 90b, 91–92, 93, 96–97, 99, 107, 121, 
132, 148, 162–64, 207

medulla, 4, 10, 36, 49
memory: connecting forces and, 103, 105; eye 

perception and, 151; face perception and, 
114; group pro cesses and, 160–61; losing, 
5b; social be hav ior and, 5b, 7, 12; social 
brain and, 59, 79–80; social connections 
and, 32, 191, 193, 196; social influence and, 
184, 185

mentalizing: body language and, 76; ce re bral 
hemi spheres and, 11–12; connecting forces 
and, 92, 93, 94, 97–109, 111; egocentric, 97–99, 
105, 149, 198b; eye perception and, 138,  
144, 148–49; face perception and, 112, 114, 
116, 132; functional magnetic resonance 
imaging (fMRI) and, 57; gaze and, 144; 
group pro cesses and, 162; internal states 
and, 57; mindreading and, 138–39; multiple 
pathways and, 107–8; network of, 57, 93,  
94, 98b, 99, 105–7, 111, 116, 132; simulation 
perspective and, 99–104; social be hav ior 
and, 11–12; social brain and, 57, 76; social 
connections and, 195, 207–8; social influence 
and, 171; theory of mind (TOM), 92, 97,  
98b, 105–7, 114, 116, 132, 138

mice, 5b, 15, 23–24, 34, 44–45, 50–52, 79
midbrain, 5b, 10, 78
Milgram, Stanley, 177–78
mimicry, 87, 88–89, 95, 99, 112–13, 124–25, 

137–38
mindreading, 138–39
mirror neurons, 87, 98b, 99–103, 104, 111, 116, 

195, 198b, 209
Moll, Jorge, 93
Montague, P. R., 62–63
moral emotion, 131–32
mortality: immunity and, 29, 32, 33–34, 39, 

43–44, 46; inflammatory substrate and, 15, 
32, 33, 39–42, 44–46, 52, 64; leukocytes and, 
29, 32, 33, 38–46; loneliness and, 22–25, 28, 
29, 32–48, 189, 215; prepotent responding 

and, 29, 32, 33, 46–47, 81; sleep quality  
and, 29, 32–34, 52; social connections and, 
22–25, 28, 29, 32–48, 189, 215; sympathetic 
tonus and, 29, 32, 33, 36–38; transcriptome 
dynamics and, 29, 32, 33, 38–45

Mosso, Angelo, 56
mother- infant attachments, 2, 8, 14
motor neurons, 124–25, 133, 137, 145–46, 148
multilevel kernel density analy sis (MKDA), 

61–62
Mundy, P., 145b
mutual benefit: Cacioppo Evolutionary 

Theory of Loneliness (ETL) and, 213–14; 
deception and, 149; social be hav ior and, 
1–2; social brain and, 73, 83; social 
connections and, 29–30, 39, 197, 208

myelin, 51, 79–80

natu ral se lection, 1, 3, 30, 38–39, 68, 85, 108, 
134, 139, 145, 169, 171

Neisser, U., 189
neocortex, 5, 69, 71, 73, 145
neural commitment, 75
neuroimaging: connecting forces and, 90b, 

91, 93, 98b, 99, 103; cortical structures and, 
10b; eye perception and, 140, 144, 148; face 
perception and, 114, 118, 120, 132; group 
pro cesses and, 160, 164, 166, 168; hyper-
scanning and, 167b; smells and, 195b; 
social be hav ior and, 10b, 16–19; social 
brain and, 55b, 56, 59–62, 77, 82, 83; social 
connections and, 52, 192, 195b, 197–200, 
201b, 205, 207, 211–12; social influence and, 
174, 185–86. See also specific technique

neurons: connecting forces and, 87, 98b, 
99–104, 111; deception and, 137, 145–46, 148; 
eye perception and, 137, 142, 144–46, 148; 
face perception and, 116, 124–25, 131, 137; 
mirror, 87, 98b, 99–103, 104, 111, 116, 195, 
198b, 209; motor, 124–25, 133, 137, 145–46, 
148; number of in  human brain, 6; social 
be hav ior and, 6, 9, 10b, 18; social brain and, 
58, 67, 70, 79–81; social connections and, 35, 
46, 50–51, 195, 198b, 204, 209; synapses and, 
6, 9, 50, 146, 204

Newell, L., 145b
Nielsen, Mark, 96
Nisbett, Richard, 13
norepinephrine, 10b
norms: connecting forces and, 96; group 

pro cesses and, 157, 164–65, 169; social brain 
and, 8, 14, 72; social influence and, 172–74, 
187

125-80237_Cacioppo_SocialNeuroscience_4P.indd   283 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

284

obedience to authority, 176–79
obesity, 32, 44
omega sign, 122
Opie, Christopher, 74
orangutans, 66, 70b, 111
orbital frontal cortex (OFC): connecting 

forces and, 91, 92, 94, 98b, 162; face percep-
tion and, 121; group pro cesses and,  
162–63; social connections and, 49, 199,  
206, 211

outgroups, 157–60, 163–64, 166, 170
out- of- body experiences (OBE), 198b
oxytocin, 10b, 35, 77, 78b

pain: Cacioppo Evolutionary Theory of 
Loneliness (ETL) and, 214; connecting 
forces and, 93–94, 109–10; empathy and,  
57, 91–95; group pro cesses and, 163; social 
be hav ior and, 134; social brain and, 57–58; 
social connections and, 30, 33, 199, 207

pair- bonds: group pro cesses and, 153; infants 
and, 2, 8, 14, 35, 74; marriage and, 22–23, 25, 
189; social brain and, 2, 8, 10b, 14, 18, 72–74, 
77–78; social connections and, 22, 35, 50, 
209, 211

Parfitt, D. N., 37
parietal lobe, 11, 12, 66, 67
Parr, Lisa, 129
Passionate Love Scale (PLS): anxiety and, 217; 

Bartels and, 192; behavioral components  
of, 218; cognitive components of, 217–18; 
cultural issues and, 219; depression and, 
221; emotion and, 217–19, 220, 222; fear  
and, 221; functional magnetic resonance 
imaging (fMRI) and, 192; happiness and, 
220, 222; Hatfield and, 217–19; loneliness 
and, 222; scoring of, 218; Social Desirabil-
ity Scale and, 219; Song and, 197, 199; 
Sprecher and, 217–19; version A, 220–21; 
version B, 222–23; Zeki and, 192

peahens, 143, 144b
Peromyscus leucopus, 44
perspective taking, 82, 87–95, 109–10
persuasion: communication and, 179–87; 

cultural issues and, 179–82; Elaboration 
Likelihood Model (ELM) and, 183–85; 
evolution and, 179–85; functional magnetic 
resonance imaging (fMRI) and, 185; 
malevolent uses of, 181–82; motivation 
and, 186; social influence and, 179–88

phenotypes, 38, 41, 47–48, 134
plasticity, 6–7, 25, 51, 79
Plato, 182

pons, 10, 125
positron emission tomography (PET), 56, 114
posterior cingulate cortex, 77, 132, 186, 197
prairie voles, 10b, 35, 37, 52, 78b, 79
predation, 5b, 39, 52–53, 65, 69, 78, 84, 100, 109, 

139, 171
prefrontal cortex (PFC): connecting forces 

and, 90b, 91–93, 98b, 109; eye perception 
and, 144, 148–50; face perception and, 121, 
126, 132; gaze and, 76; group pro cesses 
and, 160–65, 168; medial, 49, 59, 77–78, 91, 
92, 98b, 126, 144, 148–49, 164–66, 186, 188, 
194; social brain and, 55b, 59, 67, 68, 75–80, 
84; social connections and, 49, 50–52, 194, 
199, 207; social influence and, 179, 186, 188; 
ventromedial prefrontal cortex (VMPFC), 
52, 77–78, 90b, 91–92, 93, 96–97, 99, 107, 121, 
132, 148, 162–64, 207

prejudice, 158, 160, 162–66, 170
prepotent responding, 29, 32, 33, 46–47, 81
princi ple of multiple determinism, 14–15
princi ple of nonadditive determinism, 15
princi ple of reciprocal determinism, 15–16
Prisoner’s Dilemma game, 167b
private self, 189, 191
proinflammatory gene expression, 40b, 52
psychopathy, 20, 93

rapid- eye movement, 34
rapid signals, 124–32
Reading the Mind in the eyes (RME) test, 138
reciprocity, 154–59, 168–70, 210, 217
Regan, P. C., 218–19
rejection, 206–7
repair/replacement postulate, 215
ribonucleic acid (RNA), 35, 38, 42, 63
Rizzolatti, Giacomo, 99
robots, 126
Rockenbach, Bettina, 166
romance, 81, 142–43, 191–99, 204–12, 220, 222
Ross, Marina, 70b
Rueggeberg, Rebecca, 34

sadness, 28, 47, 123, 126, 127, 131, 137
salubrity, 3, 32, 33–34
salutary relationship postulate, 213–14
Scientific Revolution, 67
self- attribution, 90b
self- centeredness, 21, 28, 30–31, 81, 97, 192, 

215
self expansion, 192–93, 197, 198b, 209
selfishness: Cacioppo Evolutionary Theory 

of Loneliness (ETL) and, 213–15; deception 

125-80237_Cacioppo_SocialNeuroscience_4P.indd   284 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

285

and, 136; group pro cesses and, 166–68; 
social be hav ior and, 1–2; social brain and, 
72–73; social connections and, 29–30, 39; 
social influence and, 187; spite and, 1–2, 
29–30, 39, 73, 170, 213, 215

self- preservation, 28, 34, 44, 47, 53, 77, 84, 
214–16

self- representation, 11, 59, 107, 193, 201
Semendeferi, Katerina, 68–71
serotonin, 10b
sexual be hav ior, 15, 142, 143, 153, 164, 200–4, 

211, 217–19
shame, 131–32
Shankar, A., 36
siblings, 24, 35, 77, 205, 214
Silk, Joan, 23
Silwa, Julia, 98b
simian immunodeficiency virus (SIV), 43–44
simulation perspective, 99–104
sleep, 29, 32–34, 52
slow signals, 121–23
smells, 195b
Smith, L., 74
social be hav ior: altruism and, 1–2, 8; 

amygdala and, 10; attention and, 6–7, 11; 
Cacioppo Evolutionary Theory of Loneli-
ness (ETL) and, 213–15; ce re bral cortex and, 
9–12; chimpanzees and, 5, 19; comprehen-
sive accounts of, 16; cost- benefit analy sis 
and, 1–2, 213; deception and, 149; dessert 
locust and, 2–5, 78; empathy and, 91, 95; 
evolution of, 1–2; extroversion and, 120; 
functional magnetic resonance imaging 
(fMRI) and, 18; group pro cesses and,  
153, 156, 168; Hamilton’s rule and, 2, 30; 
hormones and, 2, 8, 16–19, 23; hypothala-
mus and, 10; immunity and, 15; inappro-
priate, 132–33; introversion and, 21, 25, 120; 
kinship and, 2, 67, 152, 157; language and, 
8; loneliness and, 6; memory and, 5b, 7, 12; 
mentalizing and, 11–12; mutual benefit 
and, 1–2; neocortex and, 5; neuroimaging 
and, 10b, 16–19; older subcortical struc-
tures and, 10; pain and, 134; persuasion 
and, 179–88; princi ple of multiple deter-
minism and, 14–15; selfishness and, 1–2; 
social brain and, 56–60, 67, 73, 85; social 
connections and, 23, 28–30, 39, 51–52;  
spite and, 1–2; thalamus and, 10

social brain: altruism and, 73, 81, 83; 
amygdala and, 57, 58–59, 69–70; anterior 
insula and, 80; anxiety and, 80; attention 
and, 59, 67, 81; axons and, 67, 79–80; 

ce re bral cortex and, 65, 66, 70; chimpan-
zees and, 66, 67, 68, 70b; cognition and, 3, 
5–8, 12–13, 16, 18–20, 54, 57, 59–62, 66–68, 
71–80, 85; communication and, 7–8, 14, 67, 
72, 75–76, 79–80; competition and, 8, 72, 76; 
conformity and, 8, 75; contagion and, 8; 
cooperation and, 8, 14, 72, 76, 81; cultural 
issues and, 8–9, 14, 56, 67–68, 72–73, 85; 
development of from infancy, 74–77; 
emotion and, 6, 19, 57–58, 68–70, 77; 
empathy and, 57, 72, 80–81, 85; energy 
expense of, 5b; epige ne tic pro cesses and,  
6, 63–65; evolution and, 1–6, 9–10, 54, 55b, 
65–74, 81; fear and, 65; food and, 54, 55b, 
65, 69, 72, 84; frontal cortex and, 69–70; 
functional magnetic resonance imaging 
(fMRI) and, 56–58, 61–62, 70b, 80–83; gyrus 
and, 58–59, 68, 80; happiness and, 76; 
hippocampus and, 68, 79; hormones  
and, 54, 56, 78b; hypothalamus and, 70; 
hypothesis of, 71–74; imitation and, 198b; 
impressions and, 7; infants and, 74–77; 
intention and, 58, 62, 66, 76–77, 85; isolation 
and, 3, 5b, 10b, 15, 17, 48–52, 64, 65, 66,  
70, 77–83; language and, 67, 68, 72–76; 
loneliness and, 64, 77, 79–84; love and, 
58–59, 81; macaques and, 66, 67, 68; 
memory and, 59, 79–80; mentalizing  
and, 57, 76; methods for study of, 55–65; 
mother- infant attachments and, 2, 8, 14; 
multimodal integration centers and, 5b; 
mutual benefit and, 73, 83; neocortex and, 
69, 71, 73; neuroimaging and, 55b, 56, 
59–62, 77, 82, 83; neurons and, 6, 9, 10b, 18, 
58, 67, 70, 79–81; norms and, 8, 14, 72; pain 
and, 57–58; pair- bonds and, 2, 8, 10b, 14, 18, 
72–74, 77–78; prefrontal cortex (PFC) and, 
55b, 59, 67, 68, 75–80, 84; salutary relation-
ships and, 77–84; selfishness and, 72–73; 
social be hav ior and, 56–60, 67, 73, 85; social 
learning and, 8, 14, 66–67, 69, 73, 85; social 
perception and, 7, 12, 54, 58, 76, 79–80;  
spite and, 73; status and, 8, 72; superior 
temporal sulcus (STS) and, 58, 78–80; 
survival and, 72, 74, 84–85; theory of mind 
(TOM) and, 81; ventral striatum and, 76–77, 
81–83

social connections: altruism and, 29–30, 39, 
211; amygdala and, 49, 50–51, 200, 207; 
anterior insula and, 192–94, 199, 201, 203–4, 
206; anxiety and, 25, 41, 45, 48, 201b; 
attention and, 28, 193, 196, 198b, 207,  
209–10; Cacioppo Evolutionary Theory of 

125-80237_Cacioppo_SocialNeuroscience_4P.indd   285 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

286

social connections (cont.)
 Loneliness (ETL) and, 22, 28–31, 33, 36, 41, 

44, 47, 213–16; cardiovascular system and, 
23, 32, 36–40, 44; cognition and, 23, 28, 
51–52, 191–201, 205–12; communication 
and, 22; competition and, 22, 178; constructs 
of self and, 189, 191; contagion and, 21–22; 
cooperation and, 22, 208; cost- benefit 
analy sis and, 29–30; cultural issues and, 
22, 29; depression and, 21, 25, 29, 31–32, 33, 
35, 41, 47–48, 51, 206; emotion and, 189, 
192–95, 199–212; empathy and, 22, 195; 
evolution and, 22, 28–31, 33, 39, 43–44, 47, 
85, 191, 197, 201b; fear and, 45; food and, 
100, 195, 211; functional magnetic resonance 
imaging (fMRI) and, 192, 200, 204, 209; 
gyrus and, 31, 192–99, 206–7, 210; happi-
ness and, 23, 52, 189; hippocampus and,  
49, 192, 193, 196, 209, 211; hormones and, 25, 
28, 33–34, 36, 38, 40b, 47, 49; hypothalamic- 
pituitary- adrenocortical (HPA) axis and, 
32, 33–36, 38, 40b, 49, 51; hypothalamus 
and, 35, 40b, 49, 200; identification and, 
198b, 209; identity and, 189, 191, 209; 
immunity and, 29, 32, 33–34, 39, 43–44, 46; 
impressions and, 21, 198b; infants and, 189; 
inflammatory substrate and, 15, 32, 33, 
39–42, 44–46, 52, 64; intention and, 3, 47, 
191, 208–9; isolation and, 24–53, 206; 
language and, 210; leukocytes and, 29, 32, 
33, 38–46; loneliness and, 21–22, 26–33, 
36–52, 206; love and, 25, 191–212; macaques 
and, 41, 43–44; marriage and, 22–23, 25, 
143, 189, 190, 203; memory and, 32, 191, 193, 
196; mentalizing and, 195, 207–8; mortality 
and, 22–25, 28, 29, 32–48, 189, 215; mutual 
benefit and, 29–30, 39, 197, 208; neuroimag-
ing and, 52, 192, 195b, 197–200, 201b, 205, 
207, 211–12; neurons and, 35, 46, 50–51, 195, 
198b, 204, 209; orbital frontal cortex (OFC) 
and, 49, 199, 206, 211; pain and, 30, 33, 199, 
207; pair- bonds and, 22, 35, 50, 209, 211; 
prefrontal cortex (PFC) and, 49, 50–52, 194, 
199, 207; prepotent responding and, 29, 32, 
33, 46–47, 81; quest for  union and, 191–92; 
rejection and, 206–7; salubrious, 3; salutary, 
8, 22–24, 28, 33, 52, 77–85, 87, 103, 189–215; 
selfishness and, 29–30, 39; sleep quality 
and, 29, 32–34, 52; social be hav ior and, 23, 
28–30, 39, 51–52; social learning and, 22; 
society and, 200; spite and, 29–30, 39; 
status and, 23, 25, 53; survival and, 22–23, 
28, 29, 33–34, 39, 48, 52–53; sympathetic 

tonus and, 29, 32, 33, 36–38; transcriptome 
dynamics and, 29, 32, 33, 38–45; ventral 
striatum and, 200

social control, 24–25, 108, 168, 179, 182
Social Desirability Scale, 219
social influence: advertising and, 181; 

amygdala and, 179; attention and, 176–78; 
cognition and, 176, 179–80, 183–88; 
communication and, 179–81, 183–87; 
conformity and, 172–77; cost- benefit 
analy sis and, 171, 187–88; cultural issues 
and, 171, 174, 179, 181–82, 187; emotion 
and, 181; empathy and, 179; evolution and, 
172, 173, 178–85; food and, 172, 178–79; 
functional magnetic resonance imaging 
(fMRI) and, 185; ge ne tics and, 171; gyrus 
and, 186–87; Holocaust and, 176–77, 179; 
identity and, 181; infants and, 172–73,  
178, 185; intention and, 171, 179, 182, 187; 
language and, 171, 182; memory and,  
184, 185; mentalizing and, 171; Milgram 
experiment and, 177–78; neuroimaging 
and, 174, 185–86; norms and, 172–74,  
187; obedience to authority and, 176–79; 
persuasion and, 179–88; prefrontal cortex 
(PFC) and, 179, 186, 188; selfishness and, 
187; social learning and, 171, 174, 179, 187; 
society and, 180; status and, 179; ventral 
striatum and, 174–75

social learning: chimpanzees and, 109; 
connecting forces and, 96, 108–10; cost- 
benefit analy sis and, 73; group pro cesses 
and, 169; social brain and, 8, 14, 66–67, 69, 
73, 85; social connections and, 22; social 
influence and, 171, 174, 179, 187; types of, 108

social media, 7, 181, 182
social networks, 8, 19, 21–22, 80
social perception: connecting forces and, 90, 

100; deception and, 134–51; face perception 
and, 112–33; functional magnetic reso-
nance imaging (fMRI) and, 58; group 
pro cesses and, 170; social brain and, 7, 12, 
54, 58, 76, 79–80

somatosensory states, 11, 87, 88, 90b, 163, 200
Song, Hongwen, 197, 199
spider monkeys, 71
spinal cord, 124, 146, 149, 151
spite: altruism and, 1–2, 29–30, 39, 73, 170, 

213, 215; Cacioppo Evolutionary Theory  
of Loneliness (ETL) and, 213, 215; group 
pro cesses and, 170; social be hav ior and, 
1–2; social brain and, 73; social connec-
tions and, 29–30, 39

125-80237_Cacioppo_SocialNeuroscience_4P.indd   286 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu



index

287

Sprecher, Susan, 217–19
squirrel monkeys, 35
Stanley, Damian, 10b, 93, 99, 194
static signals, 118–21
status: connecting forces and, 90, 107; 

deception and, 142–43; social brain and,  
8, 72; social connections and, 23, 25, 53; 
social influence and, 179

Steptoe, A., 37n, 45
stereotyping, 159–62, 164–65, 170
ste roids, 51
stroke, 37, 44–45, 52, 203
substantia nigra, 10
subtractive method, 23–24
suicide, 206
sulci, 11, 76b
superior temporal sulcus (STS): connecting 

forces and, 91–92, 93–94, 96, 103, 107; 
empathy and, 92; eye perception and, 144, 
148; face perception and, 116–17, 126, 130, 
131; gaze and, 80; social brain and, 58, 
78–80

surprise, 126, 127, 131, 144
survival: Cacioppo Evolutionary Theory of 

Loneliness (ETL) and, 213–15; connecting 
forces and, 91, 100, 103, 109; deception and, 
135, 139, 145; eye perception and, 139; 
group pro cesses and, 154, 157, 159, 170; 
social brain and, 72, 74, 84–85; social 
connections and, 22–23, 28, 29, 33–34, 39, 
48, 52–53

Suzuki, Shinsuke, 107
sympathetic adrenomedullary system 

(SAM), 36, 49
sympathetic ner vous system (SNS), 49
sympathetic tonus, 29, 32, 33, 36–38
synapses, 6, 9, 50, 146, 204

teams, 2, 90, 163
Technau, G. M., 5b
tectum, 10
tegmentum, 10, 94
temporal cortex, 68, 76–77, 92, 93, 144, 150, 193
temporal lobe, 11, 12, 66, 68, 93, 94, 118, 150, 

160–62, 185
temporoparietal junction (TPJ), 78, 90b, 

106–7, 109, 116, 194, 198b, 199
thalamus, 10, 121, 140, 192–93, 194, 207
theory of mind (TOM): Caruso on, 106; 

connecting forces and, 92, 97, 98b, 105–7, 
109, 111; deception and, 148–49; egocentric 
perspective and, 97–99; eye perception 

and, 138, 144, 148–49; face perception  
and, 114, 116, 132; gaze and, 144; mental-
izing and, 92, 97, 98b, 105–7, 114, 116, 132,  
138; mindreading and, 138–39; multiple 
pathways and, 107–8; social brain and, 81

titi monkeys, 35
Todorov, Alex, 119
Tomasello, Michael, 145b
tonic preparatory response, 32, 36, 50
transcranial magnetic stimulation (TMS), 19, 

56, 60, 161, 175–76, 198b
transcriptome dynamics, 29, 32, 33, 38–45
tumor necrosis  factor, 45

upper motoneurons (UMNs), 124–25, 133, 
137, 145–46, 148

up- regulation, 32, 39–42, 64

vaccination, 43
Valtorta, N. K., 37
van Schaik, Carel, 179
vasopressin, 10b, 199
ventral striatum: group pro cesses and, 162, 

168; social brain and, 76–77, 81–83; social 
connections and, 200; social influence and, 
174–75

ventral tegmental area (VTA), 50, 192–93, 194, 
200, 209, 211

ventromedial prefrontal cortex (VMPFC), 52, 
207; connecting forces and, 90b, 91–92, 93, 
96–97, 99, 107; deception and, 148; face 
perception and, 121, 132; group pro cesses 
and, 162–64; social brain and, 77–78

Vico, C., 205
visuospatial attention, 11, 191, 198b
Vrticka, Pascal, 201b

Walster, E., 217
waste, 14
West, S. A., 213
When You Come to a Fork in the Road, Take It! 

(Berra), 155–56
Whitehall cohort, 45
Whiten, Andrew, 172
Wilson, Rob, 51
Wilson, Timothy, 13
Woo, Choong- Wan, 207

Yorzinski, J. L., 143b

Zebrowitz, Leslie, 120
Zeki, Semir, 192

125-80237_Cacioppo_SocialNeuroscience_4P.indd   287 1/8/20   9:21 PM

© Copyright, Princeton University Press. No part of this book may be 
distributed, posted, or reproduced in any form by digital or mechanical 
means without prior written permission of the publisher. 

For general queries, contact webmaster@press.princeton.edu




