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Ch. 47: p. 
1056-1061
Ch. 48 Emotion

Emotion and Social Behavior

Emotions are functional states implemented in the brain
Emotion states cause feelings, behavior, psychophysiology
Emotions also cause changes in cognition (attention, memory)
Specific brain structures participate in processing emotions
The amygdala is important for fear

Nov. 23

Ch. 64: p. 
1425-1434 Autism

Autism

Autism is a spectrum with an unscientific diagnosis
Autism involves atypical social cognition
Autism involves many genes that influence brain connectivity
There are animal models for autism

Nov. 25

review for final Thanksgiving

eat Turkey Nov. 27

We emphasize these points from Kandel in Bi/CNS 150
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Emotion theories
ANS

fear & disgust
Emotion structures

hypothalamus
OFC

Amygdala

3



What is an emotion?

Not cognition
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Dual Process Theories

System I:
--automatic
--emotional
--rapid 

System 2:
--effortful/ controlled
--rational
--slow
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Some Emotions

• Basic Emotions: happiness, surprise,fear, anger, disgust, 
sadness

• Social/Moral Emotions: guilt, shame, pride, 
embarrassment, jealousy
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Emotions are important!

We (nearly) always feel some emotion

Emotions are what matters most about our experience
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Killingsworth & Gilbert, Science 2010

A Wandering Mind Is an
Unhappy Mind
Matthew A. Killingsworth* and Daniel T. Gilbert

Unlike other animals, human beings spend
a lot of time thinking about what is not
going on around them, contemplating

events that happened in the past, might happen
in the future, or will never happen at all. Indeed,
“stimulus-independent thought” or “mind wan-
dering” appears to be the brain’s default mode
of operation (1–3). Although this ability is a re-
markable evolutionary achievement that allows
people to learn, reason, and plan, it may have an
emotional cost. Many philosophical and religious
traditions teach that happiness is to be found by
living in the moment, and practitioners are trained
to resist mind wandering and “to be here now.”
These traditions suggest that a wandering mind is
an unhappy mind. Are they right?

Laboratory experiments have revealed a great
deal about the cognitive and neural bases of mind
wandering (3–7), but little about its emotional
consequences in everyday life. The most reliable
method for investigating real-world emotion is ex-
perience sampling, which involves contacting peo-
ple as they engage in their everyday activities and
asking them to report their thoughts, feelings, and
actions at that moment. Unfortunately, collecting
real-time reports from large numbers of people as
they go about their daily lives is so cumbersome
and expensive that experience sampling has rarely
been used to investigate the relationship between
mind wandering and happiness and has always
been limited to very small samples (8, 9).

We solved this problem by developing aWeb
application for the iPhone (Apple Incorporated,
Cupertino, California), which we used to create
an unusually large database of real-time reports
of thoughts, feelings, and actions of a broad range
of people as they went about their daily activ-
ities. The application contacts participants through
their iPhones at random moments during their
waking hours, presents them with questions,
and records their answers to a database at www.
trackyourhappiness.org. The database currently
contains nearly a quarter of a million samples
from about 5000 people from 83 different coun-
tries who range in age from 18 to 88 and who
collectively represent every one of 86 major oc-
cupational categories.

To find out how often people’s minds wander,
what topics they wander to, and how those wan-
derings affect their happiness, we analyzed samples
from 2250 adults (58.8% male, 73.9% residing in
the United States, mean age of 34 years) who were
randomly assigned to answer a happiness question
(“How are you feeling right now?”) answered on a
continuous sliding scale from very bad (0) to very
good (100), an activity question (“What are you
doing right now?”) answered by endorsing one or

more of 22 activities adapted from the day recon-
struction method (10, 11), and a mind-wandering
question (“Are you thinking about something
other than what you’re currently doing?”) answered
with one of four options: no; yes, something pleas-
ant; yes, something neutral; or yes, something un-
pleasant. Our analyses revealed three facts.

First, people’s minds wandered frequently, re-
gardless of what they were doing. Mind wandering
occurred in 46.9% of the samples and in at least
30% of the samples taken during every activity
except making love. The frequency of mind wan-
dering in our real-world sample was considerably
higher than is typically seen in laboratory experi-
ments. Surprisingly, the nature of people’s activ-
ities had only a modest impact on whether their
minds wandered and had almost no impact on the
pleasantness of the topics to which their minds
wandered (12).

Second, multilevel regression revealed that peo-
ple were less happy when their minds were wan-
dering than when they were not [slope (b) = –8.79,
P < 0.001], and this was true during all activities,

including the least enjoyable. Although people’s
minds were more likely to wander to pleasant topics
(42.5% of samples) than to unpleasant topics
(26.5% of samples) or neutral topics (31% of sam-
ples), people were no happier when thinking about
pleasant topics than about their current activity (b =
–0.52, not significant) and were considerably un-
happier when thinking about neutral topics (b =
–7.2, P < 0.001) or unpleasant topics (b = –23.9,
P < 0.001) than about their current activity (Fig. 1,
bottom). Although negative moods are known
to cause mind wandering (13), time-lag analyses
strongly suggested that mind wandering in our
sample was generally the cause, and not merely
the consequence, of unhappiness (12).

Third, what people were thinking was a better
predictor of their happiness than was what they
were doing. The nature of people’s activities ex-
plained 4.6% of the within-person variance in hap-
piness and 3.2% of the between-person variance in
happiness, but mind wandering explained 10.8%
of within-person variance in happiness and 17.7%
of between-person variance in happiness. The var-
iance explained by mind wandering was largely
independent of the variance explained by the na-
ture of activities, suggesting that the two were in-
dependent influences on happiness.

In conclusion, a human mind is a wandering
mind, and a wandering mind is an unhappy mind.
The ability to think about what is not happening
is a cognitive achievement that comes at an emo-
tional cost.
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Fig. 1. Mean happiness reported during each ac-
tivity (top) and while mind wandering to unpleas-
ant topics, neutral topics, pleasant topics or not
mind wandering (bottom). Dashed line indicates
mean of happiness across all samples. Bubble area
indicates the frequency of occurrence. The largest
bubble (“not mind wandering”) corresponds to
53.1% of the samples, and the smallest bubble
(“praying/worshipping/meditating”) corresponds to
0.1% of the samples.
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There is also a big field of study of how we INFER what 
emotions people are having

Social perception-->  attributions --> social behavior
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Process Theories of Emotion
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Motor output at different levels

Reflexes
      --spinal
      --central

"Fixed action patterns"
Emotional reactions
Actions
Long-term plans

Stimulus-coupled

Stimulus decoupled
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Some characteristics of an emotion

1. Phasic (vs. moods)

2. Has onset, duration, decay

3. In humans, often regulated

4. Can be broken down into some components

ExpectationContext

Feeling

Individual Differences

Stimulus Evaluation Emotional
Response
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William James (1882): "What is an emotion?"

	
 --perception of our emotional response

	
 --pattern of bodily response discriminates emotions

“If we fancy some strong emotion, and then try to 
abstract from our consciousness of it all the feelings of 
its characteristic bodily symptoms, we find we have 
nothing left behind, no “mind-stuff” out of which 
emotion can be constituted, and that a cold and neutral 
state of intellectual perception is all that remains.”
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Psychophysiology

Galvanic Skin Conductance (GSR, SCR)

Electrocardiogram (EKG)

Facial Electromyogram (facial EMG)

Pupillometry, Respiration, Skin temperature, 
blood pressure
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Figure 10.28a
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Charles Darwin (1872)

"The Expression of the Emotions in Man 
and Animals"

	
 --3 principles:	


serviceable associated habits

antithesis

direct action of nervous system

	
 --idea of “basic” emotions

21
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Neuron

Perspective

Rethinking the Emotional Brain

Joseph LeDoux1,2,*
1Center for Neural Science and Department of Psychology, New York University, New York, NY 10003 USA
2Emotional Brain Institute, New York University and Nathan Kline Institute, Orangeburg, NY 10962 USA
*Correspondence: jel1@nyu.edu
DOI 10.1016/j.neuron.2012.02.004

I propose a reconceptualization of key phenomena important in the study of emotion—those phenomena that
reflect functions and circuits related to survival, and that are shared by humans and other animals. The
approach shifts the focus from questions about whether emotions that humans consciously feel are also
present in other animals, and toward questions about the extent to which circuits and corresponding func-
tions that are present in other animals (survival circuits and functions) are also present in humans. Survival
circuit functions are not causally related to emotional feelings but obviously contribute to these, at least indi-
rectly. The survival circuit concept integrates ideas about emotion, motivation, reinforcement, and arousal in
the effort to understand how organisms survive and thrive by detecting and responding to challenges and
opportunities in daily life.

Introduction
Emotion is a major research growth area in neuroscience and
psychology today. A search of PubMed citations for the 1960s
yields just over 100 papers with the word ‘‘emotion’’ in the title.
With each subsequent decade, small increases resulted, until
the last decade, when emotion titles grew exponentially—more
than 2,000 hits. Emotion has happened.
But what exactly is it that has happened? What is being

studied in all these papers on emotion? Actually, the term
‘‘emotion’’ is not well defined in most publications. Perhaps
this is not surprising since there is little consensus about what
emotion is, and how it differs from other aspects of mind and
behavior, in spite of discussion and debate that dates back to
the earliest days in modern biology and psychology (e.g., Dar-
win, 1872; James, 1884; Cannon, 1927, 1931; Duffy, 1934,
1941; Tomkins, 1962; Mandler, 1975; Schachter, 1975; Ekman,
1980, 1984, 1992; Izard, 2007; Frijda, 1986; Russell, 2003;; Ek-
man and Davidson, 1994; LeDoux, 1996; Panksepp, 1998,
2000, 2005; Rolls, 1999, 2005; Damasio, 1994, 1999; Leventhal
and Scherer, 1987; Scherer, 2000; Ortony and Turner, 1990; Öh-
man, 1986, 2009; Johnson-Laird and Oatley, 1989; Ellsworth,
1994; Zajonc, 1980; Lazarus, 1981, 1991a, 1991b; Barrett,
2006a, 2006b; Barrett et al., 2007; Kagan, 2007; Prinz, 2004;
Scarantino, 2009; Griffiths, 2004; Ochsner and Gross, 2005;
Lyons, 1980).
One point that many writers on this topic accept is that, while

there are unique features of human emotion, at least some
aspects of human emotion reflect our ancestral past. This
conclusion is the basis of neurobiological approaches to
emotion, since animal research is essential for identifying
specific circuits and mechanisms in the brain that underlie
emotional phenomena.
Progress in understanding emotional phenomena in the brains

of laboratory animals has in fact helped elucidate emotional
functions in the human brain, including pathological aspects of
emotion. But what does this really mean? If we don’t have an
agreed-upon definition of emotion that allows us to say what

emotion is, and how emotion differs from other psychological
states, how can we study emotion in animals or humans, and
how can we make comparisons between species?
The short answer is that we fake it. Introspections from

personal subjective experiences tell us that some mental states
have a certain ‘‘feeling’’ associated with them and others do not.
Those states that humans associate with feelings are often
called emotions. The terms ‘‘emotion’’ and ‘‘feeling’’ are, in
fact, often used interchangeably. In English we have words like
fear, anger, love, sadness, jealousy, and so on, for these feeling
states, and when scientists study emotions in humans they typi-
cally use these ‘‘feeling words’’ as guideposts to explore the
terrain of emotion.
The wisdom of using common language words that refer to

feelings as a means of classifying and studying human
emotions has been questioned by a number of authors over
the years (e.g., Duffy, 1934, 1941; Mandler, 1975; Russell,
1991, 2003; Barrett, 2006a, 2006b; Kagan, 2007; Griffiths,
1997; Rorty, 1980; Dixon, 2001; Zachar, 2006). Whatever prob-
lems might arise from using feeling words to study human
emotion, the complications are compounded many fold when
such words are applied to other animals. While there are
certainly emotional phenomena that are shared by humans
and other animals, introspections from human subjective expe-
rience are not the best starting point for pursuing these. How,
then, should the aspects of emotion relevant to animals and hu-
mans alike be pursued?
In answering this question it is important to separate the

phenomena of interest from the overarching concept of emotion.
One set of such phenomena includes responses that occur when
an organism detects and responds to significant events in the
course of surviving and/or maintaining well-being—for example,
responses that occur when in danger or when in the presence of
a potential mate or in the presence of food when hungry or drink
when thirsty. These are fundamental phenomena that have
always interested animal behavior scientists, and would be of
interest even if the terms ‘‘emotion’’ and ‘‘feelings’’ never

Neuron 73, February 23, 2012 ª2012 Elsevier Inc. 653

LeDoux, Neuron 73:653-676 (2012)

- Do not use “emotion” scientifically

Why?

1.  Because most people confuse “emotion” with “feelings”
2.  And we cannot tell if animals have feelings
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1.  Emotions are Internal/Central Functional States
2.  Emotions are caused by particular stimuli/contexts
3.  Emotions CAUSE behavior
4.  Emotions CAUSE feelings

5.  Emotions have characteristic features

Anderson & Adolphs, “A framework for studying emotion across species.” Cell (2014)

25



stimuli central
emotional state

subjective reports

observed behavior

psychophysiology

cognitive changes

somatic responses

26



stimuli central
emotional state

subjective reports

observed behavior

psychophysiology

cognitive changes

somatic responsescontext volitional control
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1. Scalability (intensity)

2. Valence (antithesis)

3. Persistence

4. Context and Stimulus Generalization

5. Pleiotropy

6.  Priority over Behavioral Control

7.  Poised for Social communication

Similarity structure (2-D)

Flexibility

Automaticity

28



1. Scalability (intensity)

2. Valence (antithesis)

3. Persistence

4. Context and Stimulus Generalization

5. Pleiotropy

6.  Priority over Behavioral Control

7.  Poised for Social communication

Similarity structure (2-D)

Flexibility

Automaticity

Uniquely Human Aspects?

8.  Control
9.  Subjective Report
10. Stimulus Decoupling

29
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Modules for recognizing emotions 
from faces

- Fear: amygdala
- Disgust: basal ganglia (HD), insula
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insular cortex. Neuroimaging, as well as depth 
electrode recording studies, show that human 
insular cortex responds to  disgusted faces9,10, 
and damage to the insula produces deficits in the 
 recognition of  disgusted faces11. Furthermore, 
 insular pathology in Huntington’s disorder is 
associated with a decreased disgust response 
and a similar  recognition deficit of  disgust12. 
Although it is tempting to divide duties for the 
amygdala and insular cortex between fear and 
disgust and to suggest that they represent unique 
neural substrates for their processing, other 
work suggests that these reciprocally connected 
regions will  interact along  dimensions such as 
arousal, valence and/or attention,  dimensions 
that cross the stark boundary between these two 
expression  categories13.

One key point raised by Susskind et al.1 is 
whether sensory intake is the only  selection 
pressure that shaped fearful and disgusted 
expressions. It is probable that multiple 
 selection pressures are involved. For  example, it 
has been suggested14 that  fearful faces look the 
way they do because such a facial  configuration 
increases the apparent  ‘babyishness’ of the 
expresser and,  therefore, serves to elicit 
 nurturing or protective responses from 
 conspecifics. So, are  different hypothesized 
selection pressures such as these mutually 
exclusive or can they peacefully  coexist?

are observed at times when you would do well 
to learn more about your  surroundings and 
 disgusted  expressions are observed at times 
when you feel you have learned quite enough.

That eye widening should facilitate 
 environmental monitoring is  consistent with 
other data showing that the amygdala has a 
unique  relationship with  fearful facial  expressions. 
Indeed, the amygdala uses the  widened eyes in 
fearful expressions as a proxy for the  presence of 
 fearful faces2, and lesions of the human amygdala 
result in an  inability to properly scan the  
eye whites in  fearful faces3. Further, electrical 
stimulation of the human amygdala results in eye 
widening and  heightened visual  scanning of the 
 environment4 and produces  nonspecific arousal 
responses such as pupil dilation4. Neuroimaging 
 studies have shown that the amygdala is  sensitive 
to the pupil size of  others5,6. Taken together, these 
findings  support the hypothesized role of the 
amygdala in potentiating sensory  information 
processing to facilitate learning about the 
 predictive value of environmental events,  
a process referred to as associative orienting7,8. 
More generally, these results suggest that your 
amygdala is sensitive to the very facial responses 
in others that it controls in you.

If the amygdala has shown an affinity for the 
facial expression of fear, then the  analogous brain 
region for disgusted expressions would be the 

The human face is a  canvas on which we can 
paint any number of  different facial features to 
nonverbally  communicate with those around 
us. These facial  configurations need not be 
 complicated. A simple raise of the  eyebrow 
from a mother will halt an 11-year-old child 
right in his tracks.

But why do facial expressions look the way 
they do? Upturned corners of a mouth are seen 
as a good thing, whereas downturned corners are 
bad.  Could it have gone the other way? Are the 
shapes of our facial expressions random or do 
these different configurations exist because they 
each  support some specific adaptive  purpose? In 
this issue, Susskind et al.1 asked these questions 
of fearful and disgusted expressions.

In their study, subjects posed fearful and 
 disgusted faces in various conditions. In one 
condition, subjects had to detect quick flashes of 
light on a wall that encompassed the entirety of 
their peripheral vision (much like a visit to the 
eye doctor). In another  condition, the speed of 
subjects’ eye movements to  targets in their visual 
field was measured. And in yet another  condition, 
the amount of air that  subjects inspired through 
the nose was  measured. Across all conditions, 
facilitated intake of  sensory  information was 
observed when  subjects made fearful faces, 
whereas  attenuated sensory intake was observed 
when subjects made disgusted faces.

To elaborate, when subjects posed fearful 
faces, they were able to detect more flashes of 
light in the upper extent of their peripheral 
visual field, they were faster to move their eyes 
to targets in their visual field and they took in 
more air through the nose. In contrast, when 
they posed disgusted expressions, they detected 
fewer flashes of light in the upper extent of their 
visual field, they were slower to move their eyes 
to visual targets and they took in less air through 
the nose. Thus, the converse  movements of the 
brows, eyelids and nose enacted in the  formation 
of these  expressions had opposite effects on 
 sensory intake (Fig. 1). This makes sense 
when one  considers the  situations where these 
 expressions are  encountered. Fearful  expressions 

The authors are at the Department of Psychological 
and Brain Sciences, Dartmouth College, Hanover, 
New Hampshire 03755, USA.   
e-mail: paul.j.whalen@dartmouth.edu

The shape of faces (to come)
Paul J Whalen & Robert E Kleck

Have facial expressions evolved randomly or do their different shapes support some adaptive purpose?  
New work offers evidence of a selection pressure that may have shaped fearful and disgusted expressions.

Figure 1  Fearful versus disgusted expressions. Note how the various parts of the face move in opposite 
directions in the two expressions, and therefore have opposite effects on sensory intake. Facial images from 
the NimStim set of facial expressions (MacArthur Foundation, http://www.macbrain.org/resources.htm).

Lowered brow
Narrowed eyes

Narrowed nostrils
Closed mouth

a  Disgust

Raised brow
Widened eyes
Flared nostrils
Open mouth

b  Fear

33



NATURE NEUROSCIENCE  VOLUME 11 | NUMBER 7 | JULY 2008 739

N E W S  A N D  V I E W S

insular cortex. Neuroimaging, as well as depth 
electrode recording studies, show that human 
insular cortex responds to  disgusted faces9,10, 
and damage to the insula produces deficits in the 
 recognition of  disgusted faces11. Furthermore, 
 insular pathology in Huntington’s disorder is 
associated with a decreased disgust response 
and a similar  recognition deficit of  disgust12. 
Although it is tempting to divide duties for the 
amygdala and insular cortex between fear and 
disgust and to suggest that they represent unique 
neural substrates for their processing, other 
work suggests that these reciprocally connected 
regions will  interact along  dimensions such as 
arousal, valence and/or attention,  dimensions 
that cross the stark boundary between these two 
expression  categories13.

One key point raised by Susskind et al.1 is 
whether sensory intake is the only  selection 
pressure that shaped fearful and disgusted 
expressions. It is probable that multiple 
 selection pressures are involved. For  example, it 
has been suggested14 that  fearful faces look the 
way they do because such a facial  configuration 
increases the apparent  ‘babyishness’ of the 
expresser and,  therefore, serves to elicit 
 nurturing or protective responses from 
 conspecifics. So, are  different hypothesized 
selection pressures such as these mutually 
exclusive or can they peacefully  coexist?

are observed at times when you would do well 
to learn more about your  surroundings and 
 disgusted  expressions are observed at times 
when you feel you have learned quite enough.

That eye widening should facilitate 
 environmental monitoring is  consistent with 
other data showing that the amygdala has a 
unique  relationship with  fearful facial  expressions. 
Indeed, the amygdala uses the  widened eyes in 
fearful expressions as a proxy for the  presence of 
 fearful faces2, and lesions of the human amygdala 
result in an  inability to properly scan the  
eye whites in  fearful faces3. Further, electrical 
stimulation of the human amygdala results in eye 
widening and  heightened visual  scanning of the 
 environment4 and produces  nonspecific arousal 
responses such as pupil dilation4. Neuroimaging 
 studies have shown that the amygdala is  sensitive 
to the pupil size of  others5,6. Taken together, these 
findings  support the hypothesized role of the 
amygdala in potentiating sensory  information 
processing to facilitate learning about the 
 predictive value of environmental events,  
a process referred to as associative orienting7,8. 
More generally, these results suggest that your 
amygdala is sensitive to the very facial responses 
in others that it controls in you.

If the amygdala has shown an affinity for the 
facial expression of fear, then the  analogous brain 
region for disgusted expressions would be the 

The human face is a  canvas on which we can 
paint any number of  different facial features to 
nonverbally  communicate with those around 
us. These facial  configurations need not be 
 complicated. A simple raise of the  eyebrow 
from a mother will halt an 11-year-old child 
right in his tracks.

But why do facial expressions look the way 
they do? Upturned corners of a mouth are seen 
as a good thing, whereas downturned corners are 
bad.  Could it have gone the other way? Are the 
shapes of our facial expressions random or do 
these different configurations exist because they 
each  support some specific adaptive  purpose? In 
this issue, Susskind et al.1 asked these questions 
of fearful and disgusted expressions.

In their study, subjects posed fearful and 
 disgusted faces in various conditions. In one 
condition, subjects had to detect quick flashes of 
light on a wall that encompassed the entirety of 
their peripheral vision (much like a visit to the 
eye doctor). In another  condition, the speed of 
subjects’ eye movements to  targets in their visual 
field was measured. And in yet another  condition, 
the amount of air that  subjects inspired through 
the nose was  measured. Across all conditions, 
facilitated intake of  sensory  information was 
observed when  subjects made fearful faces, 
whereas  attenuated sensory intake was observed 
when subjects made disgusted faces.

To elaborate, when subjects posed fearful 
faces, they were able to detect more flashes of 
light in the upper extent of their peripheral 
visual field, they were faster to move their eyes 
to targets in their visual field and they took in 
more air through the nose. In contrast, when 
they posed disgusted expressions, they detected 
fewer flashes of light in the upper extent of their 
visual field, they were slower to move their eyes 
to visual targets and they took in less air through 
the nose. Thus, the converse  movements of the 
brows, eyelids and nose enacted in the  formation 
of these  expressions had opposite effects on 
 sensory intake (Fig. 1). This makes sense 
when one  considers the  situations where these 
 expressions are  encountered. Fearful  expressions 

The authors are at the Department of Psychological 
and Brain Sciences, Dartmouth College, Hanover, 
New Hampshire 03755, USA.   
e-mail: paul.j.whalen@dartmouth.edu

The shape of faces (to come)
Paul J Whalen & Robert E Kleck

Have facial expressions evolved randomly or do their different shapes support some adaptive purpose?  
New work offers evidence of a selection pressure that may have shaped fearful and disgusted expressions.

Figure 1  Fearful versus disgusted expressions. Note how the various parts of the face move in opposite 
directions in the two expressions, and therefore have opposite effects on sensory intake. Facial images from 
the NimStim set of facial expressions (MacArthur Foundation, http://www.macbrain.org/resources.htm).

Lowered brow
Narrowed eyes

Narrowed nostrils
Closed mouth

a  Disgust

Raised brow
Widened eyes
Flared nostrils
Open mouth

b  Fear
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marked increase in the upper (F1,266¼ 174.70, Po 0.0001), but not the
lower visual field (F1,266 ¼ 1.13, P 4 0.29), consistent with the brow
and upper eye-lid raise (Figs. 2a and 3). In contrast, disgust resulted in
a decrease in the upper (F1,266 ¼ 113.51, P o 0.0001) and lower fields
(F1,266¼ 50.05, Po 0.0001), consistent with brow lowering and upper
cheek raise (Figs. 2b and 3). Fear’s enhancement only for the upper
visual field may be argued as having limited functional importance.
However, the lower visual field under neutral viewing conditions more
closely approximates complete coverage, whereas the upper visual field
is substantially more restrictive, in part reflecting occlusion from the
eyelid and brow34. The functional importance of fear expressions may
reflect the retraction of these anatomical features, affording a more
complete visual field.
We next examined whether changes in estimated visual field size were

specifically related to the changes in physical differences in eye aperture
that are associated with expression generation. Eye regions were out-
lined from film clips taken during the directed facial action task (see
Methods) to determine the extent of eye opening in each participant. As
predicted, fear expressions resulted in greater vertical eye opening
relative to disgust (F1,18 ¼ 148.08, P o 0.0001). We next used the
physical distance between participants’ lower and upper lids to predict
their visual-field size by correlating it with visual-field changes along the
vertical meridian (Fig. 3d). Vertical eye aperture correlated significantly
with perceived changes in the upper visual field (r¼ 0.593, t(18)¼ 4.41,
P o 0.001). These results show that the antagonistic eye opening and
closing associated with fear and disgust regulate visual-field size.
Fear may induce subjective changes in visual-field perception, but a

stronger test of sensory vigilance is to show that peripheral stimulus
detection is altered by expression. To corroborate the subjective results,
we applied an objective visual perimetry procedure in an additional
experiment to test stimulus detection–eccentricity thresholds at upper
horizontal, oblique and vertical meridians while participants posed fear,
neutral and disgust facial configurations (see Methods). Stimulus
detection differed with respect to expression condition (F2,26 ¼ 28.675,
P o 0.001), with the effect of expression depending on visual-field
location (F8,104¼ 14.856, Po 0.001). Specifically, in the fear condition,
participants detected objects at farther eccentricities than in the neutral
condition for the upper visual field (F1,104 ¼ 84.182, P o 0.001), but
not for the horizontal meridian (F1,104¼ 0.802, P¼ 0.373). Conversely,
stimulus detection in the upper visual field was reduced for disgust
relative to neutral (F1,104 ¼ 105.909, P o 0.001), but not for the
horizontal meridian (F1,104 ¼ 1.829, P ¼ 0.179). An analysis of catch
trials in which no stimulus was present did not reveal any differences in

response bias across expression types (Fried-
man test, w2(3) ¼ 0.931, P ¼ 0.818). In sum,
these results demonstrate that fear expressions
enhance and disgust expressions reduce stimu-
lus detection in the upper visual field, consis-
tent with opposing eye lid and brow actions
regulating retinal exposure35.
Eye opening and brow raising in fear may

reflect not only altered functional visual-field
size, but also multiple functional benefits,
affording a more effective sampling of the
entire visual field. Eye movements are instru-
mental in acquiring information from the
visual field, and fear expressions may activate
muscle units in preparation to facilitate scan-
ning. We measured participants’ eye move-
ments during horizontal saccades to examine
whether fear expressions are associated with

increased eye-scanning speed relative to neutral expressions and
whether fear expressions have opposing effects to disgust (see Meth-
ods). Employing the directed facial-action task, participants were
prompted to pose a facial expression for 5 s while carrying out saccades
between two circular targets separated by 271. The facial actions for fear
and disgust were modified to focus on eye configurations to accom-
modate an eye tracker and chin rest. Expression configuration had a
significant effect on average velocity (measured in degrees of visual
angle per second, F2,38¼ 18.001, Po 0.001; Fig. 4a), increasing linearly
from disgust to neutral to fear (F1,38 ¼ 33.975, Po 0.0001). Although
differences were small in magnitude, eye movements for fear expres-
sions were reliably faster than those for neutral expressions (t(19) ¼
2.133, P o 0.05), and disgust expressions resulted in a more
pronounced slowing relative to neutral (t(19) ¼ 4.42, P o 0.0003).
Peak velocity also differed between expressions (F2,38 ¼ 7.812, P ¼
0.001), linearly increasing from disgust to neutral to fear (F1,38¼ 15.12,
P o 0.0004). A linear fit between the condition means (r2 ¼ 0.99)
revealed that peak and average velocities increased from disgust to
fear (Fig. 4b). Further analyses revealed that the amplitude (distance)
of saccades differed across expressions (F2,34 ¼ 6.68, P o 0.004),
paralleling the linear increase from disgust to fear, which may
have contributed to expression differences in velocity. However,
we found that after equating for saccade distance, the above
significant differences in velocity remained statistically reliable. Thus,
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in addition to altering visual-field size, facial actions of fear and disgust
enhance and decrease the speed of horizontal foveation during target
localization, respectively.
The above studies focused on the function of facial actions in

the upper region of the face. We next examined the functional
consequences of facial actions associated with the mid-lower region
of the face by examining whether expression appearance may also relate
to more primitive chemosensory functions. Disgust has been proposed
to originate in defensive reactions related to the rejection of noxious
chemical stimulation, whereby sensory exposure is reduced to potential
contaminants25. According to the principle of form, fear configurations
should serve the opposing action of disgust. We examined whether fear

and disgust facial expressions regulate the entry of airborne substances
to the olfactory mucosa through one of the most basic and primitive
forms of sensory intake, nasal inspiratory capacity36 (see Methods).
Facial expressionwas manipulated via the directed facial-action task,

while nasal respirometry, nasal temperature and abdominal-thoracic
respiratory measures were acquired during a controlled instructed
breathing cycle (2.2 s in/out per breath). Expression configuration had
a significant effect on air intake (F2,36 ¼ 9.93, P o 0.0005), linearly
increasing from disgust to neutral to fear (F1,36 ¼ 19.73, P o 0.0001).
Despite equal duration of inspiration, fear was associated with an
increase in air velocity and volume corrected for respiratory effort
relative to neutral expressions (t(18) ¼ 2.30, P o 0.04; Fig. 5a,b). In
contrast, disgust was diminished relative to neutral (t(18) ¼ 2.34, P o
0.04). To ensure that these effects were not artifacts of the effect of
expression on airflowmeasurements with a nasal respirometry mask, we
further examined inspiratory-related temperature changes under the
nostrils with a wire nasal thermistor. This revealed an identical pattern
(F2,34 ¼ 12.07, Po 0.0001), showing a linear effect of expression (F1,34
¼ 23.57, P o 0.0001), with fear expressions being associated with
greater temperature change relative to neutral (t(17) ¼ 2.77, Po 0.02)
and disgust being diminished relative to neutral (t(17)¼ 2.07, P¼ 0.05).
Altered air intake may reflect a variety of factors rather than genuine

structural changes in sensory capacity afforded by facial expression
form. We next sought to determine whether visible surface deforma-
tions of the face (that is, facial expression appearance) are associated
with invisible underlying structural changes of the internal anatomy of
the nasal passages. In an additional control study, we examined directly
whether fear and disgust altered the structure of the nasal passages in
opposing manners. High-resolution fast spoiled gradient–recalled
(FSPGR) magnetic resonance images of the nasal passages were
acquired during the directed facial-action task (see Methods). Nasal
volume depended on expression (F2,72 ¼ 14.98, P o 0.0001), which
was most evident in the more inferior aspects of the nasal passages
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Walter Hess

A key aggression relay in the mouse

23Lin et al., Nature (2011)
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“sham rage”
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Putative functions of some brain structures

Amygdala:
--fear, arousal, saliency

Insula:
--disgust, empathy, pain

OFC:
--valence,decisions, social emotions, moral judgment

Cingulate cortex:
--pain, motivation ("akinetic mutism")
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Orbitofrontal Cortex

-emotional and social behavior
-represents reward value of stimuli

-involved in complex decision-making
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The equilibrium or balance, so to speak, between his 
(Gage’s) intellectual faculties and animal propensities 
seems to have been destroyed.  He is fitful, 
irreverent, indulging at times in the grossest 
profanity … impatient of restraint or advice when it 
conflicts with his desires.
    John Harlow, 1868
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Amygdala
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1. The Amygdala’s role in implicit emotional memory (like 
fear conditioning) is doubly dissociable with the role of 
the hippocampus in declarative memory.

2. The amygdala is important for learning the value of 
stimuli, and for regulating social behavior, especially for 
fear or withdrawal-related behaviors.

3. The amygdala modulates much other cognition.

4. The amygdala shows individual differences and 
contributes to psychiatric illnesses such as mood 
disorders.
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Heinrich Kluver

“Kluver-Bucy Syndrome”
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--tameness

--oral tendencies

--hypersexual

--hypermetamorphosis

--psychic blindness

--altered taste preferences
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Amygdala Lesions in Rats
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Choi & Kim, PNAS (2010)
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The brain of patient S.M.
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Measuring the Experience of Fear

1.  Standardized Questionnaires
2.  Express fear to instruction
3.  Fear to films
4.  Fear in real life: autobiographical
5.  Fear in real life: pet store

Feinstein et al., Current Biology (2011)
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Experience sampling with PDA

--3 months
--624 samples

--0 reports of  afraid/scared/frightened

Emotional films

--no endorsement of fear

Autobiography

--no fear since age 10
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Summary

Emotions are a ubiquitous and salient aspect of our 
conscious experience

Fear has been mechanistically dissected in great 
neurobiological detail, and is an excellent model system

The amygdala is necessary not only for fear behaviors in 
rodents, but also for fear experience in humans

Fear is not in the amygdala, but generated by all the 
multiple processes orchestrated by the amygdala
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