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There remains yet another type of integration which claims
consideration, although to saddle it upon nerve may perhaps
encounter protest. Integration has been traced at work in
wo great, and in some respects CoOuUnterpart, systems of the
organism. The physico-chemical {or for short physical) pro-
duced a unified machine from what without it would be merely
a collocation of cominensal organs. The psychical, creates
from psychical data a percipient, thinking and endeavouring
mental individual, Though our exposition kept these two
systems and their integrations apart, they are largely come-
plemental and life brings them co-operatively together at
innumerable peints. . .. For our purpose the two schematic
members of the puppet pair which our method segregated
require to be integrated together. Not until that is done can
we have before us an approximately complete creature of the
typc we arc considering. This integration can be thought of
as the last and final integration.

But theoretically it has 1o overcome a difficulty of no ordinary
kind. It has to combine two incommensurables; it has o unite
two disparate cntities. To take an example: I see the sun;
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the eyes trained in a certain direction entrap a tiny packet of
solar radiation covering certain wave-lengths emitted from
the sun rather less than 1o minutes earlier. This radiation is
condensed to a circular patch on the retina and generates a
photo-chemmical reaction, which in turn excites nerve-threads
which relay their exeitation to certain parts of the brain,
eventually to arcas in the brain-cortex. From the retina on-
ward to the brain the medium of propagation is wholly nervous;
that is to say, the reaction can be subsumed as clectrical. Some
of this clectrical reaction generated in the eye does not reach
the brain-cortex but diverges by a side-path into nerve-
threads which relay it 1o a small muscle, which by contracting
prevents excess of light attaining the retina. The clectric
current propagated te the muscle activates the musele. The
chain of events stretching from the sun’s radiation entering
the eye to, on the one hand, the contraction of the pupillary
muscle, and on the other o the electrical disturbances in the
brain-cortex are all straightforward steps in a sequence of
physical ‘causation’, such as, thanks to science, are intelli-
gible, But in the sccond serial chain there lollows on, or at-
tends, the stage of brain-cortex reaction an event or sct of
events quite inexplicable to us, which both as to themselves
and as o the causal tie between them and what preceded
them science does not help us; a set of events seemingly in-
commensurable with any of the events leading up ta it. The
sell “sees” the sun; it senses a two-dimensional disk of bright-
ness, located in the ‘sky’, this last a feld of lesser brightness,
and overhead shaped us a rather Hattencd dome, coping the
self, and a hundlred other visual things as well. Of hint that
this scene is within the head there is none. Vision is saturated
with this strange property called ‘projection’, the unargued
inference that what it sees is at a ‘distance’ from the secing
‘self’. Enough has been said to stress that in the sequence of
events a step is reached where a physical situation in the brain
leads to a psychical, which however contains ne hint of the
brain or any other bodily part. We cannot of course suppose
that in the instance taken, the ‘secing the sun' breaks into a
visual vacuum; in the waking day ‘sceing’ of some sort is
always going on: on the physical side similarly clectrical
waves in the brain from one source or anather must be prac-
tically unremitting during the waking day. The suppaosition
has 1o be, it would seem, two continuous series of events, onc
physico-chemical, the other psychical, and at times interaction
between them.
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This is the body-mind relation; its difficulty lies in its
‘how'. ..

.+ . Instead of, as is usual in physiology, leaving that m-
passe unmentioned, it scemed better to draw attention o it by
the experimental observations in this book’s final chapter.

SuerriNcron, G 8, The Integrating Actton af the
Nervaus System. Foreword 1o 1947 Edition (129).

INTRODUCTION

FOR TRE PAST CENTURY and a half, the ‘mind-hody?
problem has heen focused on the relationship between
the functions of the cerebral mantle and mental
processes. The questuon is often raised as to whether
mentat

wental  processes —especially  ‘complex’
processes such as ideas, attitudes and thoughts—are
radically (incommensurably)  different from  the
physiological and the physical. With regard to cle-
mentary seosory and motor events {such as depressing
a key when a light is flashed), the scientst proceeds
upon the basis that psychological concepis (here
the visual Reld) are inferred from ohservations and
measurements of organism-envivonment interactions,
interactions that can be specified by the use of physio-
togical, physical and behavioral methods. Experi-

mental evidence is presented here that more complex

mental processes-—such as thought, attmude, value
can also be swdicd 1 thig manner: that environ-
mental, organismic and behavioral referen for these
processes can he specified -that, cherelore, the differ-
cs designated

ence between the psychological proces
ag complex and those designated as elemeniary is not
a radical one.

Complex mental processes are most readily inferred
from ohservations of problem-solving behavior, Those
portions of the cerebral mantde devoid of any major
direct connections with peripheral structures have
heen consistently linked with problem-solving proc-
esses and have, therefore, been of especial interest 1o
students of the mind-body relatonship. The designa-
ton ‘association cortex’ has obscured a considerahle
lgnorance concerning the funcions ol these parts of
the brain. The designation was framed within the
empiricist tradition as this had evolved up to the
latter parc of the past century, and presupposes
anatomical and physiological evidence for the notuon
of a transcortuical reflex. Data are presented here upon
which an alternative conception 1s proposed.

Defiution of Intrinsic Systems of the Forebrain

The conception of an ‘association cortex’ stems from
the fact that certain parts of the forchrain have
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obvious major dircct connections with peripheral
structures while others do not. This difference has
heen used hy Rose & Woolsey (124) in a rigorous
classification of the subdivisions of the dorsal thalamus
- the lorehrain struciure which, as a whole, serves as
the final discontinuity intercalated between peripli-
crally initlated neural cvents and those of the end-
brain. These investigators sugeest the term ‘intrinag’
for those portions of the dorsal thalamus in which no
afferents

major extrathalamic, extratelencephalic

werminate. The intrinsic portions of the thalamus

“project to those scctors of the cerehral mantle usually

referred to as “assoclation cortex.’ As already noted,
the term fassociation cortex’ has its disadvantages:
Tassociaton’ makes the unsupported assumpuon that
in these areas, convergent tracts bring  together
fstosory’ events transinitted from the ‘receiving areas’
of the bratn. Throughout this presentation, therefore,
the currently less loaded term finrinsic seetors’ will be
substituted {or fassociation cortex?’; fintrinsic systems’
will be used when reference is made to the thalamic
projection as well as 1o the related cortcal area,

The key 1o an analysis of the functions of the
intrinsle systems of the forebrain 1s obrained from a
study of the erganization of the mammalian thalamus,
On the basgis that some ol the nuclear groups within
the thalamus hear a fairly consistent relation o one
another, an external portion and an internal core of
the thalamus can he distinguished (59} The external
portion 15 composed of the ventral, the posterior
(lateral and pulvinar) and the geniculate nucle
{fig. 1], Tn carnivores and primates this external
porticn s, for a considerable extent, demarcated (rom
the internal core of the dorsal thalamus by an ag-
arcgation of fibers, the internal medullary lamina and
its rostral extensions surrounding the anterior nuclear
group. The internal core of the dorsal thalamus may
also be subdivided into three large groups: the an-
terior, the medial and the cenral (nud-line and intra-
laminar) nuclel,

Fach of the major subdivisions {external and in-
ternal) may be further eharactenzed according to the
type of iy nontelencephalic major afferents (fig, 2.
Thusg, the ventral and geniculate nuclel of the external
division are the terminations of the large wpologically
discrete ‘specific’ afferent tracits (c.g. spinothalamic,
rigeminal, lemniscal and the brachium conjunctivam,
as well as the ode and opue radiatious) of the somatic,
gustatory, auditory and visual systems (144). Witlun
the internal core, the antenior nuclei reccive an input
fronn the posterior hypothalamus through the mam-
millothalamic tract; the central nuclel receive non-
specific diffuse afferents by way of the raticular forma-
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Wagour, 1950; Starx{, Compatotive histomorphology
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Cytoarchltecture & Strychnine
neuronogtaphy {e.g, v. Bonin
L Bailey, 1947; Baiiey,

Retrograde thalomic degeneration
ofter cartical removals, Monkey.

et ol,, 1951} . le.g. Koppers, Hubar & Crosby, ('h-‘}- wai:‘_’b- 1938;9%:?‘;: ":50: . Donin & MeCulloch, 1950;
Sllvar staln [Merin, 1934, Rose & Woolsey, 1949} Chow & Pribram, ; Fribram MocLean & Pribram, 1553;
etal,, 1951 et al., 1953} Pribram 4 tacLean, 1953)
Extarnal Partion
: Eugranular isocartex of the
. s 11, larteralis poster|o! mmm—Postetior parietal cortex rietal, temporol & acci-
Po,hno":ﬂ'ﬁ—-n. putvinoris Pasterinr patietat & temporsl cor- :?!uf lebes {the posterior

Veniru{Cé—n.
—

{basatis}
Modr-Specific
Discrete Input

e, ventralis anteriof mmm———mmm— Dorsol frontet cortex
ventratis loteralis m—————Precentral cortex
. ventrolis poste rior e———Rotondic cortex
Agranular, dysgranuler
& konioisocortex
. 1 _________._Pa:rlnior supratemporal plan
Genitu{ntegg"’-‘n' genfwlo!us madaulfs & posterior insulor cortex
- geniculatus tﬂhmhs______"sfridtt seeipitat cortex

tex & anterior pccipital cortex “tassociation’’ cortex)

Non-Speclfle
Dittuse Input

(#.3. n, reuniens)

Can!rut< i
~ n. centrotis medialis)

tralaminar nuclei [e.q.
n, cantramadignum

internat Core

n, anterior dorynls me————Retrasplenial cingulote cortex
An!ericrcéEn‘ onterior ventrat s ————P osteriot cinguliote cortex \

i, onteriofl medivlis m——————— Arntetior cingulate cortex

/nu:{ai of the midline e———_ Subrallosal & medict orbital cortex

Alto- & juxtoliocortex of
the limbic portions ol the
hemispheres & closely
refoted subcortical fores
atructures

Orbitofronto-insulo-temooral /

cottex & basal gonglia {caudate brain

*Medi 0] me——rten 1. medialis darsatiy

Basel ganglie {putomen)

Frantal eugranular
Anierafrontal corte x m——— tsocortex {the frantal
Tassecintion'’ cartex)

£16. 1. Diagram of the distinctions between an internal core and an external portion of the

forebrain. Fxamples of the techniques and particutar studies invoked in making the classification
are given in the upper column. As in any such classification, its heuristic value should not ohscure
its deficiencies. There is, of course, a multiplicity of forchrain systems, cach of which partakes
ta & greater or less extent of the characteristics clefining the internal core and those defining the
external portion. In general, howewver, the nearer a system i to the central canal {or ventricular
system) of the central nervons system, the greater the number of its ‘internal core’ characteristics;
the further from the central canal, the greater the numiber of its ‘external partion’ characteristics,
Also, the interaction of these various systems must not be ignored ; this scheme is a restricted analysis

and does not deal with such interactions.

tion of the mesencephalon and, in addition, a probable
input from the antcromedial hypothalamus (g3, g6).
Thus the constancies of morphology in the mam-
malian thalamus reflect certain distinctions
which can bemade in the types of afferents to the fore-
brain.

The other two nuelear groups, the posterior in the

gross

Vi this respect, the classification presented here difers
from that of Rose and Woolsey. These authors do not aceept
the evidence from silver-stained preparations as indicating a
major extrathalamic, extratelencephalic input. Heuristically,
such evidence is accepted here.

external portion and the medial in the internal core,
do not receive any such major extrathalamic afferents
and, as noted above, are therefore classified as the
‘intrinsic’ nuclet of the thalamus {124). Important to
the argument presented here is the fact that an
intrinsic nucleus is assigned to each of the major
thalamic divisions (see fig. 2},

The telencephalic projections of the external por-
tion of the dorsal thalamus terminate in the dorso-
lateral and posterior cortex (figs. 1, 2). The termina-
tion of the telencephalic projections of the internal
core is in the (rontal and mediobasal portions of the
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Fic. 2. Schematic representation ol the
projections from the dorsal thalamus 1w the
cerebral cortex in the monkey. The lower haff
of the Bpure diagrams the thalamus, the
straight  edpe representing the mid-line; the
upper helf of the higure shows a lateral and
iediobasal view of the cerebral hemispheres.
The bread #lack basd in the thalamic diagram
indicates the division between an internal core
which reccives a nonspecific diffuse input and
an external portion which receives the mo-
dality-specilic discrete projection tracts. The
stippred and crosshatehed portions represent the
intripsic systems: the medial nucleus of the
internal core and its projections o the antero-
frontal cortex; the posterior nuclear group of
the external portion of the thalamus and its
projections  to  the  parietotemporooccipital
cortcx, I'he boundaries of the cortical scctors
of the intrinsic sysiems are not sharp and as
vel not precisely defined —thus, this diagram
is to be read as a tentative approximation,
based on currently available evidence. F,

0, occipital; 4, anterior; €, ceatral; M, E

medial; ¥, ventral; €7, genicalate; £, posterior.

forebrain and includes the basal ganglia. Specifically,
the ventral group of the external portion of the dorsal
thalamus projects to the dorsolateral cortex of the
frontal and parietal lohes (135, 144}; the geniculate
groups, 1o the lateral portion of the wemporal and the
posterior portion of the occipital lobe {144); the
posterior nuclear group, to the remaining cortex
of the parietotemporopreoccipital (P.T.Q.) convexity
(10, 15}

Within the internal core {figs. 1, 2}, the medial
nuclel project to the anterofrontal cortex {or orbito-
frontal, as it has been called in subprimatec mam-
mals} (86, 112, 123, 144). The anterior and the central
nuclei project to the medial and basal forebrain strue-
tures, the anterior nuclei to the cingulate areas on
the medial surface of the frontal and parictal lobes
(73, 86, 106, 113, 122, 125, 146}, the central nuclei
project (5, 20, g8, 105, 111, 124) Lo the anterior
rhinencephalic and closely rclated juxtallocortical
areas and hasal ganglia [the second rhinencephalic
system as defined by Pribram & Kruger {114)].

In summary, an intrinsic nuclear group and its
projeetions is deseribed for each of the major thalamic
subdivisions: a posterior intrinsic system, related to
the external portion of the thalamus and the dorso-
lateroposterior cerebral convexity; a frontal intrinsic
gystem, rclated to the internal core of the thalamus

MODE-SPECIFIC
Arontal; R, rolandic; £, parictal; T, teinporal; DISCRETE

/}'/i'ﬂ ¢ DIFFUSE
YT, NONSPECIEIC

L e

DIAGRAM DF
THALAMOCORTLICAL

RELATIONS (MONKEY)

and the frontomediobasal arcas of the cerchbral
hemispheres.

NEUROBEHAVIORAIL ANALYSIS OF POSTERIOR
INTRINSIC SYSTEM

As already noted, the forebrain imay convenienty
be divided inte two major portions, a dorsolatero-
posterior and an anteromediobasal. In primates each
of these major poriions contains intrinsic sectors:
posterior intrinsic sectors (the classical sensory associ-
ation arcas) {(108), and a frontal intrinsic sector (the
classical lrontal association arca) (i10). Neurobhe-
havioral cxperiments performed during the past 25
vears have shown thesc intrinsic sectors w he especially
refated to problem-solving processes (51, to7). The
aim of this, and of the lollowing sections, is to specify
in detail this relationship.

An Experiment

A modified Wisconsin General Testing Apparatus
{49] is used w0 test 12 rhesus monkeys i the solution
of a complex prablem. The monkeys are divided into
three groups, two operated and one cantrol, ¢ach con-
taining four animals. The ammals in one operated



group had undergone bilateral cortical resecrions in
the posterior intrinsic cortex, and those in the other
operated group bilateral cortical resecuons in the
frontal intrinsic cortex some 2)4 years prior to the
onset of the experiment (fig. 3}; those in the control
group are unoperated. In the testing situation these
animals are confronted initially with two junk objects
placed over two holes (on a hoard containing 12 haoles
in all) with a peanut under one of the ohjects. An
opaque screen is lowered between the monkey and the
objects as soon as the monkey has displaced one of the
objects from its hole {a trial). When the screen is
lowered, separating the monkey {rom the 12-hole
roard, the ohjects are moved (according to a random
number tabled to two different holes on the hoard.
The screen s then raised and the animal is again con-
fronied with the problem. The peanut remains under
the same chject until the animal finds the peanut five
consccutive times (criterion}. Alter a inonkey reaches
criterion performance, the peanut is shifted to the
second object and testing continues (discriminatian
reversal). Alter an animal again reaches criterion per-
{ormance a third object is added (fig. 4). Each of the
three ohbjects in turn becomes the positive cue; testiing
then procceds as before—the screen separates the
animal from the 12-hole bhoard, the objects are placed
randemly over three out of the 12 holes {with a
peanut concealed under one of the objects), the screen
15 raised, the animal is allowed to pick an olyect (ane
response per trial}, the screen is lowered and the
objects arc moved 1o different holes. The (esting con-
tinues in this fashion until the animal reaches criterion
performance with cach of the objects positive in turn.
Then a fourth object is added and the entire pro-
cedure repeated. As the animal progresses, the number
of ohjects is increased serially through a otal of 12
(fig. 5). The testing procedure is the same for all
animals throughout the experiment; however, the
order of the introduction of ohjects i3 halanced—the
order being the same for only one monkey in each
group,

Analysis of the problem posed by this experiment
indicates that solution is facilitated when a monkey
attains two strategies: ¢) during search—~ moving, on
successive trials, cach of the objects until the peanut is
found; #) after scarch—sclecting on successive rials
the ebjeet under which the peanut had been found
on the preceding trial. During a portion of the ex-
periment, searching is restricted in animals with
posterior intrinsic sector ablations, and selection of the
abject under which the peanut had been found on the
previous trial is impaired by (rontal intrinsic sector
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k1G, 3. Representative reconstructions aned cross seclions
through the cortex and thalamus showing cxtent of the lesions
in the posterior (upper figure) and frontal (fazeer flewrs) intrin-
sic systemns. Cortical lesion and resnbting thalamic degenera-
tion shown in black.

ablations. The effects of the pasicrior intrinsic sector
lesion will be dealt with first.

Figure 6 graphs the averages of the total number
of repetitive crrors made by each of the groups in
cach situation. Comparison of figure 6 with figure 7,
representing the repetitive errors made by each group
in cach situation during search, illustrates that the
deficit of the frontally operated group is not associated
with search (a result that is discussed below), how-
ever, the peak and general shape of the error curves
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Figs. 4 aND 5. Diagrains of the multiple object problem shawing cxamples of the three and
the seven object situations. Food wells are indicated by dushed eircles, cach of which is assigned a
number. The placement of each object over a food woll was shifted from trial to trial sccording to
a random number table. A record was kept of the object woved by the mankey on cach trial, only
one move being allowed per trial, Trials were separated by lowering an opague screen 1o hide from

the mmonkey the objects as they woere repositionerd.

describing the performance of the control and pos-
teriorly operated groups are similar whether toral
repetitive errors (fir. 4) or search crrors (fig. 7} are
plotted. In spite of the increasing complexity of the
succending situation, the curves appear little different
from those previously reported w deseribe the forma-
tion of a discrimination in comples situations (8, 130},
Although one might a priori expect the number of
repetitive responses 10 increase monotonically as a
function of the number of gbjects in the situation, this
does not happen. Rather, during one or another phase
of the discrimination, the number of such responses
increases to u peak and then declines to some asymp-
totic level (8, 190). Analvsis of the data of the present
experiment has shown that these peaks or *humps’ can
be attributed to the performance of the control and
posteriorly operated groups during the inital trials
given in any particular {c.z. 2, 4, 4 - - - cue) situation
—1i.e. when the monkey encounters a novel ohject.
The period during which the novel and familiar ob-
jeets are confused is reflected in the ‘hump’ (fig. B).
The importance of experience as a determinant of the
discriminability of objects has been emphasized by
Lawrence (75, 76). His formulation of the ‘acquired
distinctiveness” of cues is applicable here. In a progres-
sively more complex situation, sufficient famniliarity
with all of the objects mnst be acquired before a novel

objcct is sutticiently distincuve to be veadily discrimi-
nalted.

But there is a difference hetween the control and
the posteriorly aperated groups as to when the con-
fusion between novel and familiar objects occurs. The
peak in errors for the group with posterior lesions lags
behind that for the controlsa result which forcecd
attention because of the paradoxically ‘bewer per-
formance’ of this group throughout the five- and six-
cu¢ situations (in an cxperiment which was originally
undertaken o demanstrate a relation between num-
ber of objects in the situadon and the discrimination
“‘deficit’ previously shown by this group}.

These paradoxical results are accounted (or by a fou-
mal treatment basec on mathematical learning ctheory
on successive trials the monkeys had to flearn” which
ol the abjects now covered the peanut and which ob-
Jects cid not. At the same time they had to ‘unlearn,’
Le. extinguish, what they had previously learned—
under which object the peanut had been and under
which objects it had not been. Both neural and formal
models have been invoked to explain the results ob-
tained in such complex discrimination situations.
Skinuer {130) postulated a process ol neural induction
to account for the peak in errors--much as Sherring-
ton had pastulated ‘successive spinal induction’ to
account for the augmentation of a crossed extension
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ti. 6. Graph showing the average of the total number of
repetitive crrors made in each of the situations in the multiple
object experiment by each of the groups: control animals
{Normafs); animals with posterior intrinsic seclor  lesions
{ Temporals); and animals with frontal intringic sector lesions
{Frontals). A situation is defined by the number of objects in
the problemr and includes successions of trials. During cach
succession the peanut is consistently placed under one of the
objects {cues). The succession is terminaiced when the monkey
has moved the object under which the peannt is placed on
live consecutive trials {eriterion). {Sce also the legends 1o
s, 4, 5 and 10} A repetitive ereor is made by a iankey
when during a succession of trials he moves more than once
an objertother than the one under which the peanutis placed.

reflex by precurrent antagonistic reflexes (such as the
flexion reflex). Several of Skinner’s pupils (24, 46a)
have developed {ormal models. These models are
based on the idea that both Ylearning’ {or ‘condinon-
ing’) and ‘unlearming’ f(or ‘extinction’) involve an-

tagonistic response classes—that in both conditioning
and extinction there occurs a transler of response
probabilities Detween response ¢lasses. This concep-
tion is, of course, similar to Sherrington’s description
of the interaction ol antagonistic reflexes: ... this
reflex or thet reflex but not the two together” The
resulting cguations that constitute the model contain
a constant which is defined as the probability of
sampling a particular stimulus element (¢6a}, namely
the object, in the discrimination experiment presented
Lere. This constant is further defined (Estes) as the
number  of stmulus
satipled and the total number of such elements that
could possibly be sampled. This definition of the
constant postulates that it is dependent for ity decer-
mination upen both environmental and organismic
factors. According to the model the rapidity of in-

ratio  between  the clements

THE INTRINSIC SYSTEMS OF THE FOREBRAIN

1329

-d

L —— NORMALS oo |
_____ TEMPORALS | !

h

? No. CUES in SITUATION
2 3 4 5

I |

€ 7 8 9 10 1 12
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v, 7. Graph of the averapge of the number of repetitive
crrors made in the multiple object experiment by cach of the
groups during search {sec legend 1o fig. 6} Scarch trials are
thase anteceding the first *correct’ response in o succession of
trials, i.e. those anteceding the movement of the object (cue)
under which a peanut has been placed. Nate the difference
between the location of the ‘hump’ in the graph of the pnormal
controls and in that of the group with posterior lesions ((7em-
porais).

crease in errors in a discrimination series depends on
this sampling ratuo—the fewer cohjects sampled, the
more delayed the peak o recorded errors. The para-
dox that for a portion of the experiment the group
with posterior lesions performs better than the control
group stems from the relative delay in the peak of the
recorded errors of the operated group.” The maodel

*The actual model used to ipterpret the data analyzed
here was developed by Green (46a) and is patterned after a
model of discrimination learning proposed by Bush & Maostellar
8). The Green model takes its roots from a paralle] model
originated hy Lstes (24, 25). The general form of the model
is derived from Estes’ equations describing  the conditioning
dnl exCnetion processes .

PalS = I3 = 1 — (1 = F} (1 — &)} for conditioning to thase
clements which constitute  oceasions for reinforcement,

Ful8 — I} = pali — B0 for cxtinction (o those elements
which arc never occasions [or reinofreernent, and

1‘{8[ _!

Fuil) = Bo [ (¢~ o0y — #0)
N T - — [ — — Ff)E
F 26, + i | w8 { 7 "J '

for the changes associated with intercept clements, i.c.
those present on both reinfarced and unrcinlorced occa-
s10ns;

where

& represents the stimulus clements (objects) which are
reinforced (have peanuts under them),
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¥i, 8. Graph of the average of the number
of repetitive errors made in the multiple
object experiment duering those scarch trials
in each situation when the additional, e the
novel, cue is hirst added. Note that the peaks
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in vrrors shinent in fig. 7 arc accounted fur by LOF -
the monkey's confusion between novel and
familiar objects as graphed here. L 4
1 No. GUES i SITUATION
3 4 5 & 7 B 9 10 i t2
a , ) ' ‘ ' r ‘ ( ¥iG. g. Graph of the average of the per
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the situations {see legend to fig, G). To sample,
4 a2 monkey had te move an object until the
content or lack of content of the food well was
clearly visible to the expurimenter. As was
predicted tsee text), during the fivst hatf of
the experiment the curve representing the
N 4 sampling ratio of the posteriorly  lesioned
group dilfers signilicantly from (he others at
) 1 the .04 level {according te the nonpara-

2 3 4 5 G 7 8 9 10

oredicts, therefore, that this operated group has
sampled fewer ohiects during the carly portions of
the experiment. This prediction is tested as shown in
the graph of figure g.

1 2 muotric Muann-Whitney U procedure (847}

The prediction is confirmed. The posterior intrinsic
sector iy thus cstablished as one of the organismic
variables that determnine the constant of the model. As
postulated by the model, the ratio of objects sampled

&7 represents those stimulus clements which are not rein-
forced,

{ represents the overtap between § and 8 which expresses
confusion when reinforcement s shifted from one to
another object,

7 represents the relative frequeney of reinforced trials in the
stimulus series,

= represents the relative frequency of nonreinfarced wials
in the stinmulus sories, . i

Fn represents the mean probability of response on the ath
trial,

Fo represepts the initial prabability of respanse (operant
tevel),

6 and § rcpresent the sampling ratios for reinforced and

nonreinforced stimulus sets respeetively, and

# denotes the number of trials,

It is assumed that the above equations are weighted directly
as a function of the proportion of elements within the intercept
and nonintercept subsets, such that

5"‘(5;} = ’!‘Jﬁh(-sq - ‘:} e (‘ - A’)ﬁn(")

In these experiments, then,

& tg the set of unreinforced stimulus cluments (objects under
which na peanut is located),

I inctudes amang the subset of elements common to both
veinforced and unrcinforeed trials those objects which “re-
ceatly’ have had a peanut under them,

£ is the proportian of stimulus elumuents not common o
both reinforeed and unreinforced trials, and

Fuf8" is the mean probability of response on nonreinforced
trials (probability of error responses) on the sth trial.

In the present experiment only the objects with no peanuts
under them are considered sinee only one objeet at a time had
a peanit under it Thus the ser of reinflorced objects reduces to
one, and the sampling vatio assoctated with it & is maximized
with respect to the sampling ratio associated with the un-
reinloreed sets, da,



turns out to bhe more basic than the number of objects
in the situation per se.

Review of Other Data

The lag in attaining the strategy to sample ex-
teasively shown by monkeys with pesterior intrinsic
sector lesions is correfated with other deficiencics in
differentiation that follow such lesions. These de-
ficiencies differ in some respects [rom those produged
by lesions of the extrinsic (classical ‘primary pro-
jection’} systems, but the differences are subtle and
have repeatedly eluded precise specification (116}
The available data may therefore be briefly reviewed
in a renewed attempt at such specification. #) Drastic
bilateral removal of an extrinsic sector severely limits
differentiative behavior in the modality and only in
the modality scrved by that sector. The limitation
affects practically all differentiations in the mode:
thus, a monkey in which the occipital lobes have been
removed reacts only to gross changes in the en-
vironment that affect the visual receptors—changes
that can be ascribed to variations in total luminous
Aux {61}, Comparably, drastic bilateral removal of a
posterior intrinsic sector restricts differentiative be-
havior within the mode served by that seclor, and
only within that mode, but the himitation s not as
severe as that produced by drastic removal of the
extrinsic sector serving that mode (14, 107). #} Under
some conditions, differentiation is unimpaired after
drastic posterior intrinsic sector resection: for eox-
ample, after such a removal, a monkey can catch a
flying gnat in mid-air and can pull in a peanut which
is bevond reach but attached to an available fine sitk
thread {ooco surgical). In these sitnations, as in situ-
ations that necessitate the opening of a single box or
depressing of a single lever, the operated animal 1s
indistinguishable from an unoperated control {108).
¢} Under other conditions, such as those in the experi-
ment described above, differentiation iy impaired
after posterior intrinsic sector ablations. These con-
ditions have in common the requirement that two or
more separate responses be systematically related to
the differences between the environmental events that
determine the stimulus; 1.¢. alternatives are available
to the organism, alterpatives that are specified by
environmentally determined stimuli. Such stimuli,
for convenience, will herealter be referred 1o as finput’
variables, Examples of the problems where impair-
ment is found in the visual mode are: brightness, color,
form, pattern, size and flicker discriminations (go—gz2);
successive and simultancous discriminations (116);
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suceessions of discriminations {‘learning set’) (12, 120);
oddity discriminations {50); and matching from
sample {50}, Although the operated animals may per-
form ‘normally’ un particular problems within a prob-
iem group, decrement is found on other more ‘difficult
problems in that group. Difficulty of problem is inde-
pendently defined by the number of trials taken by
naive unoperated animals o learn the problem. In
most instances problem difficulty has also been re-
lated to differences between the physical dimensions
of the objects, such as size discrimination {g1}, and to
other determinants of the alternatives in the situation,
including situational differences (116} and sampling
in the multiple-object problem.

Analysis of Results

These then arc the data. Extensive bilateral abla-
uons of both extrinsic and posterior intrinsic sectors
impair differentiative behavior, but differences be-
tween the impairmeénts exist. Auempts o portray
these differences are familiar. Neurologists have spoken
of ‘defective sensibility’ and of ‘agnosia’® {33, 52), the
latter often conceived as a dsorder of mewory. In so
far as this distinction assumes an associationistic model
of the {functions of the intrinsic sectors, it gaing little
support from ncurological or neuropsychological evi-
dence {108). An alternate view can be proposed.
Psychologists have spoken of ‘existential discrimina-
tions’ and ‘differential discriminations’ {57}, or of
‘sensibility’ and ‘intelligibility’ (8q}, distinctions that
are made on the hasis of whether the organism’s
actions are determined by ‘simple presence or absence’
of input variables or by ‘some more complex rela-
tonship® between these variables, such as the number
of ‘contextual alternatives’ in the situation (88). The
results af the experiment reported in this presentation
warrant an attempt to pursuc this conceptualization
ol the distinction by proposing a formal model of the
interaction hetween the functions of the intrinsic and
gxirinsic sectors in differentiative behavior,

The defect in differentiative behavior that results
from lesions of the extrinsic and posteror intrinsic
sectors of the forebrain can be characterized by stating
the wvariety of transformations of the input under
which behavior remains invariant. Following exten-
sive bilateral resections of the extrinsic scctors, be-
havior remains invariant under a great variety of
transformations of the input. For instance, for these
preparations, even brightness and size of huminant
are multiplicatively interchangeable quantities (61),
whereas differentiative behavior by organisms with
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I4ct exiringle sectors is invariant under much more
restricted ranges of transformations of the input -such
as differcntiation 11 the case of contrast and contour
(80), exture and acuity (3g9); continuous (orthogonal]
projective in the case of position, distance, form and
rigid motion {40, 41, 44).

The effects of lesions of the posterior intrinsic
seetors can also be characterized usefully in this way.
Differenvianive behavior which remains invariant
under sull fewer transformatons of the tuput is inter-
fered with by such lesions. In the extreine, unique re-
sponses, 1.e. “absolute’ differentiations, would he most
affecied.

Unique responses can oceur onby when both an
fabsolute’ unit and an “absolute’ reference point have
heen fixed. As indicated 1n the discussion of the results
of the multiple ehject experiment, the mathematical
learning theory provides an approach to the specifica-
tion of these units and their referents. The fact that
this mathematical device has proved so powerlul a
ool 1n the analvsis of some completely unexpecred
effects of posterior intrinsic sector lesions lends sup-
port to its uscfulness in the development of the model.

MODEL OF POSTERIOR INTRINSIC MECHANIRM

Defictencies of Transcortical Reflex

Models of cerchral orgamzation relevant to com-
plex psvehological processes have been based 1o a
large extent on clinical neurological data and have
been formulated with the ‘reflex” as prototype. Such
models, implicitly or explicitly, assume  that the
effects of receptor activity are trausmitled to receiving
or sensary areas; from these, neural activity converges
ssociation cortex where ‘elaboration’ akes

upon the
place; the ‘elaborated’ or “associated’ neural evenis
are then relaved to the ‘motor’ cortex which 1s con-
sidered the final common path for all cerebral ac-
tivity. These models fail to take inwo account the
finding that extratelencephalic afferents reach the por-
tions of the cortex usually velerred o as ‘motor” as
well as those known to be ‘sensory.’ Nor do they con-
sider the extent of the origin of eflferents from the
cerebral mantle, an extent which includes the ‘re-
ceiving’ as well as the "motor’ arcas.
Electrophysiological and neurcanatomical experi-
ments danonstrate that somatic afferents are dis-
tributed to both sides of the central fissure of prinates
(1, 38, 66, 82, 126, 1352). A recent monograph {74)
documents thoroughly the evidence for a more ex-

teusive origin of the pyramidal tract from the entire
extent of the postcentral as well as from the precentral
cortex of pritnates. This marked afferent-efferent over-
lap 1s not limited to the somatic system. With respect
te vision, eyve movements can be ehicited from stimula-
tion of practically all of the striate cortex {145]; these
eve movements can be clicited after ablation of the
other cortical areas from which eve movements are
obtained. With respect to audition, ear movements
have been elicited from the auditory system (137).
from the portion of the cortex implicated in gustation,
tongue and chewing wovements way be elioted (5,
196); respiratory effects follow stimulavon of the
olfactory ‘receiving’ arcas {38, 1:4). Thus, an overlap
of afferents and efferents is evident not enly i the
neural mechanisms related o somatic function but
also in those related to the special senses. The over-
generalization to the brain of the law of Bell and
Magendic (81) which defines “sensory’ in wrms of
afferents in the dorsal spinal and “motor’ in erms of
cfferents in the ventral spinal roots must, thercfore,
glve way o more precise investigation of the differ-
ences i internal organizaoon of the afferent-cflerent
relatonship bewtween periphery and cortex m order
10 explain differences such as those between *sensory’
and ‘motor’ mechamsis. As yet, only a few experi-
ments toward this end have been undertaken (4, 16,
121,

The afferentc-efferent overlap in these projections,
or o use a term that takes account of this afferent-
cfferent overlap, these ‘exurinsic” sysiems, suggests the

possibility that the intrinsie systems need not be con-

sidered as association centers upon which pathways
i‘l'L)[II the 5(_:1'15()1'}" SECTOrs CfJIl\"CI'gC Lo 1)I'ing togcth(':r
neural events before these can determine movement
via the motor pathways. A serics of neurohbehavioral
studies (11, 26, 70, 191, 132, 144), in which the ex-
trinsic sectors were surgically crosshatched, circum-
sected or isolated by large rescetions of ther surround
with little apparent effcets on bebavior, has cast
further doubt on the usefulness of a frranscortical
reflex model. Additional difficulties are posed by the
negative electrophysiological and anatomical findingy
whenever direct connections are sought between the
extrinsic and intrinsic scctors (115, 138). Experi-
mentalists who followed Flourens in dealing with this
problem, including Munk (g7), von Monakov {139},
Goldstein (457, Loeh (70) and Lashley (68], have in-
variably come to ewphasize the lmportance of the
extrinsic zectors not only in ‘sensory-motor’ behavior
bue also in the more complex psychological processes.
Each investigator has had a slighuy different approach




to the functions of the intrinsic sectors, but the view-
points share the proposition that the intrinsic scctors
do not [unction independently of the extrinsic. The
common difliculty has been the conceptualization of
this interdependence between intrinsic and extrinsic
systems in terms other than the transcortical ‘reflex’
model—a model which became less cogent with each
new experiment.

Partitioning of Sets

There 1s an alternative concept which mects the
objections levied against the transcortical ‘reflex’ vet
accounts for currently availabte data. The rclation-
ship between intrinsic and extrinsic systems can be
attributed to convergence of effercnts from the two
systems at a subcortical locus, rather than w specific
afferents from the extrinsic o the intrinsic cortex.
Some evidence supporting this notion is already
available. Data olstained by Whitlock & Nauta {130),
using silver staining techniques, show that both the
intrinsic and the extrinsic sccrors implicated in vision
by neuropsychological experiments are efferently con-
nected with the superior collicutus, On the other
hand, lesions of the intrinsic thalamic nuctel fail o
interfere with differentiative behavior (14, 1oz}, Thus,
the specific effects in behavior of the intrinsic systems
are explained on the basis of efferents to a subcortically
located neural mechanism that has specific functions.
These efferents can be conceived to partition the
afferent activity that results in the events in the
extringic sectors, cvents initiated by and corresponding
to the input variables. Partitioning determines the
extent of the range of possibilities to which an element
ora setof clements can be assigned. Partitioning results
in patterns of information, information given by the
clements of the subsets resulting from the partition
(140} The posterior intrinsic sector mechanism is thus
conceived to provide both referent and units, though
not the elements o be specified. The effect of con-
tinued intrinsic sector activity will, according to this
model, result in a sequence of paterns of information
{partitions) of increasing complexity, which in turn
allow more and more precise specification of par-
ticular clements in the set (or subsets) of events oc-
curring in the extrinsic systems. Thus, through con-
tinued posterior intrinsic sector activity, more and
more information can be conveyed by any given in-
put. As a result, the organism’s differentiative be-
havior remains invariant under a progressively nar-
rower range of systems of transflormation of the input—
differentiations become more ‘absolute!’
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The programing of the activities of the posterior
intrinsic sectors remains in question. Some things are
clear, however. The advantage of this model is that
the program is not composed by the events upon
which the program operates. In this respect the model
is in accord with ncural and neurobehavioral facts
(108). Other models,
match-mistatch (6}, demand the storage of an ever
increasing number of ‘hits’ of information. The evi-
dence is overwhelmingly against the presence in the
nervous system of such minutely specific engrams
(71}. 1n the model here presented, engrams consist of
encoded programs. These operate on the neural
cvents that arc initiated by the input, transforming
them into other neural cvents which can lead to an
ever increasingly finer, that is, & more appropriate,
differential response (42, 148). In this formulation
the posterior intrinsic sectors arc conceived as pro-
graming mechanisms that funclion w partition events
initiated by the input, not as the loci of association
ol such events, nor as the loci of storage of an ever

whether associationistic or

tncreasing number of minutely specific engrams.

NEUROBEHAVIORAL ANALYSIS OF FRONTAL
INTRINSIC 5YSTEX

The mechanism by which the posterior intrinsic
sectors is concetved (o affect differential behavior
finds a parallel in the mechanism by which the frontal
intrinsic sector can affect intentional bchavior. The
demonstration of this parallel is most effectively
initiated by some dcfinitions that allow further
analyses of the data ohtained in the multiple object
discrimination experiment.

Some Definitions

Bchavior theory often begins with the statement
that a response 15 a function of certain organismic
variables (such as drive or habit) and ol a ‘siimulus’
which is conceived as some environmental cvent or
constellation of eavironmental events. This classical
hehaviorist position has been challenged by those
primarily interested in psychophysical and perceptual
problems {3, 135}, thesc investigators are concerned
with the maore precise specification of the category
‘stimulus’ as including ‘distal’ {e.g. environmental)
and ‘proximal’ (organismic, 1.c. receptor) events. This
concern must be shared by the neuropsvehologist
who is interested in the relationship between central
processes and behavior since complex interactions



response’ are also often confounded. As used 1n this
presentation ‘response’ denotes any dependent vari-
able which is sclected as representacive of an action, a
repertoire of responses which can be shown o be
systermatically related. Movements of smooth muscle
and endocring events comnprise the effector com-
ponents of action; those components thar modify re-
ceprar activity (Le. the stimulus components) are
referred 10 as the ‘outcome’ of actions. Actions are
specilicd either by direct observations of the outcomes
of muscular or endocrine events {e.g. the changes in
the activity of afferents from nuscle spindles) or in-
dircetly from some bchavioral response (e.g. the
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¥, 0. Graph of (he average total aumber of teials taken
in the wultiple ohject experiment by each of the groups
[Control = ¥orwal; Posterior Intrinsic Lesion = Tewporai, Uroutal
Intrinsic Lesion - frontad) to reach, in cach of the situations, a
criterion of performance of five consecutive correct responses.
A correct response occurred when the monkey moved the
objeet under which a peanut had been placed for that teial,

1o a succession of trials, the peanut remained under one of

the objects undl eriterion performance was reached. Then
the peanut was shifted to one of the other objects in the situa-
tion and the trials reswned ;) this procedure was repeated until
cach of the ohicets in cach of the situations had been the correct
ane. (See alzo the legends to figs. 4. 5, and 6)

between receptor and central mechanisms preclude
an understanding of the one without an appreciation
of the other. The importance of central regulation of
receptor events s attested by the findings of recent
physiological experiments which demonsurate inecha-
msms that allow the regulation of afferent activity
through cfferents from the central nervous system:
the cfece of clectrical excitation of y-cfferents {onc
thired of the fibers in the ventral spinal root) in modify-
ing the acuvity of afferents originating in muscle
spindles (21, 22, 67); the influence of exeltation of
efferents in the otic system on afferent activity initiated
Iy auditory stimulation (36); and shiwilar effects in the
optic {1g, 48], somate {47, 54) and olfactory {Ho;
svatemns. {These mechanisms are discussed in detail in
Chapter XXX by Livingston.]

‘Stimuli” are thus coneeived as centrally regulated
receptor events. To avold confusion, the werm finput’
is reserved for those receptor events which can be
shown to De svstematically refated to an ensemnble of
enviromuental events. Inputs are specified cither by
direct observation of the effects of environmental
events on receptor events, or indirectly from such
effects on the behavioral responses of the organisin.

Aswith the term ‘stimulus,” several uses of the term

record of depressions of a lever) made by the organ-
isi. The obviously circular relation between all of
thexe deflinitions 1s tolerable since each term is inde-
pendently as well as circularly definable, the environ-
mental terms by physical methods, the orgamsmic
terims by biclogical methods.

Behavior observed to be a function of systeinatic
variations of input is referred to as ‘differentiative.’
Behavior observed to he a function of systemauc
variations of outcome 1s referred to as ‘intentional.’
in all
intentional

Problem  solution instances involves  both

differentiative and behavier-—however,

analysis is profitably focused on each i1 tarn.

Some [fxperimenty

Rewrning to the multple object  experiment,
figure 1o graphs the average of the total number of
trials taken by each group of monkeys in cach situ-
ation ta reach the criterion of five conscoutive errorless
responses. The peculiarities of the shape of the curve
representing the performance of the posteriorly oper-
ated animals have already been analyzed. The dith-
cultics in performance encountered by the frontally
operated group are more clearly demonstrated by
connparing the graph of the total number of rialy
(fig. 10} with one that portrays performance following
completion ol search, Leo after the first response in
which the peanutis found (fg. 11). Note that the lag
shown by the frontally operated group in reducing
the number of trials taken 10 reach criterion {or the
nuiber of repetitive crrovs made) ocours after the
peanut has been found (fig. 11}, This group of inonkeys
cxpericnees difficulty In attaining on successive trials
the strategy of returning o the object under which on
the previous irial they have found the peanut. What-
ever may be the explanatdon of thiy difficulty, a
precise deseription can be given: for the frontally oper-
ated group, ‘fuding the peanut’ does not determing
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ric. 13, Graph of the averape of the number of trials to
criterion taken in the mnbtiple object experiment by cach of
the praups in cach of the situations after search was comnpleted,
i after the ficge corecet response. (See logends o figs. 5 oand
100l Note the difference botween the curves for the controls
and for the frontally operated group, a difference which is
significant at the o5 level by an analysis of variance [F=8.1g
for 2 and b df}, according to McNema's (35, procedure
performied an normalized (by square root transformation) raw
SCOTCE,

subsequent choices w the extent that linding G
pcanut’ derermines subsequent choices for the normal
group. lhe experimental behaviorist, using terins
identical 1o those uvsed by Sherrington in hig lectures
on ‘the Integratve action of the nervous system)
would describe the finding in more veehnical language:
for the group with frontal lesions, response to the
fpositive element,” Le. the objeet with the peanut
under it, is inadequately ‘reinforced” by the finding
of the peanut; as a result, the monkeys with frontal
fesions do not shift their responses 1o the reinforeed
ohject as readily as do the controls. To state this more
generally, when given s choiee, the intentions  of
aninals with frontal lesions are guided less than those
of controls by the behaviorally relevant consequences,
or ‘outcomes,” of thelr prior actions.

Interestingly, before the frontally operated group
beging to attain the necessary strategy (after the seven
cue situation), performance of this group reflects the
nuber of alternatives in the situaton. This finding
suggests a parallel with analyses of the determinants
of intentions developed in the theory of games and
cconomic behavior (1471). Intentions are determined
by two classes of variables: o) the dispositions of the
prganism and 5} an estimate about the actions of other
parts of the systen. The finding that performance of
the frontally operated group is related 1o the number
of alternatives in the situation sugeests that this group
is deficienn in evalvating the second class of variables
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hut this 18 only suggested by these results. Support
for the hypothesis that frantal lesions do not affect the
dispositional vanables that determine the preferences
comes from the results of another experiment.

Ina constant {fixed} interval experiment, 1o rhesus
monkeys are (ested in an foperant conditoning’ (150)
situation which consists of an cnclosure {discarded
icebox) in which a lever is available to the monkey,
Occasionally, tmuediately after a depression of a
lever, a pellet of food also becomes available w the
monkey, The experimenter schedules the occasions on
whicli the action of pressing the lever will make a
Tood pellet become available. T this expertment, these
occasions recurred regularly ar a constant {fixed)

I T i T T T
——FPREHUNGER
401 ————HUNGER

——~POSTHUNGER

30 I
70 HRS. DEPRIVATION

20+ 713— 1015

40l 118 HRS. DEPRIVATION
809 — 1324
30

[

20

PER CENT OF RESPONSES

10

2 3 4 5
20 sec. PERIODS
OF INTERVAL

ric. e Graph showing the offect of food deprivation on
monkeys” rate of lever-pressing response te food (@ small
pellet of laboratory chow, which became available every 2
min. The change in total rate 15 indicated by wembers under
the deprivation Iabel. The lack of change in the distribution
of responses is shown by the oweer. Lach curve represents
the average of the responses of 10 monkeyvs; cach point repre-
sents the averaee rale during a period of the interval over
to hr. of testing. Variance is indicated by the shore horizonial
bare. (1. Nathan Awrin made this experiment passible by
constructing  apparatus  and by suspesting that  separate
counters he used to record performance during each period
of the interval. Mro Thsid Nowel, Meo Thomas Tighe and
Misz Libly Fleisher helped carry out this and the experiment
reported in fig. 14
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Fic. 1% Graph showing the change in  distribution of
monkeys’ response rate following frontal intrinsic sector ablation
{three monkeys). Note that the distribmion of rate over the
interval is not affected in the controls (four monkeys) and after
posterior intrinsic sector ablations (thres monkeys). Also note
that the total raw: of vesponse {numébers below names of groups)
cid not increase; rather that rate was somewhat decreased,
probubly due to the ad libitum feeding period which all
groups were given prior to operation—approximately @ wk.
before postoperative testing. {Coinpare with fig, 12 and see
legend to that figure.}

interval of 2 min. The conditiomny procedure as a
rule results in perforimance curves (scallops) which
during the early portions of the interval reflect a slow
rate of response, and during the latter portions an
accelerating rate which nears maximum just prior
o the end of the interval. All of the monkeys used in
this cxperiment were trained every other day for 2-hr.
sessions until their performance curves remained
stable {as determined by superimposition of records
and visual inspection) fora least ro consecutive hours,

Two experimental conditions were then nnposed,
one at a time: ) deprivation of food for 72 and 110 hr.,
and b) resection of frontal and posterior intrinsic
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cortex. Food deprivation increases the otal rate of
response of all animals markedly but does naot alter
the proportion of responses made during portions
of the mterval (fig. r2). Resection of the frontal
murinsic sector does not change the total number of
responses but does alter the distribution of responses
through the interval—there is a marked decrease in
the difference between the proportion of respanscs
made during the various portions of the interval.
Mankeys with lesions of the posterior intringic sectors
and unoperated contrals show no such changes
(hg. 13},

Analysis of Results

The vesules of (the constant interval experiment sup-
port the contention that the effect of an ourcome of
an action 1s influenced by variables which can he
classified separately. Deprivation influences total rate
of response; frontal lesians, the distribution of that
rate. Deprivation vanables are akin to thase which
have in the past been assigned to influence the dispo-
sition of the organism. The frontal inwinsic sector
lesion appears o influence the mankey’s esumate of
the situation. This Anding is thus in aceord with that
ohtained in che multiple-object prablem. Both experi-
mental findings can be formally treated by the device
ol ‘mathematical expectation” (140). The distribution
of responses in the constant interval experiment can
be considered a lunction of the temporal ‘distance’
from the outcome; distribution of response probabili-
ties in the muluple-object experiment is a function of
the number of obhjects in the situation. Frontal intrinsic
sector lesions interfere with those aspeets of intention
that depend on an estimation of the effects that an
outcome of an action has in terms of the total set of
possible outcomes that are available. The effccts of
frontal intrinsic sector lesions on behavior velated to
outcomes thus parallels the effects of posterior intrinsic
sector ablations on behavior related to inputs. A
general model of intrinsic sector mechanisms seems
therefore to be possible. As a swep, after a brief review
ol available data, a model of the frontal intrinsic
mechanisins is proposed.

Review of Other Data

The effect of froncal intrinsic sector resection on the
distribution of responses in the multiple-object and
constant-interval problems 1s corrclaied with other
deficiencies in preferential behavior that lollow such
resections. The most clear-cat deficiency is in the per-



lormance of delaved reaction and of alternation by
subhuman primates, These problems are usually
classified with those used primarily to study differen-
tiative Dbehavior, although differences between the
two are recognized. These differences have been con-
ceptualized in terms of one-trial learning (gg), im-
mediate memory {56} and rewroactive inhibition {83),
conceptions which are insufliciently distinctive o
account for recently reported experimental findings
{94}, More penctrating analyses have been accom-
plished for the eflects of frontal intrinsic scctor lesions
on the performance of the double alternation problem
{78} and lor the simple alternation problem per se
{ba). These analyses emphasize the recurrent regu-
larities which constitute the alternation problems and
suggest that such problems be considered examples of
a larger class which can be distinguished from protb-
terns that require differentiation (g7). Delaved reac-
tiorr may also belong to the class of problems specified
b recurring regularities; the recurrence, at the time
response is permitted, of some of the events present in
the predelay situation, constitutes an cssential aspect
ol the delav problem {g4).

‘The reasans for classifying the delaved reaction and
alternation problems with those related w systemauc
variations of outcomes remain somewhat obscure.
The results of the following experiment provide some
clarification. Under special conditions, monkeys with
fesions of the frontal intrinsic sectors perform re-
markably well the delaved reaction and allernation
problems (g3, 94). Adequate performance Is cstab-
lished, however, at the cost of a great number of
repetitive errars {though not of initial errors), as
shown in figure 14. These resules can be deseribed as
a failure in performance due to the relative inetheacy
af the outcome of the rontatly operated antmals’
actions in determining subscquent action. This de-
seription 15 compatible with the finding that, in de-
taved reaction, the imporiant determinant of per-
formance is the outcome of the animal’s reaction in
the predelav situation (gq), the outcome having
‘acquired distinctivencss’ during the earlier phases of
the experiment.

MODEL OF FRONTAL INTRINSIC MECHANISM

From these data, a formal model of the neural
mechanisin that underlies the cffect of frontal in-
trinsic sector rescctions of intentional behavior can be
proposed. This model takes inwo account the neural
relationship between the frontal intrinsic sector and
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ri. t4. Graph showing the differences in the number
ol repetitive errors made by groups of mankeys in a ‘go-no-go’
type of delayed reaction experiment. [lspeciatly during the
initial trials, frontally operated animials repratedly return o
the food well after cxposure to the ‘nonrewarded’ predelay
cue. Note, however, this variation of the delay problem is
mastered  casily by the {rontally operated group. The 12
rhesus monkeys used in the multiple object experiment (figs.
6 to 11} served as subjects some = years carlier in the delayed
response experiment portrayed heve. (Ir. Margaret Varley
assisted in the performanee of the carlier experiment.}

the mediobasal structures of the forebrain {110} and
is based on the finding that two classcs of variables
determine the effects of an curcome of an action. A
large Lody of data has been accumulated in the last
20 years as a result of studies which made use of surgi-
cal ablation and electrical stimulation. These data
demonstrate the special relation of the medicbasal
svstems of the forebrain to the class of variables sub-
sumed under the rubric ‘disposition.”

Mediobasal Farebvain and Disposition

Changes in the following rypes of behavior are re-
ported to result from mediobasal forebrain ablations
and stimulations: fighting {dominance, reaction to
frustration); fleeing (escape and avoidance); feeding
{appetitive, such as hoarding, and consummatory);
and mating and maternal {(nest building and care of
the voung). Stimulation or ablation which affects one
of these hehavior patterns is likely also 10 affect the
others {though not nccessarily to the same extent).
On the other hand, the performance of discrimination
tasks remains unaffected (107).
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Typically the damage or stimulation of mediolbasal
sectors affects intentional behavier by disrupting the
more or less orderly recwrring sequences of actions
which constitule feeding, fighting, fleeing, mating and
maternal bechavior. None of the clements of the
sequence drop out; rather the duration of any one
such clement of action is altered. The outcone of an
action appears, in these damaged animals, to be an
in¢flective terminant or maintainant of acis in the
sequence {18). Specifically, animals with mediobasal
forebrain resccuons continue feeding tong after control
subjects {with the same amount of deprivation and in
the same situation) have stopped cating {34, 111}, The
duration of avoidance behavior is shortened: thus, a
monkey will repeatedly grasp a flaming match even
though he is burned each time {35} A fightng re-
action is not maintained. An animal with a medio-
hasal lesion may draw blood or have a finger bitten
off and within a flew scconds sit unconcernedly
munching peanuts. This effect, as that on avoidance,
is especially casy to discern in measures of extinction
{117). Reactions to a ‘frustration situation’ arc also
altered along this dimension: the intensity of an
animal’s reaction to frustration is unimpaired, hut the
duration of the reaction is shorter than that of a
control subject {113}, When closely examined, the
effects of mediobasal forebrain ablations en hoarding
(149}, mating (34} and maternal {r34) behavior, are
on the duration of a particular clement of the se-
quence, for example, food or an infant is dropped be-
fore the nest is reached or, sccasionally, carried to the
nest and then (aken out again to be dropped elsewhere.

The neural mechanisms whereby the mediobasal
sectors affect the outcome determinants of behavior
are only heginning to he detailed {10g). Essentially,
the mediobasal forebrain structures are cspecially re-
lated afferently and efferently to medial mesencephalie
and diencephalic structures in which are located the
slowly adapting receptors surrounding the third and
fourth cerebral ventricles {such as the osmo- and
temperature-sensitive elements) as well as to the non-
specific diffuse systems. The latter are characterized
by networks of short fine-fiber neurons. In such net-
works synaptie, dendritic and electrotonic phenomena,
especially sensitive to neurochemical influences, are
most likely of greater total significance than are
rapidly propagated patterns of neural impulses. In
fact, the conncctions between the mediobuasal fore-
brain and medial mesencephalic and diencephalic
structures are so arranged that even when propagated
signals are transmitted, the effect on the target site is

HANDBOOK OF PHYSIOLOGY - NEURCQPHYSIOLOGY I

more often a change in local excitability than the
firing of neurons {44).

Characteristic interactions between the {unctions
of the mediol:asal sectors and those of the diffuse non-
specific systems are thus clearly established at the
neural level—interactions which can account for the
finding that intentional bchavier is affected when
mediobasal  forebrain  structures  are ablated or
electrically excited. An analysis of the cffects of these
interactions can therefore be undertaken. Changes in
the excitability of these neural mechanisms have been
correlated with changes in activation, such as sleep-
wakefulness, which in the intact organism are cyclic
processes. Whether the outcome of any particular
action is desirable or not is a cyclic function—for
instance, a heaping plate of foed is most desirable at
the peak of the appetitive cycic but slightly nauseating
just after consumption of a large meal. The differ-
ences in the eflfects of outcomes depend therefore on
the dispositions of the organism that arc only partially
{and inadequately) described by the differences that
can be found to occur during any one cycle (27, 28,
48, 77, 118). More complete description would take
into account cycheally recurring regularites.

The cycles of activation {or deactivation) in be-
havior that occur with changes in the excitability of
the central system are analogous to conversions be-
tween potential and  kinetic cnergy in  physical
systems—the activity of water at the base of a [all is
not properly deseribed in terms of the differences be-
tween the ‘amount’ of energy which exists in the
limpid pool at the top of the falls and that which
characterizes the excited turbulence at the base.
Rather, the difference i1s measured by reciprocally
related quantitics—kinetic and potential, in the case
of phvsical systems (such as the waterfall); or anabolie
and catabolic, in biological descriptions. Thus, a
‘necd-reduction’ lormulation, in which the referent
against which change is specified is cansidered to be
some basal (that is minimal) tevel is inadeguate. This
conceptualization, by insistence on ‘amount’ of need
as the basic variable, easily falls into the trap of con-
fusing the reciprocally related potential and kinetic
manifestations of the energic process with quantita-
tive differences in the oial amount of energy in the
system.

An added argument against simple need ‘reduc-
tion,” based on the notion of ‘physiological need,’ is
that such a notion does violence to physiclogical fact.
Oxygen deprivation  produces  litile  increase in
respiratory rate, provided a constant partial pressure
of carbon dioxide surrounds the respiratory receptor
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mechanismg in the carouid body and brain stem {87},
Food deprivation, as in starvation, is insufficicnt per
s 10 increase appetite. Long-term deprivation of
mating leads as often to continence as to frustration—
these exampies suffice to suggest that physiological
need is not invariably produced by deprivation. And,
of course, the converse also holds, in that ‘need” (as
measured by the rate or amount of movement related
to an outcome] may actually increase when recur-
rently ‘satisfied” (37).

On the other hand, the more complete specification
that takes inte account the reciprocally related re-
curring changes in the distribution of excitahbility
and rest is supported by physiclogical fact. The
clectrical activity of totally msolated neural dssue is
cvelical (7). The pertod of cyvclical activity can be
specified and any changes imposed on the normal
periodicity can be described. The advantages of such
description are: the ‘amount of excitability’ is not con-
fused with *amount of energy’; a particular event may
increase cxcitability at one time, and may decrease it
at another; thus, the effect of an outcome of an acuon
i concelved to depend on the phase of the excitability
cvele at the moment of action. The disposition of an
organisin is therefore a hasic determinant of inten-
tonal hehavior. Dispositions are conceived to be de-
pendent on changes in the periods of neural excita-
bility eveles.

Mechanism of Expectation

By analogy with the model describing the functions
of the extrinsic and posterior intrinsic mechanisims,
the proposal of a model of the frontal intrinsic and
mediohasal forebrain mechanisms hegins with a state-
ment of the variety of transformations of descriptions
of the outecome under which behavior remaing in-
variant. Following extensive bilateral resections of the
mediobasal systems, behavior remains invariant over
a wide variety ol transformations of outcome, for
example, even gross changes in the amount of lood
deprivation minimally alter rate of response to fved
{(147).

Frontal intrinsic sector lesions affect intentional
behavior that remains invariant onlv under the more
restricted ranges of transformations of the outcome,
transformations which in controls can be shown 1o
affeet the distribution of intentional responscs. In the
extreme, unique distributions, such as those measured
by indifference funetions, would be wost affected by
such lesions.

Unique distributions can occur only when hoth the
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units of intention and their referent have been fixed.
Difheulties in defining such units and their referent
stem from the cyclical variations which describe the
dispositions  of erganisms—difficulties already di-
cussed from the neurobehavioral standpoint. The
formal device ‘mathematical expectation,” which is so
uscfully applied to the analysis of the effects of frontal
intrinsic sector lesions, is designed to overcome the
diflicultics encountered in analyzing the solution of
problems characterized by cvelic phenomena (141].
This device, based on combinatorial {equitibratory)
and set theorctical methods, meets the difficulties by
the suggestion that the solution of such problems is
deseribed, not by the single elements (outcomes) that
define the problem, hut by sets {and subsets) of such
elements. Unfortunately, the mathematics falls some-
what short of accomplishment in this arca and only
some rudimentary approaches to the task are possible
at this time (142).

Nevertheless, the relevance of the device, mathe-
matical expectation, in the analysis of the results of
the multipte-ohject and constant-interval experiments,
suggests the formal model of the frontal inrinsic
mechanism. This model conceives the frontal intrinsic
mechamsm o partition the events in the mediobasal
forchrain svstems, dispositional events that determine
the effect of outcome variables. Partitioning results in
cistributions of intentions, intentions determined by
the elements of the subset resulting from the partition.
The {frontal intrinsic mechanism is thus conceived to
provide hoth referent and units aithough not the
elements that specify intentional behavior. The effect
of continued frontal intrinsic sector activity will,
according to this model, result in an increasingly com-
plex sequence of distributions of intentions which in
turn allow more and more precise specifications of
intent that can be conveyed [or any given oulcome.
As a result, the organism’s intentional behavior re-
mains invariant under a progressively narrower range

of systems of transformations of outcomes—intentions
hecome more precise.

The programing of the activities of the frontal
inlringic sector remains in question. Some things are
elear, however. The advantape of the model is that
the program is not composed by the events upon
which the program operates. Thus, as in the case of
the posterior intrinsic mechanisms, storage of en-
coded programs is demanded—nol storage of an ever-
increcasing number of discrete preferences. In  this
formulation, the frontal incrinsic sector is conceived
as a programing mechantsm that maps intentions—
a conception that is in accord hoth with experimental
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finding and clinical observaton {23, 32, 101,
127].

103,

SUMMARY

-

ANT) CONGLUSION

Evidence has been presented to support the con-
ception that the posterior and the frontal intrinsic
svsters serve different aspects of the problem-solving
process. The argurment has been forwarded that two

major classes of hehavior can be disunguished, differ-

entiative and intentional {The multiple ohject experi-
ment detailed above provides a paradignm of the
relation between each of these classes 1n problem solu-
tion. Posterior intrinsie sector resection interferes with
differentiative behavior during search; such lesions
allect the delineation of a problem. Frontal intrinsic
scetor resection nterferes with intendonal behavior
after scarch is completed; such lesions affect the
cconomic solunon of a problem.

Farthermore, the experiment presented shows that
the delincation and economic solution ol a problem
can occur more or less haphazardlv., Haphazard prob-
lem-solving behavior is described by the relatively
wide range of systems of transformations of the input
and outeome under which behavior remaing invan-
ant. Swrategic problem solution, on the other hand,
occurs with resirietion of the range of such systems
of transformarions. The experiment is interpreted o
indicate that restriction in this iostance resules from
the operation of a mechanisin (the lurinsic) that
partitions the neural events (in the extrinsic and
mediobasal forcbrain systems) determined by input
and outcomne. By providing both a referent and units,
partitioning defines the range of possilalities to which
an_input or outcome is assigned by the organiso.

- The distinction hetween neural mechanisms that
scrve differentiation and those that subserve inten-
tion is not a new one. Shernngron makes this dis-
tinction in his description of the coordination of
reflexes (1297 The “singleness of acuon from moment
is the keystane in the consiruction of the indiadual.”
This singleness of action comes about in two ways—-
‘interferened’ between and fallied combinations’ of
reflexes. lu his analysis of ‘interference’ (or an-
tagonism)  between reflexes, Sherrington forwards
concepts such as inhibition, induction and spinal
contrast—concepts  which  have relevance w dis-
criminative behavior [lor example, as already noted,
the use of the coneept ‘induction’ by Skinner (140)
for the occurrence of the ‘hump’ in the graphical
representation of complex diserimination learning..
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Sherringron uses these concepts 1o provide an under-

standing of the differences hetween reflex behaviors
to different inputs. On the other hand, Sherrington’s

dizcussions o fallied combinatons of refexes are
an attempt to understand behavior regulated by out-
comes: Fthe now reflex breaks in upon a condition of
equilibrivnn, which latter is el a reflex,”™ a nouon
which has been enlarged upon by Cannon (g and
wore receitly by Wiener (1510 In discussing allied
comnbinatons ol reflexes, concepts such as reinforee-
rrent, convergence, sunimation and facilitation are
used by Shervington—concepts which have relevance
to nentonal behavior,

=Xlore recently, Denny-Brown (17) has distingnished
between cortical resections that aflect patterns of
approaching (grasping, hopping, placing) and those
that affect patterns of avoiding (withdrawing]. Al-
though the cortical rescctions made by Denny-Brown
and those deseribed here are only roughly cour-

parable, enough correspondence existy w permit the
suggestion that the paterns of approaching and the
sampling ol inputs as described here may reflect
somne conunon mechanism, that the pateerns of avoid-
ing may be manifestations (in untamed animals sal>-
jected o laboratory routines) of the hehavier de-
scribed hore as guided by outcomes.

The neural mechamsm here proposed 1 sinilar
in some respects 1o others already formulated. The
neurobchavioral data presented, and thewr fornal
analyaly, suggest that the events mn the extringic and

mediobasal forebrain systems are indeed  the im-

pU!‘lEl nt d(_‘.['L_‘.l'[’l'l‘lll'IE]. ris ol morrenl-1o-mement bl:f}'l'r'l\’i('}l'

av in Lashlev’s (72) and in Kahler's formulations

(69 63), among ohers. However, these cvents are
acted upon by others which provide the eontexuual
that

AN : Lhimitg on the moment-to-moment
behavior, as proposed by Freud (34 and  more

recently by

;

Fargus (2g-31]. The resultant of the
interaction of these two classes of neowral events s
deseribed more {urmally, though less ploturesguely,
by the mechanism, “partitioning of scts]” than this
resultant s deseribed by Lashley's largely nativistic
or Hebbs lareely empiricistic conceptions: redupli-
cated neural foops (6g) or phase sequences (53). Yel
all three share the essential characteristic that, in
continued  problem-solving  hehavior,  increasingly
complex patterns of neural events occur, patterns that
allow mare and mwore precise differentnations and
mtentions ¢ be made.

Nor i the distinction between the delincative and
the ceonomic aspects of problem solutlon a new one

i the hehavioral scicnces. The contributions of the



Wirzburg school (55) and their Gestalt-oriented
successors (2, b2, 149} have consistently emphasized
the distinction between the ‘content” of thought and
its woter’; between knowledge and intention (62).
These formulations, however, {requently confounded
two of the pars of distinctions made in this presenta-
tion: the distincuon between the delineative and the
cconomic aspects of problem solution on the one hand
and, on the other, that between the attitudina!
{partitivning) lactors and the events upon which
these attitudes operate. Piager (104) comes somiewhat
closer 10 maintaining separate these distinctions. This
correspondence between Plagel’s analvsis of the re-
sulty ol his experiments and that presented here may
be due to the sinilarity of the formal devices used:
Piaget’s ‘groups of displacements’ are included in the
ssystems of transformations’ relerred to throughout
this presentation.

Social seientists have also made use ol the dis-
tinction between the delineative and the economic
aspects of problem solution. Thus, Parsons  dis-
ringuishes between determinants of “interest’ in a
problem and thoese of “value-oricntation which provide
the standards of what constitute satisfactory solutions
of these problems’ (100}, Basic to this distinction is
the difference as yet grasped only vaguely, between
the acquisition of information (128) and its utiliza-
tion (140-142}. The development of this distinction
in the social, as well as in the biological {and in the
physical) sciences, is hampered by the fact {alrcady
mentioned above} that, in connotative use, the lan-
guage ol occidental cultures Tails to separate clearly
the differences brought out by the veurobehavioral
analysis made here: diflferences Detween attitudinal
factors and the cvents npon which these atumdes
operate on the one hand, and between the delineative
and the economic aspects of problem solution on the
other. Recently, rhere has been in North America a
shilt in popular connotation away from attitudinal
determinants—-e.g. the no longer
refers cxclusively to ‘telling the truth,” ‘respecting
others” property’ and such, but also o “behaving
according to how one feels and sees the situaiion,” even
if this entails occasional lyving or stealing {119).
Such confusion in connotative meaning  creates

term  ‘honesty’
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