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Basic Cellular Blology

Before we move on to the more comphcated and mterestmg stuff, there are some basw foundatlon facts that

latare helpful to know about neurobnology and blology in general Wlth that in mlnd here is a brief crash course 0

lular biology. AR R A e T

_ Flrst of all all living orgamsms (w1th the possnble exceptlon of vnruses) are composed of cells A celI is the bas)
ological unit (llke an atom in chemlstry) A cell can be a small component of an organlsm, or an entlre orgamsm o1
s own. Its outer Wall is somethutg llke a sea of fatty acids i in which van_o_u_s proteins are floating. Inside, there are
ore protclns catalyZing chemi'ca;l reactlons (these'al‘e called enzymesj, éeuetic Imaterial (the"cﬂhen;ical bluepr'int':for ¢
},anlsm, called deoxyrlbonuclelc acid, or DNA), and other molecules that the cell uses to mamtalu ltself such as
igars (for energy) and structural protelns. : '

There are two types of cells: prokaryotes and eukaryotes. Prokaryotes do not have a cell nucleus, whnch is the
orage SIte for genetlc material (DNA) in eukaryotes Eukaryotes also have smaller structures w1thm them called
‘ganelles. Organelles perform speclf' c ]obs within a cell that contrlbute to the cells survlval mc]udmg energy
roduction, protein manufacture and modlfi_catlon, breakmg down contammants, and storage of chemlcals not
irrently imuse. .'_-___:__ ; ; G -: 2 G : £ic | s .

l’rokaryotes are always smgle-cell organlsms (llke bacterla) All multl cell orgamsms are composed of
lkary otic cells Each cell in the human body has its own complete copy. of that mdmdual’s DNA However, even
iough every cell has the same blueprlnt, not all of the cells are the same Thls is because not all of the cells read the
ime parts of the DNA strand Therefore, cells are able to dlfferent]ate dependlng on what job they need to do and

o

"¢ able to work w1th other cells to help the organism survwe. "-_ ™ 0 S A

There are many different cell types, but the two types most relevant to neuropsychology are neurons and ghal

e

| B These are the two main cell types of the nervous system. SR by
-~ Neurons are messenger cells. The send and recerve s:gnals via small electrlc pulses transmltted down long
ular processes called axons (send) and dendrltes (recewe) ‘The place where the sngnal 1s handed l'rom one neuron
the next is called a synapse. The synapse can, elther be chemical or electrlcal Most synapses are chemlcal whlch
eans that the 31gnal is handed from the first neuron to the second by way of a chemical messenger, called a
*urotransmltter. The neurotransmitter can elther stlmulate or inhibit another electrical pulse (another sagnal) in th
xt neuron. In an electrlcal synapse, thc two neurons are m dlrect contact w1th one another and the electrlc pulse :

om the first continues nght on into the next.

INPUT frolh other nevrons OUTPUT to other newrons .I'— oy
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Neuroimaging =

Another major method of study is brain imaging, or neuroimaging. This type of research includes a whole
inge of noninvasive maneuvers, such as functional magnetic resonance imaging (fMRI), electroencephalogram
'EG), positron-emission tomography (PET), and computed tomography (CT). All of these procedures are different
kes on the same concept: measure brain activity and/or health without s surgery (3). These tests are performed on
:althy and bram-damaged individuals in order to determine the activity (or inactivity) of various brain regions
aring specific activity. These experiments are hlghly valuable, because they have been able to accurately locate the
rocessing centers for many 1mportant bram functlons e

[agnetic Resonance Imaging (MRI)

An MRI makes use of radio and magnetic waves to create a three dlmenswnal image of soft tissue within the
ydy. The test subject’s entire body is placed inside small chamber made of a large magnet. The magnet causes all
ie hydrogen atom protons within the body to spin in the same direction, so that when a radio wave is applied, they
nit a small signal of their own (4). A receiver collects these data and converts them into an image based on their
ilculated source. A functional MRI (fMRI) scan involves gathering several images of the brain in rapld succession
1d using the changes between these images to determine brain activity (7). Functional MRI scans are favored
:cause they have a relatively high resolution both visually and temporall) (1). Thatis, they show the bram in grcat_

:tail, as well as being good at demguatmg changes in activity over time. = iz < ey

lectroencephalogram (EEG)- - byl

An EEG uses electrodes attached to the scalp to measure electncal actmty within the bram. Remember, the ;
:urons in the brain fire off electric pulses when they are sending a signal, so measuring electrical activity really -
easures brain activity. This type of test is usnally performed with some type of stimulus recognition experiment, -
:cause there are easily recognizable ehanges in electrical current within the bram when an mdwndual identifies and
1alyzes a target object (5). : - : - oy

ositron-E_missidn Tomograﬁljy' (PET) é




“A PET scan utilizes a radioactive material injected into the test subject to measure the metabolism (or activity
*specific parts of the body (6). The procedure is fairly simple. The patient is injected with the radioactive material,
hich is associated with a specific molecule that the investigator wishes to follow, such as glucose (the body’s main
1ergy source), oxygen, or a neurotransmitter (1). The patient is then placed in a chamber much like an MRI
1amber, except that there is a radiation sensitive material surrounding the subject rather than a magnet. When the
ydy uses the radioactive material, gamma radiation is emitted and detected by the chamber walls, This mformatuon
used to generate a map of the bor.l)r s usage of the targeted materlal (6)

omputed Tomography (CT) ' -

Computed tomography, also referred to as Computed Axial Tomography (a CAT scan), is simply a cross
ctnonal or three-dimensional composite of many x-ray images taken from many angles around the body. CT image
in be'used to find abnormal stmctures within the body, such as tumors and blood clots, or to study normal bone an
‘gan tissue (8). T Al : - =

~ The general formula for expenmentatlon with neuroimaging is to ask the test subject to perform some type of
sk or observe some stimulus that isolates the brain function the researcher Wlshes to study. While the test subject i
srforming the task, brain activity is measured by one of the above four tests. The experiment is usually repeated
veral times with each test subject using one or two different scanning methods. The experiment is also usually
srformed with a variety of different test subjects, both normal and brain-damaged.

<--Previous Main Next -




Phineis Gage

theas Gage was S the first case of neuropsychologlcal study, as well as the motlvanon for thls websxte ln 184
age was working as a railway foreman when an accldent with an iron tamplng rod caused severe damage to hls :
rain (probably hls frontal lobe).: Gage was levellng roek at a railroad constructlon site in Vermont when he droppe
s tamping rod (3’8” long, 1.25” dlameter) into a well of uncovered blastmg powder The powder explodmg on
mtact and sent the iron rod rocketmg through the bottom of Gage’s jaw and out. the top of his head (2). However,
age did not die. Under the supervision of Dr. John Harlow, his wounds healed WIthln a year, but hls personality ha
ympletely changed Before the accident, Gage was even tempered hard worklng, and competent Afterwards, he
as described as bemg very chlldlsh Dr Harlow; i ln hls famous analysns of the case, observed that Gage had become

iort-tempered, impatient, easily distracted, rude, stubborn, and somewhat _scatter—-bramed ).

The case of theas Gage is characterlstlc ol‘ one of the ma ]or methods of neuropsychologlcal researeh That |
1 mterested mvestlgator finds an individual with some sort of localized bram damage and studles any abnormal
mracternstles._ If there is some s_o_rt o_f deﬁelency, th_e_ representatwe_funetlon is attrlbuted to the damaged_ p_o_rtx_on 0]

e brain.

However, there are severa[ obstacles in this method of research Flrst is that brain damage is almost never
calized to one speelf ic region of the braln (3) Thls can cause all sorts of problems with an expenment First and :
remost, lt is dll‘ficult to tell which of the damaged regions accounts for the observed abnormal behavror The only

ay to narrow it down is to perform multlple tests on multlple sub]ects with damage to overlappmg areas. EVen thel






" The Pre'froutal Cortéx

he prefrontal cortex (PFC) is located in the frontal lobe just behmd the forehead and has been shown to be active i)
cecutive function, working memory, and some emotional processing (9,10). The following overview of these funetlol
rves the purpose of presenting the contrlbutlon of the PF C to the personahty of an individual.

xecutive Funetlon

he simplest way to define executive function is the ablllty to plan an action (9) This process encompasses many
eps. The first is to identify a goal or a need. Next, methods of achieving the goal are weighed as viable alternatives,
’hen the best alternative is chosen, action is initiated. The tasks must often be performed in the proper order for th
»al to be achieved. Motivation becomes an issue, as the goal may not be immediately achieved There may be also t
)stacles to progress, and problem-solving skills are employed to develop a new plan in order to continue on toward
ie ultimate goal. Finally, executive function terminates action (11). _ : W= 19
amage to the frontal lobe can negatively affect any number of these proeesses ‘of executive flll'lCl.’lOl'l However, due |
ie great number of connections the frontal lobe maintains within itself and with other parts of the brain, localizatior
"these specific functions is difficult to demonstrate (1). The followmg is a brief summary of the varlous malfunctlor
‘executive function. -

amage.to the portions of the frontal lobe goyerning initiation of action causes a eondltlon called psychologlcal inerti
). Individuals with damage to this portion of the brain haye trouble with identifying needs and thus with begmnmg
1 activity. However, once they begln action, they have difficulty stopping. They are also easily influenced. For
:ample, a researcher asked a patient with psychological inertia if he was thirsty. The patient responded that he was
ot. However, whenever the researcher suggested that the patient should take a drink if he was thirsty, the patient-
ould always take a drink (1). This type of case is not limited to verbal cues, either. Individuals with psychological |
ertia will also respond to cues in their environment, a condition called environmental dependeney syndrome

2). For example, if the subject sees a keyboard, he or she will sit down and begin typing. :

Damage to the action lmtlatlon system seems to separate eonscnous thought from aetllo.n (13) ln tests. where
lbjects were asked to sort ca_rds mto plles based a eerta_ln characterxst_lcs, they mcorrect_ly_sorted the cards Whue__ o
ating that they l(h'esv: that they were d;oin;g so. This has led so__me:researches to 'the opinion that p:s_yehologieall.ihertia
‘q dise_onnection of thought and _ac_ti;on wlth_in the froutal lobe, deprives__theae [;atients of their flr.ee will
). chardleas of __vvhether free w1]l is,_ihvolved in this problem, it is eertam that a malfunetlon of__.aetion initi.a'tlo'l__l has
severely detrimeutal_effeet on one’s latellectual iudependenee. Other types _of d_ar_hage.'to_ the me..dial_ P_P.‘C. have beern
|owh to deerease ltlotlvlation i‘hllgenera‘l (22) Thes:e resulla have impi_ll:eationsl regardmg a‘u_ibitiolll':ahd .perfee_tjionism

)-

second mall'unetlon of exeeutlve funetlon can occur at the plannmg stage At this stage in the process, the bram ha
t a goal and begins to use the mformatlou available to devnse a plan (cogmtlve estimation) (1). When damage to the
.gions responsible for tlllS function occurs, the lnd1v1dual is no longer capable of complex, or abstraet,

wought. These subjects are competent to follow concrete plans, but they are unable to create their own when given
val (14). These individuals also tend to be deﬂcxent in estimation of mundane subjects, such as.the price of applianc
1d groceries, or their own ablhty to plan and perform chores (15, 16). F mally, these patlents have trouble estimatin
\e potential behavnor of other individuals (an ability called theory of mind), leading to a limited eapaelty for empath
7). On a somewhat larger scale, these deficiencies mean that these patients do not have the capacity to plan out’hoy
-achieve something like a life goal or a New Year’s Resolutlon, and they have dlffculty workmg w1th a group to -
nish a task, because division of laboris a forelgn concept to them 397 I e T A

e
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msh a task because dmsmn of Iabor lS a forelgn concept to them

amage to executwe reglons may also cause deﬁclencles in problem solvmg slulls (18) Thls is caused by mental :
flexibility, or an inability to adopt an alternate pomt of VIew in dealmg with the problem. This type of damage also
fects the ability to adapt to new situations and to create new uses for an ob]ect (1). Habit rules the actions of
dividuals with this type of malfuncnon, hecause creatlwty is nnpossnble :

a'm‘a_ge to,_th'e fron_ta'l lobe also.lhas the-pot_entlal to frustr'ate-the-ablllty to work toward a known goal (1). This
cludes focus, organization of steps (or sequencing), and progress analysis. The dorsolateral portion of the PFC has
:en implicated with the task of maintaining focus (1). This region keeps maintains an ‘attentional set’ of relevant
formation and actlvely works to exclude extraneous details (19). The ablllty to discern to proper of order of action!
‘take in order to best reach a goal can also be lmpalred by damage to the frontal lobe. This type of deficiency migh
iuse an individual to mail out a blank set of college application forms before filling out another set, which might be
ft at home. Fmally, dysfunction in the frontal lobes can result in an inability to judge whether a task is actually
Iping to achieve a goal (1). The comhmatlon of these three deficiencies results in erratlc behavmr, sumlar to ADHI
1d the behavnor of theas Gage (insert lmk) after his accndent '

WO promment theorles concernmg the mechamsm of executwe functlon are the supervnsory attentton system (SAS)
ieory and the executive knowledge model (9). The SAS theory views executive function as being similar to a
ymputer program in the way. it deals with a problem. It states that there are ‘schemas,’ or pre-programmed,
itomated plans, on how to deal with the mundane situations that an individual mlght encounter (20). For example,
¢ electric bill-paying schema would involye ﬁndmg the checkbook, writing a check for the amount of the bill, and
ailing the bill to the electric company. Learned triggers (rccclpt of the bill in the above example) prompt the brain
.action in these scenarios. The superv:sory attentional system (SAS) comes into play when a novel situation is
icountered or a behaworal change is attempted (i.e. trying to break a habit): The SAS is responslble for analyzing
ie problem, developmg a plan, initiating action, and monitoring progress (20) The SAS also oversees the
)pomtment of schemas to ensure that the correct one is chosen for a given task (left dorsolateral PFC), searches the
emory for the appropriate actions (right ventrolateral PFC), and monitors behavior (right dorsolateral PFC).
his theory is particularly strong because it mcludes a model for the interaction between the nature and nurture
ipects of an individual, because the events that trigger an action schema are learned, not programmed In other
ords, the SAS theory helps to reconcile the two major perspectives on how a personality is forged. Another way to
:plain this concept is the transactional model of behavior. The transactional model states that an individual’s.
itural qualities and his or her environment each has an effect on the other (3). That is, an individual can affect his 1
:r environment, which in return affects the lllleldl.Ial who learns and responds to the environment, and so on. Th
arning of schema triggers is also a good way to imagine how habits are formed.
nother model that incorporates the influence of the environment into behavior patterns is the executive knowledge
odel (9). This model states that managerlal knowledge units’ (MKUs) are stored in the PFC. These MKUs are
milar to the schemas in the SAS model. They are arranged in a hierarchy (Iadder system) of simple to complex
shaviors. Simple MKUs become associated with another by learning and experience to generate responses to more.
ymplex situations (1). The more often an MKU is. called into use, the more automatic and ingrained that behavior
:comes. Thus, we have another mechamsm for hablt, as well as an explanatlon for the maintenance of mundane
\pabilities even in individuals with damage to the frontal lobe.

he effects of cxecutlve function on the personahty of an mdmdual can most easnly be demonstrated by rev lewmg thy
ise of Phineas Gage. Recall that after his accident, Gage was easily distracted, scatterbrained, and somewhat
responsible. These are all symptoms. of damage to the frontal lobe and executive function. Differences in these trai
in also exist in normal individuals. ‘While most people haye the DNA necessary to build a bram, no two people have
le exact same DNA. That means that there will be minor differences between the brains of any two people. These
fferences will be analogous to the difference in height, weight, and hair color those two people might have. These
fferences in the blueprints that each brain is built with can cause minor differences in the some of the

rocesses. Thus, one individual may be slightly better at dealing with new situations than another. Life experience
i also cause differences between brains. Since learning is heavily involved in the development of schemas or MKU
lepending on which theory you prefer - experience is incorporated luto the physncal aspects of the brain (as
emory). These expencnces then resurface as behavnor.
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Vorkmg Memory

Working memory, localized malnly in the dorsolateral PF C is. baslcally the attentmnal set of executlve
nction. It holds a small amount of information relevant to the task at hand for a few seconds (1). Recent studies
we shown that it also plays a role i in anticipating events 21). This is a logical function, because as a holding pomt fi
10wledge of past events, it is ldeally placcd to relate poss1ble future events based on observed patterns -

Deficits in working memory have a drastic effect on an individual’s ability to interpret events. Since less :
formation is in storage about current events, it is more “difficult to build relationships to the precedlng events. The
sult is that pattern recognition and planning ability are negatwely lmpacted and the mdmdual becomes dependen
1 more recent stimuli to determine actlon (1) § ’ : : -

:motional Control

It has been frequently demonstrated that the ventral prcfrontal cortcx is lntlmately t1ed to the llmblc system,
hich is one of the primary systems responsnble for emotlonal processmg (9). : : AR

. The ventral PEC controls positive condltlonmg (reward assoclatmns), as well as mhlbxtlon damage to the
teral ventral PFC has caused lrntabdlty and impulsive decision making (23). The same study also showed that
:ntromedial PFC plays a role in risk assessment. Subjects with damage to the medial ventral PFC continually
iumbled on high risk bets that had a greater immediate value, but had less value in the long run. Other research
dicates that the ventromedlal PFC responds rapldly to emotional stumull and probably plays a first response role
5). p :

Several other studies have demonstrated a connectlon between the orbitofrontal PFC (the region along the
ont bottom edge of the brain) and pos:twe sensations from the taste, sight, and smell senses (1). Some of these
iperiments have also found that people with damage to the OFC disconnect their consequences from their actions
1d frequently behave inappropriately (24). These subjects tend to disregard the possible results of their actions in"
ieir attempts to obtain the most immediate gratlﬁcatlon One study even linked the OFC to moral values (24). The
FC also seems to be functional dunng the re-learning process For examplc, in a test where the rules changed
ibjects with damage to the OFC were unable to adapt (1). ' -

It is reasonable to conclude that the dorsolatcral PEC (DLPFC), with its role in workmg memory and focus, |
so has some role in emotional processes, since most people have experienced how emotion can affect the thought
itterns (1). As stated above, the DLPFC is charged with the responsibility of mtegratlng past experiences info .
irrent actwnty When emotional control is added to this responsibility this region becomes extremely 1mportant for
If-perception 9). ‘The role of the DLPFC in exccutwc function and emotlonal integration. Ieads action based on_
notion in a positive rcsponse (approach) or negatlve response (withdrawal) pattern (26). The two rcsponse classes
‘¢ localized to the two hemlspheres the approach to the left and w:thdrawal to the nght :

The DLPFC 1sn't the only rcglon ofthc PFC that dlsplays a dlfferent functlon in each hemlSphere In fact thi
hole PFC seems to be divided. Damage to the left PEC causes a ‘catastrophic reaction’ where subjects experlence :
ymething like a continuous emotional breakdown (the nght side regulates negative feelings). On the right side,
image causes a ‘euphoric indifference’ reaction, where subjects are in a ‘perpetually good mood despite their in _|uru
he left side regulates positive feelings) (27). The two halves seem to contend with one another to form a balance of
ood. The balance of activity can fall on different points of a mood continuum dependmg on the mdmdual In othe
ords, this type of bram actmty is a factor in whether an mdlvndual has an ovcrall posmvc or negatwe attltude

Les P.re\'iot_ls Main Next Lo



' The Parietal Lobe

Two of the ma_|or functlons of the Parietal Lobe are. mtegranon and interpretation. The parietal lobe i is the sif
here information from sensory input converges and is molded into a representation of the surrounding
wvironment. The parietal lobe is also the reglon where emotlonal stimuli are mterpreted (1)

One of the primary functions of the right panetal lobe, as far as emotlonal processmg is concerned, is to
terpret visual and auditory emotional content, such as facial expressions and tone of voice (1).. The right parletal -
be is where the brain makes the jump from ohservmg a frown and slanted eyebrows to noticing that the person it is
eing is angry (28). This social skill is enormously important, as a great deal of communication is accomplished witl
»dy language. Interpreting tone of voice, or prosody, and more importantly, mtegratmg tone of voice with facial
(pressions is another task of the right parietal lobe.

Patients with damage to the right hemisphere have serious problems assessing their social surroundlngs, but
so have difficulty with assessing the rest of their environment. The parietal lobe’s function in integrating other.
nsory input it the main cause of this deficiency. Research on story interpretation has suggestcd that skeptncnsm 1S
10ther function of right parietal lobe, as subjects with damaged nght hemlspheres dlsplayed poor comprchensnon
1d judgment of plot (29).

The right parietal lobe is also responsxble for emotional display. Prosody and facial expressions are both
mntrolled by the right side (1). It is interesting to note, however, that the right side is not solely respon51ble for
notional output. The left side moderates the emotional output of the right side. This relationship roughly
irresponds to a conscious control of subconscnous emotion (30). This phenomenon is actually visible in many facial
ipressions. The. left side of the face - ‘controlled by the: right hemisphere - tends to display more emotnonal content
\an the right side of the face, which is controlled by the left hemlslahere (30) '

The affects of the parietal lobe 'on per'sonality are p'otentially very great. Since personality depends on
sreeption of the individual’s envn'omnent it is also dependent on the ablllty of the panetal lobe to interpret and
tegrate sensory input. Dommanee changes between rlght and left hemlspheres can also lead to an mdmdual

iowing more or less emotion, _respectwel}

<-- Previous Main Next ===
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(The leblc System)

The amygdala is a subcortncal (below the cortex) bram structure It is'also a part of the limbic system, whlch
as the first recognized center for emotional processing.: Other structures of the llmblc system mclude the
ypothalamus, the thalamus, the hlppocampus, and the cmgulate cortex. i :

)

The amygdala has strong connectlons to negatwe feelmgs such as fear and susplclon (). lt is respons1ble for
:Iping to 1dent1fy alarming sounds, and also responds when an mdwxdual sees or hears something that he or she is j
raid of (31,1). Two of the most lmportant functions of the amygdala seem to  be fear condltlonlng and emotlonal
emory (32, 33). Fear conditioning is the subconscious association of neutral stimulus with a negative one. A SImple
cample is dog tralnmg In order to train a dog not to jump on the couch its owner shakes a can of coins at it every
me the dog jumps up. Eventually, the dog bcgms to assoclate jumpmg up on thc couch w1th the. unpleasant nmse, :
1d ceases its attempts to lie on the couch.

Fear conditioning depends on a link between the memory of the negatlve stimulus’ and the fear response it
'nerates. This is another function of the amygdala. Fear responsés are in many cases a necessary element of the sel
reservation instinct, so events causing fear must be faithfully recorded. The 'special attention given by the amygdalz

1d other structures to remembering threatenmg situations is called the memory enhancement effect (33).
E8rainConnection.com : ; )

Amygdala .. _ Hlppocampus

Fear responses often requlre quxck actlon as well as clear thought. In order to accompllsh both of thcse,-thcre
‘e two main routes that information can take to rcach the amygdala (1). ‘One route is directly into the amygdala
om the thalamus (the brain’s incoming information dtstnbutlon center). This route allows the amygdala to perforr
rough assessment of the sntuahon and generate action qulckly (34) The second routc carrles the sxgnal through the
:ocortex, first, SO that a more complete appralsal of the sntuatlon is possnble. <3 o = i *_ 5

Much of the work performed by the amygdala is subconscmus, and this has sparked some mterestmg o
ssearch. One line of study, called race evaluation, measurcs the unconsclous attltudes of. people toward other .
Ices. Amygdala activity (fear response) is: measured by fMRI while test subJects are shown faces or individuals™ '
longmg to different ethnic groups. This research has shown that consciously stated opinion and subconsclous
'sponse do not necessarily agree with one another (35). This leads to some rather mtcrestmg ideas. Fear may be
:rmanently hardwired into the brain; it may be impossible to overcome. Biases obtained in early developmental
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The hippocampusl is largely responsible for organiz_ing?__storing; and retrieving long-term memory (1). This -
formation also ineludee emotional content;l the hiijpocarﬁphe' is the site where e'n:totion iS applietl to épeciﬁc eitnatio'
1d scenarios in memory. For example, unmng away from another competltor in a race is assocuted with a much
fferent emotlonal sensation that runmng away from an angry bully The abllltv to store thls type of mformatlon in

fect gives the hlppocampus authonty’ over emotlonal context and approprlate emotmnal cxpresslon (26).

The Cmgulate Cortex

The emgulated cortex, whlch wraps around the top mlddle part of the bram, has a varlety of functions. One 0
\em is general pain perceptlon. Subj jects who received surgleal damage to thelr anterlor cmgulated cortex asa
eatment for chronic pain reported that thelr pam level was mdeed lower after surgery (36) However, they also

splayed less spontaneous activity. The anterior portlon of the cmgulated cortex has two mam subdlvmlons (althoug

\ey are not clearly defined). The ventral portion tends to be more mvolved wnth emotional processmg, whnle the
yrsal portwn is more often assoclated w1th consclous thought Actlvxty m one of these sectlons inhibits actnvnty m
her (1). The net result is that strong emotlonal feellngs mterfere W1th consclous thought, whlle deep conscnous
(ought quells emotlons. ik ‘ b g < i _' ' i _ '

Fmally, the anterlor cmgulated cortex is actlve durmg error recogmtlon Actlwty lS mcreased in mdlvxduals
ho reallze they are makmg (or have made) a mlstake. The actiwty is greatest in obsesswe-compulswe mdwnduals

d perfectlomsts (37) It is also hlgh in empathetle people (1)
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Neuropsychology and Personality

The main function of the brain is to organize and integrate information gathered
by sensory organs into a coherent representation of an organism’s environment and to use
this perception of the environment to generate appropriate behavior (9). In other words,
the brain coordinates the information it gets via the five senses and generates a response.
Since the brain governs the way an individual perceives the world as well as his or her
actions, it is no surprise that personality can be greatly influenced by brain. The purpose
of this website is to present information regarding the regions of the brain that affect (or
potentially affect) an individual’s personality. I’ve tried to organize the material

sequentially and simply, so that this page can be useful to high school biology students.



The Basics

Before we move on to the more complicated and interesting stuff, there are some
basic foundation facts that that are helpful to know about neurobiology and biology in
general. With that in mind, here is a brief crash course in cellular biology.

First of all, all living organisms (except viruses) are composed of cells. A cell is
the basic biological unit (like an atom in chemistry). A cell can be a small component of
an organism, or an entire organism on its own. Its outer wall is something like a sea of
fatty acids with various proteins floating around. Inside, there are more proteins
catalyzing chemical reactions (these are called enzymes), genetic material (the chemical
blueprint for an organism, which is called deoxyribonucleic acid, or DNA), and other
molecules that the cell uses to maintain itself, such as sugars (for energy) and structural
proteins.

There are two types of cells: prokaryotes and eukaryotes. Prokaryotes do not
have a cell nucleus, which is the storage site for genetic material (DNA) in eukaryotes.
Eukaryotes also have smaller structures within them called organelles. Organelles
perform specific jobs within a cell that contribute to the cells survival, including energy
production, protein manufacture and modification, breaking down contaminants, and
storage of chemicals not currently in use.

Prokaryotes are always singe-celled organisms (like bacteria). All multi-celled
organisms are composed of eukaryotic cells, including humans. Each cell in the human
body has its own copy of that individual’s DNA. However, even though every cell has
the same blueprint, not all of the cells are the same. This is because not all of the cells
read the same part of the DNA strand. Therefore, cells are able to differentiate depending
on what job they need to do and work with other cells to help the organism survive.

There are many different cell types, but the two types most relevant to
neuropsychology are neurons and glial cells. These are the two main cell types of the
nervous system, of which the brain is a member.

Neurons are messenger cells. The send and receive signals via small electric
pulses transmitted down long cellular processes called axons (send) and dendrites
(receive). The place where the signal is handed from one neuron to the next is called a
synapse. The synapse can either be chemical or electrical. Most synapses are chemical,
which means that the signal is handed from the first neuron to the second by way of a
chemical messenger, called a neurotransmitter. The neurotransmitter can either stimulate
or inhibit another electrical pulse (another signal) in the next neuron. In an electrical
synapse, the two neurons are in direct contact with one another and the electric pulse
from the first continues right on into the next.

Neurons receive signals from sensory cells, such as pressure receptors in the skin
(touch sense), and send them to higher processing centers where the information is
analyzed and a response is generated. These higher processing centers include the brain
and the spinal cord. Circuits of neurons then generate a response and still more neurons
carry the response information to the appropriate destination (usually a muscle).

There are several types of glial cells, each with a different function. Some
surround chemical synapses and modulate the amount of neurotransmitter that reaches



the target cell. Some surround axons so that the signal travels faster. Still others play a
maid role, and regulate the environment of the neurons.

The easiest way to think about all this is to compare your brain to a computer.
There is some kind of input: a keystroke on your computer, or a signal from a taste
receptor on your tongue for your brain. Then there is computation. Both systems use a
bunch of 0’s and 1’s (off/on signals). The only difference is that a computer uses
transistors, while your brain uses neurons. Then there is some kind of output. In your
computer, the keystroke leads to a program opening. In your brain, the signal from your
taste buds is processed and your brain sends the signal to chew and swallow the bite of
pizza you just took.



Brain Anatomy

The human brain is composed of two roughly equal halves (hemispheres), each
divided into the several parts. Among these are the medulla, the cerebellum, the pons,
the midbrain, the hypothalamus, the thalamus, the basal ganglia, the limbic system, and
the cerebral cortex (1). The table below highlights their functions.

Brain Division Major Function(s)

Medulla Controls heart rate and respiration

Cerebellum Motor control

Pons Information flow out of the brain

Midbrain Processes auditory and visual input

Hypothalamus Motivates self-preservation behavior

Thalamus Data organization

Basal Ganglia Motor control

Limbic System Emotional integration and memory

Cerebral Cortex Deciphers sensory input, object
recognition, and conscious thought

The cerebral cortex is further divided into four lobes: the Frontal, Temporal,
Parietal, and Occipital lobes. Each lobe performs several functions. The Frontal lobe
contains the Olfactory Cortex, the Primary Motor Cortex, and is involved in executive
function, working memory, and various emotional functions. (We’ll return to the last
three items shortly.) The Temporal lobe contains the Primary Auditory Cortex and the
Occipital lobe contains the Primary Visual Cortex. The Parietal lobe contains the
Primary Somatosensory Cortex, which is where sensory input is integrated into a
coherent picture of the environment. The orientation of the four lobes is shown in the
figure below.

There are many functions localized to specific parts of the cerebral cortex, so
there are a few positional terms that you need to be familiar with. The ‘dorsal’ side of
your brain is-the-sidetoward the top of your head. The ‘ventral’ side is the bottom of the
brain,¢oward your neck.’The ‘anterior’ is toward the front (your face), and the
‘posterior’ 1s near the bottom (tovlzz_a._rit_lﬁrl:_lmk.\)‘Left’ and ‘right’ refer to the two
hemispheres of the brain, while ‘Tateral’ and ‘medial’ denote a position away from and
near to the middle, respectively (1). The notation is used as follows: the left dorsolateral
frontal lobe indicates the portion of the frontal lobe that is hear the top and side of you
head on the left side.



Phineas Gage and Injury Research

Phineas Gage was the first case of neuropsychological study, as well as the
motivation for this website. In 1848, Gage was working as a railway foreman when an
accident with an iron tamping rod caused severe damage to his brain (probably his frontal
lobe). Gage was leveling rock at a railroad construction site in Vermont, when he
dropped his tamping rod (3’8" long, 1.25” diameter) into a well of uncovered blasting
powder. The powder exploding on contact and sent the iron rod rocketing through the
bottom of Gage’s jaw and out the top of his head (2). However, Gage did not die. Under
the supervision of Dr. John Harlow, his wounds healed within a year, but his personality
had completely changed. Before the accident, Gage was even-tempered, hard working,
and competent. Afterwards, he was described as being very childish. Dr. Harlow, in his
famous analysis of the case, observed that Gage had become short-tempered, impatient,
easily distracted, rude, stubborn, and somewhat scatter-brained (2).

The case of Phineas Gage is characteristic of one of the major methods of
neuropsychological research. That is, an interested investigator finds an individual with
some sort of localized brain damage and studies any abnormal characteristics. If there is
some sort of deficiency, the representative function is attributed to the damaged portion
of the brain.

However, there are several obstacles in this method of research. First is that brain
damage is almost never localized to one specific region of the brain (3). This can cause
all sorts of problems with an experiment. First and foremost, it is difficult to tell which
of the damaged regions accounts for the observed abnormal behavior. The only way to
narrow it down is to perform multiple tests on multiple subjects with damage to
overlapping areas. Even then it is very difficult to label a portion of the brain as having a
specific function because there tend to be several areas of the brain that participate in one
process. Furthermore, it is often difficult to gather a suitable group of test subjects. For
instance, a thorough experiment would require a somewhat large group of subjects all
with similar injuries, which is difficult to do, as survivors of selective brain damage tend
to be in short supply (3). Despite all these roadblocks, there have been many successful
studies on patients with brain damage, especially with damage to the prefrontal cortex
(the region of the brain just behind the forehead).



Neuroimaging

Another major method of study is brain imaging, or neuroimaging. This type of
research includes a whole range of noninvasive maneuvers, such as functional magnetic
resonance imaging (fMRI), electroencephalogram (EEG), positron-emission tomography
(PET), and computed tomography (CT). All of these procedures are different takes on
the same concept: measure brain activity and/or health without surgery (3). These tests
are performed on healthy and brain-damaged individuals in order to determine the
activity (or inactivity) of various brain regions during specific act1v1ty"’Tﬁége—-
experiments are highly valuable, because they have been able to accurately locate the
processing centers for many important brain functions.

g
e

Magnetic Resonance Imaging (MRI)

An MRI makes use of radio and magnetic waves to create a three dimensional
image of soft tissue within the body. The test subject’s entire body is placed inside small
chamber made of a large magnet. The magnet causes all the hydrogen atom protons
within the body to spin in the same direction, so that when a radio wave is applied, they
emit a small signal of their own (4). A receiver collects these data and converts them into
an image based on their calculated source. A functional MRI (fMRI) scan involves
gathering several images of the brain in rapid succession and using the changes between
these images to determine brain activity (7). Functional MRI scans are favored because
they have a relatively high resolution both visually and temporally (1). That is, they
show the brain in great detail, as well as being good at designating changes in activity
over time.

Electroencephalogram (EEG)

An EEG uses electrodes attached to the scalp to measure electrical activity within
the brain. Remember, the neurons in the brain fire off electric pulses when they are
sending a signal, so measuring electrical activity really measures brain activity. This type
of test is usually performed with some type of stimulus recognition experiment, because
there are easily recognizable changes in electrical current within the brain when an
individual identifies and analyzes a target object (5).

Positron-Emission Tomography (PET)

A PET scan utilizes a radioactive material injected into the test subject to measure
the metabolism (or activity) of specific parts of the body (6). The procedure is fairly
simple. The patient is injected with the radioactive material, which is associated with a
specific molecule that the investigator wishes to follow, such as glucose (the body’s main
energy source), oxygen, or a neurotransmitter (1). The patient is then placed in a
chamber much like an MRI chamber, except that there is a radiation sensitive material
surrounding the subject rather than a magnet. When the body uses the radioactive
material, gamma radiation is emitted and detected by the chamber walls. This
information is used to generate a map of the body’s usage of the targeted material (6).

Computed Tomography (CT)



Computed tomography, also referred to as Computed Axial Tomography (a CAT
scan), is simply a cross sectional or three-dimensional composite of many x-ray images
taken from many angles around the body. CT images can be used to find abnormal
structures within the body, such as tumors and blood clots, or to study normal bone and
organ tissue (8).

The general formula for experimentation with neuroimaging is to ask the test
subject to perform some type of task or observe some stimulus that isolates the brain
function the researcher wishes to study. While the test subject is performing the task,
brain activity is measured by one of the above four tests. The experiment is usually
repeated several times with each test subject using one or two different scanning
methods. The experiment is also usually performed with a variety of different test
subjects, both normal and brain-damaged.
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S}}/ The prefrontal cortex (PFC) is located in the frontal lobe, and has been shown to
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be active in executive function, working memory, and some emotional processing (9,10).
The following overview of these functions serves the purpose of presenting the
contribution of the PFC to the personality of an individual.

Executive Function

The simplest way to define executive function is the ability to plan an action (9).
This process encompasses many steps. The first is to identify a goal or a need. Next,
methods of achieving the goal are weighed as viable alternatives. When the best
alternative is chosen, action is initiated. The tasks must often be performed in the proper
order for the goal to be achieved. Motivation becomes an issue, as the goal may not be
immediately achieved. There may be also be obstacles to progress, and problem-solving
skills are employed to develop a new plan in order to continue on toward the ultimate
goal. Finally, executive function terminates action (11).

Damage to the frontal lobe can negatively affect any number of these processes of
executive function. However, due to the great number of connections the frontal lobe
maintains within itself and with other parts of the brain, localization of these specific
functions is difficult to demonstrate (1). The following is a brief summary of the various
malfunctions of executive function.

Damage to the portions of the frontal lobe governing initiation of action causes a
condition called psychological inertia (1). Individuals with damage to this portion of the
brain have trouble with identifying needs and thus with beginning an activity. However,
once they begin action, they have difficulty stopping. They are also easily influenced.
For example, a researcher asked a patient with psychological inertia if he was thirsty.
The patient responded that he was not. However, whenever the researcher suggested that
the patient should take a drink if he was thirsty, the patient would always take a drink (1).
This type of case is not limited to verbal cues, either. Individuals with psychological
inertia will also respond to cues in their environment, a condition called environmental
dependency syndrome (12). For example, if the subject sees a keyboard, he or she will
sit down and begin typing.

Damage to the action initiation system seems to separate conscious thought from
action (13). In tests where subjects were asked to sort cards into piles based a certain
characteristics, they incorrectly sorted theeards while stating that they knew that they
were doing so. This has led some reSW the opinion that psychological inertia, or
a disconnection of thought and action within the frontal lobe, deprives these patients of
their free will (1). Regardless of whether free will is involved in this problem, it is
certain that a malfunction of action initiation has a severely detrimental effect on one’s
intellectual independence. Other types of damage to the medial PFC have been shown to
decrease motivation in general (22). These results have implications regarding ambition
and perfectionism (9).



A second malfunction of executive function can occur at the planning stage. At
this stage in the process, the brain has set a goal and begins to use the information
available to devise a plan (cognitive estimation) (1). When damage to the regions
responsible for this function occurs, the individual is no longer capable of complex, or
abstract, thought. These subjects are competent to follow concrete plans, but they are
unable to create their own when given a goal (14). These individuals also tend to be
deficient in estimation of mundane subjects, such as the price of appliances and groceries,
or their own ability to plan and perform chores (15, 16). Finally, these patients have
trouble estimating the potential behavior of other individuals (an ability called theory of
mind), leading to a limited capacity for empathy (17). On a somewhat larger scale, these
deficiencies mean that these patients do not have the capacity to plan out how to achieve
something like a life goal or a New Year’s Resolution, and they have difficulty working
with a group to finish a task, because division of labor is a foreign concept to them.

Damage to executive regions may also cause deficiencies in problem solving
skills (18). This is caused by mental inflexibility, or an inability to adopt an alternate
point of view in dealing with the problem. This type of damage also affects the ability to
adapt to new situations and to create new uses for an object (1). Habit rules the actions of
individuals with this type of malfunction, because creativity is impossible.

Damage to the frontal lobe also has the potential to frustrate the ability to work
toward a known goal (1). This includes focus, organization of steps (or sequencing), and
progress analysis. The dorsolateral portion of the PFC has been implicated with the task
of maintaining focus (1). This regioW ‘attentional set’ of relevant

_information and actively works to exc ous details (19). The ability to discern
" to prope'r‘gf/o}der of actions to take in order to best reach a goal can also be impaired by
.. damage to the frontal lobe. This type of deficiency might cause an individual to mail out

a blank set of college application forms before filling out another set, which might be left
at home. Finally, dysfunction in the frontal lobes can result in an inability to judge
whether a task is actually helping to achieve a goal (1). The combination of these three

deficiencies results in erratic behavior, similar to ADHD and the behavior of Phineas
Gage after his accident.

Two prominent theories concerning the mechanism of executive function are the
supervisory attention system (SAS) theory and the executive knowledge model (9). The
SAS theory views executive function as being similar to a computer program in the way
it deals with a problem. It states that there are ‘schemas,’ or pre-programmed, automated
plans, on how to deal with the mundane situations that an individual might encounter
(20). For example, the electric bill-paying schema would involve finding the checkbook,
writing a check for the amount of the bill, and mailing the bill to the electric company.
Learned triggers (receipt of the bill in the above example) prompt the brain to action in
these scenarios. The supervisory attentional system (SAS) comes into play when a novel
situation is encountered or a behavioral change is attempted (i.e. trying to break a habit).
The SAS is responsible for analyzing the problem, developing a plan, initiating action,
and monitoring progress (20). The SAS also oversees the appointment of schemas to



ensure that the correct one is chosen for a given task (left dorsolateral PFC), searches the
memory for the appropriate actions (right ventrolateral PFC), and monitors behavior
(right dorsolateral PFC).

This theory is particularly strong because it includes a model for the interaction
between the nature and nurture aspects of an individual, because the events that trigger an
action schema are learned, not programmed. In other words, the SAS theory helps to
reconcile the two major perspectives on how a personality is forged. Another way to
explain this concept is the transactional model of behavior. The transactional model
states that an individual’s natural qualities and his or her environment each has an effect
on the other (3). That is, an individual can affect his or her environment, which in return
affects the individual, who learns and responds to the environment, and so on. The
learning of schema triggers is also a good way to imagine how habits are formed.

Another model that incorporates the influence of the environment into behavior
patterns is the executive knowledge model (9). This model states that managerial
knowledge units (MKUs) are stored in the PFC. These MKUs are similar to the schemas
in the SAS model. They are arranged in a hierarchy (ladder system) of simple to
complex behaviors. Simple MKUs become associated with another by learning and
experience to generate responses to more complex situations (1). The more often an
MKU is called into use, the more automatic and ingrained that behavior becomes. Thus,
we have another mechanism for habit, as well as an explanation for the maintenance of
mundane capabilities even in individuals with damage to the frontal lobe.

The effects of executive function on the personality of an individual can most
easily be demonstrated by reviewing the case of Phineas Gage. Recall that after his
accident, Gage was easily distracted, scatterbrained, and somewhat irresponsible. These
are all symptoms of damage to the frontal lobe and executive function. Differences in
these traits can also exist in normal individuals. While most people have the DNA
necessary to build a brain, no two people have the exact same DNA. That means that
there will be minor differences between the brains of any two people. These differences
will be analogous to the difference in height, weight, and hair color those two people
might have. These differences in the blueprints that each brain is built with can cause
minor differences in the some of the processes. Thus, one individual may be slightly
better at dealing with new situations than another. Life experience can also cause
differences between brains. Since learning is heavily involved in the development of
schemas or MKUs - depending on which theory you prefer - experience is incorporated
into the physical aspects of the brain (as memory). These experiences then resurface as
behavior.

Working Memory

Working memory, localized mainly in the dorsolateral PFC, is basically the
attentional set of executive function. It holds a small amount of information relevant to
the task at hand for a few seconds (1). Recent studies have shown that it also plays a role
in anticipating events (21). This is a logical function, because as a holding point for
knowledge of past events, it is ideally placed to relate possible future events based on
observed patterns.



Deficits in working memory have a drastic effect on an individual’s ability to
interpret events. Since less information is in storage about current events, it is more
difficult to build relationships to the preceding events. The result is that pattern
recognition and planning ability are negatively impacted, and the individual becomes
dependent on more recent stimuli to determine action (1).

Emotional Control

It has been frequently demonstrated that the ventral prefrontal cortex is intimately
tied to the limbic system, which is one of the primary systems responsible for emotional
processing (9).

The ventral PFC controls positive conditioning (reward associations), as well as
inhibition; damage to the lateral ventral PFC has caused irritability and impulsive
decision making (23). The same study also showed that ventromedial PFC plays a role in
risk assessment. Subjects with damage to the medial ventral PFC continually gambled on
high risk bets that had a greater immediate value, but had less value in the long run.
Other research indicates that the ventromedial PFC responds rapidly to emotional stumuli
and probably plays a first response role (25).

Several other studies have demonstrated a connection between the orbitofrontal
PFC (the region along the front bottom edge of the brain) and positive sensations from
the taste, sight, and smell senses (1). Some of these experiments have also found that
people with damage to the OFC disconnect their consequences from their actions and
frequently behave inappropriately (24). These subjects tend to disregard the possible
results of their actions in their attempts to obtain the most immediate gratification. One
study even linked the OFC to moral values (24). The OFC also seems to be functional
during the re-learning process. For example, in a test where the rules changed, subjects
with damage to the OFC were unable to adapt (1).

It is reasonable to conclude that the dorsolateral PFC (DLPFC), with its role in
working memory and focus, also has some role in emotional processes, since most people
have experienced how emotion can affect the thought patterns (1). As stated above, the
DLPFC is charged with the responsibility of integrating past experiences into current
activity. When emotional control is added to this responsibility this region becomes
extremely important for setf-perception (9). The role of the DLPFC in executive function
and emotional integrati¢n leads action based on emotion in a positive response
(approach) or negative response (withdrawal) pattern (26). The two response classes are
localized to the two hemispheres: the approach to the left and withdrawal to the right.

The DLPFC isn’t the only region of the PFC that displays a different function in
each hemisphere. In fact, the whole PFC seems to be divided. Damage to the left PFC
causes a ‘catastrophic reaction’ where subjects experience something like a continuous
emotional breakdown (the right side regulates negative feelings). On the right side,
damage causes a ‘euphoric indifference’ reaction, where subjects are in a perpetually
good mood despite their injuries (the left side regulates positive feelings) (27). The two
halves seem to contend with one another to form a balance of mood. The balance of



activity can fall on different points of a mood continuum depending on the individual. In
other words, this type of brain activity is a factor in whether an individual has an overall
positive or negative attitude.



The Parietal Lobe

Two of the major functions of the Parietal Lobe are integration and interpretation.
The parietal lobe is the site where information from sensory input converges and is
molded into a representation of the surrounding environment. The parietal lobe is also
the region where emotional stimuli are interpreted (1).

One of the primary functions of the right parietal lobe, as far as emotional
processing is concerned, is to interpret visual and auditory emotional content, such as
facial expressions and tone of voice (1). The right parietal lobe is where the brain makes
the jump from observing a frown and slanted eyebrows to noticing that the person it is
seeing is angry (28). This social skill is enormously important, as a great deal of
communication is accomplished with body language. Interpreting tone of voice, or
prosody, and more importantly, integrating tone of voice with facial expressions is
another task of the right parietal lobe.

Patients with damage to the right hemisphere have serious problems assessing
their social surroundings, but also have difficulty with assessing the rest of their
environment. The parietal lobe’s function in integrating other sensory input it the main
cause of this deficiency. Research on story interpretation has suggested that skepticism is
another function of right parietal lobe, as subjects with damaged right hemispheres
displayed poor comprehension and judgment of plot (29).

The right parietal lobe is also responsible for emotional display. Prosody and
facial expressions are both controlled by the right side (1). It is interesting to note,
however, that the right side is not solely responsible for emotional output. The left side
moderates the emotional output of the right side. This relationship roughly corresponds
to a conscious control of subconscious emotion (30). This phenomenon is actually
visible in many facial expressions. The left side of the face - controlled by the right
hemisphere - tends to display more emotional content than the right side of the face,
which is controlled by the left hemisphere (30).

The affects of the parietal lobe on personality are potentially very great. Since
personality depends on perception of the individual’s environment, it is also dependent
on the ability of the parietal lobe to interpret and integrate sensory input. Dominance
changes between right and left hemispheres can also lead to an individual showing more
or less emotion, respectively.



The Amygdala

The amygdala is a part of the limbic system, which was the recognized center for :PW o ;/(,
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The amygdala has strong connections to negative feelings such as fear and

suspicion (1). It is responsible for helping to identify alarming sounds, and also responds

when an individual sees or hears something that he or she is afraid of (31,1). Two of the

most important functions of the amygdala seem to be fear conditioning and emotional

memory (32, 33). Fear conditioning is the subconscious association of neutral stimulus

with a negative one. A simple example is dog training. In order to train a dog not to

jump on the couch, its owner shakes a can of coins at it every time the dog jumps up.

Eventually, the dog begins to associate jumping up on the couch with the unpleasant

noise, and ceases its attempts to lie on the couch.
Fear conditioning depends on a link between the memory of the negative stimulus

and the fear response it generates. This is another function of the amygdala. Fear

responses are in many cases a necessary element of the self-preservation instinct, so

events causing fear must be faithfully recorded. The special attention given by the

amygdala and other structures to remembering threatening situations is called the

memory enhancement effect (33).

Fear responses often require quick action as well as clear thought. In order to
accomplish both of these, there are two main routes that information can take to reach the
amygdala (1). One route is directly into the amygdala from the thalamus (the brain’s
incoming information distribution center). This route allows the amygdala to perform a
rough assessment of the situation and generate action quickly (34). The second route
carries the signal through the neocortex, first, so that a more complete appraisal of the
situation is possible.

Much of the work performed by the amygdala is subconscious, and this has sparked some
interesting research. One line of study, called race evaluation, measures the unconscious
attitudes of people toward other races. Amygdala activity (fear response) is measured by
fMRI while test subjects are shown faces or individuals belonging to different ethnic
groups. This research has shown that consciously stated opinion and subconscious
response do not necessarily agree with one another (35). This leads to some rather
interesting ideas. Fear may be permanently hardwired into the brain; it may be
impossible to overcome. Biases obtained in early developmental stages may be
irreversible, as well.



The Hippocampus

The hippocampus is largely responsible for organizing and storing long-term
memory (1). This information also includes emotional content; the hippocampus is the
site where emotion is applied to specific situations and types of situations in memory.
For example, running away from another competitor in a race is associated with a much
different emotional sensation that running away from an angry bully. The ability to store
this type of information in effect gives the hippocampus ‘authority’ over emotional
context and appropriate emotional expression (26).

The Cingulate Cortex

The cingulated cortex, which wraps around the top middle part of the brain, has a variety
of functions. One of them is general pain perception. Subjects who received surgical
damage to their anterior cingulated cortex as a treatment for chronic pain reported that
their pain level was indeed lower after surgery (36). However, they also displayed less
spontaneous activity. The anterior portion of the cingulated cortex has two main
subdivisions (although they are not clearly defined). The ventral portion tends to be more
involved with emotional processing, while the dorsal portion is more often associated
with conscious thought. Activity in one of these sections inhibits activity in other (1).
The net result is that strong emotional feelings interfere with conscious thought, while
deep conscious thought quells emotions.

Finally, the anterior cingulated cortex is active during error recognition. Activity
is increased in individuals who realize they are making (or have made) a mistake. The
activity is greatest in obsessive-compulsive individuals and perfectionists (37). It is also
high in empathetic people (1).
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