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Learning objectives

11.1.1	 Define emotion, and differentiate between 
emotional experience and emotional 
expression.

11.1.2	 Describe the theories of emotions.

11.2.1	 Identify the networks of brain areas involved in 
emotions.

11.2.2	 Describe how the amygdala is involved in 
processing emotions.

11.2.3	 Explain how the amygdala is involved in the 
emotions of humans.

11.3.1	 Describe some of the functions of the 
prefrontal cortex in emotions.

11.3.2	 Explain the somatic-marker hypothesis.

11.4.1	 Define aggression as well as its different 
types.

11.4.2	 Identify some of the neurobiological bases of 
aggression.

11.4.3	 Explain how hormones and 
neurotransmitters may be involved in 
aggressive behavior.

murder, the Brain, and 
the Law
On July 22, 2011, Anders Breivik cold-bloodedly murdered 

77 people in Norway. He killed the first eight with a bomb 

he exploded just outside a government building in Oslo. 

He then went on to shoot 69 people where a youth 

organization was holding an island retreat. This was the 

worst mass murder in Norwegian history. No one knows 

exactly what was going on in Breivik’s brain at the time of 

these horrible events.

However, some neuroscientists are hard at work trying to 

find out what can go wrong in someone’s brain to lead to 

such devastating acts of aggression. One of these neuro-

scientists is Kent Kiehl from the University of New Mexico 

in Albuquerque. In 2010, Kiehl sought to explain the acts 

of convicted murderer Brian Dugan, who killed two peo-

ple in the 1980s and was sentenced to the death penalty 

for previous killings.

The results of a psychiatric interview revealed that Dugan 

fit the profile of a psychopath, which is characterized by 

the use of manipulation, intimidation, and violence to con-

trol others in order to satisfy one’s needs. Psychopaths 

are also capable of impulsive and violent crimes without 

feeling any remorse or regrets.

In 2010, Kiehl performed a functional magnetic reso-

nance imaging (fMRI) scan of Dugan’s brain to find out if 

it showed abnormalities that would support this profile. 

Kiehl found abnormalities in areas of Dugan’s brain that 

are involved in regulating emotions (V. Hughes, 2010).

At the request of Dugan’s lawyers, Kiehl presented his 

findings at Dugan’s trial, in an effort to provide mitigat-

ing circumstances for the crimes. This was the first court 

case in the world in which fMRI evidence was presented. 

Kiehl showed the court the abnormalities in Dugan’s 

brain but did not convince the jurors that they explained 

Dugan’s actions. He was sentenced to death. Even 

though Kiehl’s findings didn’t exonerate Dugan, the bulk 

of Kiehl’s research and the research of others shows that 

human aggression can be explained at least in part by 

brain abnormalities.

INTRODUCTION
The term emotion comes from the Latin word emovere, 
which means “to move or to excite.” It is not surprising 
that this term came to signify the feelings associated 
with the perception of objects or events as being either 
a threat to one’s survival or the source of pleasure and 
enjoyment. These objects or events are perceived to 
create “movement” within the body. This perception 
is made evident in everyday expressions such as when 
one says, “I was moved by the words of the speaker,” 
“I felt a chill running down my spine,” or “That was a 
stomach-churning experience.”

In this chapter, you will learn about what is meant 
by the term emotion and some of the theories pro-
posed to explain how emotions are experienced and 
expressed, as well as how they are related to the activ-
ity of networks of brain areas. You will also learn that, 
contrary to popular belief, emotions sometimes help us 
make the right decisions by biasing our choices away 
from those that can potentially bring us harm or that 
can be disadvantageous to us. Finally, you will learn 
about aggression and how it is believed to be gener-
ated in the brain through changes in brain chemistry.
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298  BEhavioraL nEurosCiEnCE

11.1 What Are 
Emotions?

module Contents

11.1.1	 Emotions, Emotional Experience, and 
Emotional Expression

11.1.2	 Theories of Emotions

Learning objectives

11.1.1	 Define emotion, and differentiate between 
emotional experience and emotional 
expression.

11.1.2	 Describe the theories of emotions.

11.1.1 EMOTIONS, 
EMOTIONAL EXPERIENCE, 
AND EMOTIONAL 
EXPRESSION
>> LO	11.1.1 Define emotion, and differentiate 
between emotional experience and emotional 
expression.

Key Terms

• Emotion: An automatic physiological, behavioral, 
and cognitive reaction to external or internal 
events.

• Emotional experience: Subjective feelings that 
are labeled to identify particular emotions.

• Emotional expression: The covert and overt 
behaviors that accompany emotions.

An emotion can be defined as an automatic physio-
logical, behavioral, and cognitive reaction to an exter-
nal or internal event (Sternberg, 1998). An emotion 
is accompanied both by a subjective feeling, which 
is referred to as the emotional experience, as well 
as by covert and overt behavior, which is referred to 
as the emotional expression . When I ask students 
to define emotion, I often get answers that resemble 
the following: “It’s a feeling that you get . . . you know, 
when you feel sad, scared, or angry.” When answering 
in this way, the students are referring to the emotional 

experience, in other words, the “feeling.” Sad and 
angry are labels that serve to identify the experience 
of particular emotions. These labels make sense to us 
relative to the context in which an emotion occurs. You 
rarely hear people say that they feel sad or angry at a 
joyous event like their graduation or joyful at a funeral.

If you asked a friend who just witnessed a horri-
ble accident how she felt when it happened, she would 
probably tell you: “I got really scared” or “It was fright-
ening.” This would define her emotional experience. 
She may also tell you that she was frozen in fear or 
that she ran away (Figure 11.1a). The fact that she was 
afraid was also probably made obvious by her facial 
expression. What may not have been so obvious was 
her accelerated heartbeat, increased rate of respira-
tion, dilated pupils, slowed digestion, and increased 
muscle tension. These behaviors would define her 
emotional expression. Emotions are experienced 
in part through our interpretation of those bodily 
changes based on situational factors and past expe-
riences. That is, the patterns of bodily changes that 
occur when you are greeted by family and friends at 
a birthday party (Figure 11.1b) are similar to the ones 
that occur when you have just received a failing grade 
on a final exam. In the former case, the interpretation 
of why those changes are occurring is associated with 
a joyful event, whereas in the latter case, the interpre-
tation of why the changes are happening is associated 
with the angering event.

11.1.2 THEORIES 
OF EMOTIONS
>> LO	11.1.2 Describe the theories of emotions.

Key Terms

• James-Lange theory: A theory of emotions in 
which the sensory stimuli that compose certain 
sensory events directly result in bodily changes 
and emotions are the brain’s interpretation of 
these changes.

• Cannon-Bard theory: A theory of emotions 
in which physiological arousal and emotional 
experience can occur at the same time and are 
independent of each other.

• Schachter and Singer’s two-factor theory: 
A theory of emotions in which physiological 
changes triggered by stimuli are accompanied 
by an interpretation of what these changes 
mean.

• Discrete theories of emotions: Theories in which 
a small set of emotions can be distinguished 
from one another and represented by particular 
response patterns in the brain, physiological 
processes, and facial expressions.
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CHAPTER 11 Emotions  299

• Basic emotions: A subset of discrete emotions 
thought to be universal across cultures.

• Dimensional theories of emotions: Theories in 
which emotions can be broken down into basic 
elements and individual differences exist in the 
way people experience emotions.

• Theory of constructed emotions: The theory that 
emotions are not hardwired entities but emerge 
into consciousness from interoception and 
categorization.

• Categorization: The process by which signals 
from the body are labeled using knowledge 
about emotions, past experiences, and the 
current situation.

Evolutionary Theory

British naturalist Charles Darwin (1809–1882) thought 
that emotions were important for the survival of spe-
cies and that they serve adaptive functions and are 
universal across cultures (Darwin, 1873). After all, 
feelings of love and affection compel parents to take 
care of their children, ensuring their survival. The 
same feelings also lead people to mate and to pro-
duce offspring, ensuring the survival of the species. 
In contrast, fear and anxiety are important in that they 
permit us to flee potentially dangerous situations and 
to avoid them in the future. It is also important to 
recognize emotions in others so that we can respond 

appropriately. For example, approaching someone 
who is displaying obvious expressions of extreme 
anger might be dangerous.

The James-Lange Theory

In the 1880s, American psychologist William James 
(1842–1910) and Danish physiologist Carl Lange 
(1834–1900) independently came up with one of 
the most articulated theories of emotions. This the-
ory became known as the James-Lange theory. 
According to this theory, the sensory stimuli that 
compose experiential events are processed by sen-
sory areas of the brain. In response, the brain trig-
gers increased activity in the autonomic and somatic 
nervous systems, giving rise to an increase in phys-
iological arousal and muscle tension, respectively. 
According to the James-Lange theory, this process is 
not accompanied by emotional experience. The emo-
tion arises from the brain’s interpretation of these 
changes (James & Richardson, 2010).

To illustrate, imagine feeling sad and crying 
while watching an emotional movie. Common sense 
would tell you that your crying results from feeling 
sad (Figure 11.2a). However, the James-Lange theory 
states that the opposite is true. That is, the sensory 
stimuli within the movie, after being processed by 
sensory areas of the brain, triggered the physiological 
arousal that consisted of crying. The emotional expe-
rience of feeling sad came from the brain’s interpreta-
tion of the crying (Figure 11.2b).

FIGURE 11.1

(a) Witnessing an accident can elicit a strong physical reaction. (b) Bodily changes are also be associated with 
a joyful event such as a birthday party.

(a) 

  

(a) KatarzynaBialasiewicz/istockphoto; (b) GlobalStock/istockphoto

(b)
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The Cannon-Bard Theory

In the early 1920s, American physiolo-
gist Walter Cannon (1871–1945) and his 
student Philip Bard (1898–1977) pro-
posed an alternative to the James-Lange 
theory, which became known as the 
Cannon-Bard theory (Cannon, 1987). 
They pointed out that the James-Lange 
theory could not be correct because the 
same patterns of physiological respon-
ses can be caused by a variety of stimuli. 
As a result, the theory could not explain 
how the brain would determine what 
emotion should be felt in response to the 
wide range of possible stimuli. Instead, 
the Cannon-Bard theory proposed that 
physiological arousal and emotional 
experience can occur at the same time 
and that they are independent from each 
other. According to the Cannon-Bard 
theory, different stimuli create different 
patterns of activity in the thalamus. It is 
these different patterns of activity that 
give rise to the wide range of emotions 
that can be experienced (Figure 11.2c).

Schachter and Singer’s 
Two-Factor Theory

In the early 1960s, psychologists Stanley 
Schachter (1922–1977) and Jerome Singer 
(1934–2010) proposed what became 
known as Schachter and Singer’s 
two-factor theory (Schachter & Singer, 
1962). This theory proposed that sen-
sory events directly trigger physiological 
arousal and that emotions are differen-
tiated on the basis of a cognitive label 
applied to these physiological reactions. 
This cognitive label is consistent with 
the situational context in which the phys-
iological arousal occurs. It is this combi-
nation (physiological arousal + cognitive 
label) that dictates the type of emotion 
experienced (Figure 11.2d).

To illustrate this theory, imagine hear-
ing the fire alarm going off in your school. 
This would likely trigger the emotional 
experience of fear, which would accom-
pany significant levels of physiological 
arousal. However, if you interpreted the 
alarm as being part of a fire drill (the cogni-
tive label), your fear would soon subside. In 
contrast, if you smelled smoke or saw stu-
dents running in the corridor, you would 
likely interpret the situation as involving 
real danger, accentuating your fear.

FIGURE 11.2

Three theories of emotions: James-Lange, Cannon-Bard, and 
Schachter-Singer.
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CHAPTER 11 Emotions  301

Emotions Are Induced Partly by 
Patterns of Bodily Change

Remember that Cannon and Bard’s criticism of the 
James-Lange theory was that emotions could not be 
differentiated by patterns of emotional arousal. In 
the Schacter-Singer theory, the experienced emotion 
depends on the cognitive label applied to the physio-
logical arousal. However, researchers have found more 
recently that emotions can be differentiated by the 
patterns of bodily changes to which they give rise. For 
example, in one study (Nummenmaa, Glerean, Hari, & 
Hietanen, 2014), participants were exposed to words, 
movies, and stories meant to arouse emotions. The 
same participants were also shown blank silhouettes on 
which they were asked to color in the parts of the body 
where they experienced increased activity when exposed 
to the stimuli. The results of the study are shown in  
Figure 11.3. The stimuli triggered a variety of emo-
tions in the participants. Each of these emotions was 
accompanied by different patterns of bodily responses. 

Warmer colors that pull toward red show areas in which 
participants experienced increased activity, whereas 
colors that pull toward blue show areas in which partici-
pants reported experiencing low levels of activity.

Discrete and Dimensional 
Theories of Emotions

Discrete Theories. Discrete theories of emotions 
propose that a small set of emotions exist that can 
be distinguished from one another. Each of these 
emotions is believed to be represented by particular 
response patterns in the brain, physiological processes, 
and facial expressions. According to psychologist Paul 
Ekman, a subset of discrete emotions, which became 
known as basic emotions, are universal across cul-
tures, evolved through adaptions to the environment, 
and are shaped by social learning (Ekman, 1982, 1992; 
Tomkins, 2008). It is also believed that the universality 
of basic emotions arose in response to common human 

FIGURE 11.3

Areas of the body in which participants reported activity in response to the emotions they felt when exposed 
to emotional words, movies, or stories.

From Nummenmaa, L. et al. (2014). Bodily maps of emotions. Proceedings of the National Academy of Sciences U S A, 111(2): 646–651. With permission from The National 
Academy of Sciences.
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302  BEhavioraL nEurosCiEnCE

experiences such as losses, frustrations, and successes 
(Ekman & Cordaro, 2011).

Originally, the proposed basic emotions were 
anger, fear, disgust, happiness, sadness, and sur-
prise. The choice of these emotions was prompted by 
Ekman’s discovery that each of these basic emotions 
was associated with particular facial expressions, 
which could be recognized across cultures (Ekman, 
1982). The list of basic emotions has since grown to 22 
(Cordaro et al., 2018).

Dimensional Theories. Dimensional theories of 
emotions were born out of the perceived lack of psycho-
physiological evidence that emotions can be grouped 
in discrete categories (Barrett, 2006a; Lindquist, Siegel, 
Quigley, & Barrett, 2013). In contrast to discrete theo-
ries, the proponents of dimensional theories argue that 
emotions do not fit neatly into categories. They believe 
that emotions can be broken down into basic elements 
and that individual differences exist in the way people 
experience emotions (L. A. Feldman, 1995).

These basic elements include the (1) emotional 
valence, which is the perception of whether an emo-
tion is pleasant (positive) or unpleasant (negative); 
(2) arousal, which refers to how strongly an emotion 
is felt; (3) potency, which refers to feelings of power or 

weakness; and (4) unpredictability, which is an appraisal 
of novelty (Fontaine, Scherer, Roesch, & Ellsworth, 2007). 
Figure 11.4 shows how Ekman’s original basic emotions, 
triggered by various stimuli, can be represented along 
the dimensions of valence and arousal.

The Theory of Constructed Emotions

The theory of constructed emotions, which is a type 
of dimensional theory proposed by psychologist Lisa 
Feldman Barrett (2006b), states that emotions are 
not hardwired entities but emerge into conscious-
ness by the way of interoception and categoriza-
tion. Interoception refers to the process by which the 
brain senses and integrates signals from the body. 
Categorization refers to the process by which a person 
gives meaning to these signals using knowledge about 
emotions, past experiences, and the current situation.

According to the theory of constructed emotions, 
emotional experiences arise from a process analogous 
to that of color perception. That is, people perceive 
colors as discrete entities such as blue, green, red, 
etc. However, out in the world, all that exist, relating 
to color perception, are wavelengths along the electro-
magnetic spectrum (see Chapter 6). The perception of 
color is the result of the brain’s analysis of the pattern 

FIGURE 11.4

Basic emotions triggered by various stimuli are represented along the dimensions of valence and arousal. 
For example, a smiling baby (top right) triggers happiness, which can be construed as an emotion made up of 
high levels of positive valence and moderately high levels of arousal. In contrast, a funeral is associated with 
high negative valence and moderately low levels of arousal.
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Hamann, S. (2012). Mapping discrete and dimensional emotions onto the brain: controversies and consensus. Trends in Cognitive Science 16(9): 458–66. With permission 
from Elsevier.
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CHAPTER 11 Emotions  303

of excitation of photoreceptors on the retina, in the 
same way that emotional experiences result from  

the brain’s analysis of signals from the body, the cur-
rent situation, and personal experiences.

11.2 Emotions: 
Where in the Brain?

module Contents

11.2.1	 Emotional Networks in the Brain

11.2.2	 Emotions and the Amygdala

11.2.3	 Emotions and the Amygdala in Humans

Learning objectives

11.2.1	 Identify the networks of brain areas involved in 
emotions.

11.2.2	 Describe how the amygdala is involved in 
processing emotions.

11.2.3	 Explain how the amygdala is involved in the 
emotions of humans.

11.2.1 EMOTIONAL 
NETWORKS IN THE BRAIN
>> LO	11.2.1 Identify the networks of brain areas 
involved in emotions.

Key Terms

• Papez circuit: The circuit of brain areas once 
thought to be dedicated to processing emotions.

• Limbic system: A revised version of the Papez 
circuit that includes the amygdala, septum, and 
prefrontal cortex.

The Papez Circuit

American neuroanatomist James Papez (1883–1958) 
believed that a system dedicated to processing emo-
tions existed in the brain. This system became known 
as the Papez circuit (Papez, 1995). Within this cir-
cuit, the hypothalamus is responsible for the behav-
ioral responses that are part of emotional expression. 
Emotional experience is thought to be produced by 
the cingulate cortex. The hypothalamus and the cingu-
late cortex are linked to each other through a loop that 

MODULE SUMMARY

An emotion can be defined as an automatic 
physiological, behavioral, and cognitive reaction to an 
external or internal event. Several theories of emotion 
exist. These include the James-Lange theory, in 
which the emotional expression precedes emotional 
experience; the Cannon-Bard theory, in which the 
emotional experience and physiological arousal occur 
at the same time; and the Schacter-Singer two-
factor theory, in which a cognitive label is applied to 
physiological arousal. Different emotions give rise to 
particular patterns of bodily sensations. Emotions can 
be thought of as discrete entities or as being continuous 
along different dimensions. A popular idea, based on 

the idea that emotions are discrete entities, is that 
humans possess a number of basic emotions, which 
are inborn and universal across cultures. Proponents 
of dimensional theories believe that emotions can be 
categorized along different dimensions, such as their 
valence and the amount of physiological arousal with 
which they are associated. The theory of constructed 
emotions suggests that emotions are made from 
interoception, which is the perception and integration 
of bodily signals, and categorization, a process by 
which bodily sensations are given meaning, based on 
knowledge about emotions, past experiences, and the 
current situation.

TEST YOURSELF

11.1.1 Define emotion, and differentiate between 
emotional experience and emotional expression.

11.1.2 Name and define the different theories of emotions. 
Discuss the differences between discrete and 
dimensional theories of emotions.
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304  BEhavioraL nEurosCiEnCE

includes the hippocampus and the anterior thalamic 
nuclei. This arrangement suggested a way in which 
emotional expression and emotional experience could 
be integrated.

Another psychologist, Paul McLean (1913–2007), 
later added the amygdala, septum, and prefrontal 
cortex to the list of structures proposed by Papez. He 
named the set of structures involved in emotional pro-
cessing the limbic system (Rajmohan & Mohandas, 
2007), illustrated in Figure 11.5. Over the years, the idea 
that emotions are regulated by a single system in the 
brain was abandoned. We now know that emotions are 
processed in several networks of brain areas.

You learned in the preceding unit that discrete theo-
ries of emotion suggest that emotions are discrete entities 
that can be distinguished by particular patterns of brain 
activity, physiological processes, and facial expressions. 
Evidence that discrete emotions can be distinguished by 
patterns of brain activity can be found in a meta-analysis 
performed by psychologists Katherine Vytal and Stephan 
Hamann (2010). They included in their analysis studies 
in which five of the proposed basic emotions (happiness, 
sadness, anger, fear, and disgust) were induced by pre-
senting participants with emotionally arousing stimuli 
such as emotional pictures or emotional facial expres-
sions while their brains were being scanned by either 
fMRI or positron emission tomography (PET).

The results of their analysis are shown in Figure 11.6. 
They found that happiness was associated mainly with 
activity in the right superior temporal gyrus, sadness 
was associated mostly with activity in the left medial 
frontal gyrus, anger was associated mainly with activ-
ity in the left inferior frontal gyrus, fear was associated 
mostly with activity in the left amygdala, and disgust 

FIGURE 11.5

The limbic system.

Cingulate
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Fornix

Hippocampus
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Septum
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Mammillary body

Hypothalamus

Carolina Hrejsa/Body Scientific Intl.

FIGURE 11.6

Patterns of activity associated with five of the proposed basic emotions.

Hamann, S. (2012). Mapping discrete and dimensional emotions onto the brain: controversies and consensus. Trends in Cognitive Science 16(9): 458–66. With permission 
from Elsevier.
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CHAPTER 11 Emotions  305

was associated mostly with activity in the right insula 
and inferior frontal gyrus. Also shown in Figure 11.6 
(bottom) are the patterns of activation that distinguish 
fear from sadness. Areas in blue indicate areas of activ-
ity that are more likely to be activated for fear than for 
sadness, that is, areas clustered around the amygdala. 
Areas in red are areas that are less likely to be activated 
for sadness than for fear.

Although each emotion seems to be associated 
with activity located mostly in a single brain area, 

many researchers believe that emotions are not likely 
to be dependent on any single area but on functional 
networks consisting of several areas (Barrett & Satpute, 
2013). In fact, a close look at Vytal and Hamann’s (2010) 
results, shown in Figure 11.6, revealed that the same 
brain areas were activated for more than one emotion. 
This has led some observers to interpret the results 
as being consistent with the theory of constructed 
emotions (described in the preceding unit), accord-
ing to which emotions are constructed from basic 

FIGURE 11.7

Results of a logistic regression that shows the odds that an emotional experience, expression, or component 
of an emotion, such as arousal level and perception, could predict activity in a brain area of interest. The 
rectangles contain the names of brain areas (amygdala, insula, dorsolateral prefrontal cortex [DLPFC], anterior 
temporal lobe [ATL], ventrolateral prefrontal cortex [VLPFC], dorsomedial prefrontal cortex [DMPFC], anterior 
medial cingulate cortex [aMCC], subgenual anterior cingulate cortex [sACC], and orbitofrontal cortex [OFC]). 
The blue lines represent the left hemisphere and the green lines represent the right hemisphere. Different 
emotions and components of emotions are written across the rings. The percentages represent the odds that 
an emotion or a component of emotions would trigger activity in a given brain area (lines going toward the 
periphery) or that it would not trigger activity in a given brain area (lines going toward the center). Points above 
zero represented odds of 100% that an area would be activated, whereas points below zero represented odds 
of 100% that an area would not be activated (see text for examples).
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components, which could be represented by each of the 
areas activated during an emotion (Kober et al., 2008).

Remember, from the preceding unit, that the the-
ory of constructed emotions proposes that emotions 
consist of signals such as valence and arousal and a 
categorization process. The categorization process 
gives meaning to the signals using knowledge about 
emotions, past experiences, and the current situation. 
Support for the theory of constructed emotions comes 
from studies in which the contribution of several brain 
areas to a range of emotions was assessed (Barrett, 
Mesquita, Ochsner, & Gross, 2007; Kober et al., 2008). In 
a meta-analysis, a method that compiles the results of 
many studies (Lindquist, Wager, Kober, Bliss-Moreau, 
& Barrett, 2012), it was hypothesized that, contrary to 
what would be predicted by a basic emotions approach, 
the same brain areas could be activated across a range 
of components that comprise different emotions. This 
is exactly what was found. Lindquist and colleagues 
(2012) obtained their results by using a statistical pro-
cedure known as logistic regression. This procedure 
permitted the researchers to measure the probability 
that a particular emotion or component of an emotion 
would predict activity in a given brain area.

The results of the study are shown in Figure 11.7. 
The rectangles surrounding the figure contain the 
names of brain areas. The blue lines represent the 
left hemisphere and the red lines represent the right 
hemisphere. Different emotions and components of 
emotions are written across the rings. The percentages 
represent the odds that an emotion or a component of 
emotions would trigger activity in a given brain area. 
Any value above zero meant that the odds that an emo-
tion or a component of emotions would trigger activity 
in the corresponding brain were 100%. Any value below 
zero meant that the odds that activity in a given brain 
area would not be triggered by an emotion or a compo-
nent of emotions were 100%.

For example, by looking at the colored lines that 
project outward from zero toward the periphery, the 
odds that the experience of anger predicted activity 
in the left orbital frontal cortex (OFC), left insula, and 
left ventrolateral prefrontal cortex (VLPFC) were 100%. 
You can also see that the odds that the evaluation of 
feelings predicted activity in the right insula and that 
the evaluation of stimuli predicted activity in the right 
dorsolateral prefrontal cortex (DLPFC) were also 100%. 
In contrast, by looking at the lines that project from 
zero toward the middle, you can see that the odds that 
pictures and perception would not trigger activity in 
the right anterior temporal lobe (ATL) were 100%.

11.2.2 EMOTIONS AND 
THE AMYGDALA
>> LO	11.2.2 Describe how the amygdala is 
involved in processing emotions.

Key Terms

• Klüver-Bucy syndrome: A set of symptoms, 
including a loss of fear and flattened emotions, 
that follow the removal of the temporal lobes.

• Fear conditioning: A procedure in which animals 
(typically rats) are exposed to a mild foot shock 
simultaneously to hearing a tone, resulting in the 
conditioning of a fear response.

• Direct pathway (to the amygdala): Also known 
as the low road and “quick and dirty road”; brings 
sensory information from the thalamus directly to 
the amygdala.

• Indirect pathway (to the amygdala): Also known 
as the high road and “slow but accurate road”; 
brings sensory information from the thalamus 
indirectly through the cortex.

In the late 1930s, psychologist Heinrich Klüver (1897–
1979) and neurosurgeon Paul Bucy (1904–1992) surgi-
cally removed the temporal lobes of monkeys in their 
investigation to discover how mescaline produced 
its hallucinogenic effects. The surgeries included 
the removal of the hippocampus and amygdala. 
Independently of whether the monkeys received mes-
caline, Klüver and Bucy observed that the monkeys 
subjected to the removals engaged in strange behav-
iors. For example, they could no longer recognize 
objects by sight (psychic blindness), had persistent 
visual responses to objects (hypermetamorphosis), 
had a tendency to explore objects with their mouths 
(oral tendencies), and showed an increase in sexual 
behavior. In addition, the monkeys, which usually 
acted quite wildly, became tame and fearless and had 
flattened emotions. This set of symptoms that followed 
temporal lobe removal became known as the Klüver-
Bucy syndrome (Lanska, 2018). A particular aspect 
of the brain damage sustained by the monkeys could 
explain each of these symptoms. Later it was sug-
gested that the effect on the monkeys’ emotions was 
due to damage to the amygdala.

As shown in Figure 11.5, the amygdala is buried 
deep within the medial temporal lobes. Much of what 
we know about the role of the amygdala and emotions 
comes from studies involving a procedure known as 
fear conditioning (Maren, 2001). In this procedure, 
animals (typically rats) are exposed to a mild foot 
shock simultaneously to hearing a tone (Figure 11.8a, 
middle). This results in the tone becoming a condi-
tioned stimulus (CS) that predicts the delivery of the 
shock, an unconditioned stimulus (US). Subsequently, 
the tone causes the rats to freeze in place, a condi-
tioned response (CR) when they hear the tone (Figure 
11.8a, left). This reaction is taken to be a display of fear. 
You may have guessed that we learn about potentially 
threatening stimuli in our environment in essentially 
the same way. For example, objects, places, situations, 
and people can all be conditioned to aversive events to 
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FIGURE 11.8

(a) Top: The fear conditioning procedure. Bottom: Blood pressure measurements and the percentage of 
time the rats spent freezing at each stage of the procedure. (b) Example of how an aversive stimulus triggers 
activity along two pathways that each end up stimulating the amygdala. Along one pathway, the direct 
pathway, the thalamus connects directly with the amygdala. Along the other pathway, the indirect pathway, 
sensory information is routed to the amygdala through the cortex. (c) The amygdala is subdivided into several 
nuclei. The input to the amygdala is through the lateral nucleus. Its outputs, which give rise to responses 
associated with fear, are through the central nucleus. Also shown are the direct and indirect routes.
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create a fear response. For example, one may feel fear 
while stepping back into a place where something hor-
rible was experienced. Conditioned fears can also be 
expressed in exaggerated ways, resulting in psycholog-
ical disorders such as phobias and posttraumatic stress 
disorder (both discussed in Chapter 14).

Graphs that show changes in blood pressure as 
well as the duration of freezing at each phase of fear 
conditioning are also shown in Figure 11.8. You can see 
that before conditioning (left), with presentation of 
only the tone, a small rise in blood pressure is observed 
and the percentage of time the rat spends freezing is 
minimal. However, when the rat receives a shock, its 
blood pressure rises significantly, and it spends a sig-
nificantly greater percentage of time freezing (middle). 
Subsequently, the rat’s blood pressure and percentage 
of time spent freezing when hearing the tone by itself 
(without the shock) are equal to when the rat received 
the shock.

Evidence for the importance of the amygdala in 
this type of fear learning comes from studies in which 
rats with lesions of the amygdala failed to show a con-
ditioned fear response to a tone after it was paired with 
a shock (Kim & Jung, 2006). The amyg-
dala is subdivided into several areas that 
consist of particular cell nuclei. These 
include the lateral nucleus, the accessory 
basal nucleus, the central nucleus, and the 
basolateral nucleus. Sensory information 
from the thalamus is relayed to the lateral 
nucleus. The lateral nucleus sends projec-
tions to the central nucleus, both directly 
and by way of the accessory basal and 
basolateral nuclei. Activation of the cen-
tral nucleus leads to emotional responses 
such as freezing, increased autonomic 
system activity, and the release of cortisol 
through the central nucleus’s connections 
with the central gray matter, lateral hypo-
thalamus, and basal nucleus of the stria 
terminalis, respectively (Figure 11.8c).

Sensory information that represents 
a potentially dangerous stimulus, such 
as the sight of a scorpion (Figure 11.8b), 
triggers activity in the amygdala, which 
results in the behavioral and physiolog-
ical activation just described. Sensory 
information makes it to the amygdala 
along two pathways (LeDoux, 1996, 2002). 
Along one pathway, sensory information 
about a potentially dangerous stimulus is 
sent first to the thalamus. From the thala-
mus, information about the stimulus flows 
directly to the amygdala. This is known as 
the direct pathway, also referred to as the 
low road. Along the other pathway, infor-
mation about the stimulus also flows to 
the thalamus but is directed toward the 
cortex before arriving in the amygdala. 

This is known as the indirect pathway, also referred to 
as the high road (Figure 11.8c). Note the involvement of 
the hippocampus as part of the indirect pathway. The 
hippocampus is thought to further process the informa-
tion along the indirect pathway by analyzing whether 
the information matches anything stored in memory 
so that a proper response can be prepared. For exam-
ple, this could mean remembering how to deal with the 
danger or drawing on past experiences to determine 
that the stimulus is not a threat after all.

Information in the direct pathway gives rise to 
a quick and reflexive response to potential threats. 
However, because information along this pathway is 
not analyzed by the cortex, the direct pathway can-
not discriminate between a real threat (a snake) and 
an innocuous situation (a branch sticking out of the 
ground). Nevertheless, this response is adaptive. It has 
tremendous survival value as it permits one to get out 
of danger quickly.

Whether activation of the amygdala was really 
worth it is assessed moments later along the indirect 
route, in which information is sent to the sensory corti-
ces where it is analyzed and discriminated. The outcome 

FIGURE 11.9

The low road along which sensory information is processed by the 
thalamus and sent directly to the amygdala. The low road is the direct 
pathway, also known as the “quick and dirty road.” Along the high 
road, information is sent from the sensory thalamus to the amygdala 
only after having been processed by the cortex. The high road, which 
is the indirect pathway, is also known as the “slow but accurate road.”
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Adapted from The Emotional Brain: The Mysterious Underpinnings of Emotional Life, LeDoux, J. E. Simon & 
Schuster, 1996.
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of this analysis is then transmitted to the amygdala. If 
a stimulus indeed presents a danger, the amygdala’s 
response is accentuated. If it does not present a danger, 
the amygdala’s response is attenuated.

In the 1980s, psychologist Joseph LeDoux demon-
strated how the direct pathway triggers emotional 
reactions, independent from the conscious analysis 
that takes place along the indirect pathway. To do this, 
LeDoux and colleagues subjected rats, rendered deaf 
by lesions of the auditory cortex, to the fear condi-
tioning procedure described previously. The deaf rats 
responded to the tone in the same way as normal rats 
(LeDoux, Sakaguchi, & Reis, 1984).

How can fear be conditioned to a tone in deaf rats? 
As shown in Figure 11.9, along the direct pathway infor-
mation flows from the thalamus directly to the amygdala. 

In the indirect pathway, sensory information flows to the 
amygdala by way of the cortex. However, stimulation of 
both of these pathways ends up in the outputs from the 
central amygdala, which through its connections gives 
rise to emotional behaviors, activation of the autonomic 
nervous system, and the release of cortisol. Since lesions 
of the auditory cortex do not interfere with the direct 
pathway, the stimulus itself triggers a response in the 
amygdala by way of the thalamus. Because information 
along the direct pathway (low road) quickly reaches the 
amygdala but is not discriminated by processing in the 
cortex, it has been dubbed the “quick and dirty road.” In 
contrast, information along the indirect pathway (high 
road) is slower to get to the amygdala, but stimuli can be 
discriminated. For this reason, it has been dubbed the 
“slow but accurate road.”

The Amygdala Is Dedicated to Fear

The	Myth

It happens all the time. Ask someone what part of the 
brain he or she believes is dedicated to fear, and the 
reply will be “the amygdala.” This is the answer you will 
get from many laypeople, psychology students, and 
experts alike.

Where	Does	the	Myth	Come	From?

A major source of the myth is another myth, that 
of the triune brain proposed by neuroscientist Paul 
MacLean in the 1960s (Figure 1). In his book The 
Triune Brain in Evolution, McLean (1990) divided the 
brain into the reptilian complex (reptilian brain), 
the paleomammalian complex (mammalian brain), 
and the neomammalian complex (the neocortex). 
According to McLean, these structures have 
developed sequentially in the course of evolution, 
a proposal that most evolutionary biologists have 
rejected. McLean believed that the reptilian brain, 
which consists of regions within the basal ganglia, 
was responsible for species-typical and instinctual 
behavior. McLean believed that behavior of birds 
and reptiles was under the strict control of the 
reptilian brain and that the other two complexes were 
subservient to it. The mammalian brain consists of the 
limbic system, which includes the septum, amygdala, 
hypothalamus, hippocampal, and cingulate cortex, 
which he believed was responsible for processing 
emotions. Finally, the crowning achievement of 
humans was the development of the neocortex, which 
consists of the cerebral cortex, which he believed was 
responsible for language, perception, and the ability 
to plan for the future.

Also propagating the myth were early studies in which 
monkeys with damage to the amygdala had drastically 
flattened emotions and failed to display typical 
fear responses when in the presence of potentially 
dangerous stimuli, such as snakes (Lanska, 2018). The 
myth was perpetuated further by the enormous number 
of studies that investigated the amygdala’s role in 
processing aversive stimuli, such as shock avoidance 

IT’S A MYTH!

FIGURE 1

The triune brain.

iStock.com/ttsz

(Continued)
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11.2.3 EMOTIONS AND THE 
AMYGDALA IN HUMANS
>> LO	11.2.3 Explain how the amygdala is 
involved in the emotions of humans.

Key Terms

• Urbach-Wiethe disease: A disease that causes 
the temporal lobes to degenerate because of a 
calcium build-up in the brain.

• Subliminal stimuli: Stimuli that are not 
consciously perceived but that can nevertheless 
influence behavior.

• Implicit racial prejudice: Prejudice shown in 
people who do not endorse any form of prejudice 
toward other groups but who demonstrate a 
negative bias on evaluation.

Unlike with animals, it is not possible, for obvious eth-
ical reasons, to purposefully damage the amygdala in 
humans so that they can be put through fear condition-
ing. However, neuroscientists can study cases in which 
patients with a damaged amygdala respond to situa-
tions designed to induce fear. One such case is that of 
a patient known as SM (Tranel et al., 2006). SM suffers 
from Urbach-Wiethe disease, which causes the tempo-
ral lobes to degenerate because of a calcium build-up in 
the brain. The disease has disintegrated SM’s amygdala 
on both sides of the brain. The study of SM revealed 
that she cannot be conditioned to fear stimuli and 
shows a remarkable absence of fear when exposed to 

a variety of stimuli that usually provoke fear in other 
people, such as snakes, spiders, and visiting supposedly 
haunted houses (Feinstein, Adolphs, Damasio, & Tranel, 
2011). Interestingly, SM is also unable to recognize 
emotional facial expressions, especially fearful ones. 
In fact, when SM was asked to draw facial expressions 
of different emotions, she did so without difficulty with 
the exception of drawing a face expressing fear. She 
said she did not know what a fearful expression looked 
like (Aggleton, 1992). Similar results have been found 
in other patients suffering from the same condition 
(Becker et al., 2012). Figure 11.10 compares MRI scans 
of a normal brain and the brains of SM and two other 
patients (AM and BG) suffering from the same condi-
tion. The location of the amygdala in the comparison 
brain and where it should be located in the brains of 
SM, AM, and BG is circled in red (Feinstein et al., 2013).

As mentioned earlier, some people, like SM, who 
have damage to the amygdala are impaired in recog-
nizing emotions in other people’s facial expressions 
(Adolphs, Tranel, Damasio, & Damasio, 1994; Anderson, 
Spencer, Fulbright, & Phelps, 2000). Evidence for the 
involvement of the amygdala in processing emotional 
facial expressions was found in a study in which par-
ticipants were presented with emotional facial expres-
sions while their brains were being imaged by fMRI. 
The amygdalas of participants responded to a signifi-
cantly higher degree when facial expressions such as 
those depicting fear, anger, and disgust were shown, 
compared to those depicting happiness, neutral faces, 
and pictures of buildings (Mattavelli et al., 2014). These 
findings are consistent with the idea that one of the 
amygdala’s roles is to process potential threats in the 
environment.

and fear conditioning (Maren, 2001). The results of 
human case studies in which impaired emotional 
processing was found after damage to the amygdala 
also propagated the idea that the amygdala is 
dedicated to processing fear. The most popular of such 
case studies is that of patient SM, who suffered damage 
to the amygdala due to Urbach-Wiethe disease (Tranel 
et al., 2006). The popular media have also contributed 
to the propagation of this myth. For example, a quick 
Internet search done by entering the terms “SM” and 
“fear” returns links to newspapers, magazines, and 
television documentary websites, practically all of which 
emphasize the amygdala’s role in fear (Sanders, 2010; 
Yong, 2010).

Why	Is	the	Myth	Wrong?

There is no doubt that the amygdala plays an 
important role in the expression of fear. However, the 

amygdala is also important in processing pleasant 
emotional information. In fact, some neurons in the 
amygdala are involved in learned fears as other 
neurons mediate learning about rewards (Janak & 
Tye, 2015) or learning about cues that are predictive 
of reward (Watanabe, Sakagami, & Haruno, 2013). The 
amygdala is also important for evaluating rewards 
and for directing attention to potentially important 
events in the environment (Holland & Gallagher, 1999). 
Overall, focusing on the myth of the amygdala as the 
fear brain area obscures its extremely important role 
in general survival. In fact, the amygdala responds to 
environmental stimuli to coordinate the corresponding 
behavioral, autonomic, and hormonal responses. These 
include those necessary for feeding, fighting, mating, 
maternal care, and responding to environmental 
stressors (Kandel, 2013). ●

(Continued)
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A seminal study conducted by psychologist Arne 
Öhman and colleagues showed that the amygdala can 
even learn to respond to potential threats without con-
scious awareness of the stimuli provoking the response 
(J. S. Morris, Öhman, & Dolan, 1998). In the first phase of 
the study, participants were shown pictures of expres-
sionless and angry faces. Some of the angry faces were 
presented along with an unpleasant sound while the 
others were not. Pictures of expressionless faces did 
not increase autonomic activity in participants as mea-
sured by skin conductance (which measures the extent 
to which sweating influences the skin’s electrical con-
ductivity). However, angry faces presented along with 
an unpleasant sound did increase autonomic activity.

In the second phase of the study, angry faces were 
then presented for a very brief period (30 milliseconds) 
followed by a masking stimulus, which consisted of an 
expressionless face. The participants indicated that 
they saw the expressionless face but not the angry face. 
The participants who previously had been exposed to 
angry faces followed by the aversive sound showed a 
significantly higher degree of skin conduction than 
participants whose presentations of the angry faces 
were not followed by the aversive sound. In addition, 
the same participants also showed increased activity in 
the amygdala. Remember that this is despite the fact 

that the participants reported not having consciously 
perceived the angry faces.

These results show that emotional expressions can 
be triggered by stimuli that are not consciously per-
ceived, also known as subliminal stimuli. Note the sim-
ilarity between the results of this study and the results 
found by Joseph LeDoux in which rats, rendered deaf 
by lesions of the auditory cortex, were nevertheless con-
ditioned to associate a tone with a shock. The explana-
tion for that result was that the conditioned stimulus, 
which consisted of a tone, was processed along the 
direct pathway, which carries sensory information from 
the thalamus directly to the amygdala. An emotional 
response was produced in the rats, without the partici-
pation of the indirect pathway, in which sensory infor-
mation would have been analyzed by the cortex. In the 
Öhman study, the angry faces also likely triggered an 
emotional response through the direct pathway, which 
does not depend on conscious experience to activate 
the amygdala. These findings may also explain the neu-
robiological processes behind implicit racial prejudice 
(Izuma, Aoki, Shibata, & Nakahara, 2019; Öhman, 2005). 
Implicit racial prejudice is shown in people who do not 
consciously endorse any form of prejudice toward other 
groups but who show a negative bias on evaluation (see 
the “Applications” box at the end of this chapter).

FIGURE 11.10

MRI scans of the brains of patient SM and two other cases (AM and BG) suffering from the same condition. 
The red circle indicates the location of the amygdala in the comparison brain and where it should be located 
in the patients.

Feinstein, J.S., et al. (2013). Fear and panic in humans with bilateral amygdala damage. Nature Neuroscience 16(3): 270–272. With permission from Springer Nature.

MODULE SUMMARY

The brain was once thought to possess a network of 
brain areas dedicated to processing emotions. This 
became known as the limbic system. It is now known 
that emotions are not processed in a single system of 
brain areas but that emotions are made up of different 
components processed in widespread brain areas. 
Evidence for discrete emotions was believed to be 

found in brain imaging studies. However, the results of 
these studies could be interpreted as different brain 
areas being involved in different aspects of emotions, 
providing evidence for the theory of constructed 
emotions. Emotions in animals can be studied using 
fear conditioning, in which a tone is associated with  
a shock.
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The amygdala is thought to play a central role in fear. 
Stimuli can trigger the expression of emotions without 
its conscious perception. This has been found in rats 
rendered deaf by lesions of the auditory cortex and 
subjected to fear conditioning. This is possible because 
information from an environmental stimulus follows 
two pathways to the amygdala. These pathways are 
known as the high road and the low road. Along the 
high road, information from the stimulus travels from 
the sensory receptors to the thalamus, the cortex, and 
then to the amygdala, which triggers autonomic and 

musculoskeletal responses. Information along the low 
road travels from the sensory receptors, to the thalamus, 
and then directly to the amygdala. The role played by 
the amygdala in fear has been studied in patients with 
Urbach-Wiethe disease, which leads to degeneration 
of the amygdala. These patients have an inability to 
experience fear. Emotions can also be triggered without 
conscious awareness. This has been shown in a classic 
study in which participants responded with fear to angry 
faces, presented subliminally, that had been conditioned 
to an aversive stimulus.

TEST YOURSELF

11.2.1 Describe the Papez circuit and the limbic system. 
What is the neurobiological evidence for discrete 
emotions and for the theory of constructed emotions?

11.2.2 Describe the role of the amygdala in fear. Describe 
what is meant by the high road and the low road.

11.2.3 How can the role of the amygdala in fear be studied 
in humans? Describe an experiment that shows 
that emotions can be triggered in an unconscious 
manner.

11.3 Emotions and 
Decision Making: 
Beyond the Amygdala

module Contents

11.3.1	 The Prefrontal Cortex

11.3.2	 The Somatic-Marker Hypothesis

Learning objectives

11.3.1	 Describe some of the functions of the 
prefrontal cortex in emotions.

11.3.2	 Explain the somatic-marker hypothesis.

11.3.1 THE  
PREFRONTAL CORTEX
>> LO	11.3.1 Describe some of the functions of 
the prefrontal cortex in emotions.

Key Terms

• Phineas Gage: A historical and prototypical case 
of prefrontal cortex function.

• Ventromedial prefrontal cortex: A part of the 
prefrontal cortex important for planning and 
judgment.

As you just learned, the amygdala is highly involved 
in processing fear. However, you also learned that 
emotions are thought to be created through the activa-
tion of entire networks of brain areas that include the 
amygdala. Another brain area known to be involved 
in processing emotions is the prefrontal cortex. The 
prototype of emotional disturbances after damage to 
the prefrontal cortex is that of Phineas Gage, a rail-
road worker for the Rutland and Burlington Railroad 
Company (Fleischman, 2002).

In 1848, Gage was preparing an explosive charge 
in order to blast through large rocks blocking the 
intended path for a railway to be laid through the 
state of Vermont. This was done by first drilling a 
hole into a rock and filling it halfway with explosive 
powder. A fuse was then inserted, and the powder 
was covered with sand. The sand was then tightly 
tamped down against the powder with an iron rod so 
that the explosion was directed inward into the rock. 
However, on that day, Gage drilled the hole, poured in 
the explosive powder, and inserted the fuse but asked 
one of his coworkers to cover the powder with sand. 
He then proceeded to tamp into the hole with the iron 
rod, not realizing that his coworker never covered 
the powder with sand. The iron rod created a spark 
against the rock that fell directly onto the uncovered 
powder, resulting in a terrible explosion. The explo-
sion was directed outward and propelled the iron rod 
into the direction of Gage’s head. The rod entered 
his left cheek, pierced the base of his skull, and went 
through the front of his brain. The rod came out of 
the top of his head, flew through the air and landed 
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25 meters away. A reconstruction of Gage’s injury is 
shown in Figure 11.11.

Miraculously, Gage survived. He was carried in 
an ox cart to a nearby hotel, where physician John 
Martyn Harlow examined and treated him (Macmillan, 
2001). Gage made a full recovery. All of his senses 
were intact. He suffered no paralysis or deficits in his 
speech or language comprehension. However, some-
thing seemed to be wrong with his personality. Before 
the accident, Gage had been a well-mannered and bal-
anced man. He was of good character and temperate 
habits. He had many plans, which he always executed. 
After the accident, Gage is reported to have become 
irreverent, often indulging in profanities. He could 
make plans but could not carry them out. He was also 
impaired in making decisions that were advantageous 
for his survival (J. M. Harlow, 1999).

In his book Descartes’ Error, Antonio Damasio 
(1994) describes the case of Elliot, who suffered 
damage to the frontal lobes as a result of the surgi-
cal removal of a tumor. In many ways, the changes 
observed in Elliot after his surgery were similar to 
the ones observed in Phineas Gage following his 
accident. Like Gage, Elliot had no changes in speech, 
language, or motor skills. All of his senses were also 
preserved. His ability to do arithmetic was intact, 
and he retained good short-term and long-term 
memory. However, his ability to make decisions was 
greatly impaired, in striking similarity to what was 
observed in Gage. His emotions were also affected. 
For example, he told the story of his life in an emo-
tionally detached way.

In short, both Gage and Elliot suffered severe 
disruptions in decision making and in the ability to 
regulate their emotions, both of which depend on the 
ventromedial prefrontal cortex (VMPFC) (Bechara, 
Tranel, & Damasio, 2000; Fellows & Farah, 2007). In fact, 
it is thought that the VMPFC plays a role in emotional 
regulation by dampening the activity of the amygdala 
(Motzkin, Philippi, Wolf, Baskaya, & Koenigs, 2015).

11.3.2 THE SOMATIC-
MARKER HYPOTHESIS
>> LO	11.3.2 Explain the somatic-marker 
hypothesis.

Key Terms

• Somatic-marker hypothesis: The hypothesis 
that the unconscious activation of past 
emotional experiences informs decision 
making.

• Somatic marker: The perception of physiological 
changes that act as a biasing mechanism in 
decision making.

• Iowa gambling task: A task used to assess the 
role played by emotions in decision-making 
processes in brain-damaged patients.

When having to make a decision, we are often con-
fronted with a variety of options from which to choose. 
And sometimes we have to decide on one of these 
options quickly, with no time to engage in a rational 
analysis of potential costs and benefits associated with 
each option. When we are uncertain which option con-
stitutes the rational and logical choice, we often rely on 
gut feeling, which biases our choice toward one option 
versus another.

To explain this phenomenon, neuroscientist 
Antonio Damasio proposed what became known as the 
somatic-marker hypothesis (SMH). According to the 
SMH, rational analysis is not enough to make decisions 

FIGURE 11.11

(A) The skull of Phineas Gage, showing the 
hole created by the iron rod. (B–D) Computer 
reconstructions of the passage of the iron rod 
through Gage’s head.

Van Horn, J.D., et al. (2012). Mapping connectivity damage in the case of Phineas 
Gage. PLoS One, 7(5), e37454.
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314  BEhavioraL nEurosCiEnCE

that are personally beneficial, especially under condi-
tions of uncertainty. In fact, according to Damasio, the 
role of emotions in decision making is greatly under-
estimated (Bechara & Damasio, 2005). The hypothesis 
was developed in response to the observation that peo-
ple with damage to the VMPFC (such as Elliot, whose 
case was described in the previous unit) are severely 
impaired in personal and social decision making, leav-
ing other intellectual abilities intact (Damasio, 1996). 
The decision making impairments in these patients is 
thought to reflect their inability to use their emotions 
or gut feelings to help them make choices. Instead, 
they engage in an endless deliberative process, weigh-
ing the possible costs and benefits of every option pre-
sented to them. Think about a situation when you had 
difficulty deciding among several equivalent options. 
This could be about choosing between restaurants, 
brands of cereal, or classes. How did you finally decide? 
Chances are that you had a gut feeling about what the 
best option was.

According to the SMH, bodily changes induced by 
autonomic nervous system activity, as well as changes 
in posture and muscle tension that result from emo-
tionally arousing stimuli, are stored within the brain 
as somatic markers. These somatic markers and the 
events they were associated with are stored in the 
VMPFC, for example, the association between encoun-
tering a mountain lion and the bodily changes that 
compose the emotion one felt when encountering it. 
This may cause one to later experience a similar pat-
tern of bodily changes and the emotions associated 
with them when encountering a house cat.

You may be wondering what this has to do with 
decision making. Well, the perception of somatic mark-
ers is thought to act as a biasing signal that constrains 
the decision-making process toward choosing one 
option over another. For example, a company manager 
decided to buy from supplier A rather than from sup-
plier B. When asked to explain her choice, she simply 
stated that she didn’t really know, but that she had a 
hunch that supplier B could not be trusted. She later 
realized that company B’s logo resembled the logo of 
a company that had previously defrauded her com-
pany of a considerable sum of money. According to the 
SMH, the manager’s choice to shy away from choosing 
company B was due to the reactivation of the somatic 
marker created when her company was defrauded.

The Iowa Gambling Task

Support for the SMH comes from experimental find-
ings based on the performance of patients with damage 
to the VMPFC in what is known as the Iowa gambling 
task (Bechara, Damasio, Damasio, & Anderson, 1994). 
In this task, subjects are given a sum of play money, say 
$2,000, to gamble with. The participants are then made 
to choose from four decks of cards, labeled A, B, C, and 
D, on a computer screen (Figure 11.12). Choosing from 
two of the decks, for example, A and B, results in con-
sistently low monetary payoffs combined with small 
losses. However, choosing from the other two decks, C 
and D, results in higher monetary payoffs but is asso-
ciated with larger losses. After a certain number of 
choices, the participants are told that the game is over 

FIGURE 11.12

The Iowa gambling task.

Iowa gambling task: Parenting and ADD, Jessica Borelli and Warren Szewczyk, and Todd Shimoda. Pomona EdTech.
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and that they could no longer continue picking cards 
from the decks. The goal of the game is to end up with 
more money than one started with.

Normal participants quickly learned to avoid 
choosing from the decks associated with higher 
monetary gains but that also carried larger losses, 
namely, decks C and D. They instead tended to con-
sistently choose from the decks associated with lower 
monetary payoffs but smaller losses, decks A and B, 
which made them winners in the long run. In contrast, 
patients with damage to the VMPFC consistently 
failed to learn to avoid decks C and D, which resulted 
in higher losses in the long run. Importantly, the task 
is designed so that it is not possible to consciously 
keep track of which decks to choose from in order to 
come out a winner. This means that the learning that 
takes place must be done in an implicit manner, that 
is, without conscious awareness.

So how is this happening? In one study, par-
ticipants’ autonomic nervous system activity was 
monitored using skin conduction response (SCR, 
described earlier) while subjected to the task 
(Bechara, Tranel, Damasio, & Damasio, 1996). In nor-
mal subjects, choosing from the bad decks, C and D, 
presumably resulted in the creation of somatic mark-
ers, biasing their choices away from those decks in 
the future. This was observed by an increased SCR in 
the moments before choosing from the bad decks. In 
contrast, patients with damage to the VMPFC showed 
no such increase in SCR. These results suggest that, 
when uncertain about one’s choices, making deci-
sions that lead to personally advantageous situations 
involves the activation of somatic markers, as mea-
sured by increased SCR. In the Iowa gambling task, 
these somatic markers biased participants’ choices 
away from the bad decks.

MODULE SUMMARY

The ventromedial prefrontal cortex (VMPFC) is involved 
in emotions and decision making. People with damage 
to the VMPFC have trouble regulating their emotions 
and have problems in planning, judgment, and decision 
making. The first evidence for this comes from the 
study of brain-damaged patients. The most famous of 
these cases is that of Phineas Gage, whose frontal lobes 
were damaged when an iron rod went through his skull. 
Neuroscientist Antonio Damasio thinks that, contrary to 

popular belief, emotions help in making good decisions. 
To explain the role of emotions in decision making, 
Damasio proposed the somatic-marker hypothesis, 
according to which emotions triggered by the similarity 
between a current situation and a past experience bias 
decisions toward choosing one option over another. The 
performance and lack of emotional reactivity in people 
with damage to the VMPFC in the Iowa gambling task is 
taken as evidence for the somatic-marker hypothesis.

TEST YOURSELF

11.3.1 Describe some of the functions of the prefrontal 
cortex in emotions.

11.3.2 Explain the somatic-marker hypothesis.

11.4 Aggression

module Contents

11.4.1	 What Is Aggression?

11.4.2	 Aggression in the Brain

11.4.3	 Aggression: Testosterone, Cortisol, and 
Serotonin

Learning objectives

11.4.1	 Define aggression as well as its different types.

11.4.2	 Identify some of the neurobiological bases of 
aggression.

11.4.3	 Explain how hormones and neurotransmitters 
may be involved in aggressive behavior.

11.4.1 WHAT IS AGGRESSION?
>> LO	11.4.1 Define aggression as well as its 
different types.

Key Terms

• Aggression: A type of hostile social behavior 
aimed at inflicting damage or harm on others.

• Instrumental aggression: Also known 
as predatory aggression; cold-blooded 
(unemotional), often premeditated actions 
directed toward others.

• Impulsive aggression: Also known as defensive 
or affective aggression; occurs in response to 
perceived threats.
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Aggression can be defined as a type of hostile social 
behavior aimed at inflicting damage or harm on oth-
ers (Miczek, Fish, De Bold, & De Almeida, 2002). But 
aggression is not a unitary trait. It is likely built up 
of several cognitive, behavioral, and genetic factors. 
Therefore, this definition does not encapsulate all of 
the complexities involved in aggressive behaviors. 
We know that, in nature, aggressive behavior is adap-
tive, as it provides a means for species to protect their 
young and their territory as well as to fight over food or 
mates and to maintain social hierarchies. Aggressive 
behaviors can be subdivided into two categories: 
instrumental aggression and impulsive aggression 
(Wrangham, 2018).

Instrumental aggression, also known as preda-
tory aggression, refers to cold-blooded (unemotional), 
often premeditated actions directed toward others. 
Instrumental aggression is not associated with high 
levels of physiological arousal (Dodge & Coie, 1987). 
In humans, instrumental aggression includes actions 
such as bullying, stalking, and premeditated murder. 
In extreme cases, instrumental aggression can take the 
form of mass or serial killings perpetrated by individu-
als such as Anders Breivik, whose murdering spree was 
described briefly in this chapter’s opening vignette. 
Impulsive aggression, also known as defensive or 
affective aggression, occurs in response to perceived 
threats. Impulsive aggression is often accompanied by 
fear or anger. In contrast to instrumental aggression, 
impulsive aggression is emotion driven and associ-
ated with high levels of physiological arousal (Barratt 
& Slaughter, 1998). Examples of impulsive aggression 
in humans include reacting defensively to being pro-
voked, threatened, or attacked.

Categorizing aggression into two subtypes may 
be too simplistic if we are to understand its full nature. 
Aggressive behavior may also include several other 
subtypes (Daly, 2018).

11.4.2 AGGRESSION 
IN THE BRAIN
>> LO	11.4.2 Identify some of the 
neurobiological bases of aggression.

Key Terms

• Decortication: A procedure in which the cortex is 
removed to varying degrees.

• Sham rage: A range of autonomic and motor 
reactions associated with rage devoid of 
accompanying subjective feelings.

Investigations into the neurobiological bases of 
aggression began in the 1920s, when physiologist 
Philip Bard (you should remember his name from 
reading about the Cannon-Bard theory) studied the 

behavior of cats who had been subjected to decorti-
cation, a procedure in which the cortex is removed to 
varying degrees (Bard, 1928). Bard’s cats displayed 
what became known as sham rage. Sham rage con-
sists of a range of autonomic and motor reactions 
associated with rage. These include increased heart-
rate and blood pressure, arching of the back, extended 
claws, and lashing of the tail. This display of rage was 

FIGURE 11.13

(a) Sham rage was not displayed by cats from which 
the entire hypothalamus was removed along with 
the decortication. (b) Sham rage was displayed only 
when the posterior hypothalamus was left intact. 
Also shown are the midbrain, medulla, and pons.

(a) No “sham rage”

Cerebral cortex

Pons

Hypothalamus

Midbrain

Medulla

(b) “Sham rage” remains

Cerebral cortex

Hypothalamus

Midbrain

Medulla

Pons

From Neuroscience 6th Edition, Purves et al. Copyright © 2017. Reprinted with per-
mission from Sinauer Associates, Inc.
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given the name of sham rage because it occurred 
without inner subjective feelings of rage. Remember 
that the cats were decorticated. Bard also found that 
no sham rage occurred if the decortication involved 
the removal of the posterior hypothalamus (Figure 
11.13a). The cats displayed sham rage only if the pos-
terior hypothalamus was left intact (Figure 11.13b). 
These results indicated that the rage induced by the 
posterior hypothalamus was kept in check by the 
anterior hypothalamus and the cortex.

Physiologist Walter R. Hess (1932) later found that 
electrically stimulating the hypothalamus in a partic-
ular area resulted in the autonomic nervous system 
reactions we associate with fear, whereas stimulating 
another region attenuated these reactions. This was 
followed by the discovery by John P. Flynn and col-
leagues that instrumental (predatory) and impulsive 
(affective) aggression can be triggered in cats by elec-
trically stimulating different parts of the hypothalamus 
(Wasman & Flynn, 1962). Flynn found that instrumental 
aggression can be triggered by stimulating the lateral 
hypothalamus but that impulsive aggression resulted 
from stimulation of the medial hypothalamus.

11.4.3 AGGRESSION: 
TESTOSTERONE, CORTISOL, 
AND SEROTONIN
>> LO	11.4.3 Explain how hormones and 
neurotransmitters may be involved in  
aggressive behavior.

Key Terms

• T/CRT ratio: The ratio of testosterone to cortisol.

• Dual hormone/serotonergic hypothesis: The 
hypothesis that impulsive aggression is related to 
high levels of testosterone in the presence of low 
cortisol and low serotonin.

Today we know that the neurobiological basis for 
aggressive behavior involves complex interactions at 
several levels of analysis. These include interactions 
between hormonal and neurotransmitter systems. For 
example, in the 1990s, it was found that levels of the 
hormone cortisol and the androgen hormone testoster-
one were related to aggression (Montoya, Terburg, Bos, 
& van Honk, 2012). However, testosterone levels were 
associated with aggression only in the presence of low 
levels of cortisol. The measure of the ratio of testoster-
one to cortisol is known as the T/CRT ratio (Terburg, 
Morgan, & van Honk, 2009). In contrast, high levels 
of cortisol combined with low levels of testosterone 
result in fear and withdrawal. These opposite effects 
are thought to result because testosterone and cortisol 
inhibit each other’s actions.

It was also found that testosterone facilitates 
aggressive approach behavior by stimulating increased 
levels of the hormone vasopressin in the amygdala and 
periaqueductal gray matter. Cortisol results in fear and 
withdrawal behavior through stimulating increased 
levels of corticotropin-releasing hormone in the amyg-
dala. Interestingly, the type of aggression observed 
depends on levels of the neurotransmitter serotonin. 
In what is known as the dual hormone/serotonergic 
hypothesis, impulsive aggression depends not only 
on a high T/CRT ratio but also on low levels of sero-
tonin (Montoya et al., 2012). Why serotonin? Low lev-
els of serotonin are associated with impulsive behavior 
(Cardinal, 2006). Therefore, serotonin is thought to 
be involved in the inhibition of impulsive behavior 
through its actions in the prefrontal cortex (Frankle 
et al., 2005).

MODULE SUMMARY

Aggression can be defined as a type of hostile social 
behavior aimed at inflicting damage or harm on others. 
Aggression can be subdivided into two subtypes: 
instrumental aggression and impulsive aggression. 
Instrumental aggression is unemotional, premeditated, 
and considered a means to an end. Instrumental 
aggression is not associated with increased autonomic 
system activity. Impulsive aggression occurs in 
response to a threat or provocation. Impulsive 
aggression is associated with heightened autonomic 
nervous system activity.

The hypothalamus was found to be important for 
aggressive behaviors. Decorticated cats in which 
the posterior hypothalamus was left intact exhibited 
sham rage, in which the physiological and somatic 

signs of anger are expressed without their associated 
subjective feelings. The medial hypothalamus is 
associated with impulsive aggression, and the 
lateral hypothalamus is associated with instrumental 
aggression.

The androgen hormone testosterone and the 
stress hormone cortisol are related to aggression. 
However, testosterone leads to aggression only when 
levels of cortisol are low. Fear and withdrawal are 
observed when levels of cortisol are high in relation 
to testosterone. Testosterone leads to impulsive 
aggression in the presence of low cortisol levels when 
the levels of the neurotransmitter serotonin are low. 
This became known as dual hormone/serotonergic 
hypothesis.
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TEST YOURSELF

11.4.1 Define aggression and its different subtypes.

11.4.2 What parts of the brain were first thought to be 
involved in aggression and why?

11.4.3 (a) Define T/CRT ratio. How is it related to 
aggression? (b) Define the dual hormone/
serotonergic hypothesis.

Implicit Bias

Implicit bias refers to attitudes or stereotypes that 
affect our understanding, actions, or decisions in 
an unconscious manner. That is, an implicit bias is 
activated involuntarily, without intentional control. An 
implicit bias can be positive or negative, and no one 
is immune to them. Implicit bias results from being 
exposed to information about groups of people. The 
content of this information is triggered automatically 
when thinking about or interacting with members of the 
group. The expression of an implicit bias occurs when 
one’s understanding or thoughts about a group reflect 
this information. Importantly, an implicit bias may also 
influence one’s actions and decision-making process 
directed toward the group.

In psychology and neuroscience, the term implicit 
refers to brain processes that can influence one’s 
thought process, behavior, and emotions in an 
unconscious and effortless manner. For example, 
the same unpleasant emotions that were felt in 
the presence of a certain object or situation can 
automatically be triggered when one encounters 
a similar object or situation. The term explicit refers 
to information that is retrieved in a conscious and 
deliberate manner, such as when you purposefully 
recall the items you need to purchase from the grocery 
store.

This means that one’s social perceptions, impression 
formation, judgment, and motivations toward certain 
groups may not always be under conscious control 
because of implicit attitudes and stereotypes 
(Greenwald & Krieger, 2006). For example, one might 
exert caution, fear, or a high level of preparedness 
toward a person from a group that is in line with an 
implicit racial stereotype. These implicit attitudes or 
stereotypes can be held even if they do not reflect 
what one consciously endorses. This phenomenon is 
known as dissociation.

Implicit bias can be studied in the laboratory using what 
is known as the race implicit association test (race IAT) 
(Greenwald, McGhee, & Schwartz, 1998). In this test, 
participants first practice distinguishing faces of people 
of different races, presented on a computer screen, by 

pressing either a right or a left key on a keyboard. For 
example, the participants may be asked to press the 
right key when they see a picture of an African American 
(AA) face and the left key when they see the face of a 
European American (EA). The participants are then made 
to distinguish words with a pleasant meaning from words 
with an unpleasant meaning. Next, the participants 
learn to respond to one key when they see either an 
AA face or a pleasant word and to press another key 
when they see an EA face or an unpleasant word. Finally, 
the participants are required to do the opposite, that 
is, press one key when they see either an AA face or 
an unpleasant word and another key when they see 
an EA face or a pleasant word. The critical measure in 
this task is the speed with which participants respond 
to the presentations of the members of the different 
categories (i.e., faces versus types of words). Americans 
respond more quickly when EA faces are paired with 
pleasant words. This means that for Americans EA faces 
form a stronger association with pleasant words than 
do AA faces. These findings are taken to mean that EA 
faces are preferred to AA faces. The results of the race 
IAT given to registered voters was found to predict the 
results of the 2008 U.S. presidential election between 
Barack Obama and John McCain (Greenwald, Smith, 
Sriram, Bar-Anan, & Nosek, 2009).

Implicit	Bias	and	the	Brain

The brain areas most often implicated in the study 
of race are the amygdala, the anterior cingulate 
cortex (aACC), the fusiform face area (FFA), and the 
dorsolateral prefrontal cortex (DLPFC) (Kubota et al., 
2012). For example, several studies have shown that 
the amygdala, which is involved in processing fear, is 
significantly more activated when research participants 
viewed outgroup faces versus ingroup faces (D. A. 
Stanley et al., 2012). Other studies have shown that 
implicit biases are also associated with activation of 
the aACC, which is thought to be involved in detecting 
conflict (Richeson et al., 2003). Increased activity of the 
aACC is thought to be due to the conflict produced 
by implicitly held negative beliefs and attitudes, on 
the one hand, and the explicitly held conscious effort 

APPLICATIONS
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not to hold such negative beliefs and attitudes, on 
the other (i.e., dissociation, described earlier). The 
aACC is often coactivated along with the DLPFC (D. 
Stanley, Phelps, & Banaji, 2008). The role of the DLPFC 
in implicit bias is thought to be to keep implicit biases 
under control. Finally, the FFA, which is activated 
when seeing faces, was more strongly activated when 
seeing faces from ingroup members versus faces 
from outgroup members (Golby, Gabrieli, Chiao, & 
Eberhardt, 2001).

Putting	It	All	Together

These findings suggest that implicit bias involves 
activity in a network of areas. As shown in Figure 11.14,  
these include the amygdala, aACC, DLPFC, and FFA 

(Kubota, Banaji, & Phelps, 2012). The amygdala is 
involved in the automatic race-based evaluation of 
faces detected as being from ingroup or outgroup 
members. The conflict that arises between the implicit 
negative evaluation of outgroup members and the 
explicit desire to act without such bias is detected by 
the aACC. The DLPFC receives information about the 
conflict from the aACC and acts to keep implicit biases 
in check while in an interracial context.

Taken together, these findings show evidence for the 
existence of racial implicit bias at both the behavioral 
and neurobiological levels. This is important, given that 
a deeper understanding of how negative stereotypes 
and attitudes are acquired and generated is required in 
the hopes of eliminating racial prejudice. ●

FIGURE 11.14

The network implicated in racial implicit bias.

DLPFC:
regulating racial bias

Fusiform
gyrus:
identi�cation
of race from
faces

Amygdala:
race-based
evaluations

ACC:
monitoring for racial bias

Kubota, J. T., M.R. Banaji & E.A. Phelps. (2012). The neuroscience of race. Nature Neuroscience 15(7): 940–948. With permission from Springer Nature.
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