) s “buzzing, hummin,
G

kes Ut [ put it, it

) i Wool i chavior, fear accela.. Odri
[1. Motivation and Emation: What M iter Virginia W ¢ defensive behavior, f“‘”CCdeleg ]4'“5‘,1
> gl i - Ol TRt a 2 = S fl
vith, as e er inlt‘”‘“;lﬁcS ¢ tion adds cmph‘\ﬁ"-* 4 “XPerience, ag liilht‘
lives V Gmeainoe B Shelps, 2001):
Aty iches our 1iVes ™1 iors AT (o i, T2 .on & Phelps, )88 3 ra e
Sd ‘t sates our pehav! that Prndlltcll (A K Andersol {luce danger or ‘;(- Aregy)q Wy
ing. Italso motIVatE: aviors e rable (A ¢ produce dz Al AT ece
androaring.' taloo he behaV -c memord 1es that p 3 “Alth,
o e R e  more T -] the ONES ional experiences, \p|
and happiness encouras nmkiﬂglhun v 0y and avo I m her emotiond Pl o Accor, 'n«,kh
. > bhrain, ot - o Vet I3 &
are processed in the lmluﬂ' viors that bring) le to learn frof s making the decisions that fn’llidgbl“
: -eneat the behaviors b 2
are likely to repeatt

-y left her unal 9 g y
Jane was intelligent, her m)u‘ryn @ 1
Antonio Damasio (1994), 1€as¢

s r lives.
lives and, in fact, make up 0"

System
: ervous
Emotion and the N robably think firs

Id y ink of
L;W():i T}])wn you might th;m”e
ness. o ; g3 SEREI : 3
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ting out the e motion is an increase oradecreaSem

of what we call “feelings"—the senge o,

@ . i ap.

the facial expresilmn;i ;hat 80 alongwﬁ
1 / it brow and re

If asked what emotion means, Y0 the knit brow an ace of anger

piness or excitement or fear or sa

] ner
these feelings: the curled-up OF

€Xt

S rson ac ; te ‘
you would probably visualize the perse fefinition might be that ¢ tic of th n and often accop,,: °
l’\ Jotion is all these and more; a working ¢ ej s thatare characteris thful pectyou will upq e
”v::‘(“ y I w:‘((f\'i[\' that is accompanied by fe I,Ifn Having said that mot 1y 't to define it, We EIstap,
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joseph LeDoux (1996) wrote that Wea] following pages, along Wit 3 10D in th
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faggression and health.
in Emot
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/ .nd Muscular Invo ¢ emotional respor mpathetic neryoyg s
/ o the neurosciest il éimptmrl;i;:t the sympatheti ctivates the body durip,
| s om Chapte ey 16 : 3
"( W i iration rate, increases sweat glanc wits down digestig 0, ang
| it increases heatt oS e he blood pressure anc c blood to the Muscles, o
sthe peripheral blood vessels, which faie8 4 timulates the adrenal glands to relegen.
3 >l e he sympathetic system also stimulates thie aseuiy
[ you will see in the section on stress, the Yh T of arousal, the parasympathetic system puts the ol 5
& : : o i n > /
® ious hormones, particularly cortisol. At the er ‘ i ibenwonds, the N
Clia most bodily '1cti\}/)ity with the exception that it activates digestion. In i Ster)rrl p ﬁc Nervoy
& elydne Sy "t‘en]\p}up;res the’ body for “fight or flight”; in contrast, the parasympa VA generally Tedugeg
i S e
emotions? ¢ : 8.1).
vity 2 s res energy (Figure : :
activity and conservesland I ‘;"Sfot. n is jiszolved in the external expression of emotion, such as Smﬂing or
se, muscular activatio : . |
fl 'ng;;):trt;e kin:r Itis also a part of the less obvious responses of emotion, such as the bodily tensionthy; |
eeing or attac . : |
muscles when we try to wri !
not only prepares us to act but also produces a headache and ac}:im;i s e Yy Wl;te 2 paper
' it i ‘ ive, because they pre
the night before it is due. Autonomic and muscular arousal are adap ,l : ytp pare the body fo;
an emergency and help it carry out an appropriate response. They are a'so anf !Mportant part of the ey,
tion itself, though the exact nature of their contribution has been the subject o coptroversy. Fortunately, as
youwillsee from the following discussion, competing theories are one of the engines driving research, and
How do the scientific advancement.
James-Lange
and cognitive The Role of Feedback From the Body
theories A bit over a century ago, the American psychologist William James (1893) and Danish physiologst

disagree? What ~ Carl Lange (1885/2010) independently proposed what has come to be known a

| s the James-Lange theory:
evidence is there ~ Emotional experience results from the physiological arousal that preced:

esit, and different emotions are the

for each? result of different patterns of arousal. In our discussion of research ethics in Chapter 4, we talked about an
/ experiment by Albert Ax (1953) in which subjects either were made angry by an insulting experimenter or
s were frightened by the possibility of a dangerous electric shock. Consistent with the James-Lange theory, the
We cry, angry because two emotions were accompanied by different patterns of ph siolo ivi
. . ical activi
;«e tsmkz,/ afraid because  and Lange, Stanley Schacter and Jerome Singe he g ot
e lremble.

T rome Singer (1962) took a contrary position in their cognitive theory: the
e ngtid th:; the identity of the emtion s bz}sc.ed on the cognitive assessment of the situatign, and phys}i,ologiy-
X,” mis?dzl;ijfy‘::;t;?;ﬁeij only tg.the emotion’s Intensity. Their research demonstrated how easily people could

Henidlia amactif’ ; ffoen ing En the environmental context, For example, young men who were inter-
men while crossing a Swaying footbridge 230 feet aboye arocky river included

L —
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@)k e, to produ
(Flgme rere tO l theirpe b -Ce gy €Xpression,
subjects W ] L dowinlang together,
ise the upper d push the lower lip up with the lips

ressed ng?““’ 7 ’) The posed facial expressions for
happiness, fear, ar >3_" disgust, sadness, and surprise each
resulted in the experience of the intended emotion, al
yithadistinct pattern of physiological arousal.

Induced facial poses also influence how the person inter-
rets the environment. Volunteers rate a stimulys as more
ainful when they are making a sad face than 4 happy or
neutral one (Salomons, Coan, Hunt, Backonja, & Davidson,

2008), and college students rate Far Side cartoons as more

;musing when they are holding a pen between the teeth,

which induces a sort of smile, than when they hold the pen

petween the lips, producing a frown (Strack, Martin, &

Stepper, 1988). More strikingly, women who have had their

corrugator muscles paralyzed by injecting botulinum toxin

(Botox) to remove frown lines are unable to frown, and
they report less negative mood—even if they don't perceive
themselves as more attractive (M. B. Lewis & Bowler, 2009).
Inaddition, when these women attempt to imitate angry
expressions, they produce less activation of the amygdala
than women who have not had Botox treatment (Figure 8.3;
Hennenlotter et al., 2009).

Some researchers suggest that feedback from emotional
expressions has another role besides contributing to our emo-

tional experience in that it also helps us understand other

people’s emotions; this ability is critical to social communica-
tion and to societal success. This view is supported by studies
of mirror neurons. Mirror neurons are neurons that respond
both when we engage in a specific act and while observing the
Same actin others. They were first discovered when research-
ers noticed that neurons that were active while monkeys
feached for food also responded when the monkeys saw.the
fesearcher picking up a piece of food (di Pellegrino, Fadiga,

Fogassi, Gallese, & Rizzolatti, 1992); similar correlations have

ong
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TIG"‘IRE 8.1 Comparison of Sympathetic Activity
ur ng Emotional Arousal With P:.rnf;j/rnputhf:tif:
Activity During Relaxation.
: ,sym,p?,theﬂc Parasympathetic
Eyes
Pupils dilated, Pupils constricted,

dry; far vision moist: near vision

©-

Salivating

Goose bumps No goose bumps

Sweaty Dry
%3/,4/
} Lungs
\ Al
Passages f R Passages
dilated 4 constricted
'r;/
Heart
Increased Decreased
rate rate
Blood
Supply ~ Supply
maximum to maximum to
muscles internal organs
Adrenal glands
Increased Decreased
activity activity
Digestion
Inhibited Stimulated
Source: Created for this book by Epicstudios, Inc.
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Thioux,
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emo 1 brains, and the amount of 3Ctivity i relas h
our oW’ on a measure of €mpathy (Chakr Uy
to scores & Baron-Cohen, 2006). The accop, abarti‘
Blﬂlm(g:;vs feature describes researc}, sho Pany;
In the e omic class affects our e, athicQ iithat
our soci observation of other people, empp X
no osture, tone of voice, and (often im, ol es,
bod}f’ Pi al expressions (Bastiaansen ¢ all 2009) ]PtL
e ?i(;)ack during our Own emotiong] Actiyyy, N
% ie;r own emotional experience, feedby,, e
to

3 ing Ekman’s
: dUsin
® FIGUREg 2 Emotional Expressions Pose
Instructions‘

fr()
imitated expressions may help us €Mpathize ‘tht}lln
m T T [ ’(‘L‘ 1 3 < §
emotions of others. lideed, interfering Bfagy
S imicry by engaging the required mugqeg in oth,
So © Don F; mi yb $ : ; - : v
activities (such : A‘nggUlegnpaxrs‘subjectS‘
ability to recognize ha :.”;\;:;nnac}i:ift Ph0t0s
inkielman,
(Oberman, Wink - ran»2007).
‘ N FIGUREg ator Muscle Reduces Women who have _:\treatments also Fate fagiy
’  Anger. photos and sentences as lcss;r;mlm.m thanbefore
] ; ion nt (Baumeister, Papa, oronj, 201¢),
| AWoman treated with tox (a) is nable to produce the facial expressio treatment (B \{e A i )Ptx)p]e
; ofanger and shows jit Ctivation of the amygdala (b). A control subject with autism t fyaid B CTstang
s‘ makes the expected facial exn 5101 (¢) and produces much greater other people’s emotions, perhaps.m p'art becauS
J‘ amygdala activa d) their imitation of (xlnnu\)nalbexpresmons 18 delaYedby
| | At ¢ Sy,
0 milliseconds (Oberman, Winkiclm,
Control | about16 0 &
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J Ramachandran, 2009). -
1 A system this complex requires ap equally cop,
| plexcontrol system. We will turn oy attentiop Nowtg
- thebrainstructures responsible for emotion,

| The Emotional Brain

- Inthelate 1930s and 1940, researchers Proposeq
' that emotions originated in the limbic System, o
' network of structures arranged around the Upper
brain stem (Figure 8.4). As complex as thig System
is with its Iooping interconnections, We now kngy
that this hypothesis is an oversimpliﬁcation; emo-

M “The Link Between Facial Feedback and Neural Activity Within Central tion mv°lves struCtures atall levels of the bram, from
Circuitries of Emotion—New Insights From Botulinum Toxin-Induced Denervation of Frown

the prefrontal area to the brain stem (A.R. Damasiy
Muscles, ” by A. Hennenlotter etal., 2009, Cerebral Cortex, 19, Pp. 537-542. By permission Sy
Of Oxford University Praae etal,, 2000). Also, we know that some of the limbjc

; structures are more involvedinnon-emotional func-
: tions, For example, the hippocampus angd mammil-
lary bodies haye major roles jn learning, The concept of a limbjc System is Jess Important a5 4 description of
how emotion works than for SPaWning a tremendoyg volume of research that hag taken us in diverse direc-
tions, which we wil] explore over the eyt several pages.
.? What are some ' Mnch of what we know aboy the brain’s role j, €motion comes frop, lesioning ang stimulation studies
e Ofthebrain vnth animals; this research is limited becayge Wwe do not knoyy Wwhat the anima] jg €Xperiencing. Robert Heath
Structur i did some of the caliest probing of he limbic systey i humans i 1964 When he implanteg electrodes in the
involved in l?ralns ofpatlentsmanattempt to treat epilepsy, sleep disorders, Or pain that ha fy;) dt d to conven-
emotions, ang tional treatment. Researchers knew fropm, animal stydeg that the a e : 0Tespon oo
what are their autonomic system gpq that it prodyces variety of emotiopg) eXpressions, sy atfl pthrl lmm'yt co(riltrot ; Ol\lllesrs .
functions? and bared teeth g d 1 i i 2 the threatened cat'
claws Sllmulatlon of the hypotha] US in Heatly
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| " ces annmMNetE o .Other ool Przwous studies indicating that lower SES
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Dietze les, 2016). Th, ) 2017,
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| of thes ioral diff neura] Counterpart
| in mir i asaditngg THOUGHT QUESTIONS
{ in I Ton activity in reg
! behavior. Researchers at Ariy Ponse to otherg’
| used 11 SUPDress; ona State UDiVerSity 1. What are some real-world implications of
; PPression—a decreage ; these findings?
! EEG a over the motor cort Bl Gty I
i 4 ex : ;
; of mir1 uon activation. In thej 88 a measure 2. How did the researchers assess mirror
5 SES participants respond - thelr study, lower neuron activity? Why didn’t they measure
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| neuron activity to Videos Of ha 1rectly«
| nd moveme
! of others than did the high a2
e 3 (o
gher SES participants For the news story, visit edge.sagepub.com/
garrettse and select the Chapter 7 study resources.

| gischargeand sensatlons' such as a pounding heart and feelings of warmth, but it also evoked feelings of fear,
rage, Or pleasure, depending on the location of the electrode in the hypothafamus Septal area stimulition als(;
produced a sense of pleasure, but in this case the feeling was accompanied by séxual fantasies and arousal
During septal stimulation one patient went from near tears while talking about his father’s illness to a broaci

smile as he described how he planned to take his
girlfriend out and seduce her. When asked why he

d the subject, he replied that th
change ) plicdidogthbitbotsht B FIGURE8.4 Structuresofthe Limbic System.

just came into his head.
Now researchers are more likely to use one of :
the scanning techniques to study the brain cen- Cingulate Hypothalamus
P Thalamus

ters of emotion. Typically, they do MRI scans to
Fornix

determine the location of damage in patients with
- emotional deficits, or they use positron emission
. tomography (PET) or functional magnetic reso-
):' nance imaging (fMRI) while healthy subjects relive
- anemotional experience, examine facial expres-
sions of emotion, or view an emotional video.
Tiwo of the most reliable brain-emotion associa-
tions have been the amygdala’s role in fear and the
location of disgust in the insular cortex and the
basa] ganglia (Figure 8.5; E. C. Murphy, Nimmo-
Smith, & Lawrence, 2003; Phan, Wager, Taylor, &

Mammillary body

Liberzon, 2002). We will consider the amygdalain Septal nuclei
some detail Jater. The insula is the area we identi- ;
n site for Hippocampus
Amygdala :
Parahippocampal gyrus

fiedin Chapter 6 as the cortical projectio
laste;a numbe - of writers have remarked on the

fctthat taste 1. disgust share the same brain area
adthat djs-g,,.¢ means, roughly, “bad taste: In

% v . \—/’_’_’___._”——“
Chapter 3, we identified the basal ganglia 5 being
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R G e need to understapq that gy
cific ‘g enw“”“ involves activity in a Network that
’specldlcS many brain areas. This is we]] iHUStfatedin
m?lil etha t combined the results of 55 pgy and fiyg;
?ni/;lst)i,gatiolls (Phan etal, 2002). As You can seeiy
Figure 8.7, places activateq during a Specific €motigy,
cluster somewhat in particular areas, bu‘t they are
also scattered across wide areas of the nraln. This g
partly due to different methods of 1nduc1ng the emq.
tions in the studies, but it also reflects the compley;
of emotion. With the understanding that no €motjop
can be relegated to a single part of the brain, ye will
look more closely at three areas that haye Particularly
Important roles in emotional experience and behay-
ior: the prefronta] cortex, the amygdala, anq the right
hemisphere,

The Prefrontal Cortex
The prefrontal cortex (see Figure 3.8 for location) is

and in Chapter 14 You will see that abnormalities in
1zophrenjy. These deficits have a variety

es, and developmen(y) errors. What the victims have
cludes the Ventromedjg] cortex and the orbitofrontal
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Taylor, @n euroimage, 16, pp. 331 —348. C f?n ,Meta nalysis of Emotion Activation Studies in PET and fMRI," by . L. MR oeE e -
- Lopyright 2002, with permission from Elsevier. ¢ '

Ef8tSann i
g FIGUR ocation of Damage That Impairs Emotion-Based Decision Making.

3 In (a) the location of the ventromedi :
pa(tients o S| I er(;lsll cortex and the orbitofrontal cortex is shown. In (b) you can see where damage occurred in four
R e numbei D \F:Vith jms_ Thg horizontal line shows where the scan in (c) was taken. In (b) and (c), the different colors

\ o UL e gl ; amage i the area, according to the code on the color bar. All shared damage in the ventromedial
cortex, ad damage in the orbitofrontal cortex as well.

Orbitofrontal
cortex

Ventromedial
cortex

(a)

man Amygdala and ventromedial Prefrontal Cortex to Decision-Making,” by A. Bechara, H. Damasic
19, pp- 5473-5481.

“Different Contributions of the Hu
Journal of Neuroscience,

Sources: (b) and (¢) from
A.R. Damasio, & G. P. Lee, 1999,

ision whether to produce a given behavior, using information

The prefrontal cortex makes the final dece L 1o ikelihood of success, and the costof

supplied by other brain areas about the relathhy o making is done in the form of
mbling task study in which patients with ventromedial damage

failure, From t1is description it is €asy to see

Studies of risk aki d exampleisaga : iti

and healt}: lsv ]ldkl? E g}?(?se cardspfrom four decks to win play money (Bth;‘ra etal, 13991))' th:ctéilsli}(l)ﬁzltlh

8roups ch Lo eef:s . from the tWO “risky” decks, which usually resulted in large rewards bu y
ose more often from
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wicleus accumbens and the amyg.
lala than did their non-risk-takip

C
15 3 1% age-mates (DeWitt, Aslan, & Filbey,
2014). The nucleus accumbens ap
104 10 amygdala, of course, are Involyeq
in the evaluation of rewarding apg
= emotional stimuli, respectiVely‘
§ While the prefrontal cortex damp-

Patients
(b) Anticipatory SCRs

Controls

Average Size of Anticipatory SCRg

Patients
(a) Choices from card decks

Controls

BN Risky decks @ Safe decks ]

light (Telzer, Ichien, & Qu, 2015). Activity in the nucleus accumbens is
Meyer and Bucci (2016) pursued the hypothesis that this increased
opment of the orbitofrontal cortex.
lated receptors to increase activation of
the orbitofrontal cortex of adult rats;
long to learn to withhold a conditione
reward,

gness to make risky chojceg
etal, 2014)

)

(Gilaie-Dolan

» Plays a causal role in teen impuls
the nucleus accumbens whil

ens impulsive and risky behavior, the
nucleus accumbens and amygdala
appear to play the role of instigators,
For example, in a simulated driy.
ing task fMRI showed significantly
increased activity in the nucleys
accumbens when the teenage sub-
jects chose to run through a yellow
exceptionally high during adolescence.
activity, along with the delayed devel-
iveness and risk taking. They manipu-
€ simultaneously decreasing activityin
rably to adolescent rats, taking twice as
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APPLICATION

Why

Source: iStock 'vuk8691.

In our discussion of sensation seeking in
Chapter 6, we mentioned the first author’s wife’s
skydiving adventure. Why did she enjoy leaping
out of a perfectly good airplane at 14,000 feet,
while he preferred to stay on the ground and take
photos of her descent? Why did she like to travel

BSOS ;
oesnt Jump Out of Airplanes

to e.xol'i(: places, like Thailand and Patagonia,
while he would rather stay at home and write
about behavioral neuroscience? Once again,
researclh comes to the rescue. Psychologists at
the University of Arizona (M. X. Cohen, Schoene-
]f’oal;;flgef, & Weber, 2009) used a questionnaire
gorlze 20 volunteers as novelty seekers
(agreemg to statements like “I like to try new
things just for fun”) or reward dependent (agreeing
to statements like “I'd rather stay home than go
ou't”), Novelty seekers are higher in exploratory
drive and impulsivity, whereas those who are
reward dependent are particularly sensitive to
rewards and spend a lot of time pursuing activities
that have been rewarding in the past.

Next, the researchers used diffusion tensor
imaging to measure the density of the subjects’
white-matter tracts. Their analysis focused

on the hippocampus, amygdala, and striatum,
because animal research has indicated that
these structures form a looping circuit that

is important in novelty seeking. There were
strong white-matter connections within this
loop in the human novelty seekers, but the
reward-dependent volunteers’ strongest
connections were between the striatum and
prefrontal areas, which tend to put the brakes
on risky behavior. Just before the skydiving
experience, the jump videographer interviewed
Bob’s wife about why she was making the
jump, then turned the camera on Bob and
asked why he chose not to. He answered
lamely, “I just don’t need to.” Today, armed
with the results of this study, his answer would

17

be, “My prefrontal cortex won’t let me

The Amygdala

The prefro ' of their emotional input from the amy. : ;
prclivntiares et el ed in emotions, especially negative ones. I'he

hapter 7 you Jearned that the amygdala responds to sexually excit-
2 s in memory formation, especially when emotion

limbic system structure in each temporal lobe that is involv
amygdala has other functions as well. InC
i stimuli, and in Chapter 12 you will see that it participate
sinvolved. Some amygdala neurons fi
fu, and others <pond to happy faces (S. Wangetal.
emotionally sig::1ficant stimuli in general (Phan et all 20'02). ;
Although the amygdala participates in other emotions, its T
&.le most thoroughly. Fear is an emotional reaction to a sp
sion abou a future, and often uncertain, €

re when the individual judges the facia
2014). So the amy#

ecifici
vent. stimulating the amygdala p

gdala (see Figure 8.4 again), a small

| expression in a photo to be fear-
dala’s role may involve responding to

ole in fear and anxiety has been researched
mmediate threat; anxiety is an apprehen-

roduces fear in human subjects

L ——TT R
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deficits; like € : I, & Damasio, 1998). Becharay stud

s, Tranel
-angers (Adolphs, ol : $ i
Stfl}:i-]fﬁ'()llt'll patients included a group of patients with bilat.
0 e

Uil e ral amygdala damage (Bechara et a_l., 1999). The two groups
pp. 400-403. ers t_(;l_med similarly in most ways, with one notable exceptiop,
er S e !

Svhile neither group produced anticipatory SCRs when choosing

from the risky decks, the amygdala patients also didn’t respong

to monetary gains and losses. Apparently the ventromedial patient’s were unable :o make uts'e of metlonal
information tb"rom the amygdala, but the amygdala Patiepts couldn’t ec\lfe;l %enera e jgeirrllp iona resPO'nse
to rewards and punishments. As a result, patients with bilateral amygdala damage g 11ve 11'1 supervised
care, because their actions can easily bring harm to themselves and others.. \./entrome. ia patlen.ts are less
impaired, which suggests that the amygdala sends its information to additional decision-making areas,

suggesting a broad scope to this network. :
SMis one of the best characterized patients with bilateral amygdala damage (Figure 8.11); she

reports very little feeling of fear and—in spite of having been held up at knifepoint, nearly killed in an act
of domestic violence, and threatened with death on other occasions—her behavior never reflected any
sense of desperation or urgency (Feinstein, Adolphs, Damasio, & Tranel, 2011). Researchers were unable
to find any stimulus that could evoke fear in her; she was undisturbed by horror movies or a haunted
house that produced screams in her companions, and she showed an unusual compulsion to touch
snakes she had been told were deadly. Interestingly, during a test that involved inhaling carbon dioxide,
Whl:Ch p{-oduces a feeling of suffocation, she and a similar patient experienced full-blown panic attacks
(Feinstein et al., 2013). The researchers’ interpretation was that the amygdala monitors external threats

from the environment, and that fear triggered internally—ip this case by the sense of suffocation—has
another neural basis.

Hemispheric Specialization in Emotion

The specialization of the cerebra] hemispher :
e . . . . & 1
i P p. $ we have seen jn other functions 1s also evident in emotion.

res are involved in the o 1 ‘
Xperience of emotio i ;
. . . Q0 ns re aCtlv
when the person is experiencing positive emotions, and the rig sy

emotion (R. J. Davidson, 1992). This is co bt frontal area Bioteactive duying neatly

nsistent with 4 study done with epilepsy patients who had numer-

a : 5
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il even with incidents as intenge ‘
pall=> [

. mother’s de the discover
‘l}-[h-iltlmsc‘s affai ife’s threat)j | u FIGURE 8.11 s B
RIS . ‘ SM’s Brain, Compared With a Normal Brain.
1o to Kill the i E. D. Ross, ‘ IN SM’s bra
enl! ij aBuck, | amygdala wn (left), you see only two dark voids (in the red circles) where each
{un:ltimugh by heres are 1 normal, for j;:s;(:ifoiisease caused their deterioration. The brain on the right is
m\'ol\'ed in expe "(’U'On, the ‘ :
[ight 18 more Spe IS expres- |
si:)n (Heller et a utonomic
espOnSes to en muli such
I facial expres emotional
(cenes are greal [he stimulij
are Presentcd to emisphere
(using the strateg sed by Spence,
Shapiro, & Zaidel 0, p. 298). Much
ofthe emotional suppression in patients

With right-hemisphere damage is due
0 decreased autonomic response
(Gainottiet al., 1993).

perception of nonverbal aspects
ofemotion is impaired in patients with
lAight_hemisph(31‘6 damage; for example,
they often have difficulty recognizing

(Adolphs, Damasio, Tranel, & Damasio,
1996). Verbal aspects are unimpaired,
however; the same patients can under-
stand the emotion in a verbal description like “Your team’s ball went through the hoop with one second left
o goin the game,” but they have trouble identifying the emotion in descriptions of facial or gestural expres-
sions such as “Tears fell from her eyes” or “He shook his fist” (Blonder, Bowers, & Heilman, 1991). Patients
with right-hemisphere damage also have trouble recognizing emotion from the tone of the speaker’s voice
(Gorelick & Ross, 1987), and their own speech is usually emotionless as well (Heilman, Watson, & Bowers,

1983). When asked to say a neutral sentence like “The boy went to the store” in a happy, sad, or angry tone,

they speak instead in a monotone and often add the designated emotion to the sentence verbally, for example,

*..and he was sad.”

Take @ Minute to Check Your Knowledge and Understanding

ystem in emotion (including the possible identification

* Describe the role of the autonomic Nervous s

of emotions). ; e : 4
major parts of the brain described in this section thatare involved

*  Organize your knowledge: Listthe
inemotion, along with their functions-
gdala damage

alike, and how are they different?
*  Howare the effects of prefrontal andamy,

Str ess, [mmunity, and Health

i ition in the environment that makes
Stressis a term that has two meanings in psychology. Stress is a condition in t

at, failure, X bereavement, Stress is also an internal condition,
eat, )

u ; ;
usual demands on the organism, such as thrtressed andyour body reacts in several ways. Whether a situa-

2'l°Ur S G yOUfEEZ v findividual differences, either in perception of the situation or
100 i§ tre ‘s often a matter of Indl b Aees

N phyg: ssful wiliepebori s le, even the normal events of daily life are stressful, whereas others
: ysiological reactivity. For some BESLE: d of regular challenges. In other words, stress

; ? ve
{irive on excitement and would feel stressed if they were depr
Mthis sense of the term is in the eye of the beholder.

Source: From “Human Brain Is Divided on Fear and Panic: New Study Contends Different Areas of Brain
emotion in OthCI'S) facial CXPI’GSSiOHS Si‘*btm& ble for External Versus Internal Threats,” by John Riehl, April 2, 2013, lowa Now, retrieved
om http://now.uiowa.edu/2013/01/human-brain-divided-fear-and-panic.

What are the
positive effects
of stress?
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A macrophage, a type of white blood cell, is stretching out
projections which will eventually engulf and digest bacterial cells.
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of the hypothalamus, i
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L with the stressfy] sit
"uzlamus-pt'tui/my-adrenak

~athelp the body cope yiy,
“pothalamus Activates gh,
pituitary gland (u :tn releases hormopeg that
stimulate the adrenal glands to rf:lease the stregs hor.
mones epinephrine, not cpinephrine, and cortigo] The
first two hormones increase output from the heart ang
liberate glucose from the muscles for additiona| energy

The hormone cortisol also increases energy levels by con.

verting proteins to glucose, increasing fat availability,

and increasing metabolism. Cortisol provides a More
sustained release of energy than the sympathetic neryoy
system does, for coping with prolonged stress.

Brief stress increases activity in the immune system
(Herbert et al., 1994), the cells and cell products thyt
kill infected and malignant cells and protect the body
against foreign substances such as bacteria and viruges.
Of course, this is highly adaptive because it helps pro-
tect the person from any infections that might result
from the threatening situation. The immune response
involves two major types of cells. Leukocytes, or white
blood cells, recognize invaders by the unique proteins
that every cell has on its surface and kills them. These
proteins in foreign cells are called antigens. A type of
leukocyte called a macrophage ingests intruders (Figure
8.13). Then it displays the intruder’s antigens on its own
cell surface; this attracts T cells, another type of leuko-
cyte thatis specific for particular antigens, which kill the
invaders. B cells, a third type of leukocyte, fight intrud-
ers by producing antibodies that attack a particular cell
type. Natural killer cells, the second type of immune
cells, attack and destroy certain kinds of cancer cells
anci cells infected with viruses; they are less specificin
their targets thap T or B cells. The brain and spinal cord
are considered “immupe privileged,” in that the central
hervous system ig protected from most infectious agents
by ihe blood-brain barrier When these agents do make
;}:i:ov::zvm’ tbeY are dealt with by microglia, whidi act

ays like macrophages, Table 8.1 summatizes

the char S
acteristics of these immune cells.
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TABLE 8.1 Major Types of Immuyne Cellg ‘
& NATURAL KILLER MICROG
Multiply and CELLS

[ngest invade

% X o) Bt ¥ Make anti .
display al?,tli attack invaders, Which dm'bodles, Attack cells containing Ingest invaders; display
which attrac t ; e estroy viruses, certain kinds of antigens to attract T cells
o R e tumor cells. in brain, spinal cord.
The PVCCC‘“”.‘ s a description of what

Ly S appens when

AIDS (acquired inimunc deficiency syndrome), by contrast

Jfaninfectious disease. In autoimmune disorders, (he ilnl;ll,l
cells. In the autoimmune disorder multiple sclerosis, for inst
central nervous system.

all goes well. In the immune deficiency disease
T cells fail to detect invaders, and the person dies
ne system runs amok and attacks the body’s own
ance, the immune system destroys myelin in the

Negative Effects of Stress

We are better e.qmpped to deal with brief stress than with prolonged stress. Chronic stress can interfere
with Iﬂem()ry,.ll]CI'CZtlSC or decrease appetite, diminish sexual desire and performance, deplete energy, and
cuse mood disruptions. Although brief stress enhances immune activity, prolonged stress compromises
theimmune system. After the nuclear accident at the Three Mile Island electric generating plant, nearby
residents had elevated stress symptoms and performed less well on tasks requiring concentration, com-
pared with people who lived outside the area (Baum, Gatchel, & Schaeffer, 1983). Amid concerns about
continued radioactivity and the long-term effects of the initial exposure, residents had reduced numbers of
Beells, T cells, and natural killer cells as long as six years after the accident (McKinnon, Weisse, Reynolds,
Bowles, & Baum, 1989).

Disease symptoms were not measured at Three Mile Island, but
other studies have shown that health is compromised when stress
impairs immune functioning. Recently widowed women experi-
enced decreased immunity and marked health deterioration in

B FIGURES8.14 Relationship Between Stress
and Vulnerability to Colds.

the year following the spouse’s death (Maddison & Viola, 1968). 22 1
Also, students had reduced immune responses, more infectious e
ilnesses, and slower wound healing at exam times than at other £
times of the year (Glaser et al., 1987; Marucha, KieCOI,t'G,la,ser’ & o
Favagehi, 1998). In a rare experimental study, heal'thY individuals 2 405
Were given nasal drops containing common cold viruses and then g
were quarantined and observed for infections. In Figure 8.14, you ; 2
can see that their chance of catching a cold dependet'i on the level g
fstress they reported on a questionnaire at the beginning oj th’et 8 30
study (S, Cohen, Tyrrell, & Smith, 1991).1n2 iploiap el Y’tl E
turned out that only stresses that had Jasted longer than a mon o
creased the risk of infection (5. Cohen etal, 1098 tress
The cardiovascular system is particularl}’ Vqlne;?biilmrséssur?: 20 . T . T y
Stess increase: |ood pressure, and prolonged high blooc p Gt e el s R CE (Ol (=12

ople are more yul-
“ndarmage th. heart or cause a stroke. Some PEOP carchers clas-

61zble to health effects from stress than others Res B e
young children as normal reactors Of excessive reactors

Psychological Stress Index

source: Adapted from “Psychological Stress and Susceptibility

s in he Common Cold,” by S. Cohen, A. D. Tyrrell, and A. P. Smith
el 5 as lmmersed 1 to th yrrell, an mith,
?nthelfblood pressure increases Whlle one hand W s ad New England Journal of Medicine, 325, pp. 606-612. © 1991
xCGSSlve reac Massachusetls Medical Society. All rights reserved.

lcewatel' Forty-five 71% of thee
OO, -five years later, 7170 tors
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Gtress can even produce deé:jt-h- lThls e ]?a-s N0t aly,,
ted in the scientific and medical communities, but ip IYSb“"
accep Walter Cannon determined that Teports of, 9‘42‘}|Q
Pp.

® FIGURES.15 Increase in Cardiac Deaths on i ist s
Day of an Earthqualke. ff;{:ﬁﬁted deaths were]egm(rjntate. He evel:]t;]:lggESted lhatvare"‘
2 Jeath, which has been epoLie nfo;Fcc[ulrkWI In hourg of
being “hexed” by practitioner 0 :;5 v cult, is also gy, i
We now know that feaf, loss of a love ?He, humﬂiation) 0:&%.
3 20 extreme joy can resultin sudden cardiac d.ea'th. In Sudden ¢, .
T? death, stress causes exces's;,u ‘ctivity that sends the 'd!ac
5 into fibrillation, contractin: - ‘ 1t pumps little nob
£ o one ofthe largest eartht ever rec.orded ina Major
2 American city struck the Los Angeles areain 1994, the py,
. deaths from heart attacks increased fivefold (Figure 8.15; Leoy, Perof
A1) & Kloner, 1996). The stress d f() be as €Xtreme asap
13 1 quake: During the 2006 soccer v siid Cup games in Germ-,uly
", “iipled in men and ahnOStdo;[:;:;

diac emergencies in that cou

in women (Wilbert-Lamper: 2005 ); and when the Lokl

Rams were defeated in the 1950 Super Bowl, cardiac deathg "8eles

team’s hometown increased 15% in men and 27% in e (K]m th

4 McDonald, Leeka, & Poole, 2011). In 2016, when the i gller,

(Gerald Hough’s favorite team) won the World Series after ) 0%% ubs

a108-year-old fan died of a heart attack just days after the team’s final win (Leavitt, 201 6): Heart o5t b

ys following the spring change to daylight savings time, as Peoj)(it z':tq
pe

with earlier wake times and minor sleep deprivation, and then drop slightly when the autumn transit
On givey

them an extra hour of sleep (T.S. Janszky & Ljung, 2008).
Extreme stress can also lead to brain damage (Figure 8.16). Hi

January 1994

©dirom “Sudden Cardiac Death Triggered by an

: e em\o‘.J\’\u K. Poole, and R. A. Kloner, New England
R ICine, 334, Pp. 413-419. © 1996

Medical Society. All rights reserved. "
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social, Pers and Genetjc Factors

Social support was associated with dramat; :

(reviewed in House, Landis, & Umberson, 1ggg)az]a]l:’dl(v)v?ltirljs\,?h‘:ate“g 1 several different populations
among Three Mile Island residents (Fleming, Baum Gisriel, & Gr: lres]s ol hormor.le e
greater risk for heart disease (T. Q. Miller, Smith T) i _a chel, 1982). People Wh? are hostile il
g : ; 43 4 > lurner, Guijarro, & Hallet, 1996), while cancer patients
who have a “fighting spirit may live longer than pati S ;

' : _ patients who accept their illness or have an attitude of
hopel'e@ness (Derogatis, Abéloff, & Melisaratos, 1979; Greer, 1991; Temoshok, 1987). Because of the high
assgaatlon between mood dlsordfer and cancer, some observers have suggested that depression is a predis-
posing factor; however, the opposite is more likely, because animal research indicates that immune system
cytokines released by tumors can produce depressive-like behaviors (Pyter, Pineros, Galang, McClintock, &
Prendergast, 2009).

Social and personality influences must work through physiological mechanisms, which, unfortunately,
areseldom assessed in these studies. An exception is an investigation of individual differences in immune
response. Recall that there is a greater association of positive emotion with the left prefrontal area and nega-
tiveemotion with the right. Six months after volunteers were given influenza vaccinations, the ones with
higher EEG activity in the left prefrontal area had a five times greater increase in antibodies than those with
higher activation on the right (Figure 8.17; Rosenkranz et al., 2003). In other research, men who had tested
positive for human immunodeficiency virus (HIV) infection had HIV levels that were eight times higher
ifthey were introverted (socially inhibited) rather than extroverted (S. W. Qole, Kemeny, Fahey,.Zack, &
Naliboff, 2003). The introverted patients’ HIV levels also decreased less during treatment and their T cells

didnotincrease at all. 1

The researchers point out that introverted ind1v1.du-
dshave elevated levels of epinephrine and norepinephrine,
Which activate the sympathetic nervous system dl,lring stress,
and that norepinephrine increases the rate at which the HIV

In what ways
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influence
immune
functioning?
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Oderatdy heritable, and so is vulnerabilit

Source: From “Affective Style and In Vivo Immune Response,” by M. A,

B FIGUREB8.17 Differencesin Postvaccine Antibody
Levels in Relation to Prefrontal Hemispheric Activity.
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. e ‘ akes pain unique
wong the senses: Itis so intimately involved with emotion that
istified in discussing it as an emotional response. In fact
when we tell someone about a pain experience, we

are usually
Jescribing an emotional reaction; it is the emotional response that
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Youknow it, and Harvard psychologists have confirmed it: Pain
wmeone inflicts on you intentionally hurts more than pain you expe-
rence accidentally (K. Gray & Wegner, 2008). As Beecher (1956)
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FIGURE 8.18 Voluntary Ritualized Torture

in Religious Practice.

Cultural values help determine a person’s reaction to
painful stimulation.

¥\

Source: ©@Alain Evrard/Photo Researchers.

observed, “The intensity of suffering is largely determined by what the pain means to the patient” (p. 1609). In
oursociety; childbirth is considered a painful and debilitating ordeal; in other cultures, childbirth is a routine
matter, and the woman returns to work in the fields almost immediately. After the landing at the Anzio beach-
head in World War II, 68% of the wounded soldiers denied pain and refused morphine; only 17% of civilians

withsimilar “wounds” from surgery accepted their pain so bravely
Beecher, 1956). The soldiers were not simply insensitive to pain,
because they complained bitterly about rough treatment or inept
blood draws. According to Beecher, who was the surgeon in com-
mand at Anzio, the surgery was a major annoyance for the civilians,
but the soldiers’ wounds meant they had escaped the battlefield ali.\'e.
Spiritual context can also have a powerful influence on the meaning
ofpain. Each spring in some remote villages of India, aman is sus-
pnded by a rope attached to steel hooks in his back; swinging ?‘F"_)"e
the cheering crowd, he blesses the children and the crops. Selection
for this role is an honor, and the participant seems not only to bj
ftc of pain but also in a “state of exaltation” (Ghosh & Sinha, ZOO/
Kosamby, 1967). Figure 8.18 shows an example of culturally sanc-
lioned self-torture. :
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FIGURE8.19 PET Scan of Brain During
Painful Heat Stimulation.

The bright area near the midline is the cingulate gyrus; the
one to the leftis in the somatosensory area. The four views

were taken simultaneously at different depths in the same
brain. (The frontal lobes are at the top of the figure.)

Source: Reprinted with permission from “Multiple Representations
of Pain in Human Cerebral Cortex," J. D. Talbot et al., Science, 251,
pp. 1355-1358. Copyright 1991. Reprinted by permission of AAAS.



