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‘Hollsm’ could close cognition era

By Karl H. Pribram

tis |985, and psychabogy in the Uniscd
Stascs is divided. Experimentalisns and sea.
nics ane dissstisfied with the growth of
prafessionalism, and clinical and hamanistic
profiessionals camnod g2 ike relevance of cur-
rent capermsenis 1o the practeeal coscems of the
fiedd,

The siliment i of bomg siunding, sml seems
imiractablc. But | believe thot a new baok is o
order, and that the lapdscape before wus heralds 2
remedy, il only we can accept whit we see,

Ome of the mojor blocks o acceplance i the
vverwhelming concern of 2Eh century scicn-
tists will method and techinique. This concem
bt miaele paychwdogy o respectable scicnoe but,
as wilh every advamos, scame disadvantagoes
have secrued. | do not propose thisl we Lhiow
ot the haby with the bathwater — onby that it is
time for & change. of bathwates,

The overurching comeermn with meilod i ex-
pressed in berms soch &8 the “hand” and the
“sodl” pans of psychalogy (when in fact the soft
ofien exceed the hard in ihe rigor of ihbeir ex-
perimemial desdgn), in the ambivalence of the
clinicial toward scientific psychology, and in
the disdain of the experimentalist for the
thought processes demanded in the clinke.

According 1o this view we need t2arch no
further, and as long ns we casnot change our
-meibads, by virue of the inferest we porsae,
wi camnol chienge whal ails us.

I beliewe this vbew o be false. In fact,
method and technique have unified psycholo-
gY. Differences in subject matter — in-
strumendal behavior, socisl behawvior, verbal
reporis of subjective eaperience, psy-
chophysics, man-maching interfaces — have
been considerably more divigive thas method,
We 4l share a [ith [n seaiistics and apply these
techmigues whenever they ane appropriate, o
sometimes cven when they are mof. We all
believe i eapertmenial design (other dis-
ciplines such sy neurcansomy and mewno-
physialopy huve hardly heard of such on ap-
progch w research), and apply it whenever
feasible, I we are clinicians we accept or reject
findings an the basis of this common belief in
method.

I 15 the dilference in regnant paradigme, not
mectband, which differentites the various divi-
s in psypchology. At the core, | beleve the
problem is that cxperimenmal psychology s
joumey from behavions - o cognitive psy-
chology has beem but a beginning, Until thot
journey i3 taken a step funthes, peychology will
remain fragmenled. | abo beliove the time i
ripe for tuking this next siep and | want 1o make
this an oppotunity 10 outline the direction o
will o,

Perspective

I the devade between 1955 oml 1965, &
paradigm shifi ok place in psychalagy. This
shifi, which has come o be known as the cogni-
live revalulion. came shout by vinue of a con-
wergence of lechnolopgical innovation, moibe-
mlicul mvention and a kosi of fndings in ke
nedrpscienees, Among the remarkable ac-
complishments of the decade wene: [nformae-
e measurement in commanication. servo.
mechanizms in controd systems; computers and
programming technigques (0 analyze problem-
wilving; sfudics of nufural Iun;gu.lg.: pramamars
with the asd of symbolic logic; 2nd 1he analysis
of leurning from the vaniage of sampling and
decision theories, ’

The newroscienoss alo made critical con-
irhutions. Mewsopsychology, which hsd come
inge disrepute becouse of o failure o provade
faliable data, wos shown 1o be vialle once the
proger echnigues were employed. Maore im-
piwtant af the time, newrophysiology showed
that fecdbacks ruther than reflex ancs were the
elementary circuits in the nervoas system, Thus
the brain wis shown b be capable of control-
ling 05 Input and organisms were seeg s
actively wperubiig an lkeir environmenis. &

simple stimidhas-response chain, even with in-

tervening wariahles and hypusihetical con-
strucis, dbil not reflect the setoality of bow (e
‘Organism was pul iogether,

Finally, # was shown tha dishabalusinn
could oocur whenever eny aspect of o repetitjve
situnlion was alicred, even when the alteration
invalved astenuation ar absence of the stimu-
fus. The brains of mammals, at least, make

“neuronsl models” of their inpuis, models
against which subsequent inpats were proc-
essed. Swuch neuronal models act a5 represenia-
thoms, and processing constiuled computalon
AmOnE, TEPrEsEIALons.

Cognitive psychology centers an studying
the active compatations which gulde orgenisms
in salving probloms. Comguter prograimd s
viehiedes by which eompuiations can be accoam-
plished, Information measarement and other
misiemstbcal lechniques ald in the construction
of problem-solving peoprams, Progrims ase
fanguages. The revolstion was anderway,

Today

All of psycholopy has not become cognitive,
Methodological behavionists continue o dem-
onstrale their strength in devising rigoroes ex-

periments. Radical behuviorists coniinue to

deciy the ambiguity of alural fanguage ond the
resulting impossibility of a science of swhjec-
tive experience, Exlstentialists and phe-
momenalssts insist that behavior is oot the es-
sence of psychabogy — thut sibjective experi-
ence s whal motivates all of ws o enter the
ficld. Climicions have to deal with the verbal
reparts of imtrospections, but aspire w0 have
reliahlc iesis that will validsie such repons.

Cognifive psychology has at besst helped
clinbzians in their aspiraticns. The current surge
of excellent work in clinical neuropsychology
is but one example of linking on analysis of
verbal repants with quanticiive behavioral iest-
ing.

But cognitive psychology itsell is beginming
i fezl fis age. The vitality which cherscterized
the revolution is chbing. More amd more ex-
perimentalists ure concemssd with felinsnenis
amd, 10 ouwisiders, sometimes with trisda. There
are suggestions of ‘burm-oul™ — ihat ibe revo-
Iuli.gri s cowme B am cod, thul activity will
come (o @ standstill when i is realized that,
aficr all, the mdical behaviarisis are riphi: ban-
guage is oo ambiguous o serve &5 the coreof a
schence.

I see ibe mancr differently. I, too, see the
ending of the 1955-1963 revolunon. Bt | aluo
see the bepinming of the next twm of the wheel,
the coming revalation of 1985-1995,

What's Wrong?

What is wrong with tbe cument parsdigm in
copnitive paychidogy s that it is hased solely
on analogy with the senial processing computer
and on Meuman srchitecture. Seral program.
mimg is excellent for symbsol manipuelation, bt
Fails to provide access o the richness of texiune
imvirlved In limage processing, And all thought
is not imapeles,

Thee deficiency is compounded by the view
thst, im the nervous system, serial archilecture
1& represented by a hiemrchical Ewclidian sys-
tem in which single ¢lements, single newrons,
serve as desectors of single features, single per-
cepes, single cognritions, An otherwise ex-
cellent recent text in newropsychobogy is based
o the concepi of @ “cognan,” o newron which
represents §ocognition. In paychophyacs, a
chanpe! s eatfled, implicitly or explicithy,
wilh 8 pelfan.

- The edemtification of an idea with a neuron is
nal new, Bain, i the 1%h century, held sucki a
view, It is worth recalling on this 100th

anniversary of the publicazion of Ebbinghauws’
treatise on memory, his view of the matter
“The curious theary of Bain and others hat
each iden is bodged in n separste ganglion cell
|i=] an hypoihesis impoasible both psychologi-
calty amd physiclogically "

Why would this identification of percepts
and eognilions with single neurons be of soch
imporinnce bo o prncer psychalogisa? Wiy ls it
important today? The reason can be expressed
im termis of mind‘brain issmorphism. If indeed
neurons cormeipand by aur introspections, ihe

* eniime cognilive enterprise is bl on & fl.:.lhr

prrecrr ek,

I nen wriling this essay on my word proces-
sor. Acearding to the one neusaslone kles pros
posal there should be a single swich womes
where im my compuler which represents the
word computer and anolber which represents
the word isomorphism. Or at leasi theee should
be & chip which constitutes such & represcala-
tion. “Utter momsenie!™ says the computer s¢i-
entist, Then why does the cognitive scientist
whose mode] is, and whiose modelling uses, the
computer and its programs so extensvely, ac-
cepl withoul goestion the curment peurophy-
sindogical “dogma™?

In fact, the nearophysiclogical evidence b
apainst the one ideatone neuran concept, Each
nearon, €vem in the primary s=nsory corices, i
selective of several feamres, not one. Sets of
neurons display diflerent conjunctions of fea-
fure selsctivity. This suggesis that spatially
arranged patlerns of neurons, not siagle
newroas, read oud specific fealures to the next
stage of procesiing, Occasianally in @ network
of such spatial patterna & node forme which

- responds more vigorously to a particular con-

funetion of features under investigation: thus
the pontifical “grandmather” cell of which so
much has heen made in rexrbooks. But closs
imguairy im the lubratory shows that such ponti-
fical cells also respond fo other properties of the

" stimalus, albeit not s vigeousty 0s o oone

specific conjunction. | would sot be surprised if
one could occasienally klertily a chip oreven a-
switch in the hardware of & computer which
responds more vigosously when some feshane
in assembly lanpuage was being processed.

Anather aspect of the corrent malaise in
cogritive psychobagy is its retationship o Al
artifscial mtelligence, Much of whet goes an
under this label sims nt enhancing probilem
salution and surpassing human capability” Bat
& respectable group within Al is intsrested in
how hamans selve problems. CHten this group
simply inlrospects and alempls 1o wie our
nolorously smbigunas natural fanguage to
canstruct compueer simulations. These aften
have the appearance of rigor, but the basic
premizes upon which they are forrmulated arne
never examined,

Tomorrow

Adrcady, however, there 18 0 fresh winid
blowing: The impelis comss from the con:
struction of parallel processing architectures,
which allow content-sidressuble rather than
lecation-addressable progrumming. This
archileciure resembles that of the brain much
more than Ioday”s serinfly opemting dovices.
The ambiguity of nataral languege is belng
replaced by more precise linpulstie formala.
tions. This allows a diminstion of the ambigui-
iy inherent in verbal reporis of problem-solving
and pereeplual expenience. The ambiguity is
further reduced by clinical applications, espe-
cially in those where brain damage is being
examaned.

Funbser. maibematical descriptions which
can be implemented mare readily la paralle!
networks ore becoming Influential. Abresdy
convolution and matria models are pitced
aguinsl each oiber as explanulory of patiern
perceplion, catepanting, and serial order ed-
fects in memory. Thess madels it neuno-
anatamical. neurcphysiological and neurche-
haviorsl dasta much more closely than do less
sophdsticated feature hicrurchy models. And,
what i most important, there 18 room in (hese
miodlels for precise descriptions of processes
which lead io bntustions, aifecis, @itention ond
imtentio.

These mathematical models range well
beyond the siatistics which have proved 50 use-
ful in the social sciences. The emathematical
develapments in the | %h century can be dated
from Fourier's discovery, which showed that

every paniem, no matier how complex, can be
analyzed imlo simple component regular wave
formes thal differ only in amplinede, frequency
and relatboaskip to ene another.

The Fowrier process yields a dimensionality,
& “spece,” in which information becomes dis-
tributed and ihus enfalded in every portion of
the “space.” Thas space and time, &5 we per-
ceive lhem. become distribwed and enfilbesd,
and ane mo longer the dimensions being pro-
cessed. In the sbsence of cuplicil spoce umd
fime dimensions, as noted by Cuboe in his
peoneermy puper published in 1946, causality
also disappears.

Gabor's snalysks of peoustic and visual proc-
essing led to his mathmatical invention of
halography ard cisrrent engincering technigues
of visual processing. Helogruphic mepnesenda-
oms represent this distributed, enfolded do-
main, and there ls Bow an imposing bady of

. wwidence that the micrasineciane of rcoeptive
focld properties of pewrons in the primary
pensory systems can be modelled in Gabor
matheematies.

Ancther major mathematical formulation of
the lale 19th century was the formalation by
Boltzman of the second law af thermodyna.
mics. This formulation has more recently been
developed by Prigegme into the mathemaics of
dissipative: stroctunes, strsclores whickh dis-
sipate entropy (disorder) by establishing iem-
porary stabilidbes far from eguilibrium. Life,
binchemical and newral, s chamctenzed by
such sell-organizing processes.

These distributed and dissipative matbema-
tical formualatbons aré much more readily im-
plemented in the paraliel compunet
architectures currently under development,
Peychologists are utilizing these foomalamons
b describe Facets of memory and other cogri-
tive processes. Thus James Andersan and his
colleagues ot Brown University have boen en-
gaged in modelling the catopancal agnecis of
meimiry by oisteen mishels, Ben Munlock anthe
University of Toronto bas smplemented con-
volutramal mathematics to hondie serial order
effects, | have recently provided newropsycho-
logical evidence sugguesting thut the brain can
wiark in either (he matrix or the coavolutional
mode, depending on processing demands,
Ceaffrey Hinton and his group at Camegie-
Mellon University have develaped Boltzman
“machines" o characeerize lill ather aspects of
prablem sobution.

What's In a name?

These, then, ars the developments which |
believe will make psychology whole once
again. When George Miller, Expens Galanter
and [ found gurselves in transil from behaviar-
i%m 10 cogmitive psychology, we nused thit we
were reelly “sobjective hehaviormsis™ and
Bughedd ut e purodus which, ot il time, dut
e dcemed (o imply. We also moted that, o
cope with the subjestbve purtion of our igenda,
we wonld have W develop o new set of sien-
tific procedures. We suggested that casciment
of subjective experience by comguier simula-

tiom would serve this parpose, [ view compuler -

simulation as akin to the “in vilra” experiments
perfarmed in biochemistry, the computer serv-
img as the test twbe.

The prohlem with carrend cognitive psychiol-
OFY is that its sbmuleisons are preoy well limited
1o intentional problem-solving behavior and io
porceplial experience; it hias dore rther poorly
with the latier. Plans as programs are working
well; programs as image processors have fand
poorly. In the 19505 we were convinced that
within & decade we would have machines that
wonld produce finished hard copy manusonpls
from verbal dictstion, that manslations from
one pulurel lapguape to another would soon
follow. These expeciations ane as vet wnfulfil-
led, du 1o the intractibility of image processing
by current scrial processing architecture and
PFOIETRMATEINE ..

Emaoiions and motivations as pootl dispasi-
tioms, thus far, alyo kave been naccessible io
enactment. Such dispositional vartables may
well become accessible o simulation when the

parulie] architecture and quamtum distributed

and thermodysamic dissiputive matheneatics
ure applied,

In the 19th century, cognition was joined
conation and affect b compose paychalbogy, 1

" doubl that the cuement changes in psychology

Contined on page &
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will be termed conative or affective, but the
chanpes portend in this direction. To make pay-
chology whiole, lts regnam pamsdigm must toaly
reflect the itality of subjective behaviorism,
nol a paradign that is limited o penception ansd
cognitin, o problem salving and “islormation
mi“.' The structunng of ":tlt.l-dnm‘.]-"
in derms of familiarity and novelly has been
neglecied except for a fow ploneers such as Tex
Gardner, George Miller and Herh Simon {on
chunking ard the magical sumber), 18 is the
dimendian of familizrity'novelly, nod amounl
of informaticn, which mMuences arousal.
Modelling the sppamtus by which chunking
occurs, and the modelling of praph sruciures in
general, 15 bound to benelit gresily from ihe
avallability of paralle] processing architectures
and programs based on matrix and com-

voluthonal mathematics.

W'hat wall be the name of this mest lem @ itk
developmend of scientific and professional psy-

chodogyT I is hard wopredict, Dwould ifke o pee
the label "holistic™ become respectable, For not
anly is the whole grester than and different
from the sum of Hs pans, & the Geswli pay-
chologis wire wonl 10 point aul, bist the
whale can wnder certain conditions alio be-
come enfolded bn all its “parts.” Thus each

the whole, a3 in & hologram.
Coavalutionsl and meteiz mathematcs, the
distributed. and dissipative struciures we are
coming o know, allow holistic disenptions o
be a5 rigorously scentific and precise as any
that have been used in physics, chemisiry amd
biplagy.

Al the same fime, these developments in
mathematics and compater architectune albow
125 b mundie] paychological processes ot diverse
as imaging end intaition, as respectible as
sensory psychophysics and as non-semsical
(mom-sensory) &8 miystical experience. For &
half-cenbury, quanium phyeicists such as Miels
Baohr, Schrodinger, Elmtein and Heisemberg
dhered their insights with us by paiatng out the
similarity of their findings with those of the
Yeds apd Upanishids and other spiritual dis-
ciplines. 13 it ol lime that paychalogy laens,

places the Mewtanian cosmology in perspective
and comes to grips, where relevant, with the
models developed in 1%th and 20th century
mathematics ond physics?

The trangition from behaviosiem, especially
stimulas-response bebaviorsm, o cognitive
paychalogy was charscierized by an increasing
difficulty with operationalizing such concepts
a5 drive, and am increasing ability to oper-
ationalize such concepts &5 effon and sttention,
I believe thar the next fevolutionary fum i
paychobogy will, in a similar way, be characier-
ized by an inereashing difficulty in
operstinailizing concepts we now bold dear,
such as information processing, and by and
increasing ability to operstionslize such con-
umummmgndimu{umfhﬂlu-uﬂu-
ry s beckoming, &nd [ predect advances in Py
chology, both as a science and in practice,

which will rival those in the bology, the

chemistry and the physics of the 20th. This is
my faith, O

Karl Pribram ix prafessor of prychology and of
payehiawry and behavioral science ab Sranford
['miversidy.




