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In the simplest case of learning by "trial and error," the learner tries
successive responses 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. n, in a later, different problem, a
different response is correct, there is a third component-namely, the effi
ciency of unlearning or re-Iearning.

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 street, when asked what
he thinks about a certain matter, often re
plies that he does not think at all; he knows.
The suggestion is that thinking is a case of
active uncertainty set over against conviction
or unquestioning assurance."

-JOHN DEWEY in "The Natural
History of Thinking"

INTRODUCTION

Adiscussion 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. Follow
ing Dewey's suggestion that thinking is
"active uncertainty set over against convic
tion or unquestioning assurance," the prob
lem of the neurology of thinking can be
approached by way of behavioristic psy
chology. "Active uncertainty" is manifest
during "problem solving behavior." Admit
tedly "problem solving behavior" and
"thought" are not synonymous, nor even at
t.he 5ame level of discourse; however an
analysis of the neural mechanisms serving
problem solving behavior permits an initial
and time honored approach to an increased
understanding of the thought process.

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 organism
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 by him as "reflex." In the
Integrative Action of the Nervous System
(1906), several of the chapters are devoted
to the interaction between reflexes. Sherring
ton's analysis begins: "A reflex detached
from the general nervous condition is hardly
realizable. The compounding together of re
flexes is therefore a main problem in nervous
co-ordination.... If we regard the nervous
system of any higher organism from the
broad point of view, a salient feature in its
scheme of construction is the following."

"At the termination of every reflex-arc we
find a final neurone, the ultimate conductive
link to an effector organ (muscle 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
doeR not subserve exclusively impulses
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generated at one single receptive source, hut
receives impulses from many receptive
sources situate 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-fibers
to which it leads.... The singleness of ac
tion from moment to moment thus assured
is a 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 heing dependent for final
communication with its effector organ upon
a path not exclusively its own but common
to it with certain other receptors, such nexus
necessitates successive and not simultaneous
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 end-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.... These reflexes may in regard to
one another be termed antagonistic."

But this is not the only possible manner
of interaction between reflexes. "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 see one act succeed an
other without confusion. Yet, tracing this
sequence to its external causes, we recognize
that the usual thing in nature is not for one
exciting stimulus to begin immediately after
another ceases, but for an array of environ
mental agents acting concurrently on the
animal at any moment to exhibit correlative
change in regard to it, so 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
begins, but as a rule one stimulus overlaps
another in regard to time. Thus each refiex

breaks in upon a condition oj relative equi
librium, which latter is itself refie.r. In the
simultaneous correlation of reflexes some re
flexes combine harmoniously, being reac
tions that mutually reinforce. These may he
termed allied refie.res, and the neural arcs
which they employ allied arcs."

The differences between the co-ordination
of antagonistic and allied reflexes are
summed up in the following statement:
"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 hetween 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 induetion'." "The organ
ism, to be successful in a million-sided en
vironment, must in its reactions be manv
sided. Were it not for such so-called fatig~e,
an organism might, in regard to its receptiv
ity, develop an eye, or an ear, or a mouth,
or a hand or leg, hut it would hardly de\'elop
the marvelous congeries of all those various
sense-organs which it is actually found to
possess.... As a tap to a kaleidoscope, so a
new stimulus that strikes the receptive surface
causes in the central organ a shift of functional
pattern at various synapses."

By contrast, combinations of allied re
flexes "reinforce one another in their action
on the final common paths they possess in
common.... This reinforcement is signifi
cant of the solidarity of the whole spinal
mechanism.... But the same principle ex
tends to the reactions of the grcat arcs
arising in the projicient receptor organs of
the head .... Thus at any single phase of the
creature's reaction a simultaneous combination
of refiexcs is in existence. In this combination
the positive element ... exhibits a hanno
nious discharge directed by the dominant
reflex-arc reinforced by a number of arcs in
alliance wi th it.."

Conceptualization:" of the ncurobehavinral
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relations represented by combinations of an
tagonistic and of allied reflexes have been
repeatedly but variously restated over the
past half century. Rarely, however, has the
scope of data that was analyzed allowed the
comparison of the two types of relationships.
Most of the conceptualizations have been
models phrased in neural, electrical and
chemical terms: Sherrington's inhibitory and
excitatory states, successive and simulta
neous spinal induction are examples; others
are direct current fields, interference pat
terns, phase sequences, reverberatory and
negative feedback circuits. These models
have the virtue that a direct 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 neurobehavioraJ 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
hreaking in upon conditions of equilibrium,
themselves reflex." But the basic concep
tions havc not changed. Thus stochastic,
statistical 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
creature's reaction ... although economi
cally subservient for many and various
purposes" is "harmoniously" adapted to
"the positive element ... reinforced" hy a
number of clements "in alliance" 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
ism arc functionally related to the million
sided aspect of the environment; intentional
when harmonious reactions result from adap
tations to a number of mutually reinforcing
positive elements.

Considerahle progress has been made in

the specification 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 determinant of
Sherrington's "so-called fatigue") has been
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 topological cor
respondence between receptor-effector tis
sues, and the cerebral mantIe-disruptions
of these tracts, of the nuelear discontinuities
intercalated in their course, or of their cor
tical station, drastically interferes with such
differentiative processes as motor skill, dif
ferentiation between visual, auditory, gusta
tory or somesthetic stimuli. Other neural
mechanisms are so constituted that a colla
tion of signals from receptor surfaces results
from convergence upon diffusely and replica
tively interconnected neuronal pools-exci
tation or destruction of these mechanisms
alters the intentional processes that deter
mine sequences of action, e.g., feeding,
fighting, maternal behavior and certain
types of performance such as alternation.

Keurobehavioral analysis has shown that
those neural mechanisms which subserve
differentiation are related to one aspect 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 "delinea
tions of problems"; those portions that are
related to neural mechanisms of intention,
"economic solutions of problems." "Eco
nomic" distinguishes this type of solution
from haphazard "vicarious trial and error"
solutions. Perhaps the most readily compre
hensible introduction to this neurobehavioral
analysis of the problem solving process will
come from the description of :\1\ experiment
undertaken to clarify somc of the issucs
raised in earlier drafts of this attcmpt. 1

I Whatever the merit of this manuscript, much
is due George a'1iller who lpd me b~' the hand
through the formidably formal gardens of mathe
matics and who instigated lIot onl.I' the pxperiment.
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as the monkey has diKplaced one of the ob
jed.'i from its hole (a trial). When the srreen
j;; lowered, separating the monkey from the
twelve hole board, the objects are moved
(according to a random number table) to
two different holes on the board. The screen
is then raised and the animal again con
fronted with the problem. The peanut. re
mains under thr same object until the ani
mal finds the peanut five consecutive times
(criterion). After a monkey reaches criterion
performance, the Iwanut is shifted to the
second ohject and te::,ting continues (dis-

FIG. 1. Hepresentative reconstructions and
cross sections through cortex and thalamus show
ing extent of the lesions in t he posterior (upper
figlll'e) and frontal (lower figure) intrinsic sys
tems. Cortical lesions and resulting thalamie de
generation shown in hlack.
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DELINEATIONS OF PROBLEMS

On the basis of comparative neuroana
tomical and electrophysiological data the
forehrain can be divided into two major
portions: a dorsolateroposterior and an
anteromediohasal. In primates each of these
major portions contains intrinsic sectors:
posterior intrinsic sectors (the classical
sensory association areas, [Pribram, 1954;
Prihram, 1958b]), and a frontal intrinsic
sector (the classical frontal association area,
[Pribram, 1958a]). Keurobehavioral experi
ments performed during the past twenty-five
years have shown these intrinsic sectors to
be especially related to problem solving
processes (Harlow, l!.l5:3j Pribram, 1951).
The aim of this, and of the following section,
is to specify in detail this relationship.

An experiment.

Procedure. A modified Wisconsin General
Testing Apparatus (Harlow, 1942) is used
to test twelve rhesus monkeys on a complex
problem. The monkeys are divided into
three groups, two operated and one control,
eat·h containing four animals. The animals
in one operated group had received bilateral
cortical resections in the posterior intrinsic
cortex and those in the other operated group,
bilateral cortical resections in the frontal
intrinsic cortex some two and a half years
prior to the onset of the experiment (Fig. 1);
tho,;e in the control group are unoperated.
In the testing situation these animals are
initially confronted with two junk objeets
placed over two holes (on a board containing
twelve holes in all) with a peanut under one
of the objects. An opaque screen is lowered
between the monkey and the objects as soon

but aino many of the idens report.ed; Jerome
Bruner who initially posed the problem of the
neurology of thinking to me and who gave en
eouragement through the difficulties of solution;
Eugene Calanter who has acted as indinpensahle
interpreter and critic; the several others who at
one time or another provided idens and support
to the effort: Elizaheth Connor, Jnne Connors,
Edward Creen, Hellmuth Kaiser, Harriett Knapp,
.Jud~· lwd Walter Hosenblith; W. S. Battersby and
Ernest H. Hilgard for their helpful comments on
earlier drafts of this nttempt; and the twelve
Ii t t Ie rhesus monkeyn who skill fully, pa ticnt Iy
and impatiently pla~'ed the multiple ohjeet game
with me daily for six months.
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crimination reversal). After an animal again
reaches criterion performance a third object
is added (Fig. 2). Each of the three objects
in turn becomes the positive cue; testing
proceeds as before-the screen separates the
animal from the twelve hole board, the ob
jects are placed randomly over three out of
the twelve holes (with a peanut concealed
under one of the objects), the screen is raised,
the animal allowed to pick an object (one
response per trial), the screen is lowered and
the objects moved to different holes. The
testing continues in this fashion until the
animal reaches criterion performance with
each of the objects positive, in turn. Then a
fOUl'th object is added and the entire pro
cedure repeated. As the animal progre3ses
the number 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 introduction of objects is bal
anced-the order being the same for only
one monkey in each group.

Analysis of the problem posed by this ex
periment indicates that solution is facili
tated when a monkey attains two strategies:
(I) during search, moving, on successive
t.rials, each of the objects until the peanut is
found; (2) after search, selecting, on succes-

FIG. 2

sive trials, the object under which the peanut
had been fOUI~d on the preceding trial. DUI'
ing a portion of the experiment, searching is
restricted for animals with posterior intrinsic
sector ablations; and selection of the object
under which the peanut had been found on
the previous trial is impaired by frontal in
trinsic sector ablations. The effects of the
posterior intrinsic sector lesions will be dealt
with first.

Figure 4 graphs the averages of the total
number of repetitive errors made by each
of the groups in eaeh situation in the multi
ple object experiment. Comparison of
Figure 4 with Figure 5, 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 curves describing
the performance of the control and posteri
orly operated groups are similar whether
total repetitive errors (Fig. 4) or search
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 reporteel to describe the
formation of a discrimination in complex
situations (Bush & Mosteller, 1951; Skinner,

1"1<:. ;,

FIG. 2 and 3. Diagram of t he multiple object problem tihowing (,x:llllple~ of 1he three and the
~even object situations. Food wells are indicat.ed by da~hed (~il'l~kti, each of which iti a~signed a num
her. The placement of each object over a food well was shift.ed from trial 10 t.rial according to a
random number t.able. A record was kept of the object moved h~' t.he monkp.,· on each t.rial, only
one move being allowed per trial. Trials were separated hy lowering an opaque ti(',reen 10 hide,
from the monkey, the object~ as they were repositioned.
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1938). Though one might, a priori, expect
the number of repetitive responses to in
crease monotonically as a function of the
number of objects in the situation, this does
not happen. Rather, during one or another
phase of the discrimination, the number of
such responses increases to a peak and then
declines to some asymptotic level (Bush &
Mosteller, 1951; Skinner, 19:38). Analysis of
the data of the present experiment has
shown that these peaks or "humps" can be
attributed to the performance of the con
trol and posteriorly operated groups during
the initial trials given in any particular
(e.g., 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 a determinant of the discrimi
nability of objects has been emphasized by
Lawrence (1949; 1950). His formulation of
the "acquired distinctiveness" of cues is
applicable here. In a progressively more
complex situation, sufficient familiarity with
all of the objects must be acquired before a
novel object is sufficiently distinctive to be
readily 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 occurs. 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
orly operated group throughout the five and
six cue situations (in an experiment which
was originally undertaken to demonstrate a
relation between number of objects in the
situation and the discrimination "deficit"
previously shown by this group).

These paradoxical results arc accounted
for by a formal trmtment based on muthe
maticallearning theory: on successive trials
the monkeys had to "learn" which of the
objects now covered the peanut and which
objects did not. At the same time they had
to "unlearn," i.e., 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
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Fw. 5. Graph of the average of the number of
repetitive errors made in the multiple object ex
periment by each of the groups during search (see
legend to Figure 4). Search trials are those ante
ceding the first "correct" reponse in a succession
of trials, i.e., those anteceding the movement of
the object (cue) under which a peanut has been
placed. Note the diffcrence between the location
of the "hump" in thc graph of the normal con
trols and in that of the postcriorly lcsioned group
(temporals).
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FIG. 4. Graph showing the average of the total
number of repetitive errors made in the multiple
object 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 includes successions of trials. During each
succession the peanut is consistently 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). (See also the legends
to Figures 2, 3, and 8.) A repetitive error is made
by a monkey when he moves more than once,
during a succession of trials, an object other than
t.he one under which the peanut is placed.
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FIG. 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, i.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 "successive spinal induction" to
account for the augmentation of a crossed
extension reflex by precurrent antagonistic
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 both
"learning" (or "conditioning") and "un
learning" (or "extinction") involve antago
nistic response classes-that in both condi
tioning and extinction there occurs 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 two together." The resulting
equations that constitute the model contain
a constant which is defined as the probability
of sampling a particular stimulus element
(Green, 1958), i.e., object, in the discrimi
nation experiment presented here. This con
stant is further defined (Estes) as the ratio
between the number of stimulus elements
sampled and the total number of such
elements that could possibly be sampled.
This 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 increase 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 a 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.2 The model predicts,
therefore, that this operated group has
sampled fewer objects during the early

2 The actual model used to interpret the data
analyzed here was developed br Green (958)
and is patterned after a model of discrimination
of learning proposed by Bush and Mosteller
(1951). The Green model takes its roots from a
parallel model originated br Estes (955). The
general form of the model is derived from Estes'
equations describing the conditioning and extinc
tion processes:

p,,(S - l) = 1 - 0 - Po) (1 - q,,)'" for condi
tioning to those elements which constitute
occasions for reinforcement.

p,,(S' - l) = PoO - q,,)'" for extinction to those
elements which are never occasions for rein
forcement

and

. (1 - -rrq" - -rrq,,)" for the changes associated
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FIG. 7. Graph of the average of the per cent of

the total number of objects (cues) that are sam
pled by each of the groups in each of the situations
(see legend to Figure 4). To sample, a monkey had
to move an object until the content 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 posteriorly
lesioned group differs significantly from the others
at the .024 level (according to the non-parametric
Mann-Whitney U procedure, [Mann & Whitney,
1947]).

(Pribram & Mishkin, }955). The available
data may therefore be briefly reviewed in a
renewed attempt at such specification. (1)
As already noted, drastic bilateral removal of
an extrinsic sector severely limits differen
tiative behavior in the modality and only
in modality served by that sector. The
limitation affects practically all differentia
tions in the mode: e.g., a monkey whose
occipital lobes 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 (KlUver, 1942). Com
parably, drastic bilateral removal of a pos
terior intrinsic sector restricts differentiative
behavior within the mode served by that
sector, and only within that mode, but the
limitation is not as severe as that produced
by drastic removal of the extrinsic sector
serving that mode (Chow & Hutt, 1953;
Pribram, }954). (2) Under some conditions,
differentiation is unimpaired after drastic
resection of the posterior intrinsic sector:
e.g., after such a removal, a monkey can
catch a flying gnat in midair and can pull in
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with intercept elements, i.e., those present on
both reinforced and unreinforced occasions.

where
po is the initial probability of response (operant

level).
1< is the relati ...e frequency of reinforced trials

in the discrimination series.
<PI and <P2 are sampling ratios for reinforced and

non-reinforced stimulus sets, respectively.
n 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 non-inter
cept subsets, such that

Pn(S') = k'Pn(S' - 1) + (1 - k')pn(l).

In these experiments, then,
S' is the set of unreinforced stimulus elements

(objects 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 a
peanut under them.

k' is the proportion of stimulus elements not
common to both reinforced and unreinforced
trials.

p,,(S') 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 one
object at a time had a peanut under it. Thus the
set of reinforced objects reduces to one, and the
sampling ratio associated with it <PI is maximized
with respect to the sampling ratio associated
with the unreinforced sets, <P2 .

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 invariance
Monkeys with posterior intrinsic sector

lesions show a lag in attaining the strategy
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
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a peanut which is beyond reach but at
tached to an available fine silk thread (0000
surgical). In these situations as in situations
that necessitate the opening of a single box
or depressing of a single lever, the operated
animal is indistinguishable from an un
operated control animal (Pribram, 1958b).
(;~) Under other conditions, such as those in
the experiment described above, differentia
tion is impaired. after posterior intrinsic
sector ablations. These conditions 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; i.e.,
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" variables. Examples of the
problems where impairment is found (in the
visual mode) are: brightness, color, form,
pattern, size, and flicker discriminations
(Mishkin, 1954; Mishkin & Hall, 1955;
Mishkin & Pribram, 1954); successive and
simultaneous discriminations (Pribram &
Mishkin, 1955); successions of discrimina
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 may 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 the num
ber of trials taken by naive unoperated
animals to learn the problem. In most
instances problem difficulty has also been
related to differences between the physical
dimensions of the objects, e.g., size dis
crimination (Mishkin & Hall, 1955), and to
other determinants of the alternatives in the
situation, e.g., situational differences (Pri
bram & Mishkin, 1955), sampling in the
multiple object problem.

These then are the data. Extensive bi
lateral ablations of both extrinsic and
posterior intrinsic sector resections impair
differentiative behavior but differences be
tween the impairments exist. Attempts to

portray these differences are familiar. Neu
rologists have spoken of "defective sensi
bility" and of "agnosia" (Freud, 1953;
Head, 1920), the latter 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 neurological or neuro
psychological evidence (Pribram, 1958b).
An alternate view can be proposed. Psy
chologists have spoken of "existential
discriminations" 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 variables or by "some
more complex relationship" between these
variables, such as the numher of "contextual
alternatives" in the situation (Miller, 1951).
The results of the multiple object experiment
warrant an attempt to pursue this concep
tualization of the distinction by proposing a
formal model of the interaction between
the functions of the intrinsic sectors in
differentiative behavior.

The defect in differentiative behavior
that results from lesions of the extrinsic
and posterior intrinsic sectors of the fore
brain can be characterized by stating the
variety of transformations of descriptions
of the input under which behavior remains
invariant. Following extensive bilateral re
sections of the extrinsic sectors, 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
changeable quantities (Kluver, 1942),
whereas differentiatiye behavior 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 (Gibson,
1950); continuous (orthogonal) projective
in the case of position, distance, form and
rigid motion (Gihson, 1950, Ch. 8; Gihson,
1956; Gibson & Gibson, 19.j6).

The effects of lesions of the posterior in
trinsic sectors can also be usefully charac-
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terized in this way. Differentiative behavior
which remains invariant under still fewer
transformations of the input is interfered
with by such lesions. In the extreme, unique
responses, i.e., "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, mathematical learn
ing theory provides an approach to the
specification of these units and their refer
ents. The fact that this mathematical de
vice 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 model.

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 neurobehavioral 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 con
ceived to partition the afferent activity that
results in the events in the extrinsic sectors,
events initiated by and corresponding to
inputs. 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 resulting 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 continued intrinsic sector activity
will, according to this model, result in a
sequence of patterns of information (parti
tions) of increasing complexity, which in
turn allow more and more precise specifica
tion of particular elements in the set (or
subsets) of events occurring in the extrinsie
systems. Thus, through continued posterior

intrinsic sector activity, more and more in
formation can be conveyed by any given
input. As a result, the organism's differen
tiative behavior remains invariant under a
progressively narrower range of systems of
transformations of the input-differentia
tions become more "absolute."

The programming of the activities of the
posterior intrinsic sectors remains in ques
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 match
mismatch (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 function to partition
events initiated by the input, not as the
loci of association of such events, nor as
the loci of storage of an ever increasing
number of minutely specific engrams.

ECONOMIC SOLUTIONS OF PROBLEMS

The mechanism by which the posterior
intrinsic sectors is conceived to affect dif
ferentiative behavior finds a parallel in the
mechanism by which the frontal intrinsic
sector can alfeet intentional behavior. In
tentions, as noted earlier, are defined as the
result of the "harmonious interactions" that
result from adaptation,,; to "a number of
mutually reinforcing positive elements."
The demonstra tion of this parallel is most
effectively initiated by some further analyses
of the data obtainE'd in the multiple object
discrimina tion experinwnt.
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Some experiments

Returning to the multiple object experi
ment, Figure 8 graphs the average of the
total number of trials taken by each group
of monkeys in each situation to reach the
criterion of five consecutive errorless re
sponses. The peculiarities of the shape of
the curve representing the performance of
the posteriorly operated animals have al
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, i.e., after the first responl'e on
which the peanut is found (Fig. 9). Note
that the lag shown by the frontally operated
group in reducing 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

Z 24r-r--,.--,----r--r-.,-----,--.,------.---.--,.-,

Q -NORMALS
n::: 21 --.-- TEMPORALS
W . FRONTALS
t:: 18 ~n::: ,/",'
o 15 ,;: \:,'

~ /1 " """J

:3 12 {'k(0 ,/ """'1.-.:"1
<! :' 0 --,' •••• " •• ,xa: 9 / '

f-; 6 .{
Z
..J 3
<!
5
I- 2 3 4 5 6 7 8 9 10 II

NO.CUES IN SITUATION
FIG. 8. Graph of the average total number of

trials taken in the multiple object experiment by
each of the groups (Control = Normal; Posterior
Intrinsic Lesion = Temporal; Frontal Intrinsic
Lesion = Frontal) to reach, in each of the situa
tions, a criterion of performance of five consecu·
tive correct responses. A correct response occurred
when the monkey moved the object under which a
peanut had been placed for that trial. In a StlC

cession of trials, the peanut remained under one of
the objects until criterion performance was
reached. Then the peanut was shifted to one of the
other objects in the situation and the trials re
sumed; this procedure was repeated· until each of
the objects in each of the situations had been the
correet one. (See also the legends to Figures 2, 3,
and 4.)
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FIG. 9. Graph of the average of the number of
trials to criterion taken in the multiple ohject
experiment hy each of the groups in each of the
situations after search was eompleted, i.e., after
the first correet response. (See legends to Figures
5 and 8.) Note the differenee hetween the eurves
for the eontrols and for the frontally operated
group, a difference which is significant at the .05
level by an analysis of variance (F = 8.19 for 2
and 6 df) aecording to McNemar'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 suhsequent hehavior to the
extent that "finding the peanut" determines
the subsequent behavior of the normal
group. In Sherrington's and in behavioristic
terms the "positive element," response to
the ohject is, for the frontal group, inade
quately reinforced by the "alliance with it"
of the action, finding the peanut. More
generally, response 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
suggests a parallel with analyses of the ef
fects of outcomes developed in the theory
of games and economic behavior. The ef
fects of outcome are determined by two
classes of variables: (I) the dispositions of
the organism, and (2) an estimate about the
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lesions of the posterior intrinsic sectors and
unoperated controls show no such changes
(Fig. 11).

The results of the constant interval ex
periment support the contention that the
effect of an outcome of an action is influ
enced by variables which can be separately
classified. Deprivation influences total rate
of response; frontal lesion, the distribution
of that rate. Deprivation variables are akin
to those which ha\'e in the past been as
signed to influence the disposition of the
organism. The frontal intrinsic sector lesion
appears to influence the monkey's estimates
about the situation. This finding is thus in
accord with that ohtained in the multiple

o 1---!---¥2--d3:----4J.:--~5--±6....J

20 sec. PERIODS
OF INTERVAL

FIG. 10. Graph showing the effect of food dep
rivation on monkeys' rate of lever pressing re
sponse to food (a small pellet of laboratory chow)
which became available every two minutes. The
change in total rale is indicated by numbers under
the deprivation label. The lack of change in the
distribution of responses is shown by the curves.
Each curve represent.s 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. Variance is indicat.ed by the short
horizontal bars. Dr. !\athan Azrin made this ex
periment possible by constructing apparatus and
by suggesting that separate counters be used to
record performance during each period of the
interval. Mr. David Nowel, Mr. Thomas Tighe
and Miss Libby Fleisher helped carry out this and
the experiment reported in Figure 11.
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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 this is only
suggested by these results. Support for the
hypothesis that frontal lesions do not affect
the dispositional variables that 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
monkey. Occasionally, immediately after a
depression of the lever, a pellet of food also
becomes available to the monkey. The ex
perimenter schedules the occasions on which
the action of pressing the lever has the out
come that a food pellet becomes available.
In this experiment, these occasions 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 early
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 in this experiment were
trained every other day for two hour ses
sions until their performance curves re
mained stable (as determined by superim
position of records and visual inspection)
for at least ten consecutive hours.

Two experimental conditions 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 increases the total rate of re
sponse of all animals markedly but does not
alter the proportion of responses made dur
ing portions of the interval (Fig. 10). Re
section of the frontal intrinsic 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 pro
portion of responses made during the various
portions of the interval. Monkeys wi th
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object problem. Both experimental findings
can be formally treated by the device of
"mathematical expectation" (von Neumann
& Morgenstern, 1953, Ch. 1). The distribu
tion of response probabilities in the constant
interval experiment can be. considered a
function of the temporal "distance" from
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FIG. 11. Graph showing the change in distribu
tion on monkeys' response rate following frontal
intrinsic sector ablation (three monkeys). Note
that the distribution of rate over the interval is
not affected in the controls (four monkeys) and
after posterior intrinsic sector ablations (three
monkeys). Also note that the total rate of response
did not increase; rather rate was somewhat de
creased, 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 see
legend to that figure.)

the outcome; distribution of response proba
bilities in 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 intrinsic
sector lesions on behavior related to out
comes thus parallels the effects of posterior
intrinsic sector ablntioll:" on behavior re
lated to inputs. A general 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 prob
lems is correlated with other deficiencies in
preferential behavior that follow such re
sections. The most clear-cut deficiency is 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, & );'m\'les, 1938), immedi
ate memory (Jacobsen, 1936), and retro
active inhibition (Malmo, 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 sector
lesions on the performance of the double
alternation problem (Leary, Har!()\\" Sett
lage, & Greenwood, 19;')2) and for the i"imple
alternation problem per se. These analyses
emphasize the reCllI'rent regularities "'hich
constitute the altema tion problems and
suggest that such problems be considered
examples of a larger class which can be
distinguisheJ from problems that require
differentiation (GalanteI' & Gerstenhaber,
1950). Delayed reactioll may also helong
to the class of prohlems specified by recur
ring regularities: the recurrence, at the
time response is permitted, of some of the
events present in tlw predelay si tua tion,
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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 (escape and avoidance); feeding
(appetitive, such as hoarding, and consum
matory); and mating and maternal (nest
building and care of the young). Stimulation
or ablation which affects one of these be
havior patterns is likely also to affect the
other (though not necessarily to the same
extent). On the other hand, the performance
of discrimination tasks remains unaffected
(Pribram, 1958a; Pribram &: Kruger, 19S-!).

Typically, the damage or stimulation of
mediobasal forebrain sectors affects inten
tional behavior by disrupting the more or
less orderly recurring sequences of actions
which constitute feeding, fighting, fleeing,
mating and maternal behavior. None of the
elements of the sequence drop out; rather
the duration of anyone such element of ac
tion is altered. The outcome of an action
appears, in these damaged animals, to be

tion is compatible with the finding that, in
delayed reaction, the important determinant
of performance is the outcome of the ani
mal's reaction in the predelay situation
(Mishkin & Pribram, 1956), the outcome
having "acquired distinctiveness" during
the earlier phases of the experiment.

From these data, a formal model of the
neural mechanism that underlies the effect
of frontal intrinsic seetor resections on in
tentional behavior can be proposed. This
model takes into account the neural rela
tionship between the frontal intrinsic sector
and the mediobasal structures of the fore
brain (Pribram, 1958a), and 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 years as a result of studies
which made use of surgical ablation and
electrical stimulation (Olds, 19.56; Pribram,
1958a; Pribram & Kruger, 1954). These
data demonstrate the special relatilm of the
mediobasal systems of the forebrain to the
class of variables subsumed under the rubric
"disposition."--NORMALS
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··········FRONTALS
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FIG. 12. Graph showing the differences in the

number of repetitive errurs made by groups of
monkeys in a "go-no-go" type of delayed reaction
experiment. Especially during the initial trials,
frontally operated animals repeatedly return to
the food well after exposure to the "nonrewarded"
predelay cue. Note, however, that this variation
of the delay problem is mastered easily by the
frontally operated group. The twelve rhesus
munkeys used in the multiple object experiment
(Figures 4-9) served as subjects some two years
earlier in the delayed response experiment por
tra)'ed here. Dr. Margaret Varley assisted in the
performance of the earlier experiment.
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constitutes an essential aspect of the delay
problem (Mishkin & Pribram, 1956).

The reasons for classifying the delayed
reaction and alternation problems with those
related to systematic variations of outcomes
remain somewhat obscure. The results of
the following experiment provide some
clarification. Under special conditions, mon
keys with lesions of the frontal intrinsic
sectors perform remarkably well the delayed
reaction and alternation problems (Mishkin
& Pribram, 1955; Mishkin & Pribram,
1956). Adequate performance is established,
however, at the cost of a great number of
repetitive errors (though not of initial
errors, Fig. 12). These results can be de
scribed as a failure in performance due to
the relative inefficacy of the outcome of the
frontally operated animals' actions in de
termining subsequent aetion. This descrip-
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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 avoidance 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 is 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). Reactions 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 (Stamm, 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
beginning to be detailed (Pribram, in press).
Essentially, the mediobasal forebrain sec
tors are especially related afferently and ef
ferently to medial and mesencephalic and
diencephalic structures 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-specific diffuse systems (Scheibel, Schei
bel, Amollica, & Moruzzi, 1955). The latter
are characterized by networks of short,
fine-fiber neurons (Segundo, 1956). In such
networks synaptic, dendritic and electro
tonic phenomena, especially sensitive to
neurochemical influences, are most likely

of greater total significance than are rapidly
propagated patterns of neural impulses. In
fact, the connections between the medio
basal forebrain and medial mesencephalic
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 local excitability than
the firing of neurons (Gloor, 1955).

Characteristic interactions between the
functions of the mediobasal 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
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. The
effect of an outcome of any particular action
depends on the state of the organism and
this state is a cyclic function, e.g., a heaping
plate of food is most desirable at the peak of
the appetitive cycle but slightly nauseating
just after consumption 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 occur during anyone cycle (Finger,
1951; Finger & Reid, 1952; Hall & Hanford,
1954; Lawrence & Mason, 1955; Richter,
1955). More complete description takes into
account cyclicly recurring regularities.

The cycles of activation (or deactivation)
in behavior that occur with changes in the
excitability of the central and peripheral
nervous system are analogous to conversions
between potential and kinetic energy in
physical systems-the activity of water at
the base of a fall is not properly described in
terms of the differences between the
"amount" of elH'rgy which exists in the
limpid pool at th(~ top of the falls and that
which characterizes the excited turbulence
at the base. Rather, t.he diffcrence is be
tween reciprocally relateel quantities-e.g.,
kinetic and potential, in the case of physical
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systems (e.g., the waterfall); anabolic and
catabolic, in biological descriptions. Thus, a
"need-reduction" formulation, in which the
referent against which changes are specified
is considered to be some basal (i.e., minimal)
activity level, is found inadequate. This
conceptualization, by insistence on
"amount" of need as the basic variable,
easily falls into the trap of confusing the
reciprocally related potential and kinetic
manifestations of the energic process with
quantitative differences in the total amount
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 dQ~s

violence to physiological fact. Oxygen deprI
vation produces little increase in respiratory
rate provided a constant partial pressure
of CO2 surrounds the respiratory receptor
mechanisms in the carotid body and brain
stem (l\Ieyer, 1957). Food deprivation, as
in starvation, is insufficient per se in in
creasing appetite. Long term deprivation
of mating leads as often to continence as to
frustration-these examples suffice to sug
gest that physiological need is not invariably
produced by deprivation. And, of course, the
converse also holds: that "need" (e.g.,
measured by the rate or amount of move
ment related to an outcome) may actually
increase when recurrently "satisfied" (Law
rence & Mason, 1955).

On the other hand, the more complete
specification that takes into account the
reciprocally related recurring changes be
tween excitability and rest is supported by
physiological fact. The electrical activity of
totally isolated neural tissue is cyclical
(Burns, Grafstein, & Olszewski, 1957)..The
period of cyclical activity can be speCified
and any changes imposed on the normal
periodicity can be described. The advantages
of such description are: that the "amount
of excitability" is not confused with "amount
of energy"; that a particular event can
increase excitability at one time and decrease
it at another; thus, the effect of an outcome
of an action can be conceived to depend on
the phase of the excitability cycle at the
moment of action. The disposition of an
organism is therefore a basic determinant of

intentional behavior. Dispositions are con
ceived to be dependent on changes in the
periods of neural excitability cycles.

Expectation

By analogy with the model describing the
functions of the extrinsic and posterior
intrinsic mechanisms, the proposal of a model
of the frontal intrinsic and mediobasal
forebrain mechanisms begins with a state
ment of the variety of transformations of the
outcomes of actions umler which behavior
remains invariant. Following extensive bi
lateral resections of the mediobasal fore
brain systems, behavior remains invariant
over a wide variety of transformations of
outcome, e.g., even gross changes in the
amount of food deprivation minimally alter
rate of response to food (Weiskrantz, 1953).

Frontal intrinsic sector lesions affect in
tentional behavior that remains invariant
only under the more restricted ranges of
transformations of the outcome, transforma
tions which, in controls, can be shown to
affect the distribution of intentional re
sponses.

Unique distributions can occur only when
both the units of intention and their refer
ent have been fixed. Difficulties in defining
such units and their referent stem from the
cyclical variations which describe the dis
positions of organisms-difficulties already
discussed from the neuro-behavioral stand
point. The formal device "mathematical
expectation," which is so usefully applied to
the analysis of the effects of frontal intrinsic
sector lesions, is designed to overcom~ the
difficulties encountered in analyzing the
solution of problems characterized by cyclic
phenomena (von Neumann &- Morgenstern,
1953). This device, based on combinatorial
(equilibratory) aIHI set theoretical methods,
attempts to meet the difficulties by the sug
gestion that the solution of such problems
is described, not by the single elements that
define the problem, but b~· sets (and sub
sets) of such elements. Unfortunately, the
mathematics falls somewhat short of ac
complishment in this area anci only some
rudimentary apprnaehes to the task are
possible at this time (nm Nmllnann &
Morgenstern, 1£1;):3).
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Nevertheless, the relevance of the device,
mathematical expectation, in the analysis 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 partition the events
in the mediobasal forebrain systems, dis
positional events that determine the effect
of outcome 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
not the elements that specify intentional
behavior. 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 conveyed for any given
outcome. As a result, the organism's inten
tional behavior remains invariant under a
progressively narrower range of systems of
transformations of outcomes-intentions be
come more precise.

The programming of the activities of the
frontal intrinsic sector remains in question.
Some things are clear, however. The ad
vantage 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, stor
age of encoded programs is demanded
not storage of an ever-increasing number of
discrete intentions. In this formulation, the
frontal intrinsic sector is conceived as a
programming mechanism that maps inten
tions-a conception that is in accord both
with experimental finding and much clinical
observation (Elithorn, Piercy, & Crosskey,
1955; Freeman & Watts, 1951; Penfield,
1948; Rylander, 1948).

THOUGHT

The argument has been forwarded, on the
basis of an analysis of neurobehavioral data,
that two major classes of behavior can he
distinguished: differentiative and inten
tional. Both classes are observed when an
organism solves a problem. The multiple

ohject experiment pro\'idcs a paradigm of
the relation hctwpen ('al'h of thesp classes
and problem solution. Differentiation de
termines the strategy that facilitates i"earch;
intentions determine the strategy that
facilitates performance. In more general
terms, differcntiative behavior delineates
the problem through the acquisition of in
formation i economic solution of the problem
depends on intentional behavior that uti
lizes the information already acquired
(Kochen & Galanter, I(58).

Still more precise systematic definitions
of the organismic variables that determine
differentiation and intention may profitably
lead to further empirical inquiry and may
aid in unravelling the terminological gobble
dygook that accompanies an effort of this
sort. The particular words chosen to denote
the distinctions made are not too important;
that the distinetions be made in some way
is often helpful. The concept of "stimulus"
is crucial to psychological inquiry (Stevens,
1951); thus definition starts logically with
this concept. Behavior theory often begins
with the statement that a response is a func
tion of certain organismic variables (e.g.,
drive, habit) and of a "stimulus" which is
conceived as some eJl\'ironmental event or
constellation of environmental events. This
classical behaviorist position has been chal
lenged by those investigators primarily in
terested in psychophysical and perceptual
problems (Allport, Hl5:"ii Stevens, 1951).
These investigators are concerned with the
more precise specificatioll of the category
"stimulus" as including "distal" (e.g., en
vironmental) and "proximal" (organismic,
i.e., receptor) events. This concern must be
shared by the neuropsychologist who is in
terested in the relationships between cen
tral processes and beha\'ior, since complex
interactions between receptor and cf'ntral
mechanisms preclude an understanding of
the one without an appreciation of the
other. The importance of central regulation
of receptor events is attrstl'd by the findings
of recent physiological experiments ,,'hich
demonstrate mechanisms that allo\\' the
regubtion of afferent activity through ef
ferents from the central ner\'ous s.vstem:
the effect of electrical rxeitatioll of efferents
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(~'3 of the fibers in the ventral spinal root)
in modifying the activity of afferents origi
nating in muscle spindles (Eccles, Fatt, &
Landgren, 1956; Eldred & Hagbarth, 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, 1955), 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 ensemble
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 variable
which is selected as representative of an
action-i.e., a repertoire of responses which
can be shown to be systematically related.
Movements or smooth muscle and endo
crine events comprise the effector com
ponents of action; those components that
modify receptor activity (i.e., the stimulus
components) are referred to as the "out
come" of the actions. Actions are specified
either by direct observations of the out
comes of muscular or endocrine events (e.g.,
the changes in the activity of afferents from
muscle spindles) or indirectly from some
behavioral response (e.g., the record of de
pressions of a lever) made by the organism.

Behavior observed to be a function of
systematic variations of input is referred to
as differentiative; behavior observed to be a
function of systematic variations of out
come is referred to as intentional. The
obviously circular relation between all of
these definitions is tolerable since each term
is independently, as well as circularly, de
finable: the environmental terms by physical
methods, the organismic terms by biological
methods.

The experiments presented show that the
delineation and economic solution of a
problem begin more or less haphazardly.
Haphazard problem solving behavior is de
scribed by the relatively wide range of
systems of transformations of the inputs and
the outcomes of actions under which the
behavior remains invariant. Strategic 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 operation of a
mechanism (the intrinsic) that partitions
the neural events (in the extrinsic and medio
basal systems) 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 outcome is assigned by an
organism the amount of "active uncer
tainty" shown by that organism in the
situation? And is it not this active uncer
tainty that Dewey suggests is referred to by
the man in the street as "thinking"? The
delineation of a problem and its economic
solution have been shown to be dependent
on the range of possibilities to which input
or outcome is assigned; establishing this
range is characteristic of the thought proc
ess. A partitioning mechanism can be con
ceived to accomplish this characteristic:
such a mechanism has been posited to de
scribe the functions of the intrinsic systems
of the forebrain. On the basis of clinical
neurological data, thought has classically
been a suggcsted result of the function of
these systems. The data and analysis here
reported support the suggestion and give a
more precise description of both the mecha
nism and the thought process than had
heretofore been possible. As a corollary,
some better understanding has been ob
tained of what constitutes a problem and its
solution for the behaving organism: delinea
tion of the problem by differentiation
amongst a set of possible inputs; economic
solution of the problem by intentional
choice amongst a set of possible outcomes.
This understanding places a somewhat
greater emphasis Oil, and details more ex-
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plicitly, the organismic variables that de
termine problem and solution than many of
the more recent conceptions and thus comes
closer to attempts made in earlier psy
chologies.3

3 The neural mechanism of thinking proposed
here is similar in several respects to others alread~'

formulated. The neurobehavioral data presented,
and their formal analysis, suggest that the events
ill t.he extrinsic and mediobasal forebrain systems
are indeed the important determinants of moment
to-moment behavior, as in Lashley's (1952) and
in Kohler's formulation (Kohler, 1938; Kohler &
Held, 1949; Kohler, Neff, & Wegener, 1955; Kiihler
& Wegener, 1955), However, these events are
acted upon by others which provide the contextual
matrix that sets limits on the moment-to-moment
behavior, as proposed by Freud (1953), by Dunc
kel' ("functional fixedness," 1945), and, more
recently, by Forgus (1954, 1956, in press). The
resultant of the interaction of these two classes
of neural events is described more formally,
though less picturesquely, by the mechanism,
'partitioning of sets,' than this resultant is de
scribed by Lashley's largely nativistic or Hebb's
largely empiricistic conceptions: reduplicated
neural loops (Lashley, 1942) or phase sequences
(Hebb, 1949). Yet all three share the essential
characteristic that, in continued problem solving
behavior, increasingly complex patterns of neural
events occur, patterns that allow more and more
precise differentiations and intentions to take
place.

The argument forwarded is in other respects
similar to earlier neuropsychological formulations,
in particular, those that have emphasized alti
tl/dinal factors. The analysis of the neurobe
havioral data here presented makes the distinction
between partitions of (attitudes towards) those
-I'ts of events determined by inputs and those
determined by outcome. This distinction allows
J!;rcater precision in the description of attitudinal
fa(,t ors: those related to differentiation (e.g.,
Lashley's comparison attitude [1952]), can be
redefined as a capacity to acquire information
to search through a large number of possible in
puts (especially "negative instances"); those re
lated to intention (e.g., Goldstein's abstract atti
tude [1948]), can be redefined as the capacity to
f'llOose one outcome (a "positive inst ance") in the
face of a large number of possible outcomes. Such
redefinition, though at first startling, takes sub
stance from the recent demonstration of the im
portance of the outcome of action in t he deter
mination of the reorganization of the visual field
after experimental inversion (Hein & Held, 195i;
Kiihler, 1951; Werner & Wapner, 1952; Werner &
Wapner, 1955).

Parallels with other, more recent neuropsycho
logical anal~'ses can also be drawn. Denny-Brown
(Ifl56) has distinguished between cortical resec
t ions that affect patterns of approaching (grasp
ing, hopping, placing) and those that affect pat-

"Thinking" hus, for the most part, been
the province of philosopher;.;, But, as Fromm
has emphasized, philosophics of thought
have been of two sorts: thosp. that originate

terns of avoiding (withdrawing). Although the
cortical resections made b.y I lenny-Brown and
those described here arc only roughly comparable,
enough correspondence exists to permit I. he 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 laboratory routines) of the behavior
described here as guided by outcomes.

Nor is the distinction between the delineative
and the economic aspect.s of problem solution a
new one in the behavioral sciences. The contribu
tions of the Wtirzburg school (Humphrey, 1951)
and their Gestalt oriented successors (Allport,
1955; Lewin, 1936; l\'!uier, 1930; Wertheimer, Ifl-t5)
have consistently emphasized the distinction
between the "content" of thought and its "direc
tion" or "motor," hct ween knowledge and in
tention (Lewin, 1936). These formulations, how
ever, have frequent.l.,· ('onfounded two of the
pairs of distinctions made in this presentation:
the distinction between the delineative and the
economic aspects of prohlem solution on the one
hand, and, on the other, that between the attitudi
nal (partitioning) factors and the events upon
which those attitudes operate. Piaget (1955)
comes somewhat closer to maintaining separate
these distinctions. This correspondence between
Piaget's analysis of the results of his observations
and that presented here may be due to the simi
larity of the formal devices used: I'iaget's "groups
of displacements" are included in the "systems
of transformations" referred to throughout this
presentation.

Psychoanalytic formulations have suffered
from some confusions similar to those of the Ge
stalt schools, The ps.,·choanalytie formulations
have, for the most part, heen concerned with in
tentional behavior, hut the.,' have heen couched
in vocabulary devised to describe differentiation.
As a result, distinctions het ween the "attitudinal"
("expeetationaJ," "should") determinants of in
tentional behavior and the "affective" ("disposi
tional," "want") determinants have been spoken
of as differences het ween "conscious" (differen
tiated) and "uneons(,jous" determinants. A more
precise statement is made possihle h~' the argu
ment here presented. The attitudinal and affec
tive determinants of intentional behavior are
inexorably mixed; distinguishing betwel'n them is
a problem in its own ril/:ht. This problem has its
economic aspects: t he pat ient must "want" solu
t ion of the prohlem, and he must "expect," i.e.,
be willing to "pa~' for," solution. The prohlem
also has its delineat ive aspects: a differentiat ion
must be made het,,'e!'11 attitudinal factors (I'X

pectations, plans, prol/:rams) which determine the
patient.'s intentions alld which are "empty" per Re,
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in Aristotelian logic and those more inter
ested in logical paradox (Fromm, 1956).
Epistemologies (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 delineation (e.g., in the Occidental
tradition, the economic writings of Locke

and those factors which constitute dispositions.
This is one of the tasks of therapy. Neither the
attitudinal factors (expectations) nor the dis
positions (wants) are "unconscious"; the dis
tinction between them is unconscious, and it
is this distinction that must therefore be deline
ated. Only when delineation has been accom
plished can economic solution be attempted.
Intentions can be altered by a change in action,
and so in the outcomes that determine future
intentions; or they can be altered by a change in
expectations, and so in the specifications of the
intentions.

Social scientists have also made use of the dis
tinction between the delineative and the economic
aspects of problem solution. Thus, Parsons dis
tinguishes between determinants of "interest"
in a problem and those "which provide the stand
ards of what constitute satisfactory solutions of
these problems" (Parsons, 1951). Basic to this
distinction is the difference, as yet grasped onl~'

vaguely, between the acquisition of information
(Shannon & Weaver, 1949) and its ut.ilization (von
Neumann & Morgenstern, 1953). The develop
ment of this distinction in the social, as well as in
the biological (and in the physical), sciences is
hampered by the fact that in connotative use the
language of Occidental cultures fails to separate
clearly the differences hrought out by the neuro
behavioral analysis made here: differences be
tween attitudinal factors and t he events upon
which these attitudes operate on the one hand;
and between the delineative and the economic
aspects of problem solution on the other. Recently
there has been, in North America, a shift in popu
lar connotation away from attitudinal deterrni
nants: e.g., the term" "honesty" no longer refers
exclusively to "t.elling the truth," "respecting
others' property" and such. but abo to "behaving
according to how one 'feels' and '"ee" , the "itl!:l
tion," even if this entaib occa"ional I~'ing or
stealing (Riesman, Glazer, & Denny, 1050). Such
confusion in connot.at.ive meaning creates special
difficulties for a science that mu"t obtain data
almost exclusivel~' from verbal reports. The re
sults of analyses such as this one of neurobe
havioral data'may be most.u"efully applied to the
social sciences as keys that open avcnues of con
ceptualization common to all sciences. concep
walizations now locked behind the int ricacies of
verbal behavior.

and Adam Smith and of Marx; the philoso
phies of Spinoza and Hegel) have faced the
paradoxical asper-ts of problem solution. The
statement that, in an open market place, a
maximum competitive self-interest leads not
to destruction hut to an increased standard
of living is the result of an attempt to deal
with paradoxes; paradoxes similar to those
encountered here in the analyses of fluctua
tions in disposition and of combinations of
expectations with respect to the outcome of
actions. The psychological distance hetween
the primates' neural mechanisms of dif
ferentiation and intention and systems of
philosophy is still awesome; yet,

"Before the connection of thought and
brain can he explained, it must at least
be stated in an elementary form; and
there are great difficulties about stating
it.... Many would find relief at this
point in celebrating the mystery of the
unknowable and the "awe" which we
should feel. ... It may he constitutional
infirmity, but I can take no comfort in
such devices for making a luxury of in
tellectu:l I defeat .... Better live on the
ragged edge, hetter gnaw the file forever!"
(James, 1!),50, pp. 177-179).

REFERENCES
Allport, F. A. Theories of perception and the con

cept of 8lrllctllrc. ~e\\' York: .Iohn Wiley &
Sons, Illc., HJ55 , pp. 1-I-5i.

Bruner, .I. S. On percept ual readiness. P8ychol.
Rev .. 1!J57, 64, 123-152.

Bruner . .I. S., Wallach, :'II. A., & Galanter, E. H.
The identification of recurrent regularity.
..111I. J. Psycho/., 105!J, LXXII, 200-209.

Bums, B. D., (;rafstein, B., & Olszewski, .I.
Identification of neurones giving burst re
sponse in i,olated cerehral cortex. J. ,vellro
phY8io/., I%i, 20. 2<Ul-21O.

Bush. n. R. & :'Ilosteller. F. A model for stimulu"
genPr:t1izatioll :llld di,crimination. Psycho/.
Nfl' .. 1\1.51, fiS.Jl:H2:3.

Callntlll. W. B. Thc "tld~- ph~'siologic and the
hod~' politi,'. Scicllee, I!J-II, !J:l. 1-10.

ChO\\·. K. L. Etlects of temporal neocortical abla
tion Oil visual discritnination learning set,
in monkcys. J. COII/p. physiol. P8yehol.,
1O.'j-l , -Ii. to-i-lOS.

Clll)\\·. K. L. & Hutt. 1' . .1. The as>'Ociation cortex
of :\lacaca mulatta: a review of recent·
('''Iltrihutioll' ttl it, anatomy and functions.
Brain, 1!I.5:l, 76. 625-liii.

Denlly-Bro\\·Il. I>. Positivc and Ilegative aspects
of ccrl'ilral cortical functions. A'. ('aro/ina
.11"d. J .. I!l.5(i. 17. 2!)5-:3o:l.



ON THE NEUROLOGY OF THiNKING 285

Deutsch, J. A. A new type of behavior theory.
British J. Psychol., 1953, XLIV (Part 4),
304-317.

Dewey, J. Essays in experimental logic. Chicago:
Univ. of Chicago Press, 1916, pp. 183-216.

Dodt, E. Centrifugal impulses in rabbit's retina.
J. Neurophysiol., 1956, 19,301-307.

Duncker, K. On problem solving. Psychological
Monographs (Amer. Psycho!. Assoc., Wash
ington, D. C.), 1945, 58.

Eccles, J. C., Fatt, P., & Landgren, S. Central
pathway for direct inhibitory action of im
pulses in largest afferent nerve fibres to
muscle. J. Neurophysiol., 1956, 19, 75-98.

Eldred, E. & Hagbarth, K. E. Facilitation and
inhibition of gamma efferents by stimula
tion of certain skin areas. J. Neurophysiol.,
1954, 17,59-65.

Elithorn, A., Piercy, M. F., & Crosskey, Mar
garet. Prefrontal leucotomy and the an
ticipation of pain. J. Neurol., Neurosurg., &
Psychiat., 1955, 18, 34-43.

Estes, W. K. Toward a statistical theory of learn
ing. Psychol. Rev., 1950,57,94-107.

Estes, W. K. Theory of elementary predictive be
havior: an exercise in the behavioral in
terpretation of a mathematical mode!.
Mathematical Models of Human Behavior,
Proceedings of a Symposium. Stamford,
Conn.: Dunlap and Associates, Inc., 1955.

Finger, F. W. The effect of food deprivation and
subsequent satiation upon general activity
in the rat. J. compo physiol. Psychol., 1951,
44, 557-564.

Finger, F. W. & Reid, L. S. The effect of water
deprivation and subsequent satiation upon
general activity in the rat. J. compo physiol.
Psychol., 1952, 45, 368-372.

Forgus, R. H. The effect of early perceptual
learning on the behavioral organization of
adult rats. J. compo physiol. Psychol., 1954,
47, 331-336.

Forgus, R. H. Advantage of early over late per
ceptual experience in improving form dis
crimination. Canad. J. Psychol., 1956, 10,
147-155.

Forgus, R. H. The effect of different kinds of form
pre-exposure on form discrimination in
learning. J. compo physiol. Psychol., in press.

Freeman, W. & Watts, J. W. Intelligence, emotion
and social behavior following prefrontal
lobotomy for mental disorders. Psycho
surgery. Springfield. Il!.: Charles C Thomas,
1951 (2nd I'd.), XXVIII.

Freud, S. On aphasia. New York: International
Universities Press, Inc., 1953, pp. 48-105.

Fromm, E. The art of lOlling. New York: Harper
& Brot.hers, 1956, pp. 72-82.

Fullcr, J. L., Rosvold. H. E., & Prihram, K. H.
The effcct. of affective and cognitivc be
havior in the dog of lesions of the pyriform
amygdala-hippocampal eomplex. J. compo
physiol. Psycho!., Hl57, 50, 89-96.

Fulton, J. F., Pribram, K. H., Stevenson, J. A. F.,

& Wall, P. D. Interrelations bet.ween or
bital gyrus, insula, temporal tip and an
terior cingulate. Trans. Amer. Nellrol.
Assoc., 1949, p. 175.

Galambos, R. Suppression of auditory nerve ac
tivity by stimulation of etferent fihers to
cochlea. J. Neurophy,~iol., 1956, 19,424-437.

GalanteI', E. H. & t;erstenhaber, M. On thought:
the extrinsic theory. Psychol. Re~., HJ56 ,
63,218-227.

Gibson, J. J. The perception of the lIisual world.
New York: Houghton l\Iifflin Co., 1950, pp.
110-114, 152-154.

Gibson, J. J. & Gibson, Eleanor J. Perceptual
learning: differentiat.ion or enrichment.
Psychol. Rev., 1955, 62, 32-41.

Gibson, J. J. & Gibson, Eleanor J. Continuous
perspective transformations and the percep
tion of rigid motion. Research Report under
Office of Naval Research Contract and
Cornell Universit~· on the Visual Perception
of Motion and Space, September 1956.

Gloor, P. Electrophysiological studies on the con
nections of the amygdaloid nucleus in the
cat. EEG Clin. Neurophysiol., 1955,7,223
242 (Part I), 243-264 (Part 11).

Goldstein, K. Language anrllangllage disturbances.
New York: Grune & Stratton, 1948, pp. 5-8.

Granit, R. Centrifugal and antidromic effects of
ganglion cells of retina. .J. N europhysiol.,
1955, 18,388-411.

Green, E. J. A simplified model for stimulus dis
crimination. Psychol. Rev., 1958,65,56-63.

Hagbarth, K. E. & Kerr, D. I. B. Central in
fluences on spinal afferent conduction. J.
Neurophysiol., 1!l54 , 17, 2!l5--307.

Hall, J. F. & Hanford, P. V. Activity as a function
of a restricted fecding sehedule. J. compo
physiol. Psychol., 1954,47, :l62-363.

Harlow, H. F. Responses by rhesus monkeys to
stimuli having multiple sign values. Stl/dies
in Personalily. Kew York: McGraw-HilI,
1!l42, pp. 105-123.

Harlow, H. F. Higher function of the nervous
system . ..11111: RCl'. Ps/fchol., 1953, 15, 493
514.

Harlow, H. F., Davis, H. T., Settlage, P. H. &
Meyer, D. R. Analysis of frontal and pos
terior association syndromes in hrain
damaged monkeys. J. COII/p. physio!. Psy
cho!., 1952,45, 41!l-42!1.

Head, H. Studies in IIclIl'ology. Oxford Medical
Publications, 1!12ll, Vo!. 2, Part IV, Chap.
5, pp. 577-608.

Hebb, D. O. The orgallizalioll of bchaVl:or. ]l;ew
York: John Wiley & Sons, Hl49.

Hein, A. V. & Held, n. 1\1. COlTeetion of errors in
hand-e~'e coordination after distortion of
t.he retinal image. (Ahst ract of presentation
at Eastern I'syeho!. AS",ll'., 28th Annual
Meeting, 1!l5!), p. :n.

Hernandez-Peon, H. & Scherrer, H. Cent ral
mec,hanisms ('ont rolling ('onduction along



286 KAItL PRIBHAM

ccnt ral sensory pathways. Acta Nellrat.
Lalino. Amer., 1955, 1,256-264.

Humphrey, G. Thinking. London: Methuen
Pre~s, 1951.

.Jacobsen, C. F. Studies of cerebral function on
primates. romp. Psychol. Monogr., 19~6, 1:3,
:l-60.

•James, W. Principles of psychology. Ilover, 1950,
Vo!' I, pp. 489-490, In-17!J.

Kerr, Il. 1. B. & Hagharth, K. E. An investigation
of olfactory eentrifu/l:al fiber system. J.
Nelll"ophy.~iol., 1955, 18, 362-:n4.

KlUver, H. Functional significance of the /l:eniculo
striate s~·stem. Biological sYlllposia. Lan
caster: Jaques Cattcll Press, 1942, pp.
25~-300.

Kochen.l\I. & C;alanter, E. H. The acquisition and
utilization of information in problem solv
ing and thinkin/l:. lnforlllation and Conlrol,
HJ58, I, 267-288.

Kiihler, 1. Uber aufhau und wandlagcn del' wahr
nehmugswelt. Oesterr. Akad. Wiss. Phi/os.
Histor. Kl., 1!l51, 227, 1-118.

Kiihler, W. The place of vallie in a world of fact.
New York: Liveright Puhlishing Co., 1!J38.

Kiihler, W. & Held, R. The cortical correlate of
pattern vision. Science, 194H, 110, 414-41!l.

Kiihler, W., ]'I;eff, W. D., & Wegener, J. Currents
of the auditory complex in the cat. J. cel/.
compo Physiol., 1955,45,1-24.

Kiihler, W. & Wegencr, J. Currents of the human
auditor~' complex. J. cell. COlllp. Physiol.,
1955, 45, 25-54.

Kumer, S. W. & (;erard, H. W. The small-ncrve
motor system to skelet al muscle . .J. N CIIrnl.
Physiol., 1!J47, 10, :l8~.

Kuffler, S. W. & Hunt, C. C. The mammalian
small-nerve fibers: a s~'stem for pfferpnl
nervous re/l:ulation of musl'le spindle dis
charge. Patterns of Organization in the
rentral N el'l'oll.~ Systelll (Ites. Publ. Ass.
nerv. mcnt. Ilis.), HJ52 , 30, pp. 24-47.

Lashl".,·, K. S. The prohlem of cerchral organiw
,ion in vision. Biological SYlllposia. Lau
caster: ,Jaques Cattell Prcss, 1942, pp. :301
:322.

Lashley, K. S. In search of the engram. Physio
logical Mechanisllls in Anil/lal Behavior. Xew
York: Academic Prpss, I!J50, pp. 454-482.

Lashlc~', K. S. Functiollal intcrpl'l-,tation of :wa
tomie pattcrns. Patterns of Organization in
the ('cnlrat ;\'el'l'olls Systelll (Hcs. Publ. Ass.
nerv. men\. Ilis.), 1952, :30, pp. 537-5:3H.

Lawrcnee, Il. H. Al'quired distillctivencss of
cucs: I. Transfcr het wecn discriminat ions
on t he basis of familiari t~· wit h t hc stimulus.
J. expo Psychot., IH4H, :In, 776-784.

Lawrenl'c. I I. H. Acquircd distinctivcness of 1'11l'S:
I I. Selective associ at ion iu a I'Ollstant stimu
lus situation. J. cxp. Psychnl., 1950, 40,
175-188.

Lawrence, D. H. & l\hson, W. A. Food intake in
thc rat as a function of dppl'ivation intel'val~

and feeding rhythms. J. cmnp. ph,/siol.
Psychol., IH5,5, 48, 267-271.

Leary, R. W., Harlow, H. F" Settlage, 1'. H. &.
Greenwood, I I. I I. l'erformarH',e on douhle
alternat.ion problems b~' normal and brain
injured monkeys . .I. COlllp. physinl. ["~!Jchol.,

]!J52, 4.5, ,576-.51'4.
Lewin, K. [,,.inciple.~ of topological p·"lcholog!l .

New York: MC<;raw-Hill Book Co., IH:{6.
Mach, E. (:ont,.ill1l/ion.~ tn the anl1lysi.~ of .~ensa

tions (tr. C. 1\1. Williams). Chicago: Open
Court, 18m.

Maier, N. IL F. Iteasoning in humans. I. On
directioll . .I. (·omp. PS!lchol., 1!J30, 10, 11.5
14:3.

Malmo, H. B. I lIterfercnec factors in dela.'·cd re
sponse in monke.\'~ after removal of frontal
lobes. J. NC/lrophysiol., 1!l42, 5, 295-:308.

Mann, H. B. &. Whitnc~', I). R. On a test of
whet her one of two random variahles is
stochasticall," larger than the other. ,·1/1/1.

Malh. Statist., H147, 18, ,"j()-60.
McNemar, Q. P.<ycholngical stati.• tics. Z\'pw York:

Wile~', 1!l55, p. a:32.
Meyer, J. S. St udies of I'erebral ei rculat.ion ill

brain injury. IV. ISl'hemia and h~'poxemia

of the hrain stem and respiratory cent.er.
EEG clin. Nelll'ophysiol., 1957, IX, R~-IOO.

Miller, G. A. Langllage and colllmunication. New
York: McGraw-Hili, 1951, pp. 223-248.

Miller, (;. A., Heise, (;. A., & Lil'hten, W. The
intelligibility of speech as a function of the
context of t he test materials . .I. 1'.l'p. Psy
chol., I!l51, 41, :l29-:3:{5.

1\lishkin, l\1. Visual discrimination performam'p
following ablations of the temporal lobe:
I I. Ventral surface vs. hippocampus . .J.
cnmp. physifJl. ['sychnl., 1!l54, 47, IR7-1!l~.

Mishkin, 1\1. &. Hall, Martha. Discriminations
along a sizp continuum followin/!; ablation
of the inferior temporal convexity in mon
keys. J. COII/p. phy.~iol. Psychol., HI55,48,
97-101.

Mishkin, M. & l'ribram, K. H. Visual discrimina
tion performance followiug partial ahla
t.ions of the temporal lohe: I. Vpntral vs.
lateral. J. COII/p. physiol. Psychol,. 19.54,47,
14-20.

l\1ishkin, 1\1. &. l'ribralll, 1\:. H. Allalysis of tlw
effcl't s of front al !psiolls in m'onkeys: I.
Variatiolls of dpla~'pd altprnation. J. cnlllp.
physin{. j'syclifJ/ .. ]!15.\ 48, 4fl2-4n.'i.

l\Iishkin. 1\1. &. I'ribralll, K. H. Analysis of the
elTel'ts of fmlltal lesions in monkeys: II.
Variat ions of dpla~'pd rpspollse. J. COlllp.
phi/sin/. l'sychnl., HI,56 , 4!1, ~6-40.

.\'is~en, H. U., HipSI'll, A. H. & .\'owlp>:. V. De
la~'ed responSi' and disnimination lpal'llin/!;
h~' ('hilllpallzPPs. J. comp, 1"<!lchfJl., ln~8,

26, 361-:386.
Ollls,.T. A prclimin,lJy mapping of plectriealreill

forl'ing efTPl'ts in the rat brain. J. COlllp.
ph!l.• inl. ['-<ycliol., 10SH, 4n, 2~1-285.



ON THE NEUROLOGY OF THINKING 287

..

Parsons, T. The social system. Glencoc, Ill.: Thc
Free Press, 1951, 14-15.

Penfield, W. Bilateral frontal gyrectomy and
postoperative intelligence. Res. P11bl. Ass.
nerv. ment. Dis., 1948,27,519-564.

Petrie, Asenath. Personality and the Jrontal lobes.
London: Routledge and Kegan Paul, 1952.

Piaget, J. The language and thought oj the child.
(1.1'. Marjorie Gabain) New York: Noonday
Press, 1955, pp. 171-240.

Pribmm, K. H. Toward a science of neuropsy
chology: (method and data). Current Trends
in Psychology and the Behavioral Sciences.
Pittsburgh: Univ. of Pittsburgh Press,
1954, 115--142.

Pribram, K. H. Comparative neurology and the
evolution of behavior. Behavior and Evolu
tion. New Haven: Yale Univ. Press, 1958,
140-164. (a)

Pribram, K. H. Neocortical function in behavior.
Symposium on Interdisciplinary Research
in Behavioral, Biological, and Biochemical
Sciences. Madison: Univ. of Wisconsin
Press, 1958, 151-172. (b)

Pribram, K. H. Concerning the neurophysiological
correlates of limbic system stimulation.
Symposium on Brain Stimulation. Houston:
Univ. of Houston Press, in press.

Pribram, K. H. & Bagshaw, Muriel. Further
analysis of the temporal lobe syndrome
utilizing fronto-temporal ablations. J.
compo Neurol., 1953, 99, 347-375.

Pribram, K. H. & Fulton, J. F. An experimental
critique of the effects of anterior cingulate
ablations in monkeys. Brain, 1954, 77, 34-44.

Pribram, K. H. & Kruger, L. Functions of the
"olfactory brain." Ann. N. Y. Acad. Sci.,
1954, 58, 109-138.

Pribram, K. H. & Mishkin, M. Analysis of the
effects of frontal lesions in monkey: III.
Object alternation. J. compo physiol.
Psychol., 1956, 49, 41-45.

Pribram, K. H. & Weiskrantz, L. A comparison
of the effects of medial and lateral cerebral
resection on conditioned avoidance be
havior of monkeys. J. compo physiol.
Psychol., 1957, 50, 74-80.

Richter, C. P. Experimental production of cycles
in behavior and physiology in animals.
Acta med. Scand., 1955, 152, 36-37.

Riesman, D., Glazer, N. & Denny, R. The lonely
crowd: a study oj the changing American
character. New Haven: Yale Univ. Press,
1950, 184-209.

Riopelle, A. J., Alper, R. G., Strong, P. N. &
Ades, H. W. Multiple discrimination and
patterned string performance of normal and
temporal-Iobectomized monkeys . .J. COII/p.

physiol. Psychol., 1953, 46, 145--149.
Rylander, G. Personality analyses before and

after frontal lobotomy. Ncs. 1'lIiJ . . lss.
nerv. ment. Dis., 1948, 27, 691-j05.

Scheibel, M., Scheibel, A.. Amollica, A. &
Moruzzi, G. Convergence and interaetion
of afferent impulscs on single units of
reticular formation. J. N europh ysiol.,
1955, 18, 309-331.

Segundo, J. P. Reticular formations-a survey.
Acta Neural. Latino Amer., 1956,2,245-281.

Shannon, C. E. & Weaver, W. The mathematical
theory oj comlllunication. Urbana: Univ. of
Illinois Press, 1949.

Sherrington, C. C. The integrative action oj t.hc
nervous system. Kcw Haven: Yale Univ.
Press, 1947 (1906).

Skinner, B. F. The behavior oj organisms: an ex
perimental analysis. New York: D. Apple
ton-Century Co., Inc., 1938.

Stamm, J. S. Control of hoarding activity in rats
by the median cerebral cortex. J. compo
physiol. Psychol., 1954,47,21-27.

Stamm, J. S. The function of the median cerebral
cortex in maternal behavior of rats. J. compo
physiol. Psychol., 1955, 48, 347-356.

Stevens, S. S. Mathematics, measurement and
psychophysics. Handbook oj Experimental
Psychology. New York: John Wiley and
Sons, Inc., 1951, 31-32.

von Neumann, J. & l\Iorgenstern, O. Theory of
games and economic behavior. Princeton,
N. J.: Princeton Univ. Press, 1953, 19,20;
24-28; 39-41; 60-73.

Weiskrantz, L. Behavioral changes associated
with ablation of the amygdaloid complex.
Ph.D. Dissertation, Harvard University,
1953.

Werner, H. Musical "micro-scales" and "micro
melodies." J. Psychol., 1940, 10, 149-156.

Werner, H. & Wapner, S. Toward a general
theory of perception. Psychol. Rev., 1952,
59, 324-338.

Werner, H. & Wapner, S. The Innsbruck studies
on distorted visual fields in relation to an
organismic theory of perception. J. Psychol.
Rev., 1955,62,130-138.

Wertheimer, M. Productil.'c thinking. New York:
Harper, 1945.

Wiener, N. Cybernctics. :\cw York: ,John Wiley
and Sons, Inc., 1!14fJ.

NOTE: A further dcvelopmcnt of some of the
ideas expressed in this manuscript will appear
shortlvin a book byC. A. MilIcI', E. H. GalanteI',
and K. H. Pribr~m, cntitlcd, Plans and The
Structure of Bchavior, Hcnry Holt & Co. and in
the chapter on PhYHiological Psychology by K.
H. Pribram in thc 1060 ('dit.ion of the Annual
Rm,ielll oj }'sycholo(j!l.

(Manuscript. rcceived February 2, 1fJ5!J)


