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thalamus, This is not to say that thesé tech:

nigues are ineffective in déaling with highér
functions such as memory. What can be and is
being provided by néurophysiology is 4 precise
description of the neural substrate w1thm the
brain :
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_ .- tion of splrits entrapped in the bavitles Bf hig
T _bram and hls emotlons to depehd Oﬂ the hu

“functions’ of° anatornicéily distife

. ‘brain. By the end of the ceritury-_t_hejbroad out:

basé’a’ comptehensive s?si iat
psychological procésses” oft*'th
Cential to this account wé
_some ‘half "century of resi H¥riftiated * by.
Claude Betiiaid that patts ‘of thé balfi: regu-

and: that ‘thesé internal controls opérated du:
tomabcally beyond the awareness of / ‘the in

" dividoal: Rationdl man now had to face thé fact:

“that his béhavior might stéim; to §61mé cofistder-

able - extent,” from  such srdifarily  “ungon-
scious” ‘processes. In his discomfort with the”

3 Géll and his assistant, J: Sptirzhelm who- ‘acceletat
mi k' th radnca‘! proposal that thé, braint sub the terh

L :f-‘ully documeénting basbhiﬁ £y aftef
co casehiétd' The chaliehgg_:sBbbhcbé%sf‘;ul_tha{'l

unknowri, he began in earnest to analyze the

~ mechanistris of these powerful but little under-

stood “motivational” determinants of psycho-
loglcal processes and behavior.

‘Encephalization of Mind

Williaim James, contetitporary with Freud,

“applied the new knowledge of brain function
"to construct an even more detailed and compre-

hensive systematic account of psychoelogical
processes James’ “psychologY dlffered inem-

'emotwﬂal reactions fromi inotivations. Jares
.proposed that emotions were ridnifest when a

"reactiofi to an occurrence was contained within
‘the brganismi, calling into play adjustments of
16 dlitonomic-visceral regulations of the inter-

al eﬁvitfoﬂment, whilé motivations took the

tganisin outsidée himself by controtled opera-

oné Bit his sorhatic miisculaturé,

Thx 1§ the legacy we ihherit frofm the Hine-

. Séventy-five years of additional
'y it" the . physiology of emotion and

fHotNdho g prodiiced new data and 4 sharp-

ried ' cOribéptualization: The nineteenth cen-
ward tinderstanding psychologlcal

procqﬁ_sé!_; i' téhﬂs of bidin funiction has béeén

‘afid (dday thie average personi Uses
iirid and bmin practically inter-

sevetif | it fl“hs encephallz.ation of
“tnind ¢46 b dishﬁghishéd Waltet Caniion's re-
‘search'bhowed tHdt the réguldtion of thé inter:

‘nat énviFonmient Was écbdmbhshed by 4 meéch-
“ahisti 8ERSILVE to the ehetricdl Substanics (.4,
“blood sugaf; demibtatity; bt parual pressire of
‘CQ,) of phiysical gudntity (€. héat) that it con-
% trolled; afid that thik réchianisi was loéated in
the boré of the bEdin stemt (hypothalamiis and
-midbraih) ‘Cannbhi foFther showéd that émo-

* tionibl reactions Weté 4 filhction of thése tore-

“brair ‘control méchanikins and rot; 46 jamiés

had thought,; of the peripheral visceral proc-

' egses that the mechanisms regulated.
lated thé initérnal snivironment of thé. Orgamsm o

A similar thotigh lesé héralded developmerit

* taok place with tegard to miotor functiotis. The
demonstratlon by Fritsch and Hltmg (6. 1870y

f the prodiction’ of movemerit by eéléctrical -

timulation of parts of the brain bégar thé ex-
serimental stidy of métor control. This fe-
search cilminated after World War I in the
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realization that a major regulatory system, cen-
tered on the basal ganglia, regulates postural
adjustment, the base from which movement
and action takes place, by a homeostatic-like
process. . Controls operate on proprioceptors
' (e.g., muscle spindles) and therefore on a sen-
sitivity to forces exerted on thé receptors,
- rather than on muscle contraction per se. Such
load-adausting opétations are now generically
termed as being performed by feedback, or ser-
vomechanisms. '

.+ Regulatory Mechanisms ... . .,
.. 'The next major discovery was riade by Ho-""
’_ race Magoun and Donald Lindsley and ex-
.. tended both the anatomical 19¢us and the func- °

, tions of the core-brain regulatory"mechamsms o

" 'Anatomically, ‘the reguldtory*systemil’ were '
" shown to involve a considerable lengfh of the ;
_core of the midbtain stem (the n‘iesencephahc.‘fl_"ﬁ

- retlcular systemn). Functxonally the mechahism =
" could alter the level of arousal and dbtivation
for mhlbmon) of aH regulqtory functmns

ga'" ge alertness at the other: L“
| these initial discoveries ih

Uge\ £ esearch ‘Fesiilt ,
indsiey § OWN 1aboratot'ies ,Tﬁ
matlon Wwas' found to'be host to a"vatlety o
‘eurochemxcal receptors Which in keeping

. other” core-brain 'struetures.” Most “'of | these
neurochemical substances até amines, suich as
~ serotonin, an indole amiine; and norepineph:
' “rine (noradrenaline), a catecholamine. Psy= -~
_chiatric and psychopharmacological researchff’"

_laboratories throughout the world are now en:"

-, gaged in studying how the interactiona of these '
~ brain amines within the’ reticulat formation
and beyond in fiore rostral neurochemlcal sYys
. tems (such ag the dopamine system-—a caté
o cholamme system connectmg the substanna

T Pﬂ'a

| nigra with the basal ganglia) produce different

types of sleep and alertrniess and such mood

‘changes as depression and elation, and even

disturbances such as schizophrenia. Arousa!l

"and activation are turning out to be as neuro-

chemically multifaceted as are the more spe-

. cific emotions and metivations. The humors
' have feturned, but they are now known to be

netrohumors.

‘The Forebrain

Another major"discbvery embraces the

“mechanisms influenicinig homeostatic proc-
"esses in the oppos:te direction, into the fore-
" brain. Here again the core portions—the limbic
k formatmns-—became the focus of interest. The
‘tlose anatomic_a! _conr;ectwlty with core-brain
‘“stem’ systemns (hypothdlammic and reticular)

sparked ihis intérest. An ifitial contribution
was the proposal by Jathes Papez, later ampli-
fied by Paul Macléan, that the limbic forma-

" 'tions sérve as a “visceral” brain supplanting
* Canron's thalamic locus for emotional experi-
ence and expression. Dramatic charges ifi the

eactivxty of laboratory dnimals were in fact
btdinéd by Heintich Kltver and Paul Bucy in
mtial expenmental irivasions of limbic struc-

h'origiﬁéhng frofit othér points of de-
s_hown that the limbic forebrain

'i'-* prbcésdéﬁ b Siieh proc-

te zéd By thbiy sénsitivity to 4

;wider Fange of VdFlabies {H titid and Space thari

izations! Thé b)tpbrimenial fésults siiggest that

‘the limbic fotebraifi serVes ak 4 conitrol b rote
‘primaty ermotional diid ' mbtivationdl homeo-

static processes constitited by the opéiations of

‘" thalamic (hypothaiamic), basal ganglid; and
'"reticular core-brain stéth structhires.

Self-Stimulation |

These discovéries concerning thé core poi-
tions of the braisd sterm and forebrain dre high-

"lighted by two othets which introduce somie
‘continiiity into the apparently disparate and di-

verse mosaic of homeostatic regulations. Con-

_"_'ti_nmty is given by the finding that the core-

AR analysis of these effects initiated and
_cartied ori by Kail!Pribrari and supplémented




brain systems are intimately itivolved in the

experiencing and the reaction to pleasire and
to pain. The seminal discovery was that by
James Olds and Peter Milnei that animals
wouild press a lever in order to turn on electri-

cal stimilation to their brains. Olds carefully
mapped the locations effective.in producing
- gelf-stirmilation - and * found them to be re-
stricted to core-bralff stem and hmb:c place- -
ments. Further research showed that the -

amount of self:stimulation interacted with a
variety of homeostatmally regulated processes.

Thus the appetitive aspects of hoitieostasis and.

of self-stimulation appear to shadfe a toinmon

locus in the brain. In addition; it was qiickly -
established that these animals would dlso press -

a lever to 5top ongoing electrical brain stimula-
tion, indicating that the satiety aspects.of po- .
meostasis are similarly related. Thé stopidhd-

- go mechanisms, though often intermingled,
were. iti some locatlons clearly Separable, and

this separation was also found by 4 vafiety of -
techniqiies aimed to discern the ofgahization of . .

speciﬁc homeostatic mechanisins (i.é.; hiihger
. and thlrst) Considerable definitional sense is

L :_m"‘qhamsms are considered {hé"b_imm' of emo-

4 Eguall purtant insights ha
o stin‘iulatioﬁs f the hmd parts of th? C

! cations would oftén produce grimacin
: 1zing, and“other: -signs of . dlSCOInfOI'
- othe#:tiines;;with the electrodes placed
- . saine orionly:slightly: adJacent locatie
+. with differént stimulation pafamaéters, __
. mal woilld turn on thé electric current with a
v parent rehsh in T

P_ai'n N

Clarificatioii of these initially puzzlinhg find-

ings has come recently from studies of the paiii -
mechanism. Neurosurgeons on the basis of -’

. clinical evidence, havé for years sectiofigd the
" lateral spinothalamic tracts ii the $pifial eéord- -

- and lower brain stem to prodiice ‘analgesia in
patients suffering fromi 1n_trac_t=§ble pain; When

,made wheti; on the basis 6f these ﬁnﬂihgs; stop g

“of ktiowledge v
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theése tracts are sectioned in experimental ani-
mals; about one-third of their fibeérs can be
traced to the thalamils, the remaining two-
thirds ending in the core-brain stémi in and
aroutnd the reticular system. A special concen-

<" tratioft of such fibers ends in the periaqueduc-
tal giey, a centrally Yocated niicleus within the

reticular formation. One would expect, there-
foré, that lesioning of the structure in which
the pain tracts terrninaté would prodice

. gnalgesia. “This expectatlon is nat conﬁrmed
" instead Liebeskind, Moyer, and Akil found that
_.electrical . stimulation of the periaquediictal

grey produced the andlgesic effect. Next it was
fourid‘that analgesic pharmaceutlcal chemi-

- cals, such as morphme are selectlvely ab-
-sorbéd by the cells of the periaqueductal grey. _
:'Fmally, éviderice is just beginning to be ob-

tairiéd that thesé “andlgesic réceptor” cells, ith-
def: hormial condihons, appatently secrele 4
morphing-like pain protectivé substaiice, of
concentrate stich a substance secreted else- -
where..

Pairi - thtis comes hnder the eontrol of a4

hoiiieostatic system, 4 ystein thai regulates the
-quantity.of .a:chemical analgesic substdtice.

- Pefhaps:the self-stimiilation effects obtaified
4- by Olds ar diié o_exmtatmn of thls pleasdra-

e sn‘npl? summarlzé this wes lth
whiéh has dccumiilated over thé
past two centi.lries? Clearly, the braiii has beei

" shown to be the organ eriticdl to emiotional and -
mutwatmnal expenence and expressmn How-'f

'dlved Thé core portmns of the brairi stefd afd -

_ fofebrain: have beer found especiaily impor:
- tant; and the question arises as to how t6 char-
- actérize their importance. Introspectional psy-
" thology - once . tamé to thée conclusion that
- éxperience could be classifiéd dlong thfee pri:
. mary dimiensions: a spatial, a temiporal, and ari
- intensive. Neuroscientists have succéeded to a
- remarkable extent in spelling out the sensory
. afid perceptual brain mechdnisms involved in
‘the §patial dimension (called epicriticin clini:
- cal neurology; a term coined by Henry Head).
- Now it appears that the brain sciences may be

':'f_-”making équally important strides in delineat-



ing the core-brain mechanisms involved in the
.intensive dimension, which can be labelled
_protocritic (again following Head's lead):
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" adults. Of these 20% are characterized as

severely retarded. They contribute more than

* their proportionate share to the resident popu-

lation of tax supported and private facilities for
custodial care and training in the basic skills:

- of daily life activities (Witkin, 1974). The aver-

age daily cost, if this condition is reducible to

. .dollars and cents terms, is approximately ten

dollars per person per day or about $700 million

‘for those in tax supported institutions (Allen
“and Cortazzo, 1970). This figure does not in-
.- ¢clude those in private facilities and those lost
- in the anonymity of the adult population.
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psychology. New York: Basic Books, 1966.
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BRAIN. DAMAGE AND MENTAL
RE’I‘ARDA'I‘IO ‘

“brain’ imured perscns are retarded, ncr are all
: mentally ‘fetarded individuals orgamcally in-

‘volved: The relatlcnshlp is one of “associated
- ‘with;"- that is,” mental retardation associated
with or followmg a whole host of conditions
which may result in the destruction and/or

" structural aberrations of brain cells. These, in .
- turn, vield varying degrees of intellectual sub-

normality - ranging from the rﬁultlpiynhand-

. icapped, profoundly retarded person to those ihg’ starts at birth with Piaget's Sensorimotor

mthin the bcrderlme category

Inc:dence of Mental Retardatmn and Brmn :

The occurrence cf thls ccndltmn has been es-

~ timated at 3% of. the population or approxi-:. ..
mately 6.5 million children, adolescents, and -

L ol TR

“'The tdnge of behavioral adequacy is, like the
intelléctual aspect, a4 function of the locus and
extent of the brain damage. The more severely
iiivolved people are also classified as cerebral

palSied ‘The latter térin is applied to those

whose’ encephalopathy is mianifested by somie

S otor dysfﬁnctmn(s) However; only about 30%
f'-'of the ccrebral palsied population is triily re-

'Of the temaining 70% approximately
ate of average intelhgence or higher even

though functionally ircapacitated in varying
- degrees; dnd 30% behave as ifthey are retarded
C due tc theu‘ ir_ruted experlences in assumlatmg

Vantage points“ theofeticai behavioral and de-
The hitter usually includes the

LWHH Speciﬁc regard for the brain injured re-

g -:tardéte ihe riore approprlate developmental
-modet 1§’ Ehat prcmulgated by Piaget. His view
- is sequential in both time and stages. That is,

“a ma,jor apprcach to cognition . . . describe(s)
in exphmt terms the sequence of ccncept devei-
opment in chlldren frcr_n birth to adolescence”

(SUppes 1974, p. 14).

*'While the onset is before birth, the account-

Stage which takes the infant through the first

© two years of life. For approximately 20% of the
" prganically involved retardates,
! stage at which they remain fixated, not passing

this is the

bcycnd the mental dge of two years, IQ rating
of ‘20 to 25, and extremely minimal scores
onl the Adaptive Behavior Check List using

i- the two-fold .¢riterion for mental retardation:
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