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In the simplest case of learning by “‘trial and error,” the leamer tries
successive responises to a given situation until he finds the correct one. Even
in this simple type of learning there are at least two different components
which contribute to the efficiency of the learning process: the degree to which
the search is conducted systematically— for instance, not making the same
wrong response twice—and the degree to which the correct response is fixed,
so that no further mistakes will follow. I, in a later, different problem, a
different response is correct, there is a third component --namely, the effi-
ciency of unleaming or re-leaming.

The present study shows how ablations of different portions of the fore-
brain in monkeys affect the different components of trial and error learning,
and the implications of these findings are discussed for the character of the
neurological bases of the “active uncertainty’ called thought.

ON THE NEUROLOGY OF THINKING

by Karl Pribram

Stanford University

“The man in the streel, when asked what
he thinks about a cerlmin maller, often re-
plies thal he does not think at oll; ke knows.
The suggestion is that thinking s a case of
aclive uncerfointy setf over against conviction
or unqguestioning assurance.”

—Jous Dewey in “The Natural
Ilistory of Thinking"

INTRODUCTION

discussion of the “Neurology of Think-

ing” appears, at first glance, to en-
gender insurmountable difficulties. However,
on closer examination, the task seems less
formidable and unapproachable, and holds
a particularly fascinating challenge. Foltow-
ing Dewey's suggestion that thinking 1s
“aetive uncertainty set over against convie-
tion or unguestioning assurance,” the prob-
lem of the neurology of thinking can he
approached by way of behaviorstic psy-
chology. ‘“Aciive uncertainty’ is munifest
during “‘problem solving behavior.” Admit-
tedly “problem solving behavior” uand
“thought” are not synonymous, nor even ut
the same level of discourse; however an
analysis of the neural meehamsms serving
problem solving behavior permits an initial
and time honored approach to an inereased
understanding  of  the thought  process.
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Superficially such a discussion is more
manageable than a discussion of the neu-
rology of thinking. As we shall see, however,
from the neurobehavioral experiment to be
described, what constitutes a “problem’
and its “solution” for the behaving orgaism
turns out to be as complexly determined as
the thought process itself.

The argument may conveniently be initi-
ated by Sherrington’s analysis of the rela.
tively simple neurobehavioral relations
designated hy him as ‘“reflex.’”” in the
Integrative Action of the Nervous System
(1906), several of the chapters are devated
to the interaction between reflexes. Sherring-
ton’s analysis begins: “A reflex detached
from the generul nervous condition is hardly
realizable. The compounding together of re-
flexes is therefore a main problem u: nervous
co-ordination_ . . . If we regard the nervous
system of any higher orguunism from ihe
broad point of view, a salient feature in jts
scheme of construction i1s the following.”

“At the termination of every reflex-are we
find a final neurone, the ultimate conductive
link to an effector organ {musele or gland).
This last link in the chain, e.g., the motor
neurone, differs obviously in one important
respect from the first link of the chain. It
does mot  subserve exclusively impulses
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generuted at onc single receptive source, but
receives Impulses from many receptive
sources sttwate in many and various regions
of the body. It is the sole path which all im-
pulses, no matter whence they come, must
travel if they are to act on the muscle-fihers
to which it leads. . .. The singleness of ae-
tion from moment to moment thus assured
35 u keystone in the construction of the indi-
vidual whose unity it is the specific office of
the nervous system to perfect.

“Certain consequences result from this
arrangement. One of these seems the pre-
clusion of essential qualitative difference be-
tween nerve-impulses arising in different
afferent nerves. . . . A second consequence is
that each receptor being dependent for final
communication with its effector organ upon
a path not exclusively its own but common
to it with certain other recepiors, such nexus
necessitates successive and not simultanecus
use of the common path by various receptors
using it to different or opposed effect. When
two receptors are stimulated simultaneously,
each of the receptors tending to evoke reflex
action that for its cnd-effect employs the
same final common path but employs it in
a different way from the other, one reflex
appears without the other. The result is this
reflex or that reflex, but not the two to-
gether. . .. Thesc reflexes may in regard to
one another be termed aniagonisiic.”

But this is not the only possible manner
of interaction between reflexecs, “We note
an orderly sequence of actions in the move-
ment of animals, even in cases where every
observer admits that the co-ordination is
merely reflex. We sec one act succeed an-
other without confusion. Yet, tracing this
sequence to its external enuses, we recognize
that the usual thing in nature is not for one
exciting stimulus to hegin immediately after
another eeases, but for an array of environ-
mental agents acting concurrently on the
animal at any moment to exhibit correlative
change in regard to it, g0 that one or another
group of them becomes—generally by in-
crease in intensity— temporarily prepotent.
Thus there dominates now this group, now
that group in turn. It may happen that one
stimulus  ceases coincidently as  another
beging, but as a rule one stimulus overlaps
another in regard to time. Thus cach reflex
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breaks in upon a condifion of relalive equi-
bibrium, which latter 18 ilself reflex. In the
simultaneous correlution of reflexes some re-
flexes combine hurmoniously, being reac-
tions that mutually reinforee. These muy he
termed aified refleves, und the neurul ares
which they employ afticd arcs.”

The diffcrences between the co-ordination
of antagonistic and allied reAexes are
summed up in the following stutement:
“Unlike reflexes have successive but not
simultaneous use of the common path; like
reflexes mutually reinforce each other on
their common path, Expressed teleologically,
the common path, although economically
subservient for many and various purposes,
is adapted to serve but one purpose at a
time.”

The role of antagonism between reflexes
is perhaps most clearly stated in Sherring-
ton's discussion of some of the conditions
“influencing the issue of competition in the
determination of successive combinations of
reflexes; factors such as ‘fatigue,’ *intensity,’
‘successive spinal induction’.” “The organ-
ism, to be successful in o million-sided en-
vironment, must in ils reactions be many-
sided. Were it not for such so-called fatigue,
an organism might, in regard to its receptiv-
ity, develop an eye, or an ear, or a mouth,
or a hand or leg, but it would hardly develop
the marvelous congeries of all those various
sense-organs which it is actually found to
possess. . . . As a tap o a kalesdoscope, s0 a
new stimulus thal strikes the receptive surfuce
causes tn the central nrgan a shift of functional
paltern at nartous synapses.”

By contrast, eombinations of allied re-
flexes “retnforce cne another in their action
on the final common paths they possess in

common. ., . This reinforcement s signifi-
cant of the solidarity of the whole spinal
mechanism. . .. But the same principle ex-

tends to the reactions of the great ares
arising in the projicient receptor organs of
the head. ... Thus at any stngle phase of the
erealure’s reaction a simuftancous combinafion
of refleces is in existence. Tn this combination
the positive clement . . . exhibits @ harmao-
nious discharge directed by the dominant
reflex-nre reinforced by o number of ares in
alliance with i.”

Coneeptualizations of the neurobehavioral
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relations represented by combinations of an-
tugonistic and of allied reflexes have been
repeatedly but variously restated over the
past half century. Rarely, however, has the
scope of data that wus analyzed allowed the
comparison of the two types of relationships.
Most of the conceptualizations have heen
models phrased in neural, electrical and
chemical terms: Sherrington’s inhibitory and
excitatory states, suecessive and simulta-
neous spinal induetion are examples; others
are direct current fields, interference pat-
terns, phase sequences, reverberatory and
negative feedback circuits, These models
have the virtue that a direet empirical test
of the inferred mechanisms should ultimately
prove possible; unfortunately, the techniques
and data are not often at hand to permit the
precision in model construction which comes
from such empirical testing, Precise models
of psychological processes are available,
however; these have not as yet been applied
to neurobehavioral analyses. In such models
castings of dice are used as paradigm rather
than taps to a kaleidoscope; moves in a chess
game rather than homeostats, which were
Cannon's (1941) and Wiener's (1949) de-
velopment of the conception of “reflexes
breaking in upon conditions of equilibrium,
themselves reflex.” But the basic concep-
tions have not changed. Thus stochastie,
statisticul methods are invoked when be-
havior involves “the marvellous congeries of
all those various sense-organs’ by means of
which organisms display their “many-sided
reactions’ in a “million-sided environment.”
And, combinatorial, equilibratory mathe-
matics serves when “‘any single phase of the
crealure’s reaction . . . although economi-
cally subservient for many and various
purposes” 15 “harmoniously” adapted to
“the positive element . .. reinforced” by »
number of elements “in allianee’ with it.
For convenience, the two types of processes
will hereafter be referred to as “differentia-
tive” and “intentional”; differentiative
when the many sided reactions of the organ-
igm are funetionally related to the million-
sided nspect of the environment; intentional
when harmonious renctions result from adap-
tations 1o a number of mutually reinforcing
positive elements.

Considernble progress has been made in
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the speeification of neural mechanisms that
determine differentiations and intentions.
Only a few examples warrant mention here
and these only briefly. The rapidity with
which receptors adapt {one determinunt of
Sherrington’s “so-called futigue”) has lLeen
related to the ability to differentiate be-
tween positions of tactile and visual stimuli.
Large afferent and efferent tracts in the
central nervous system (the “primary pro-
jection” or “extrinsic” systems) maintain
receptor modality, specific topelogical cor-
respondence hetween receptor-effector tis-
sues, and the cerebral mantle—disruptions
of these tracts, of the nuclear discontinuities
intercalated in their eourse, or of their cor-
tical station, drastieally interferes with such
differentiative processes as motor skill, dif-
ferentiation hetween visual, auditory, gusta-
tory or somesthetic stimuli. Other neurul
mechanisms are so constituted that a eolla-
tion of signals from receptor surfaces results
from convergence upou diffusely and replica-
tively interconnected neuronal pools—exei-
tation or destruction of these mechanisms
alters the intentional processes that deter-
mine sequences of uaetion, eg., feeding,
fighting, maternul bhehavior and certain
types of performance such as alternation.
Neurobehavioral analysis has shown that
those neural mechanisms which subserve
differentiation are related to one aspeet of
the problem solving process; that those
mechanisms which subserve intention are
related to another aspect. The portions of
the problem solving process that are related
to neural mechanisms of differentiation will,
for convenience, be referred to as *delinen-
ticns of problems’; those portions that are
related to neural mechanisms of intention,
“eponomic solutions of problems.” “Eeo-
nomic” distinguishes this tvpe of =olution
from haphazurd *viearious trial and erear”
solutions. Perhaps the most readily eompre-
hensible introduction to this neurobehavioral
analysis of the problem solving process will
come from the description of an experiment.
undertaken to clarify some of the issues
raised in earlier drafis of this attempt.!

! Whatever the merit of this manuscripr, much
is due George Miller who led me Inv the hand
throngh the formidably formad gurdens of mathe-
matics and wha instigated nat onlyv the experiment.
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DELINEATIONS OF PROBLEMS

On the basis of comparative neurouna-
tomiesl and electrophysiological data the
forebrain ean be divided into two major
portions: a dorsolateroposterior and an
anteromediobasal. In primates each of these
nwjor portlons contains intrinsic sectors:
posterior intrinsic sectors (the classical
sengory uassociation areas, [Pribram, 1954,
Pribrum, 1958b]}, and a frontal intrinsic
sector {the classical frontal assvelativn area,
[Pribram, 19584]). Neurohehaviora! experi-
nients performed during the past fwenty-five
vears have shown these intrinsic sectors to
be cspectally related to problem solving
processes (Hurlow, 1933; Pribram, 1951).
The uim of this, and of the following section,
is to speaify in detail this relationship.

An experiment,

Procedure. A modified Wisconsin Geueral
Testing Apparatus {Harlow, 1842) is used
to test twelve rhesus monkeys on a complex
problem. The monkeys are divided into
three groups, two operated and one control,
each containing four animals. The animals
it one operated group had received hilateral
cortical resections in the posterior intrinste
cortex and those in the other operated group,
bilateral cortical resections in the frontal
lutrinsle cortex some two and a half years
prior to the onset of the experiment (Fig, 1};
those in the control group arc unoperated.
In the testing situation these animals are
iitially confronted with two junk objects
placed over two holes {on a board containing
twelve holes in all) with a peanut under one
of 1the ohjects. An opague sereen is lowered
between the monkey and the abjects ax xaon

but also many of the ideas reporcted, Jerome
Rruner who initially posed the problem of the
vettrelogy of thinking to me and who gave en-
corragement through the difficidies of solution;
IBugene Galanter wha has acted as indizspensable
interprefer and ceritie; the several others who at
utie time or another provided tdess und sapport
to the effort: Elzabeth Connor, June Connors,
Fdwurd (ireen, Hellmuth Kaiser, Harriett Knapp,
Judy g Walter Rosenhlith; W 8, Battershy und
Ienest . Hilgard for theic helpful comments on
carticr drafts of this strempt; and the twelve
littte rhesus monkeys who skifuly. patiently
and impatientiy plaved the maltiple objeet gone
with me dutlv for stx months,

Kanu Prisnam

k

e

]

LF-5

Fia. 1. Representative reconstructions and
cross seetions through cortes and thatamus show-
ing extent of the lesions in the posterior (upper
figure) and frontal flower figure) intrinsic svs-
tems, Corticat lesions and resulting thalamice de-
generation shown in bluek,

as the mokey his displuced one of the ob-
jects fromats hole {a trial). When the screen
i# lowered, separating the monkey from the
twelve hole hourd, the abjeets are moved
(according to & random number {nble} to
two different holes on the beard, The screen
5 then raised and the amimal again con-
fronted with the problem. The peanut re-
maing under the same objeet until the ani-
mal finds the peannt five consecutive times
{eriterion), After a monkey reacher eriterion
performanee, the peanut is shifred to the
second object sonud testing continues  (dis-
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erimination reversal). After an animal again
reaches criterion performance a third object
15 added (Fig. 2). Euach of the three objects
i turn becomes the positive cue; testing
proceeds as before-—the screen separates the
animal from the twelve hole board, the ob-
jeets are placed randomly over three out of
the twelve holes (with a peanut concealed
under one of the objects), the screen is raised,
the unimal allowed to pick an object (one
response per trial), the screen is lowered and
the objects moved to different holes. The
testing continues i this fashion until the
animal reaches criterion performance with
each of the objects positive, in turn. Then a
fuurth object is added and the entire pro-
cedure repeated. As the animal progresses
the nmumber of objects is increased serially
through a total of twelve (Fig. 3). The test-
ing procedure is the same for all animals
throughout the experiment; however, the
order of the introduetion of objeets is bal-
anced—the order being the same for only
one monkey in each group.

Anualvsis of the problem posed by this ex-
periment indicates that solution is facili-
tated when a monkey attaing two strategies:
(1} during search, moving, on successive
trials, each of the objects until the peanut is
found; (2} after search, selecting, on succes-
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sive trials, the abject under which the peanut
had heen found on the preceding trial. Dur-
ing & portion of the experiment, seurching is
restricted for unimals with posterior intrinsic
sector ablations; and selection of the object
under which the peanut had been found on
the previous trial 1s impaired by frontal in-
trinsic sector ublations. The effects of the
posterior intrinsic sector tesions will he dealt
with first.

Figure 4 gruphs the averages of the total
number of repetitive errors made by each
of the groups v each situation in the nulti-
ple object experiment. Comparison of
Figure 4 with Figure 3, representing the
repetitive errors made by each group in
each situation during search, illustrates that
the deficit of the frontally operated group is
not associated with search (a result that is
discussed below); however, the peak and
general shape of the error eurves deseribing
the performunce of the control and posteri-
orly operated groups are similar whether
total repetitive errors (Fig. 4) or scarch
errors (Fig. 5) are plotted. In spite of the in-
creasing complexity of the succeeding situa-
tions, the curves appear little different, from
those previously reported to describe the
formation of a discrimination in complex
situntions (Bush & Mosteller, 1951; Skinner,

Fra. 2 and 3. Diagram of the multiple object problem showing examples of the three and the
seven object situations, Food wells ure indicated by dashed eireles, eaeh of which is assigned & num-
Lier, The placement of each object over a food well was shifted Trom trial to trial according to a
random number table. A record was kept of the object moved by the monkey on each trial, only
one move being allowed per trial. Trials were separaied by lowering an opagoe sereen o hide,
from the monkey, the objects as they were repositioned.
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Fia. 4. Graph showing the average of the total
number of repetitive errors made in the muitiple
objent experiment by each of the groups (Controls
= Normals; Posterior Intrinsic Sector Lesions =
Temporals; Frontal Intrinsic Sector Lesions =
Frontals) in each of the situations. A situation is
defined by the number of objects in the problem
and inrludes successions of trals. During each
suceession the peanwt is eonsistently placed un-
der one of the objects (cues). The succession is
terminated when the monkey has moved, on five
consecutive trials, the object under which the
peanut is placed (criterion). (Bee also the legends
to Figures 2, 3, and 8.) A repetitive error is made
Ly a monkey when he moves more than once,
during o suecession of trials, an objert ofher than
the one under which the peanut is placed.
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F1i. 5. Graph of the average of the number of
repetitive errors made in the multiple abject ex.
periment by each of the groups during search (see
legend to Figure 4). Search trinls are those ante-
ceding the first “correct” reponse in & succession
of trials, i.e., those anteceding the movement of
the ohject (cue) under which a peanut has been
placed, Note the difference between the location
of the "hump’ in the graph of the normal eon-
trols and in that of the posteriorly lesioned group
{temporals).
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1938). Though one might, o priori, expect
the number of repetitive responses to in-
crease monotonically as a funetion of the
number of objects in the situation, this does
not happen. Rather, during one or unother
phase of the discrimination, the number of
such responses increases to a peak and then
declines to some asymptotic level {(Bush &
Masteller, 1951 ; Skinner, 1938}, Analysis of
the data of the present experiment has
shown that these peaks or “humps’ ean he
attributed to the performance of the con-
trol and posteriorly operated groups during
the mmtial trigls given in any particular
(eg., 2,3, 4 --- cue) situation—i.e., when
the monkey encounters a novel object. The
period during which the novel and familiar
objects are confused is reflected in the
“hump’ (Fig. 6). The importance of ex-
perience as o determinant of the diserimi-
nability of objects has been emphasized by
Fawrence (1949; 1950). His formulation of
the “acquired distinctiveness” of cues is
applicable bere. In a progressively more
complex situation, sufficient familianty with
all of the ohjects must be nequired before o
novel object is sufficiently distinetive to he
reacily differentiated.

But there is a difference between the con-
trol and the posteriorly operated groups as
to when the confusion between novel and
familiar objects oceurs. The peak in errors
for the posteriorly operated group lags be-
hind that for the controls—a result which
forced attention because of the paradoxi-
cally “better performance” of the posteri-
arly operated group throughout. the five and
81X cue situations (in an experiment which
was originally undertaken to demonstrate a
relation between number of objeets in the
situation and the discriminution “deficit”
previously shown by this group).

These paradoxical results are wecounted
for by a formal treatment hased on mathe-
matical learning theory: on suceessive trials
the monkeys hud to “learn” which of the
ohjects now covered the peanut and which
objects dul not. At the same time they had
to “unlearn,” ie., extinguish, what they had
previously learned--under which object the
peanut had heen and under which objects it
had not been. Both neural and formal models
have been invoked to explain the results
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Fia. 6. Graph of the average of the number of repetitive errors made in the multiple object experiment,
during those search trials in each situation when the additional, 1.e., the novel, cue is first added. Note
that the peaks in errors shown in Fig. 5 are accounted for by the monkeys' confusion between novel

and familiar objects as graphed here.

obtained in such complex discrimination
situations. Skinner {1938) postulated a proc-
ess of neural induction to account for the
peak in errors, much as Sherrington had
postulated “suecessive spinal induction™ to
aceount for the augmentation of a erossed
extension reflex by precurrent antagonistie
reflexes (such as the flexion reflex). Several
of Skinner’s pupils (Estes, 1950; Green,
1958) have developed formal models. These
models are based on the idea that hoth
“learning” {or “eonditioning’’} and *‘un-
learning” (or “extinetion”) involve antago-
nistic response classes—that in both condi-
tioning and extinction there oecurs a transfer
of response probabilities between response
classes. This conception is, of course, similar
to Sherrington’s “‘this reflex or that reflex
but not the twe together.” The resulting
equations that eonstitute the model eontain
a eonstant which is defined as the probability
of sampling a particular stimulus eleinent
{Green, 1958), i.e., ohject, in the discrimi-
nation experiment presented here. This con-
stant 1s further defined (Estes) as the ratio
between the number of stimulus elements
sampled and the totul number of such
elements that could possibly be sampled.
Thiz definition of the constant postulates
that it is dependent for its determination
upon both environmental and organismic

factors. According to the model the rapidity
of increuse in errors in a discrimination
series depends on this sampling ratio —the
fewer objects sampled, the more delayed the
peak in recorded errors. The paradox that
for o portion of the experiment the pos-
teriorly lesioned group performs better than
the control group stems from the relative
delay in the peak of the recorded errors of
the operated group.? The model predicts,
therefore, that this operated group has
sampled fewer objects during the early

? The actual maodel u=ed to interpret the data
analyzed here wus developed by Creen (1958)
and is patterned after & model of discrimination
of learning proposed by Bush and Mosteller
{1951). The Green model takes its roots from a
parallel model originated by Estes (19551, The
generzl form of the model is derived from Estes'
equations deseribing the conditioning and extine-
tion processes:

PAS = =1~ (I — pa) {1 — &) for condi-
tioning to those elemenis which constitute
occasions for reinforcement.

.08 — It = 5y{l — @21 for extinction to those
elements which are never occasions far rein-
forcement -

and

Ty _
wd + e

- _ T =
Bl = [N”L + r P"]

(L — wgy — weadn fur the changes assaciated
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portions of the experiment. This prediction
is tested as shown in Fig. 7.

The prediction is confirmed. The pos-
terior intrinsic sector is thus established as
one of the organismic variables that deter-
mine the constant of the model. As postu-
lated by the model, the ratio of objects
sampled turns out to be more basic than
the number of objects in the situation,
per se.

Mechanisms of invariaznce

Mornkeys with posterior intrinsic sector
lesions show a lag in attaining the strutegy
to sample extensively; is this impairment
correlated with other deficiencies in differen-
tiation that follow such lesions? These
deficiencies differ in some respects from
those produced by lesions of the extrinsic
systems, but the differences are subtle and
have repeatedly eluded precise specification

with intercept elements, i.e., those present on
both reinforced and unreinforced occasions.

where
o ts the initisl probability of response (operant
level},
x is the relative frequency of reinforced trials
in the discrimingtion series.
&, und @2 are sampling ratios for reinforced and
non-reinforced stimulus sets, respectively.
n denotes the number of trials.
1t is assumed that the above equations are
weighted directly as a function of the proportion
of elements within the intercept and non-inter-
cept subsets, auch that

Pa(8) = &'Ba(S" — I) + (1 — K)Pall}.

In these experiments, then,

S' in the set of unreinforced stimulus elements
{chjects under which no peanut is located)
and

I includes among the subset of elements common
to both reinforced and unreinforced trials
those objects which “recently' have had 2
peanut under them.

k' is the proportion of stimulus elements not
common to both reinforeed and unreinforced
Lriald.

B.(8'} is the mean probability of response on
non-reinforced trials {probability of error
responses) on the nth trial.

In the present experiment only the objects with no
peanuts under them are considered since only ane
object at & time had a peanut under it, Thus the
set of reinforeed objects reduces to one, and the
sampling ratio associated with it ¢ is muximized
with respeet to the sampling ratio associated
with the unreinforeed sets, ¢» .
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Fia. 7. Graph of the average of the per cent of
the total number of objects {cues} that are sam-
pled by each of the groupe in each of the situations
{see legend to Figure 4). To sample, a monkey had
to move an object until the sontent or lack of
content of the food well was clearly visible to the
experimenter. As was predicted {(see text), during
the first half of the experiment the curve repre-
senting the sampling ratio of the poasteriorly
lesioned group differs significantly from the others
at the 024 level (according to the non-parametrie
Mann-Whitney U procedure, {Mann & Whitney,
18473,

(Pribram & Mishkin, 1935). The available
data may therefore be briefly reviewed in a
renewed attempt at such specifieation. (1}
As already noted, drastic bilateral removal of
an extrinsic sector severely limits differen-
tiztive behavior in the modality and only
in modality served by that sector. The
limitation affects practically all differentia-
tions in the maode: e.g., & monkey whose
occipital lohes have been removed reacts
only to the grossest changes in the environ-
ment that affect the visual receptors—
changes that can be ascribed to variations
in total luminous flux (Kliver, 1942). Com-
parably, drastic hilateral removal of a pos-
terior intrinsic sector restricts differentiative
hehavior within the mode served by that
sector, and enty within that mode, but the
Bmitation is not as severe as that produced
by drastic removal of the extrinsic sector
serving that mode {Chow & Hutt, 1953;
Pribram, 1954). (2} Under some conditions,
differentiation 1= untmpaired after drastic
resection of the posterior tntrinste sector:
eg., after such u removal, o monkey ean
cateh a fiving gnat in midair and can pull in
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a peanut which is beyond reach but at-
tached to an available fine sitk thread {3000
surgical). In these situations as in situations
that necessitate the opening of u single box
or depressing of a single lever, the operated
animal is indistinguishahle from an un-
operated control animal {Pribram, 1958h).
{3) Under other conditions, such as those in
the experiment described above, differentia-
tion is impaired  after posterior inirinsic
sector ablations. These conditions have in
commeon the reguirement that two or more
separate responses be systematically related
to the differences between the environmental
events that determine the stimulus; lLe.,
alternatives are available to the organism,
alternatives that are specified by environ-
mentally determined stimuli. Such stimuli,
for convenience, will hereafter be referred
to as “input”’ wvariables. Examples of the
problems where impuirment is found {in the
visual mode) are: brightness, color, form,
pattern, size, and flicker discriminations
{Mishkin, 1954; Mishkin & Hall, 1955;
Mishkin & Pribram, 1934); successive and
simultaneous discriminations (Pribram &
Mishkin, 1955}; successions of diserimina-
tions {*“‘learning set”) (Chow, 1954; Rio-
pelle, Alper, Strong, & Ades, 1953); oddity
discriminations (Harlow, Davis, Settlage &
Meyer, 1952); and matching from sample
{Harlow et al., 1952}, Though the operated
animals meay perform ‘“‘normally” on par-
ticular problems within a problem group,
decrement is found on other more “difficult”
problems in that group. Difficulty of prob-
lem is independently defined by fthe num-
ber of trials taken by naive unoperated
animals to learn the problem. In most
instances problem diffieulty has alse been
related to differences between the physical
dimensions of the objects, eg., size dis-
crimination (Mishkin & Hail, 1953), and to
other determinants of the alternafives in the
situation, e.g., situational differences (Pri-
bram & Mishkin, 1955}, sampling in the
multiple object problem.

These then are the data. Extensive hi-
lateral ablations of both extrinsic and
posterior intrinsie sector resections impair
differentiative behuvior but differences be-
tween the impairments exist. Attempts to
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portray these differcnces are familiar. Neu-
rologists have spoken of ‘“defective sensi-
bility” and of “agnosia” (Freud, 1953,
Head, 1920), the lutter often conceived as a
disorder of memory, In so far as this dis-
tinction assumes an associationistic model of
the functions of the intrinsic sectors, it gains
little support from neurologicsl or neuro-
psychological evidence (Pribram, 1958b).
An alternute view can be proposed. Psy-
cholopists have spoken of “existential
diseriminations” and ‘“differential discrimi-
nations” {(James, 1950}, or of ‘“‘sensibility”
and “intelligibility” (Miller, Heise & Lich-
ten, 1951), distinctions that are made on
the basis of whether the organism’s actions
are determined by “simple presence or
absence” of input variahles or by ‘‘some
more complex relationship’ between these
variables, such as the number of “contextual
alternutives”™ in the situation (Miller, 1951).
The results of the multiple object experiment
warrant an attempt to pursue this eoncep-
tualization of the distinction by proposing a
formal model of the interiction between
the functions of the intrinsic sectors in
differentiative hehuvior.

The defect in differentiative behavior
that results from lesions of the extrinsic
and posterior intrinsic sectors of the fore-
brain can be charueterized by stating the
variety of transformations of descriptions
of the input under which hehavior remains
invariani. Following extensive bilateral re-
sections of the extrinsic secfors, behavior
remains invariant under a great variety of
transformations of the input. For instance,
for these preparations, even brightness and
size of luminant are multiplicatively inter-
echangenble quantities (Kliiver, 1042),
whereas differentiative hehavior by organ-
isms with intact extrinsic sectors is invariant
under much more restricted ranges of trans-
formations of the input—e.g., differentia-
tion in the case of contrast and contour
{Mach, 1897}, texture and acuity {Gibsan,
1930); continuous (orthogonal) projective
in the case of position, distance, form and
rigid motion (Gihson, 1950, Ch. 8; Gibson,
1956; Gibson & Gibson, 1936).

The effects of lesions of the posterior in-
trinsic sectors ean wlso be uscfully charae-
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terized in this way. Differentiative behavior
which remains invariant under still fewer
transformations of the input i1s interfered
with by such lesions. In the extreme, unique
responses, le., ‘“‘absolute” differentiations,
would be most affected.

Unique responses can occur only when
both an “absolute’” unit and an “absolute”
reference point have been fixed. As indicated
in the discussion of the results of the mul-
tiple object experiment, mathematieal learn-
ing theory provides an approach to the
specification of these units and their refer-
ents. The fact that this mathematieal de-
viee has proved so powerful a tool in the
analysis of some completely unexpected
effects of posterior intrinsic sector lesions
lends support to its usefulness in the de-
velopment of the modef. T
Partitioning

By what neural mechanism could the
posterior intrinsic sectors effect a restriction
of the systems of transformations of the
input under which differentiative behavior
remains invariant? On the basis of neuro-
logical and neurcbehavioral data, the sug-
gestion has been forwarded that the intrinsic
sectors operate, via efferents, on the events
occurring in the extrinsic mechanisms (Pri-
bram, 1958b). These efferents can be eon-
ceived to partition the afferent activity that
results in the events in the extrinsic sectors,
events initiated by and corresponding to
jnputs. Partitioning determines the extent
of the range of possibilities to which an
element or a set of elements can be assigned.
Partitioning results in patterns of informa-
tion, information given by the elements of
the subsets resuiting from the partition (von
Neumann & Morgenstern, 1953). The
posterior intrinsic sector mechanism is thus
conceived to provide both referent and units
though not the elements to be specified. The
effect of eontinued intrinsic sector activity
will, aceording to this model, result in =
sequence of patterns of information (parti-
tions) of increasing complexity, which in
turn aliow more and more precise spectfien-
tion of particular elements in the set (or
subsets) of events ocenrring in the extrinsic
systems. Thus, through continued posterior
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intrinsic sector activity, more and more in-
formation can be conveyed by any given
input. As u result, the organism’s differen-
tintive behavior remains invariant under a
progressively narrower range of systems of
transformations of the input—differentia-
tinns become more “absolute.”

The programming of the activities of the
posterior intrinsic sectors remaing in gues-
tion. Some things are clear, however. The
advantage of this model is that the program
is not composed solely by the events upon
which the program operates. In this respect
the model is in accord with neural and neuro-
behavioral facts (Pribram, 1958b). Other
models, whether associationistic or mateh-
mismatech (Bruner, 1957), demand the
storage of an ever increasing number of
““bits” of information. The evidence is over-
whelmingly against the presence in the
intrinsic systems of such minutely specific
engrams (Lashley, 1950). In the model
here presented, engrams consist of encoded
programs; these operate on the neural
events that are initiated by the input, trans-
forming them into other neural events
which can lead to an ever increasingly
finer, i.e., appropriate, differential response
{Gibson & Gibson, 1955; Werner, 1940). In
this formulation the posterior intrinsic
sectors are conceived as  programming
mechanisms that funetion to partition
events initiated by the input, not as the
loci of association of such events, nor as
the loct of storage of an ever increasing
number of minutelv specific engrams.

ECONOMIC SOLUTIONS OF PROBLEMS

The mechanisin by which the posterior
intrinsic sectors 12 convewved 1o affect dif-
ferentiative behavior finds a parallel in the
mechanism by which the frontal intrinsie
sector can affect intentional behavier. In-
tentions, 2s noted earlier, are defined as the
result of the “harmonious interactions™ that
result from adaptations to “a number of
mutually  reinforeing  positive  elements.”
The demonstration of this parallel is most
effectively initinted by some further analyses
of the data obtained in the multiple object
diserimination experiment.
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Some experiments

Returning to the multiple objeet experi-
ment, Figure 8 graphs the average of the
total number of trials taken by each group
of monkeys in each situstion to reach the
eriterion of five consecutive errorless re-
sponses. The peculiarities of the shape of
the curve representing the performance of
the posteriorly operated animals have ual-
ready been analyzed above. The difficulties
in performance encountered by the frontally
operated group are more clearly demon-
strated by comparing the graph of the total
number of trials (Fig. 8) with one that
portrays performance following completion
of search, te,, after the first response on
which the peanut is found (Fig. 9). Note
that the lag shown by the frontally operated
group in reduecing the number of trials taken
to reach criterion {or the number of repeti-
tive errors made) occurs after the peanut has
been found. This group of monkeys experi-
ences difficulty in attaining the strategy of
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Fra. 8 Graph of the average total number of
trials taken in the multiple abject experiment hy
each of the groups (Control = Normal; Posterior
Intrinsic Lesion = Temporal; Frontal Iantrinsic
Lesion = Frontal) to reach, in each of the situa-
tions, & criterion of performance of five consecu-
tive correct responses. A correct response oeeurred
when the monkey moved the objeet under whicha
peanut had been placed for that trial. Ju & sue-
cession of trials, the peanut remained under one of
the objects until criterlon performance  was
reached. Then the peanutl was shifted to one of the
other objects in the situation and the trals re-
sumed; this procedure was repeated until each of
the objects in each of the situations had been the
correct one. (See also the legends to Figures 2, 3,
and 4.}
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Fia. 9. Graph of the avernge of the number of
trials Lo criterion taken in the multiple ohject
experiment by each of the groups in each of the
situations after search was completed, i.e., after
the first correct response. (See legends to Figures
5 and 4.} Note the difference hetween the curves
for the controls and for the frontally operated
group, a difference which is significant at the .05
level by an analysis of variance (F = 8,10 for 2
and 8 df) according to MeNemar's {1955) pro-
cedure performed on normalized (by square root
transformation) raw scores.

returning on successive trials to the object
under which they have, on the previous trial,
found the peanut. Whatever may be the
explanation of this difficulty, a precise
description can he given: for the frontally
operated group “finding the peanut’ does
not determine subsequent hehavior to the
extent that “finding the peanut’’ determines
the subsequent behavior of the normal
group. In SBherrington’s and in behavioristic
terms the “positive element,” response to
the ohject is, for the frontal group, inade-
quately reinforced by the “alliance with 1t”
of the action, finding the peanut. More
generally, respouse probabilities of the
frontal group are less affected by the out-
comes of their actions (e.g., finding a pea-
nut).
Interestingly, before the frontally oper-
ated group begins to attain the necessary
strategy (after the seven cue situation), per-
formance of this group reflects the number
of alternatives in the situation. This finding
sugpests o parallel with analyses of the ef-
feets of ouicomes developed 1 the theory
of games and economic behavior. The ef-
fects of outcome are determined by two
classes of vuriables: (1) the dispositions of
the organism, and (2} an estimate about the
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actions of other parts of the system. The
finding that performance of the frontally
operated group is related to the number of
alternatives in the situation suggests that
this group is deficient in evaluating the
second class of variables--but thiz iz only
suggested by these results, Support for the
hypothesis that frontal lesions do not affect
the dispositional vartables thot determine
the effect of an outcome of an action comes
from the results of another experiment.

In a constant (fixed) interval experiment,
ten rhesus monkeys are tested in an “oper-
ant. conditioning” (Skinner, 1938) situation
which consists of an enclosure (discarded
icebox) in which a lever is available to the
maonkey, Occasionally, immediately after o
depression of the lever, a pellet of food also
hecomes svailable to the monkey. The ex-
perimenter schedules the oecasions on which
the action of pressing the lever has the out-
come that a food pellet becomes available,
In this experiment, these oceasions recurred
regularly at a constant (fixed) interval of
two minutes. The conditioning procedure,
as a rule, results in performance curves
(scallops) which reflect, during the carly
portions of the interval, a slow rate of re-
sponse, and during the latter portions an
accelerating rate which nears maximum just
prior to the end of the interval. All of the
monkeys used 1w this experiment were
irained cvery other day for two hour ses-
sions until their performance curves re-
mained stable {as determined hy superim-
position of records and visual inspection)
for at least ten consecutive hours.

Two experimental eonditions were then
imposed, one at a time: (1) deprivation of
food for 72 and 110 hours; (2) resection of
frontal and posterior intrinsic cortex. Food
deprivation inereases the totul rate of re-
sponse of all animals markedly but does not
alter the proportion of responses made dur-
mg portions of the interval (Fig. 10). Re-
sectioh of the frontal intrinkie sector does
not change the total number of responses
but does alter the distribution of responses
through the interval -there iz u marked
decrease in the dilference between the pro-
portion of responses made during the various
portions of the interval. Monkeys with
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Fre. 10, Graph showing the effect of food dep-
rivation on monkeys’ rate of lever pressing re-
gponse to food (a small pellet of laboratory chow)
which became available every two minutes. The
change tn lofal rafe s indicated by numbers under
the deprivation lsbel. The luck of chonge n the
distribution of responses s shown by the curves,
Fach curve represents the average of the responses
of ten monkeys; each point represents the average
rate during a period of the interval over ten hours
of testing, Varignee is indieated by the short
hortzontal bars, Dr. Nathan Azrin made this ex-
periment possible by constructing apparatus and
by suggesting thal separate counters be used to
record performance during each period of the
jnlerval, Mr, David Nowel, Mr. Thomas Tighe
uned Miss Libby Fleisher helped carry out this and
the experiment reported in Figure 11

lesions of the posterior mtrinsic sectors and
unoperated controls show no such changes
(Fig. 11},

The results of the eonstant interval ex-
periment support the contention that the
effect of an outcome of an aetion is influ-
enced by vuriubles which enn he separutely
classified. Deprivation influences total rate
of response; frontul lesion, the distribution
of that rute. Deprivation variables are akin
to those whieh have i the past been as-
signed to influence the disposition of the
organism. The fromtal intrinsie =ector lesion
appears to influence the monkey's estimates
about the situation. Thix finding is thus in
acenrd with that obtained in the multiple
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Fia. 11. Graph showing the change in distribu-
tion on monkeys’ response rate following frontal
intrinsic seelor ablation (three monkeys). Note
that the distribution of rate over the interval is
not affected in the controls (four monkeys) and
after posterior intringic secior ablations (three
monkevs). Also note that the total rate of response
did not increase; rather rate was somewhat de-
ereased, probably due to the ad libitum feeding
period which all groups were given prior to opera-
tion—approximately two weeks before postopera-
tive testing. (Compare with Figure 10 and sce
legend to that figure.)

object problem. Both experimental findings
can be formally treated by the deviee of
“mathematical expeetation” (von Neumann
& Morgenstern, 1953, Ch. 1). The distribu-
tion of response probabilities in the constunt
interval experiment can be considered 2
function of the temporal *‘distance” from
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the outcome; distribution of response proba-
bilities 1n the multiple object experiment is
a function of the number of objects in the
situation. Frontal intrinsic sector lesions
interfere with those aspects 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 effects of frontal Intrinsie
gector lesions on behavior related to out-
comes thus parallels the effects of posterior
intrinsic sector ablations on behavior re-
lated to inputs. A generul model of intrinsic
sector mechanisms seems therefore to be
possible. As a step towards such a model a
brief review of available data follows.

The effect of frontal intrinsic sector resec-
tion on the distribution of responses in the
multiple object and constant interval proh-
lems is correlated with other deficiencies in
preferential behavior that follow such re-
sections. The most clear-cut deficiency 15 in
the performance of delayed reaction and of
alternation by subhuman primates. These
problems are usually classified with those
used primarily to study differentiative be-
havior, although differences between the two
are recognized. These differences have been
conceptualized in terms of one-trial learning
(Nissen, Riesen, & Nowles, 1918), immedi-
ate memory {Jacobsen, 1936), and retro-
active inhibition {(Malme, 1942), concep-
tions which are insufficiently distinctive to
account for recently reported experimental
findings {(Mishkin & Pribram, 1956). More
penetrating analyses have been accomplished
for the effects of frontal intrinsic scctor
lesions on the performanee of the double
alternation problem (Leary, Harlow, Sett-
lage, & Greenwanl, 1952) and for the simple
alternation problem per se. These analyses
emphasize the recurrent regularities which
coustitute the alternation problems= and
suggest that such problems be considered
examples of a larger class which can he
distinguished from problems that require
differentiation (Guianter & Gerstenhaber,
1956). Delayed renction may also belong
to the class of problems specified by recur-
ring regularities: the recurrence, at the
time response is permitted, of sone of the
events present in the predelay  situation,
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constitutes an essentinl aspect of the deluy
problem {Mishkin & Pribram, 1056).

The reasons for classifying the delayed
reaction and slternation problems with those
related to systematic variations of outcomes
remain somewhat cobscure, The results of
the following experiment provide some
clarification. Under special eonditions, mon-
keys with lesions of the frontsl intriasic
sectors perform remarkably well the delayed
reaction und alternation problems {Mishkin
& Pribram, 19553; Mishkin & Pribram,
1956}. Adequate performance is established,
however, at the cost of u great number of
repetitive errors (though not of initial
errors, Fig. 12). These results can be de-
scribed as o failure in performance due to
the relative inefficacy of the outcome of the
frontally operated animals’ actions in de-
termining subsequent action. This descrip-
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Fia. 12. Graph showing the differences in the
number of repetitive errors made by groups of
monkeys in a “'ga-no-go' type of delayed reaction
experiment. lspecislly during the initial trials,
frontally operated animals repeatedly return to
tha fond well after exposure to the “nonrewarded"”
predelay eue. Note, however, that this variation
of the delay problem is mastered easily by the
frontally operated group. The twelve rhesus
monkeys used in the multiple object experiment
{Figuras 4-0) served as suhjects some two vears
earlier in the delayed response experiment por-
traved here. Dr. Margaret Varley sasisted in the
performance of the eurlier experiment.
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tion is computible with the finding that, in
deluved reaction, the important determinunt
of performance is the outcome of the ani-
mal’s reaction in the predeluy situation
(Mishkin & Pribram, 1956), the ocutcome
having “acquired distinctivencss” during
the earlier phuses of the experiment.

From these data, o formal model of the
neural mechunism thet underlies the eflect
of frontal intrinsic sector resections on in-
tentional behavior can be proposed. This
model takes into account the neural rela-
tionship between the frontul intrinsie sector
and the mediobasal structures of the fore-
brain (Pribram, 19584}, und is based on the
finding that two classes of variables deter-
mine the effects of the outcome of an action.
A large body of data has been accumulated
in the last twenty vears as a result of studies
which made use of surgieal ablation and
electrical stimulation (Olds, 1956; Pribram,
18584; Pribramr & Kruger, 1954}. These
data demonstrate the speeial relation of the
mediobasal systems of the forebrain to the
class of variables subsumed under the rubric
“disposition.”

Mechanisms of disposition

Changes in the following types of be-
havior are reported to result from medio-
basal forebrain ablations and stimulations:
fighting {(dominance, reaction to frustration);
fleeing fescape and avoidance}; feeding
{appetitive, such as hoarding, and conhsum-
matory}; and mating and maternml {nest
building and care of the young). Stimulation
or ablation which affects one of these be-
havior putterns is likely also to affect the
other {though not necessarily to the same
extent). On the other hand, the performance
of discrimination tasks remmins unaffected
{Pribram, 195384, Pribram & Kruger, 1954).

Typieally, the dumage or stimulation of
mediobasal forebrin sectors affeets inten-
tional behavior by disrupting the more or
less orderly recurring sequences of aetions
which constitute feeding, fighting, feeing,
mating and maternal behavior. None of the
elements of the sequence drop out; rather
the duration of uny one such element of ne-
tion is altered. The outcome of an action
appears, in these dumaged animals, to be
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an ineffective terminant or maintainant of
acts in the sequence (Deutsch, 1953). Spe-
cifically, animals with mediobasal forebrain
sector resections continue feeding long after
control subjects {with the same amount of
deprivation and in the same situation} have
stopped eating (Fuller, Rosvold, & Pribram,
1957 ; Pribram & Bagshaw, 1953). The dura-
tion of avoidanece behavior is shortened: e.g.,
a monkey will repeatedly grasp a flaming
match even though he is burned each time
(Fulton, Pribram, Stevenson, & Wall, 1949).
A fighting reaction s not maintained. An
animal with a mediobasal forebrain sector
lesion may draw blood or have a finger
bitten off and within a few seconds sit un-
concernedly munching peanuts. This effect,
as that on avoidance, is especially easy to
discern in measures of extinction (Pribram
& Weiskrantz, 1957}. Reunctions to a “frus-
trating situation’ are also altered along this
dimension: the intensity of an animal’s reac-
tion to frustration is unimpaired, but the
duration of the reaction is shorter than that
of a control subject (Pribram & Fulton,
1954). When closely examined, the effects of
mediobasal forebrain sector ablation on
hoarding (8tamm, 1954}, mating (Schreiner
& Kling, 1953) and maternal (Stamm, 1955)
behavior, are on the duration of a particular
element of the sequence, e.g., food or an
infant are dropped before the nest, is reached,
or occasionally, carried to the nest and then
taken out again to be dropped elsewhere.
The neural mechanisms whereby the
mediobasal forebrain sectors affect the out-
come determinants of behavior are only
heginning to be detailed (Pribram, in press).
Essentially, the mediobasal forebrain see-
tors are especially related afferently and ef-
ferently to medial and mesencephalic and
diencephalie struetures in which are located
receptors surrounding the 3rd and 4th
cerebral ventricles (such as osmo- and tem-
perature sensitive elements} as well as the
non-specifie diffuse systems (Scheibel, Schei-
bel, Amollica, & Moruzzi, 1955). The latter
are characterized by networks of short,
fine-fiber neurons (Segundo, 1956). In such
nelworks synaptic, dendrnitic and eleetro-
tonic phenomena, especially sensitive fo
neurochemical influences, are most likely
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of greater total significance than are rapidly
propagated patterns of neural impulses. In
fact, the econnections between the medio-
basal forebrain and medjal mesencephalie
and diencephalic structures are so arranged
that even when propagated signals are trans-
mitted, the effect on the target site is more
often a change in the loeal exeitability than
the firing of neurons (Gloor, 1955).

Characteristic interactions hetween the
functions of the medinbasal forebrain sectors
and those of the diffuse non-specific systems
are thus beginning to be established at the
neural level, interactions which can account
for the findings that intentional behavior is
affected when mediobasal forebrain struc-
tures are ablated or electrically excited.
Analysis of the effects of these interactions
ean 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
wmtact, organism, are cyclic processes. The
effect of an outcome of any particular action
depends on the state of the organism and
this state is a cyelic function, e.g., a heaping
plate of food is most desirable at the peak of
the appetitive eycle but slightly nauseating
just after eonsumption of a large meal. The
differences in the effects of outcomes depend
therefore on the dispositions of the organism
that are only partially (and inadequately)
described by the differences that can be
found to cecur during any one eycle (Finger,
1951; Finger & Reid, 1952; Hall & Hanford,
1954; Lawrence & Muson, 1935; Richter,
1955)., More complete deseription takes into
account cyelicly recurring regularities.

The eyeles of activution {or deactivation)
in behavior that oceur with changes in the
excitability of the ecentral and peripheral
nervous system are andlogous to conversions
between potential and kinetic energy in
physical systems—the activity of water at
the base of a fall 15 not properly described in
terms  of the differences  between  the
“gmount’ of energy which exist< in the
limpid pool at the tap of the fulls und that
which characterizes the excited turbulence
at, the base. Ruther, the difference is be-
tween reciprocally related gquantities—e.g.,
kinetic and potential, it the case of physical
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systems f{e.g., the waterfall); anabolic and
catabolie, in biological descriptions. Thus, o
‘“peed-reduction” formulation, 1 which the
referent against which changes are specified
1= considered to be some basal (1.e., minimal)
activity level, is found inadequate. This
comeeptualization, by insistence  on
“amount” of need as the basic variable,
easily fulls into the trap of confusing the
reciprocally related potentiul and kinetic
manifestations of the energic process with
guantitative differences in the total anount
of energy in the system.

An added argument. against simple need
“reduction,” based on the notion of “physio-
logical need,” is that such a notion does
violence 1o physiological fact. Oxygen depri-
vation produces little increase in respiratory
rate provided a constant partial pressure
of CO; surrounds the respiratory receptor
mechnnisms in the carotid body and brain
stem (Meyer, 1957}, Food deprivation, as
i starvation, 1s insufficent. per se in in-
creasing appetite. Long term deprivation
of muting leads as often to continence as to
frustration—these examples suffice to sug-
gest that physiological ueed is not invariahly
produced by deprivation. And, of course, the
gonverse also holds: that “need” (e.g.,
measured by the rate or amount of move-
ment related to an outcome) may actually
tnerease when recurrently “satisfied” (Law-
rence & Mason, 1935).

On the other hand, the more complete
specificution  that takes into account the
reciprocally related recurring changes be-
tween excitubility and rest is supported by
physiological fact. The electrical activity of
totally  isolated neural tissue is eyelieal
{Burny, Grafstein, & Olszewski, 1957). The
period of eyclical activity can be specified
and any changes imposed on the normal
periodieity can be described. The advuntages
of such description are: that the “amount
of excitability " is not confused with “amount
of energy™: that a particular event can
inerease excitability at one time and decrease
it at another; thus, the effect of an outeome
of an action can be conceived to depend on
the phnse of the excitability cyele at the
moment. of action. The disposition of an
organism is therefore u basic determinant of
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intentional behivior. Dispositions are con-
ceived to be dependent on changes in the
perinds of neural excitability eveles.

Expectation

By analogy with the model describing the
functions of the extrinsic and posterior
intrinsie mechanisms, the proposal of a4 model
of the frontal intnnsic and mediobasal
forebrain mechanisms beging with a state-
ment of the variety of trangformations of the
outcomes of actions under which hchavior
remains invariant, Pollowing extensive bi-
lateral resections of the mediobasal fore-
brain systems, behavior remains invariant
over a wide variety of transformations of
outcome, e, even gross changes i the
amount. of {ood deprivition minimally alter
rate of response to food (Weiskrantz, 1953).

Frontal intrinsic sector lesious affect in-
tentional behavior that remains invariant
only under the more restricted ranges of
transformations of the outcome, transforma-
tions which, in eontrols, can be shown to
affect the distmbution of intentional re-
sponses,

Unique distributions can oceur ouly when
both the units of intention and their refer-
ent have been lixed. Difficulties in defining
such units and their referent stem from the
evelical variations which deseribe the dis-
positions of organisms—difficulties already
discussed from the neuro-behavioral stund-
point. The formal deviee “muthematical
expectation,” which 1s so usefully applied to
the analysis of the effects of frontal intrinsic
sector lesions; is designed 1o overcome the
difficulties encountered in anulyzing the
solution of problema charncterized by eyelic
phenomena {von Neumann & Morgenstern,
16933). This devies, bused on eombinatorial
(equilibratory) and =et theoretical methods,
attempts to meet the dificulties by the sug-
gestion that the zolution of such problems
18 deseribed, not by the single elements that
define the problem, but by sets {and sub-
sets) of such elements. Unfortanately, the
mathematics fulls somewhat short of ue-
complishment in this area and only some
rudimentary  approaches to the task are
possible at this tiowe (vou Neumann &
Morgenstern, 109530,
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Nevertheless, the relevance of the devies,
mathematical expectation, in the unalysis of
the results of the multiple object and con-
stant interval experiments, suggests the
formal model of the frontal intrinsic mecha-
nism. This model conceives of the frontal
intrinsic mechanism to purtition the cvents
in the mediobasal forebrain systems, dis-
positional events that determine the effect
of vutcome variables. Partitioning thus re-
sults in distributions of intentions, inten-
tions determined by the elements of the sub-
set resulting from the partition. The frontal
intrinsic mechanism is therefore conceived
to provide both referent and units, though
nol the elements that specify intentionad
behavicr. The effect of continued frontal in-
trinsic sector activity will, according to this
model, result in an increasingly complex se-
quence of intentions which, in turn, allow
more and more precise specifications of
intent that can be conveyved for any given
outcome. As a result, the organism’s inten-
tionul behavior remains invariant under o
progressively narrower range of systems of
transformations of outcomes—intentions he-
cOme more preeise,

The pregramming of the activities of the
frontal intrinsie sector remains in question.
Some things are clear, however. The ad-
vantage of the model is that the program
s not composed by the eveuts upon which
the program operates. Thus, as in the ease
of the posterior intrinsic mechanisms, stor-
age of encoded programs is demanded—
not storage of an ever-increasing number of
discrete intentions. In thiz formulation, the
frontal intrinsic sector is eonceived as a
programming mechanism that maps inten-
tions—u coneeption that iz mn aceord both
with experimental finding and much elineal
ohservation (Elithorn, Piercy, & Crosskey,
1055: Freeman & Watts, 1951; Penfield,
1948, Rylander, 1948).

THOUGHT

The argument has been forwnrded, on the
hasis of an analysis of neurohehavioral data,
that two major classes of bhehavior can be
distinguished:  differentintive and  inten-
tional. Both elasses are observed when an
organism solves a problem. The multiple

nbject experiment provides o paradigm of
the relation batween cuch of these classes
and problem solution. Differentiation de-
tormines the strategy that fucilitates =earch;
intentions determine the strategy that
{nctlitutes performance. In more general
terms, differentintive hchavier delinentes
the problem through the acquisition of in-
formation; economic solutinn of the problem
depends on intentional behuvior that uti-
fizes  the information already aequired
{Kochen & Gulanter, 1958).

Still more precise systematic definitions
of the organismic variables that determine
differentiation and intention may profitably
tead to further empirical inquiry and may
wid in unravelling the terminological gobbie-
dygook that accompuniex un effort of this
sort. The particular words chosen to denote
the distinetions made are not oo important;
that the distinctions be made in some way
is often helpful. The concept of “stimulus”
is crucial to psychological innuiry (Stevens,
1931}; thus definition starts logienlly with
this coneept. Behavior theory often beging
with the statement that o response is a fune-
tion of certain organismic variables (eg.,
drive, habit) and of o *‘stimulus” which is
congeived as some environmental event or
constellation of environmental events. This
elassienl behavierist position has been chul-
lenged by those investigntors primarily in-
terested in psychophysical and pereeptual
problems  (Aliport, 1055: Stevens, 1951).
These investigators are coneerned with the
mare precise specification of the eategory
“stimulus’ oas pcluding Cdistad” {eg., en-
vironmental) und “proximal” (organismic,
t.e., receptor} events. This concern must he
shared by the neuropsyehologist who is in-
ferested i the relnttonships between cen-
tral processes and hehavior, since complex
internctions hetween receptor and eentral
mechanisms preclude an understanding of
the one withaut an apprectation of the
other. The importance of central regulation
of teeeptor events ix attested by the findings
of recent physiological experiments which
demonstrate mechanisms  that allow  the
regulation of afferent activity through ef-
ferents from the central nervous system:
the effect of clectrieal excitation of eflerents
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{14 of the fibers in the ventral spinal root)
i modifying the activity of afferents origi-
nating in muscle spindles (Eecles, Fatt, &
Landgren, 1956; Fldred & Hagharth, 1954;
Kuffler & Gerard, 1947, Kuffler & Hunt,
1952} the influence of excitation of efferents
in the otic system on afferent activity
initiated by auditory stimulation (Galam-
bos, 1956}, and similar effects in the optic
(Dodt, 1956; Granit, 1953), somatic (Hag-
barth & Kerr, 1954; Hernandez-Peon &
Scherrer, 1955) and olfactory (Kerr & Hag-
barth, 1955) systems,

“Stimuli” are thus conceived as centrally
regulated receptor events. To avoid con-
fusion, the term “input” is reserved for
those receptor events which can be shown
to be systematically related to an ensembie
of environmental events. Inputs are specified
either by direct observation of the effects of
environmental events on receptor events,
or indirectly from such effects on the be-
havioral responses of the organism.

As with the term “stimulus,” several uses
of the term “response” are also often con-
founded. As used in this presentation, ‘re-
sponse” denotes any dependent wvariable
which is selected as representative of an
action—i.e., o repertoire of responses which
ecan be shown to be systemuatically related.
Movements or smooth muscle and endo-
erine events comprise the effector com-
ponents of action; those components that
modify receptor activity (1.e., the stimulus
eomponents) are referred to as the “out-
come’ of the actions. Acilons are specified
either by direct observations of the out-
comes of muscular or endocrine events (eg.,
the changes in the activity of afferents from
muscle spindleg) or indirectly from some
behavioral response (e.g., the record of de-
pressions of a lever) made by the organism.

Behavior ohserved to he a function of
systematic variations of input is referred to
as differentintive; behavier observed to be a
function of systematic variations of out-
come 15 referred to as intentional. The
obviously circular relation between all of
these definitions 15 tolerable since each term
is independently, as well as arcularly, de-
finable: the environmental terms by physieal
methads, the organismic terms by biologienl
methots.

KarL PRrRIFRAM

The experiments presented show that the
delineation and  economie  solution of a
problem begin mare or less haphazardly.
Haphazard problem solving behavinr is de-
seribed by the relutively wide range of
systems of transformations of the inputs and
the outcomes of actions under which the
hehavior remains nvariant. Strategie prob-
lem solution, on the other hand, occurs with
restriction of the range of such systems of
transformations. The experiment is inter-
preted to indicate that restriction, in this
Instance, results from the operution of a
mechanism (the intrinsic} that partitions
the neural events (11 the extrinsic and medio-
basal systenis) determined by inputs and
outcomes. By providing both a referent and
units, partitioning defines the range of possi-
bilities to which an input or outcome is
assigned by the organism.

Is not the range of possibilities to which
an input or an outeome is assigned by an
orgamism  the amount of “active uncer-
tainty"” shown by that organism in the
situation? And is it not this active uncer-
tainty that Deweyv suggests is referred to by
the muan in the street as “thinking”? The
delineation of a problem and its cconomic
solution hive been shown to be dependent,
on the range of possibilities to which mnput
or outcome is assigned; establishing this
range 18 churacteristic of the thonght proc-
ess. A partitioning mechanism ecan be con-
ceived to accomplish this characteristie;
such a mechanism has been posited to de-
seribe the functions of the intrinsic systems
of the forebrain. On the basis of clinical
neurological data, thought has classically
heen a suggested result of the function of
these systems. The duta and analysis here
reported support the suggestion and give o
mare preeise deseription of hoth the mecha-
nism and  the thought process than had
heretofore heen possible, Ax a coroliary,
some better understanding has heen ob-
tined of what constitutes a problem and 1ts
solution for the hehaving orgunism: dehnea-
tier of the problem by differentiation
amongst a set of possible inputs; economic
solution  of the problem by intentional
choice amangst a set. of possible outcomes.
This understanding  plices o somewhat
greater emphasis on, and details mare ex-
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plicitly, the organismic variables that de-
termine problem and solution than muany of
the more recent conceptions and thus comes
closer to attempts made in earlier psy-
chologies ?

1 The neural mechanism of thinking prapased
here is similar in several respects to others already
formulated. The neurobehavioral data presented,
and their formal analysis, suggest that the events
in the extrinsic and mediobasal forebrain syvstems
are indeed the important determinants of moment
to-moment hebhavior, as in Lashley's (14852% and
in Kihler’s formulation (Kéhler, 1838; Kihler &
Held, 1949; Kahler, Netf, & Wegener, 1935; Kohler
& Wegener, 1955). Hawever, these svents are
icted upon by others which provide the contextual
muatrix that sets Hmits on the moment-to-moment
behavior, as proposed by Freud (1953), by une-
ker (“functional fixedness,” 1845), and, more
recently, by Forgus (1954, 1958, in press}. The
resultant of the interaction of these two elusses
of neural events is described mare f(}rI‘n.'i.“_\_',
though less picturesquely, by the mechanism,
‘partitioning of sets,’ than this resultant is de
seribed by Lashley’s largely nativistic or Hehb's
lurgely  empiricistic  conceptions: reduplicated
nenral loops (Lashley, 19420 or phase sequences
(Heht, 149, Yet all three share the essential
churacteristic that, in eontinued problem solving
hehaviar, increazingly complex patterns of neural
events occur, patterns that allow mare and more
precise differentiations and infentions to take
place,

The argument forwarded 15 in other respects
similar to earlier neuropsyehologieal formulations,
in particular, those that have emphasized affy-
fudinagl factors. The analysis of the neurabe-
havioral data here presented makes the distinetion
hetween partitions of {attitudes towards! those
sets of events determined by inputs and those
determined by outcome. This distinetion allows
greater precision in the deseription of attitudinal
furtors: those related to differentiation (eg.,
Lushleyv's comparison attivwde [1952]3, can be
redefined as a cupaeity to acguire information—
ta search through a large number of possible in-
puts (especially “negative instances'}), those re-
lated ta intentton {e.g., Goldstein's absiract atn
{ude [1894%)7, ean be redefined as the capacity to
rhogse one outcome {4 Ypositive instanee”} in the
fare of a large number of possible outeomes. Bueh
redefinition, though st first startling, takes sub-
sianes from the recent demonstration of the im-
portanee nf the outcome of action in the deter-
mination of the resrganization of the visual field
after experimental inversion {[Hein & Held, 1957,
Kishler, 1451 ; Werner & Wapner, 1%92; Werner &
Wpner, 1455},

I"urallels with other, more recent nearnpsyehno-
logical analvses ean also be drawn, Denny-Brown
(1956 hus distinguished between corticul resec
tivms that affect purterns af approaching (grasp-
g, hopping, plasing) and those that affect pat-
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“Thutking” has, for the most part, been
the provinee of philnsopher<. But, as Fromm
has emphasized, philosophins of  thought
have been of two sorts: those that originate

terns of avolding (withdrawing!. Although the
cortical reseetions mude iy Denny-Brown and
those deseribed here are only roughly eomparable,
enough correspondence exists 4o permit the sug-
gestion that the “patterns of approaching' and
“sampling” as described here, may reflect some
common mechanism; that the “patterns of avoid-
ing” may be manifestations (in untamed animals
subjected to labaratory routines) of the hehavior
described here as guided by onteomes.

Nor s the distinction between the delineative
and the economic wspeers of problem solution a
new one in the behavioral seiences, The contribu-
tinns of the Wirzburg school (Humphrey, 19510
and their Gestalt oriented siwceessors (Allport,
1955, Lewin, 19368, Maier, 1930; Wertheimer, 1945
have consistently emphasized the distinetion
bhetween the "eontent™ of thought and its “direc-
ton' or “motar,’” between knowledge and in-
tention (Lewin, 1936} These formulations, how-
ever, have frequently ronfounded two of the
pairs of distinctions made in this presentation:
the distinetion between the delincative and the
economire aspects of problem solution on the one
hund, und, on the gther, that between the attitudi
nal (partitioning} factors and the events upon
which those attitwdes operate. Piaget  {1953)
comes somewhal closer to maintaining separate
these distinetions. This correspondence bhetween
Piaget’s anulbvsis of the results of his observations
and that presented here may be due to the stmi-
larity of the formal devices used: Piaget's “groups
of displacements™ ure included in the “systems
of transformations™ referred to throughout this
presentation,

Psyehoanalvtie  formulations  huve  suffered
from some confusions stmilur 10 thase of the Ge-
stalt schools. The psvchoanalvtie formnlations
have, for the most part, heen conecerned with in.
tentional bohuavior, but they have been couched
in vocahulary devisedl to describe differentintion,
As a result, distinetions hetween the “attitudinal ™’
(“expectational .’ “shouid ") determinants of in-
tentional behavior und the “affective’ (Fdisposi-
tional,” “want’: deterininants have been spoken
af as differences hetween “eonseions’ (differen-
tinted) and “unconscions” determinants, A more
precise statement 1= made possible by vhe wrgu-
ment here presented, The attifudina and affee-
tive determinants of intentional hehavior are
inexarably mixed; distinguishing between them ix
a1 problem in s own right. This problem has sts
eeoinimio aspeets: the patient must want’ sabu-
tinm of the problem, and he muse fexpect,” je,
he willing 1o pay for)” solution. The problem
also has ity delineative wspeets: o differentiation
must be made between attituding] factors {ex
peetutions, plans, programsi which determioe the
patient’s intentions and which are “ompty per se,
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in Aristoteliun logie und those more inter-
ested in logical paradox (Fromm, 1956,
Ipistemologies (e.g., the empiricist writings
of Locke and of Hume) have delineated the
problem acutely— for problem solution they
have, almost invariably, resorted ultimately
to intuition or nihilism, Philosophies more
concerned with solutions of problems than
with their delizention (e.g., in the Oceldentul
tradition, the economic writings of Locke

and those factors which eonstitute dispositions,
This 19 one of the tasks of therapy, Neither the
attitudinal factors (expectatlons) nor the dis-
positions  [wants] are “unconscious'; the dis
tinction hetween them s unconscions, and it
i3 this distinetion that must therefore he deline-
ated. Only when delineation has heen accom-
plished can economic solutlon be attempted.
Intentions can be altered by a change int uction,
and so in the outromes that determine future
intentions; or they ean be altered by a change in
expectations, and =n in the specifications of the
intentions.

Bocal scientists huve also made use of the dis-
tinetion between the delineative and the economie
aspects of prablem solution. Thus, Parsons dis-
tinguishes between determinants of “'interest’’
in a problem and those “which provide the stand-
arids of what constitute satisfuetary solutions of
these problems’ {Parsons, 18510, Basic to this
distinctinn is the difference. as yet prasped only
vaguely, hetween the acquisition of information
Bhannon & Weaver, 1030) and s utilization (von
Neumann & Morgenstern, 1853, The develap-
ment of this distinetion in the social, as well asin
the bielogical {(and in the physicall, seiences is
hampered by the fact that in connotative use the
language of Oceidental cultures fuils to separate
clearly the differences brought out by the neura
behavioral analyvsis made here: differences be-
tween attitudina] factors and the events upon
which these attitiunles operate on the ane hand;
and hetween the delineative and the economic
aspects of problem solution on the nther, Recently
there has been, in North America, a shift in popu-
lar eonnatution away from attitndinal deterni-
nants: ¢.g., the term “hanesty™ no lnnger refees
exclustvely (o “'telling the tewth,” Crespeeting
aothers” property’ and such, bt also e heluviog
according to fiow ane ‘teels” and sees’ the s
tion.” even if this entails oceasionul Dvinge or
stealing (Ricsman, Glazer, & Denny, 1950, Such
ronfusion in connotative mewning ereates special
difficulties far a seience that musi obhtain data
almost exelusively from verbal reports. The re-
aults of analvses such as this nne of nenrobe
havioral data may be maost usefully appited 1o the
social seiences as keys that open avenues of con
eeptualizatinn common to all seiences. coneep-
tnalizatinns now locked hehind the intricacies of
verbul behavior.

ane Adam Snuth and of Marx; the philoso-
phies of Spinoza and Hegel) have faced the
paradoxical azpects of prablem solution, The
statement that, in an open market plaee, a
maximum competitive sclf-interest leads not.
to destruetion but to an inereased standard
of living 1s the result of an attempt 1o deul
with puradoxes; paradoxes similar to those
encountered here m the unulyses of fluctua-
tlons 1w digposition and of eombinations of
expectations with respect to the outcome of
nctinns, The psyehologieal distance between
the primates’ neural mechanisms of dif-
ferentintion and intention and systems of
philosophy s still awesome; vet,

“‘Before the eonnection of thought and
brain can be expluned, it must at leust,
be stated 1w an elementary form; and
there are grent difficulties about stating
it .. Muny would find relief at this
point in celebrating the mystery of the
unknowable and the “awe” which we
should feel. ... TU may be constitutional
infirmity, but I ean take no comfort in
siuch deviees for nuking a luxury of in-
telleetual defeat. ... Betler live on the
rageed edge, better gnaw the file forever?”
(James, U0, pp. 177 -1749).
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