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Mind and Brain,

Psychology and Neuroscience,
the Eternal Verities

KARL H. PRIBRAM

Pl Staaford Liniversity
a
= We commenly attribute owr awareness of the mind-brain issue to Descartes who

pointed out that “brain” might well be understood in machinelike terms but that
our views on “mind” depend on introspection. “Cogito ergo sum,” 1 think. thus |
am. Mind, self, self-consciousness are “subjective,” private, and therefore inacees-
sible to what later came to be called “objective™ study.
. The advent of behaviorism should have immediately altered our views on the
: privacy of sell-experience, the privacy of perception, thought, and feeling. Though
not directly accessible to others, self-experiences can be verbally reported, consen-
) sually validated and in this fashion made “objective.” Much of science is based on
. such indirection—we study the light emitted from stars, we do not palpate the stars
& themsebves; we study the tracks made on an oscilloscope by subatomic particles, we
do naot come inte direct contact with those “particles” themoelves.

But radical behaviorists eschewed this readily available solution and instead chese
to become materialist, phvsicalist. and “theroughly scientific.” Skinner (1971}, for
example, has repeatedly warned against the we of subjective ferminology because
its connotative meanings mav corrupt stnicter operational definitions based on ver-
bal and instrumental behaviors. As | have indicated elsewhere (Pribram, 1979a), this
amounts to throwing oul the babv with the bath water, leaving one with a clean
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Fryebology and the Mewomesoz

Eeheviore] seience which overleps with bul dess not cover the mnge of 2 peychologi-
end sclence. Specifically, what is befil oul is rubjective experience, that fascinating
tonic which brings mest shedents into this Geld of inguiry.

The question arises a5 o ohy the mdical behaviorists took the course they did.
Here [ wanl to explore the suggestion that mistaken though that course might be
fromn the standpoint of psychalegical science, the mistake reflects the physicalistic
and mechanistic views dewelopad during the nineieenth century, views which the
mew science had to live threugh—to experience, il you will—before it could cope
whally with its own subject matier

This exploration takes the Sorm of this essay’s tide. Finst, the mind-brain issue is
shown to have much deeper rools than those expressed by Descartes. Second, the
impact of a scientific soproach o the issue is illustrated by work on the specific
problem of neural-perceptual isomorphism, Finally, the impact of this scientific
work is reflected back onto the reots of the mind-beain issue, bringing the very latest
understanding fo bear on the earliest recorded expressions of men's and women's
minds and thus their bramns.

Yerbalization, Mominzlization, 2nd Pmpr:aitiun

“In the beginning was the Vierb,” i.e., words originally referred to a Row of experi-
ence; carly communication was “verbal™! The word word appears closely related to
the word verh. At a recent conference on philosophy, duning a presentation of the
work of Spinoza we were apprised of the fact that initially Hebrew words were verhs
denoting being, action, and process. Similar forme are said to exist in preclassical
Sanskrit, Be that as it may, there is every evidence that human thought, including
scientihc thought, begins by nominalizing, reifiing what at first are sensed os
Procetses, F|:I¢EI hai documented this d-:w:-]gprn:n‘l: in children; biochemists
routinely operate in this fashion when they wsolate first 2 function of, for example,
the pituitary gland, reify that function by giving it 2 name, for example, ACTH,
and then search for “it" untl the name is substantizled, that is, found to be 2
chemical substance,

The power of nominalization can be gleaned not only from its use in science bul
from such observations as those of Helen Keller whose world came to life once she
could name, objectify, tems previously experienced only as processes:

I tnow then thed wea-tee-r mesnt thet wonderful cool something that was Bowing
over my hand, That living word awakened my soul, geve it light, hope, jov, st it
free! There were bamiers still it is true, bul barricrs that could in time, e swept
zway. | left the well-house eager to learn. Evervihing had s name, and esch name
gave barth to 8 new I']wu,glﬂ Az we rehimed bo the hause, EYET} nh|:1:t which 1
touched seemed bo quiver with life. That was because | saw evervthing with &
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11l. FSYCHOLOGY AND ITS INTERSECTING DISCIPLINES

strange new sight that had come to me. On enteting the doos, | remembered the
dell | had broken, I feli my way to the hearth and picked up the pieces. | tned
vainly bo put them topether, Then my eves Blled with tear for | reslized what | had
dane [the had earlier destroyed the doll in a f1 of temper), and for the first time |
felt repentance and sormow (Helen Keller, 1903/1954).

As Walker Percy so clearly perceives (Coles, 1978), “Here . . . in 2 small space
and a short time something extremnely important and mﬁun:m had happened.
Seven year old Helen made her breakthrough from the good responding animal
which behaviorists study so successfully to the strange name giving and sentence
uttering creature which is Homo Sapiens.”

Mote that Helen Keller became aware of her thoughts at the same moment that
she was able 1o name objects. She did not make the mistake of the redical behav.
iorists—subject as well as object were attended. Mote also that in deing 5o, proposi-
tions were formed, remembrances, repentances, and sorrows could be entertained.
Subject could be responsible for object, cause could lead to effect.

Irrespective of whethes process descriptions in terms of verbs preceded or arose
coterminally with nominalization and whether nominalization preceded or arose
coterminally with ‘propesitional utterances, the entire set of linguistic operations
described above did occur in human prehistory and do occur in the development of
every human being. Thus the mind-brain issue is joined at the very inception of
what makes us human—our abilitv to make propositions, ie., to conceptualize
processes as subjects acting on objects. In order to nominalize 2 prosess into 2
proposition made up of a subject, verb, and object, we must fir? categorize and
then hierarchically amange categories into logical relationships. We thus become
lagica! animals—the word logical being denved from the word logos, Greek for
“word.”

Invariance, Rationality, and Harmony

But human beings are net just logical. The are also rational. Rational derives from
ratio, a different sort of relationship than the logical. Ratios are expressed as in-
variances arranged harmeniously rather than as labels arranged hierarchically. The
realm of the rational 1 music and musical mathematics, not the natural languages
and logic

Greek philosophers and their precurson clearly distinguished between logic and
rationality. Pythagoras and Plato recognized music, not logic, as the model of
rationality. An excellent account of this early emphasis on rationality can be found
in Emest McClain's The Myth of Invariance {1976} In this volume, McCliin
presents the counterpoint to “In the beginning was the Word (Verb). ™ He traces the
history of raticnality from the Rg Vieda, the Egyptian Book of the Dead, the Bible,
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to Pythagoras and Plato. And this view of the rational equates it with the spinitual
tradition in both Eastern and Westemn thought.

If the suggestion that indeed wards were initially verbs designating process were
walidated, ane might fruitfully inquire whether that process was the establishing of
invariances through retonalizing (deriving rathes). In this sense, verbs were expres-
sons of imvaniances and thus “In the beginning ves the verb and the verb was with
Cod.” Bul Cod also must br understood as & verb, making the phroee read “and the
verb was spiritual,” i.e., mtional. Only when nominalized do hierarchy and logical
cality emerge: “And the Word was made flesh, and dwelt among us, and we
beheld Her glory, the glory of the only begotten of the Fether, was full of grace and
truth.” Note that the instantiation of the Word was female (notably better at natural
languages than males—see, for example, the review by Pribram and McGuinness,
1979) and that “She” is hierarchically and eausally related to Ged the Father, now

completely nominalized as subject whose actions give rise to object. Note also that

this proposition maintsined its rationality, i.e., “was full of grace” but sdded logic
("and truth”),

The point of reviewing this ancient prehistory and early history of thought is to
nate that the germ of the mind-brain issue is contained in any logical nstem, i.e.,
any system that denves from the use of loges, words in propositions in which
nibject{ive) and object{ive} are separated and causally related to one 2nother. In
addition, however, the point is also to emphasize that in another system, the
retional, which is based on ratios, as in music, the Cartesian dilemma does not
exist. In such a systemn the methods by which imvariances are constructed are more
patentlv clear as when a tempered scale is developed (Bernstein, 1976, speaks of
ternpered as “tampered”). The obvious and inexorable intertwining of the functions
of biological brain with physical energies to constitule the psychological process is
the hallmark of a rationality which was lost sight of in the Cartesian logic. Let us
therefore mow turn to current neuroscience and psychology to see where the results
of experimental research have led wath regard to the mind-brain issue.

The conception that the brain serves as a set of organs of mind inaugurates
nineteenth-century psychology, The success of this conception is due largely to the
work of anatomist Franz Joseph Gall, whe proposed that:

I . . . man has faculties which esentially distinguish him from the animsl, and
which give to him the peculiar character of humanity, he abo offers in his brain
v+ » parts which animals have not, and the difference of effects is thus found to be
cxplained by the difference of causes {1E33, Vel |, p 1003),

Gall's conceptions were supported by a large volume of clinical pathological
observations. Some of these have been summarized in readily accessible form in the
first Penguin volume on Brain and Behavior (Pribram, 196%a). Of course, Gall's
thesis did not go unchallenged, especially when in the hands of a popular following:
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1. PSYCHOLOGY AND ITS INTERSECTING DISCIPLINES E

it became degraded into the doctnne of phrenology. Nonetheless, these carly obser-
vations did set the stage for a nineteenth-century physiologically based psychalogy,
a psvehology rooted in observation and experiment. By the end of the century the
relation between brain and experience and brain and behavior was couched in
terms not much different from those cumrently in use. The psychophysics of Fech-
ner, Weber, Helmholtz, and Mach remains unmetched in weslth of openmeniz]
detail and conceptual sophistication. The role of brain function in psychology was
modeled in clearly recognizable form by William James {1890} and Sigmund Freud
{1895/1950). The work of Francois Magendie and Claude Bernard laid the founda-
Hons for the laboratories of phwiclogical psvehalogy of Wilhelm Wundt, van P.
Pavlov, and Walter B. Cannon. In this feld of inquirv, the leap from the philo-
sophicallv tortuous pronouncements of the eighteenth century to the scientific,
data-based arguments of the twentieth centbury is indeed great.

However, this forward leap was brought to a sudden halt with World War |. The
psychology of the Airst half of the twentieth century {lo about 1960) marched 1o a
different drummer, was infused with a different spint. That spirit was behaviorism,
and, strange as it may seem, the tune and rhythm of behaviorism hark back to
another biological nineteenth-century tradition, that of Darwinian evolution. In a
muost interesting fashion, the conception of brain a3 man's crowning glory which is
responsible for his unique psvehology came into unconscious competition with the
conception of the descent of man from his animal forebears.

Some of the reasons for this conflict have been reviewed extensively in another
manuscript {which also reviews the nineteenth-century contributions alluded to
above—Pribram & Robinson, in press). It is worthwhile, nonetheless, to abstract
here some of the highlights of this issue and to note where things stand in this year
of the centenary celebration of psychology as an experimental discipline.

Evolutionary Psychology
Behaviorism

Psychology, seen solelv as “the science of behavior,” became a broadly regnant
dictum roughly from the mid-1920s to the mid-1930s of this century. The vanious
forms of behaviorism heralded the triumphs of a (roguish) adolescent independence
from mother philosophy, aunt education, and whatever other family ties might still
bind. The stated aim was to mathematize, to develop laws in the image of the
mechanistic physics of Newton. In the words of the founder:

The behaviorist asks Why don't we make what we can obsrree the real field of
psvchology? Let us limit ourselves to thengs that can be observed, and formulate
biws concemning only those things, Now what can we observe? We can observe
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bshavior—what the organism doas or says. And let us point out at once: that naying
i doang—that s, brhoving. Speaking overtly or to oumselves (thinking) b just as
_ objective 2 type of behavor as baseball.

The rube, ot measuring red, which the behavorist puts in front of him alweys s
Can | deseribe this bil of kehevior | see in terms of “simalus and response™ By
stimulus we mean any object in the geneml environment or amy change in the
taruel themsehves due fo the physiologice] condition of the animal, mch s the
change we pet when we heep an animal from sex activity, when we beep it from
feeding, when we keep it from building o nest, By response we mean anything the
enimal des—mch & tuming toward or away from 2 light, jumping at 3 sound,
end mare highly organized activities such as building a shyscraper, drawing plans,
having babics, writing books, and the like,

You will find, then, the behaviorist working like anv other scientist. His sobe
object is to gather facts about behavigr—verify his dats—subsect them both to logic
and io mathematics (the toels of every scientist). He brings the new-bom individual
into hiz expevimental numery and begins to szt problemns: What is the baby daing
now? What s the stimulus that makes him behave this was? He finds that the
stimulus of tickling the cheek brings the responae of turming the mouth to the side
stimulated. The stimulus of the nipple brings out the sucking response. The
stimulus of 3 rod placed on the palm of the hand brings chosure of the hand and the
wuspension of the whale body by that hand and arm if the rod is mised. Stimulating
the infant with a rapidly moving shadow scress the eve will not produce blinking
until the individual is sisty-fve davs of age. Stimulating the infant with an apple or
stick of candy ar any ather object will not call out atempts a2 reaching until the
babv is around |20 davs of age (. B, Watson, 1924/1939, pp. &=7).

The behaviorst approach inittated bv Watson was elaborated and modified by
many successors, among whom the onlv hgure of appreciable cument infuence is
Burthus Frederic Skinner. Watson war dhill interested in physiological measure-
ment—behavior for Watson meant movement. For Skinner, behavior became the
environmental consequence of the movemnent, the act of producing a paper record
which “could be aken home at night and studied.” Emvironmental consequences,

not the physiology of human beings, became the substance and the ol of the
behaviorist,

The important advance from this level of explanation [mental] that i made by
turning to the nervous sysem &s & controlling entity has unfortunately had a similar
effect in discouraging a direct descriptive atack upon behavior, The change is an
advance because the new entity bevond behavior to which sppesl is made has 2
definite phesical status of i own and is susceptible to scienkific meskigation. I
chief function with regard fo a science of behavior, however, is again to divert
atiention away from behavior as 3 subject matter, The use of the nervous sysem s
a ficticnal explanation of behavior was a common prachice even before Descartes,
and 1t B mow much more widely curent than i generally realized. At a popular
level a man is said ta be capable (a fact shout his behavior) becawse be has braims (2
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fact about his mervous system). Whether or not such a statement has any meaning
for the penon who makes it is scarcely important; in cither cage it exemplifies the
practice of explaining an obvious (if unorganized) bet by appeal o something
abaut which litthe is known. . . . (| am not sttempting o discount the importance of
a science of neurclogy but am referring simply to the primitive wse of the nervous
mystemn s an explanatory principle in sveiding a direct description of bchevior)
{B. F. Skinmer, 1958, p. 4} !

What led to this tum? Why, in this centenary vear of Wundt's achievement of 2
well-rounded, experimentally based biological and social prychology has our in-
quiry 5o systematically espoused only the environmental and the social branches
and denied its neurobiclogical roots?

There are, of course. many reasons. Perhaps the major of these was the discovery
of methodological behaviorism, ie., that behavior is indeed a potent measure of
mental phenomena. In testing this poteney, it is not altogether surprising that the
measure became, for a while, its ouwn end. While Watson's prvehology (192471959;
was still phvsiologically rooted, his message was that behavior should ke its own
measure, fly free, and leave mind behind in the bosom of philosophy. And in the
hands of Tolman (1932), Hull (1943, 1951}, and Skinner (1938) behavioral science
did just that—successfully. So successfully in fact that the question now can be
raised as fo just what might be the relationship of a science of behavior to psychol-
ogy, conceived as the study of the “psyche,” i.e., mental processes (see, for ex-
ample, Pribram, 1979a).

This success of behaviorism was in part due to the technical developments that
characterize so much of twentieth-century science, Soon il was recognized that
more than the behavior of muscle groups could be measured, the occupation of
Sechenov (1863/1965,, Pavlov (1927), Bechterev (1911}, and Watson (1924/1959)
In addition, the behaviar of the entire organism could be controlled by mazes (the
datz base for Tolman, 1932, for instance); by problem and choice boxes (upon
which Thomdike, 1898, 1913-1914, and Yerkes, 1904, depended); by check lits
(as in “intelligence” tests and “opinion™ polls) and by panels and levers (as devel.
oped by Skinncr, 1938). A wealth of data accumulated, and with the advent of
computerized testing mechanisms (e.g., Pribram, 1969b) continued to increase.

Toward the latter part of the taentieth century, a reasonable question was what
this wealth had gained for psychology. One certain gain is the wealth ibelf. There
was no question but that reliable data were obtained in controlled situations where
before there were only records of subjective experience. Methadological behavior-
ism, in its accumulation, had constructed a science of behavior in which the
variables that control behavior in Jimited situations had been adumbrated. Tools
had been developed to simplify and abstract the problems of psychology much as
the inclined plane had been developed to simplify and abstract the problems of
mechanics in physics. The behaviorists” tools were applied to pharmacelogy, neuro-
physiology, education, and therapeutics, with varying suceess.
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Prychology and the Meurosciences

But what relevance did these data have to the persistent problems of peychology,
problems such as the acquisition and storage of memony; its organization into
representations of experience; the access to such representztions via thought and
atieniion; the use of these same representations in behaving skillfully andior inten-
donally, to name bot a few? It remained for the latier part of the century o address
the problems of prpcholagy with these tools..

ieantime, while a functionalist kcheviorism came to hold sway in the second
querber of this century, a new structuralism developad in anthropology ond linguis-
tes. This structuralism searched not so much for the anatomical orgens of mental
faculties as for the structures of pracess. “Structure” in this new: sense meant stable
otganizations, identifable orders in ongoing functional relationship—a tuming
away from an unreconstructed functional behaviorism, In 1942 Merleau-Ponty
framed an essentially functional existentialism (being-in-the-world) into The Strue-

_ture of Behavior. Later, George Miller, Eugene Galanter, and Kar Pribram pro-

duced Plans and the Structure of Behavior (1960).

As pur debate progressed and our conceptions of Plans became clearer, 8 convic-
ton grew on us that we were developing 2 point of view foward large parts of
pavchalogy. We then began to wonder kow e might best characterize our position
50 g3 o contrast il with others more traditional and more familiar. The question
puzzled us. We dud ot Fee! that we were behaviorists, at least ot in the sense |, B,
Waton defined the ferm, vet we were much more concemed—in that debate and
in these pages. st least—with what people did than with what they knew. Our
emphasis was upon processes lving immediately behind action, but not with action
itself. On the other hand, we did not consider curselves introspective pevehologists,
at beast not i the sense Wilhelm Wandt defined the term, vet we were willing to
pav attention to what people told us sbout their ideas and their Flans. How does
:ﬁ:cl'm:d':riu :];quilil;m that seems to be such a mmhure n-F-eIunrnh I.I:l1.l.lt1:r
considered incompatible? Deep in the middle of this dilemma it suddenly oocurmed
io us that we were subjective behaviariats. When we stopped liughing we began to
wonder seriously if that was nof exactiv the position we had srgued curielves into.
At least the name suggedted the shocking inconsstency of our position (Miller,
Calanter, & Pnbram, 1960, p. 211L

Skinner, the arch enemy of subjectvism, was ultimatelv moved to medifv his
stance, perhaps in part by such developments as have just been noted. He suggested
that a distinction could be drawn between behaviorism as method and behaviorism
as theory. The result was expressed in terms of a new “radical behaviorism™ (pat-
terned perhaps after William James's radical empinicism).

The stsiement that behaviarizts deny the existence of leelings, sensations, ideas,
end other features of mental life needs 2 good deal of clarification. Methedological
behaviorism and some versions of logical positivism ruled private events out of
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bounds because there could be no public agreement about their validity. Introspec.
tion could mot be accepted a5 & scientific practice, and the pvchalogy of prople like
Wilhelm Wundt and Edward B. Titchener was attacked sccordinghy. Radical
kehaviorism, howrver, takes 2 different line. It doey mot demy the possibiliey of scli-
obsenation or seli-knewledge or it powmsible wsefulness, but it questions the nature
of what & feli or chserved and hence kneven. 1 restores introspoction but not wrhat
philesophers and introspective psvchologiss had believed they were “mpecting,”
and it rares the question of how much of one’s bedy one can pohunlly observe.

The pasition can be stated = follows: what is felt or introspectively observed &
not some nonphysical world of consciousness, mind, or mental life but the observ-
et's oan bady. This does mot mesn, as | shall show later, that introspection is a kind
of physiological research. nor dots it mean (and this is the heart of the argument)
tha! what are felt or introspectively observed are the caises of behavior, An organ-
iarm behaves as it does because of its current structure, but most of this & out of
reach of introspection. At the moment we must confent oursehves, as the
methodological behaviorist msiss, with 2 persan's genetic and environmental his-
taries. What are intraspectively observed are certin collsteral products of these
histories

The emironment maede i fnt great contribabon during the evolution of the
species, but it exerts a different kind of effect during the lifchme of the individual,
and the combination of the two effects is the behaviar we observe at any given time.
Any available information about either contribution helps in the prediction and
contral of human behavior and in its interpretation in daik life. To the extent that
either can be changed, behavior can be changed (Skinner, 1976, pp. 18-20).

Plans and the Structure of Behavior led a sizable portion of the community of
experimental psvchologists away from a radical behavionism that eschewed cogni-
tions, thought, ideas, comsciousness, and will, into a subjective behaviorism in
which these concepts were conceived as hased on orderly {structured) interactions
between environmental and brain processes and thus amenable to scientific in-
quirne. Merleau-Ponty had argued for a similar change from the opposite direction.
Subjectivity as an existential. unsharable experience was held to be sharable (ie.,
ohservable) as behavior and thus more amenable to inquiry than had been sus-
pecied.

Al the same time that these developments were taking place in the body of
experimental and philosophical psychology, something of a growing conservatism
characterized physiological psychology. The trend in this subdiscipline was toward
a reductionism which, if continued, would have had physiological psvchology
absorbed by neurophysiolagy, an absorption at the expense of physiclogical psyehol-
oy a5 a psvchological discipline. (An example may be found in the author’s
presidential address to the Division of Physiological Psvchology of the APA, 1970.)
Simultancously, however, there transpired a courtship of a branch of physiological
psychelogy—neuropsychology—by cognitively oriented psychologists, and this
courtship produced a number of results that led in the opposite direction. Not the
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Prvcholery and the Meurcacioness

least of these results was the re-animation of neuropsychology by such issues and
phenomena as attention, problem-solving, complex perceptions, contextual deter-
minants of information processing, eriifcial intelligence, 2nd the like.

Meuropsychology

Om a certein construction, Lashley, Hebb, Sperry, and Pribram are 2ll “behavioral
scientists,” and on an even looser construckion they might even be called “technical
behaviorists™ in theif choices of dependent variables. But the classical behavionsm
of Watson, the neobehaviorism of Hull, and the radical behaviorism of Skinner
involved more than a choice of dependent varnables. As an ism such positions
presupposed something of a philosophy of science, something of dn entology, even
something of a svitern of social ethics. Understood in these terms, the formal
- tradition of behaviorism is an ism that found moch to reprove in both the distant
and the recent historv of neurophvsiological pavehology, for in the latter discipline
* there has been a willingness, even a necessity, to accept the verbal reports of
subjectively experienced cognilive, ideational, comcious, affective, volitional, and
motivabonal aspects of human psvchology (see Pribram, 1962, 1971hb). Radical
behaviorism took an ontological stand against a causal role for any subjectively
'labeled central states and representations in the organization of behavier, It insisted
that they exist, if at all, only as physically specifiable newral or endocrine stabes or as
epiphenomena of obsenable behavior,

The issue is important and can perhaps be brought into focus by the following
analogy. Physicists studving atoms observe the properties of hvdrogen and oxvgen.
They fnd lawful relations among their interactions as when two hydrogen atoms
combine with one oxvgen atom in a certain way to make up a molecule of HO.
MNow, however, the scientists find that H»O has peculiar properties not shared by H
and O while separate. Thus, HyO liquehes at ordinary earth temperatures and
solidifies when the temperature drops just a bit. And when it solidifies it Aoats on its
liquid base, samething most other things do not do. The following issues are now
raised by the seientists who made these observations. Some want to label the H.0
combination “waler” because commeon language calls it that. Others state that such
labeling is unscientific. Next the question s raised whether water as such is in any
way causally related to hydrogen and cxvgen. Certainly the combination HyO
places constrainis on the distribution of H and O, and the uses to which H and O
can be put. But also water makes life as we know it possible. These chemical and
biological consequences of combining H and O are far-reaching. Are they therefore
any less scientific? s the downward “causation” of the effects of combining H and O
on their distribution to be ignored? Are chemists and biologists “soft” in their
approach to science when they discuss the properties of water?

Take these statements and substitule brain, or more accurately, body—organ-
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1l. PSYCHOLOGY AND ITS INTERSECTING DISCIPLINES *

izm—for hydrogen and environment for oxygen. Behaviorally effective interactions,
i.e., combinations, produce a new bevel of organization. Is it all night to label same
of the combinations vision, others attention, others love, and dignity, and freedom,
just as we labeled H;O water? And are there “causal” relationships between free-
dom and the distributions of brains and organisms in the world? What is wrong with
a psychology that holds that, for example, freedom mabes spiritual life possible just
a4 the wetness of water makes biological life possible? These were questions »d-
dressed by brain scientists such as Shemrington (1955), Sperry (1976), Penheld
{1975), Eccles (1976} and Pribram (1979b), and philosophers such as Popper
{1977}, in response to earlier behavioristic stances such as Gilbert Ryle's logico-
linguistic entique of the “ghost in the machine” {1949

komorphism: The Percept, the Cortex, and the World

There are many experimental Andings that relate brain, behavior, and experience.
Psychophysics, psvchophysiology, and neuropsychology abound with illustrations
of the relabionship between braim and mind, provided one is willing to infer mental
constructs from instrumental behavior and the verbal reparts of experience. Several
of these exarmples have been detailed eliewhere (see Pribram, 1970, 1971a). For this
essay, however, it seems more effective to punsue one line of research and to show
how it bears on the mind-brain issue.

The example deals with the problem of isomorphism. Mary Henle (1977) has
called attention to the fact that the problem has not been dealt with adequately
either at the conceptual or the experimental level. What then is the problem, and
how does it relate to the mind-brain issue? Simply stated, the theory of isomaorphism
suggests that seme recognizable cormespondence exists between the organization of
our perceptions and the organization of our brain states, With regard to the mind-
body problems, therefore, somorphism is of central concem. No form of identite
between mind and brain can be entertained if isomorphism does not hold—af it
does, identity is still nol mandatory, of course. To the extent that isomorphy exists,
our existential understanding of the intimate relationship between mind and brain
is correspendingly enhanced,

Isumorphism literally means “of the same form.” What needs to be shown is that
# brain state measured electrically or chemically has the same form, the same
configuration as the mental percept. Recently, Roger Shepard (1979) has extended
the concept 1o include what he calls a close functional relationship between brain
representation and percepl. Henle rightly criticizes this extension by pointing out
that a naming response could be interpreted as “functionally related” yet be far from
exhibiting the property of sharing the same form.

What are the facts? First, Wolfgang Khler demonstrated that steady-state curment
shifts occur in the appropriate recerving areas of the brain cortex when a visual or
auditory stimulus is presented. This shift coterminates with the presentation, and in
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the zame and subsequent experiments il was shown that the shift sccompanies the
desymchronization of the electroencephalogram (see Pribram, 1971b, for review),
Al the same ime a series of experiments underizken by Lashley (1951) and his
studenis placed gold foil over the cortex in order to short out direct cuments, and
another series performed by Sperry (1953) placed insulated mica sirips into grooves
cross-hatched into the cortical surface. Meither of these experimental procedures
nor another in which electrical epilepsy was produced (Pribram, 1971b) resulted in
any dehciency in discrimination performance of cat and monkevs. This led Kohler
to remark that not enly his theory but every other brain theory of perception had
been jeopardized. In personal discussions and letters it was suggested that perhaps
microfields centering on synaptic events might substrbute for or underlie the
macrohelds (see, for example, Bewrle, 1956; Pribram, 1960). Kihler died before
anv precise conceptual or experimental implementation of these ideas could be
accomplished.

Meanwhile, unit recordings of the responses of single cells in the brain cortex had
shown that in the visual cortex the response was especially brisk to lines presented in
a specific orientation (Hubel & Wiesel, 1959). In view of the Anding that below
cortex the responsive field of newrons was eircular, a Euclidean interpretation of the
neural mechanism of perception became popular: below cortex spots, align the
spots (by convergence) to make up lines, and from lines anv other fgure can be
constructed by simply extrapolating the process hierarchically. The appeal of the
formulation was the appeal of isomorphism—at last the evidence seemed to indi-
eate that brain geometry and mind geometry were the same.

The basis of this cellular isomorphism is, of coune, supetheially different from
that proposed bv Kohler. He had suggested that steadv-staie currents were the
measure of isomorphism while the unit recordings relied on nerve impulse re-
sponses. But closer inspection shows that this difference s not critical: the respons-
sive helds of neurons are made up of theit dendrites and are therefore ordinarily
referred to as receptive fields. Receptive fields receive inputs via synapses. Thus the
geometry of the receptive field in fact is the geometry of the steady-state microhelds
{hyper- and depolarizations) engendered in the synapto-dendritic network of the
neuron from which the unit recording is obtained. And, as noted, toward the end of
his life Kohler had come to entertain the possibility that it was in fact these synapto-
dendritic locations which determined his cortical “fields.”

Although the relationship between the dats obtained with unit recordings and the
proposal of brain-percept isomorphism has not been enunciated heretofore, the
overwhelming intuitive appeal of this Euclidean solution to the problem, even for
Cestalt oriented pereeption pswchologists such as Teuber, has almost certainly
stemmed from a tacit acknowledgment of the relationship.

It would be nice if this were where the discussion of isomorphism could end. But
nature and especially biological nature is wavward in dealing with those who wish to
broach her secrets. In the late 1960s and 1970 it became apparent in several
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laboratories around the world, e.g., Stanford (Spinelli & Barrett, 1969; Spinelli,
Pribram, & Bridgeman, 1970}, Hanard (Pollen, Lee, & Tavlor, 1971; Pollen &
Ronner, 1975), Cambridge (Campbell & Robson, 1968; Mowvshon, Thompsen, &
Tolhurst, 1978), Leningrad (Glezer, lvanoff, & Tscherbach, 1973), and Massachu-
seits Institute of Technology (Schiller, Finlay, & Volman, 1976), that the line-
selective neurons in the visual cortex displaved inhibitory and excitatory sidebands
in their receptive fields. Their responsivity vaned more as a function of the width
and spacings of several parallel lines (gratings) presented in a preferred orientation
than a3 a function of anv single line. This was concephualized by the Cambridge
group as indicating that the cells were responding to what Fergus Campbell called
the spatial frequency of repetition of such parallel lines in 3 grating rather than o
any single line. This view was based on the fact that repeated presentations of a
grating of a particular spatial frequency would influence not only the subsequent
response 1o that grating but to gratings with “harmonic” relationships to the initial
grating. Campbell therefore proposed that the visual system operates on spatial
patterns of light much as the auditory system operates on temporal patterns of
sound. Recently the geometric versus spatial frequency hypotheses have been put to
critical test by Russell DeValois at the University of Califomnia at Berkeley with 2
clear quantitative result against the geometric and in favor of the frequency mode of
operation (DeValois, Albrecht, & Thorell, 19758a,b).

Evidence has been accumulating for almest a century that such wave form
descriptions of sensorv processing are valid. Georg Simon Ohm (of Ohm's Law of
the relationship between electrical current, voltage, and resistance) suggested in
1843 that the auditory svitemn operates as a frequency analvzer, perhaps according to
Fourier principles. The Fourier theorem states that any pattern, no matter how
complex, can be analvzed into a set of component sine waves, i.e., a set of com-
pletely regular wave forms each at a different frequency. Hermann von Helmhaoltz
developed Ohm's suggestion by a series of experiments which provided evidence
that such decompasition takes place in the cochlea. Helmholtz proposed that the
cochlea operates much like a piano kevboard, 2 proposal which was subsequenthy
modified by Georg von Bekesy {1960) on the basis of further experimentation which
showed the cochlea to resemble more a stringed instrument brought to vibrate at
specific frequencies. Nodes of excitation which develop in the vibrating surface (the
“strings”) account for the piano-kevboard.like qualities described by Helmholtz.

Bekesy further developed his model by actually constructing a multiply vibrating
surface which he placed on the forearm of a subject When the phase relationship
between the vibraters (there were five in the original model) are appropriately
adjusted, a single point of excitation is tactually perceived (Bekesy, 1967). It was
then shown that the cortical respanse evoked by such vibrations is also single: the
percept rather than the physical stimulus (Dewson, 1964) is reflected in the cortical
response. Soméwhere between skin and corex, inhibitory intetacbons among
neural elements had produced a transformation. Bekesy went on to show that by
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applving two such “artificial cochleas,” one to each forearm, and once again mak-
ing the approprizte adjustments of phase, the subject was made to experience the
point source 2liemately on one arm, then on the other, until afier some continued
exposure, the eource of stimulation w2s projected outward into space between the
two arms. Belesy noted that we ondinarily “project” our somalo-sensory experience
to the end of writing 2nd surgical instruments; the novelty in his experiments was
the leck of solid physical continuity between the agpenienced source end the achaal
physical source. In the auditory mede this is, of course, the principle upon which
stereophonic high fidelity music svstems are based: by appropriste phase adjustment
the sound is projected to a location between and forward of the acoustical speakers,
away from the physical source of origin.

Another line of suppori favoring some sort of wave-form operation of the brain
cortex comes from the observation that specific engrams or memory fraces are nof
lost when brain tissue is injured. Whatever the nature of memory traces, they must
become distributed over some considerable part of the brain to resist disruption. An
effective method of distributing information was invented bv Dennis Gabor, a
mathematician, who suggested that storing the wave forms generated by energies
reaching a recording surface rather than their intensibies would provide better reso-
lution in image reproduction (1548). Each electron or photon reaching 3 film
creates ripples much as pebbles thrown into a pond. The nipples form wave fronts
which intersect, producing nodes of reinforcement and interference. Mathemat-
ically, the point energies composing an image are transformed into a frequency,
Le., a wave-form representahion, and bv performing the inverse transform, the
image can be readily reconstructed. Gabor christened the method “holography”™
because the entire image becomes distribuled, i.e., represented, in each part of the
hologram record.

In a hologram each quantum of light acts much as a pebble thrown into a pand
The ripples from such a pebble spread over the entire surface of the pond (the
mathematical expression for this is in fact called a spread function of which the
Fourier transform is a prime example). If there are several pebbles, the ripples
produced by one pebble originate in a different location from those produced by
another pebble, thus the ripples intersect and form interference patterns with nodes
where the rpples add, and sinks where they cancel. The nodes can be captured on
hlm as oxsdations of silver grains if the ripples are produced ba light Glling on Rlm
instead of pebbles falling into water. Note that the information from the impact of
each and every pebble or light rav is spread over the “recording” surface, thus the
property that each portion of that surface is encoding the whole. And as noled
carlier, performing the inverse transform reconstructs the image of the onigin of that
information. Thus the whole becomes enfolded in each portion of the hologram
because each portion “contains” the spread of information of the entire image.

The holistic principle of the hologram s totally different from earlier views that
Hl’m_ﬂ:; develop properties different from their parts. The emergence of properties
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from appropriate combinations was expressed in the Gestalt principle that “the
whole is greater and different from than the sum of its parts.” The halistic properties
of holograms are expressed in the principle that “the whole is contained or enfolded
in its parts” and the very notion of “park™ is altered betause parts of 2 hologram
have no specihable boundaries.

The mﬁun‘lﬁ]mﬂlﬂmhﬁpﬂhﬂhm functioning e (1) the
distribution of informatjen which can account for the filure of brain lesions 1o
eradicale any specific memory trace (engraml; (2) the tremendous readily retrievable
storage capacity of the holographic domain—the entire confents of the Library of
Congress can currently be stored on helofiche (microfilm recorded in holagraphic
form) taking up no more space than an attaché case; (3) the capacity for associative
recall which is inherent in holograms because of the coupling of inputs when they
become distributed: and (4) the powerful technigue for correlating provided by this
coupling—cross comelations and auto correlations are accomplished almost instan-
taneously. This is why the Fast Fourier Transform (FFT) is so useful in computer
aperations when statistical correlations are needed or when image construction, as
in X-ray tomography, is required.

The step from showing that cortical cells encode frequencies o viewing the
cortical surface as @ holographic distributing device for encoding memaory & not 2
completely simple one. The receptive held of each cell may encede halograph:-
cally, i.e., in the waveform domain, bul such receptive helds are small—for ex-
ample, in the visual system they sublend at most some 5° of visual angle. But, as
has been shown by engineers using holographic techniques, such patch holo-
grams—also called “strip” or “multiplex” holograms—have all the image-
reconstructing properties of global holograms. Further, when the patches encode
overlapping but not identical patterns, movement can be recorded, Global holo-
grams show the property of translational imvariance which allows object constancy
to result; but this is at the sacrifice of an explicit encoding of space and time which
are enfolded into the wave number, a5 physicists term the two-dimensional spatial
frequency of neurophysiologists.

There are other problems such as the amount of information that can be encoded
in wave lengths recorded from newral tissue. But if the wave form s spatially related
to dendritic hyper- and depolarizations these can occur angstrom units apart. Fur-
thermore, the wave mechanical trestment of neural holography may not be the
maost propitious; suggestions have been made to use modified cable theory (Poggio
& Tome, 1980, to treat the dendritic net as a manifold in which each polarization
point is considered a cell in a lattice of a Lic group (Hoffman, 1970 or to use other
mathematical approaches developed in quantum mechanics. Whatever the best
guantitative descripion turns out to be, the cument facts are that the dendritic
receptive field does encode in such a way that a Fourier-like Gabor transform is
appropriate at one level of description (see DeValois et al, 1978a,b), and the
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Fourier transform has the advantage :ﬂ:-.-q:uﬂy invertible o that encoding and
subsequent image reconstruction are easily

Th:nuunimlmhn;:lqmnhmmhnuﬂnmmlmmmd
neural holographic processes is that the issoes faced at the microphysical level are in
many respects similar to those encountered in curment neurophysiology. Thus
David Bohm (1971, 1973) has suggested that 2 holographic-like order which enfolds
space and tme underlies the observations of quantum physics. Bohm ealls this an
implicate arder to distinguish it from such explicate, explicit orders as those repre-
wented by Euclidean geometry and Newtonian physics.

On the basis of these results and formulstions, the problem of brain-percept
isornorphism takes on added complexity. The brain cortex resembles a spatial hlter
{Maovwshon et al., 1979), resonator or interferometer (Bamett, 1969), a musical
instrument, or hologram constructing percepts. Such an instrument is not a
geometric isomorph of the percepts it constructs. Rather, the somorphism is seen to
be between the brain as an instrument and the arangement of physical energies
eliewhere in the universe. The isomorphism is between two “physical” entities,
“brain” and “world,” rather than between either of them and our percepis!

Were the Gestalt psvchologists wrong therefore in their proposal of psychophys-
ical isomorphism? | do not believe so—only the locus of the isomorphism was
misplaced. A possible resolution of the complexities introduced by the recent
findings of how the brain cortex operates comes from an cbsenation made by David
Bohm with regard to current physics: he suggests that all of our conceptualizations
in physics (as opposed to experimental manipulations and their formal mathemat-
ical treatment) are based on the use of lenses. We have telescopes and microscopes
which contain lenses which objectifv. Objects are particulate, separated Bom
one another and can thus move with reipect to ane another to create the appearance
of space, time, and causality, i.c., the explicate domain. Take away lenses and one
is immersed in the implicate order.

Apply this reasoning o the perceptual isomorphism problem. Our percepts pro-
vide us with a Euclidean and Newtonian mechanistic order in which there are
objects separated from one another, in which there is space, movement, tme,
causality. This is the éxplicate order. Take away our lenses—in this case the lenses
and retingl structure of our eyes, the cochlea of the ear, and the tactile senses
which, a5 we have seen, Bekesy showed in 3 carefully conducted series of experi-
ments to be lens-like due to sensory, i.e., lateral inhibition—and we might well be
left with an implicate order much as was Helen Keller before she leamed to objectify.

Isomorphy, according to this analysis, is between percept and sensory mecha-
nism. Contrary to James Gibson's pronouncemnents (1979), the lens of the eye does
focus an image on the reting which is viewed by most students of comparative
neurology when they are given an ox eye to dissect. The cve is, of course, not
stationary. Thus the "image” of perception must be composed from a retinal figure
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which is in continual motion. This is accomplished in two ways. First, the retinal
mosaic is anatomically re-presented isomorphically in the gross structure of the
coriex. There is 2 more-or-less point-lo-point connectivity between groups of cells
in the retina and groups in the cortex. Thus the sensory order is maintained in the
macrostructure—the between-receptive-feld organization—af the sensory projec-
tions io the cortex.

Second, within-receptive-field organization of these projections is, as detailed
above, holographically organized. The focused retinal image is analvzed into wave
forms by the motion of the retina as shown by the “Mexican hat” conhguration of
the receptive feld recorded from the Rbers of the optic nerve (Redieck, 1965). This
results in the microstructure of the senson projections (Pribram, Lassonde, & Prito,
1981}

Now under intense study in our laboratory (Spinedli & Pnbram, 1967; Lassonde,
Ptita, & Pribram, 1961) are the relationships between the macro- and microstruc-
tures of the cortical sensory receiving areas, and of both o the mechanisms (located
in the intrinsic “amsociation” svstems of the brain) which are responsible for lin-
guistic logicalin and objectivity (Pribram, 1981a,b, 1983). Objectivity apparently
results not only from the lens-like structures of the senses but also from the constan-
cies, the imanances, culled from the variegated interactions between the senses and
the sensed which result from movemeni. Correlanons, facilitated by the holographic
microstructure of the sensory systemns, play a critical role in establishing in-
variances. Objective invariance (e.g., expenienced event, numerosity) must then be
aperated upon to produce logos and ratio, and there is evidence that in man these
operations are performed to some extent by different hemispheres. Thus the left
hemisphere appears to specialize in logical linguistic operations; the right hemi-
gphere (a1 leas! in musically untrained subjects) in the rational tonal operations
basic to music and perhaps some aspects of mathematics.

The issue of brain-percept somorphism is thus complex, Basically, however, one
ean make the statement that phenomenal experience is the result of the operations
of the sensory-motor apparatus. Brain function i involved only inasmuch as the
semsory-motor apparatus is represented in the macrostructure of the sensory and
motor systemns of the brain. But there is much more to brain function than this
sensory-molor re-presentation. The operations of the holographic microstructure
and the mechanisms that lead to linguistic logic and musical and mathematical
rationality were considered here, but there is also the entire neurochemical ap-
paratus which is invelved in the organization of mood-states, the apparatus that
organizes emotional and motivational feelings and ‘expressions, fo name the most
important. Again, these mechanisms show isomarphy with experience only to the
extent that they represent the organization of bodily functions (Pribram & MeGuin-
mess, 1979; Pribram, 1977, 1981cL

These observations do not mean that the brain remains uninvolved in the organi-
zation of experience and behavior. The phenomenon of phantom limbs is but ene
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outstanding example which demonstrates the intimate relationship of brain to psy-
cholovical processes. This mme example shons that the body per se bocomes
unnecessary o experiencing it once il represeniation has become imprinted in
brzin. The converse has also been demonstraded: certain brain lesions wesull in
“neplect” of the part of the body on the side opposite 1o the lesion. Sech bty parts
ore simply not experienced 25 custing even when they 2re pointed out to the
patient.

In summary then, it is the body and its senses and receptor functions, its glands,
and the muscles that beget movement that 2re entologically responsible for peroep-
tusl-brain isomorphism. To the extent that these body functions become repre-
sented in the brain, to that extent isomorphism occurs. But the brain has other
aliernative processing systems which are anisomorphic with experience, though
they mav correspond fo nonsensory aspects of physical reality. It is these aliernatives
that provide a current frontier for exploration, both in physics and in psychobiology.

The Eternal Verities

Subijectivity, holograms. musical ratios, and harmonies & rational operations; all

* have become counlerintuitive to our conternporary scientific culture. For a century

we have been steeped in the virtues of "logical™ positivism and "logical”™ mathemat-
icd 1o the exclusion of “rational” forms of thought. Thus, right or wrong. a Eoclid-
ean logic of isomorphy between brain processes and percephion comes all too easily
while 2 Gaborian and Bohmian rationality is appreciated with only the greatest of
difficulty. The difficulty is compounded for scientists because they have been
trained to be “objective™ and thus they objectify before all else; because proximate

- causality is a necesity in performing and interpreting experiments; and because the

implicate and rational orders are so closely aligned with subjective, religious, and
mystical, i.e., nonlogical, experience.

If, however, the analysis presented in this essay is comect, the evidence gathered
in the physical, brain, and psychological sciences will right the current cultural
imbalance between logos and ratio. As noted, physicists have alreadv come to grips
with the limitations of objectifving. As the data from the neuro- and behavioral
sciences indicate, these physicists are about to be joined by their biclogical and
pychological colleagues. A paradigm shifi, to use Kuhn's well-worked phrase, isin
the making. But, of course, the shift will be, as revolutions so often are, a retum to
knowledge and wisdom established long, long ago in the prehistory of mankind. But
the scientific mode should add its own luster to these efernal verities, Psychologists
especially should benefit from this turn of the scientific weal. A precise, observa-
tionally based approach to such problems as aesthetics, ethics, spiritual values,
freedom, dignity, religious belicfs, and mystical and other “paranormal” phenom-

.ena ought to result. At the moment these problems can be tackled from a social-
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psvchological standpoint, but understanding which might come from an analysis of
process and mechanism —especially neural mechanism—appears beyond reach. If,
however, the twenty-first century continues the incredibly fruithul course charted by
the nineteenth and twentieth, there is every promise that we will look at “psvchol-
ogy's first hundred veans as an experimental discipline™ with a quiet humor encom-
passed in phrases such as “and they thought they were psychologists™
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