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PSYCHOLOGY AS A SINGLE VERSUS
A CROSS LEVEL SCIENCE

Kurl H. Pribram
Rudford Universily

Intraduction

It is 1995, and psychology in the United States is divided. Experimentalists and academics are
dissatisfied with the growth of professionalism, and clinical and humanistic professionals cannot see the
relevance of current expeniments 1o the practical concerns of the Nield.

The silment is of long standing, and seems intractable, But T believe that u new |ook is in order, and
that the fandscupe before us heralds o remedy, if only we can sccept what we see.

One of the major blocks to acceptance i3 judped 1o be the overwhelming concern of 20th century
scientists with method and technique. According to this view we need search no funther, and as long as we
cannot change our methods by virtue of the interest we pursue, we cannol change what 2ils us, This concem
with method has made psychology @ respectahle science but, as with every advance, some disadvaniages have
wccrued. It is expressed in terms such us the “hard” and the“soft” purts of psychology (when in fact the soft
often exceed the hard in the rigor of their experimental design), in the ambivalence of the clinical toward
scientific psychology, and in the disdain of the experimentalist for the thought processes demanded in the clinic.

| believe this emphasis on the divisiveness of method to be false. In fact, method and technique have
unified psychology. Differences in subject matter—instrumental behavior, social behavier, verbal reports of
subjective experience, psychophysics, man-machine interfaces--have hesn considerably more divisive than
method. We all share a faith in statistics wnad apply it whenever it iz nppmprijlu, and zometimes even when it 15
not, We all believe in multvariate analysis and in experimental design and apply them whenever feasible, 17 we
are cliniciang we wecepl or reject findings on the bagis of a common helief in these methods.

It is the difference in regnint puradigime, not methad, which differentiates the various divisions in
psychology. At the core, | believe the problem is that experimental psychology®s journey from behaviorism to
cognitive psychology has heen hut a beginning. Until that journey is lsken & step further, psychalogy will
remain fragmented. | ulsn helieve the time is ripe for taking this next step and T want lo make this an
epportunity to outling the direction it will go.

Perspective

In the decade between 1955 and 1963, a paradigm shaft took place in p:sfch:rlng}'. This shift, which has
come to he known us the cognitive revolution, came about by virtue of u convergence of technological
innovation, mathematical invention and a host of findings in the neurosciences. Amang the remarkable
secomplishments of the decudes were: Information messurément in communicalion; servomechunisms in control
systems; computers and programming lechnigues to analyze problem solving; studies of natural language
grammars with the aid of symbalic logic; and the snalysis of learning from the vantage of sampling and decision
thenrics,

The neurostiences also made critical contribetions. Neuropsychology, which had come into disrepute
because of a failure to provide relishle dats, was shown to be viuble once the proper techniques were employed.
Muore impartant, neurophysiology showed that feedbacks and feedforwnrds rather than reflex sres were the
clementiary circuils in the nervous system. This the brain wag shown 1o be capable of contralling its input and
Brganisms were seen us aclively operating on their environments. A simple stimulus-response chain, even with
inlervening vurinhles and hypothetical constructs, did ant reflect the actuality of how the organism was put
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tegether,

Finally, it was shown that dishahituation could occur whenever any aspect of a repetitive sifuation was
aliered, even when the alteration involved sttenustion or ahgence of the stimulus, The braing of mammals atl
least, make “neurony] modals® of their inputs, models apainst which subsequent inputs were processad. Such
neuronal models sct as representutions, and processing constituted computalions among represntations.

Cognitive psychology centers on studying the aclive computations which guide organisms in solving
problems. Computes programs are vehicles by which computations can be sccomplished. Informaticn
measurem=nt and other mathematicu] techniques aid in the construction of problem solving programs. Programs
are lanpuages. The revolution was underaay.

Today

All of psychology has not hecome cognitive. Methodological behaviorists conlinue 1o demonsiraie their
strength in devising rigorous experiments, Radical behaviorisis continue to decry the ambiguily of patural
|J|I'|gl.Li|E¢ anl ihe rusulling :|n1pnnu:x:||.'|1l:::,l of A science of mhj:.l:.liw:. =X p:.fimi;-:, Existentialists and ]'.Ihl::'rtll'nl.'-l-'lli-]iﬂl
insist that behavior 15 not the essence of psypchology--that subjective expertence i what motivates all of us 1o
enler the field, Clinicimns hive 0 deal with the verbal reports of introspections, but aspire to have reliable lests
that will waldate such reports.

Cognitive psychalogy has at lesst helped clinicians in their aspirations. The current surge of excellent
work im clinical nesropsychalogy is but ome example of linking an Analysis of verhal reports with quantitative
behaviorl testing,

But cognitive psychology iself is beginning to feel its age. The vitality which characterized the
revirlution is ehhing, More and more experimentalists are concerned with refinements and, to outsidary,
snmedimes with trivia. There are suggestions of "hurn-out*--that the revolution has come to an end, that activity
watll eaie loy o stanalstil] when o i resleged |1'l-ill. aller |||'|I the radical hehaviorsiy ang figlﬂ', |Hi1g'|.l-l'lg¢ 1% oo
ambiguous o serve s the core of & science.

[ sz that matter differently. 1, oo, see the ending of the 1955-1965 revolulion, But | also ses the
hegimning of the next urn of the wheel, the coming revelution of 1995-2005 .

What 15 wrong with the current paradigm in cognitive psychology is that it is basad solely on analogy
with the serial processing computer und Vion Neuman architacture. Sarial programming is excellent for symbal
manipulation, but fails w provide sccess w the richness of texture involved in image processing. And all thought
iz not 'il'nﬁ.g-e!ﬂa:.

Thus, cognitive peychalogy concentrated on intentional problem-solving behavior, Plans as programs
worked well, programs as image procesaors have, until recently, fured pooarly. Tn the 19505 we were convinced
that within & decade we would huve machines thst would produce finished hard copy manuscripts from verbal
dictution, that translations from ene natura] language to another would soon follow. These expeclaliong aré as
yet unfulfilled, due to the intractibility of image processing by current serinl processing architecture and

programming,

The deliciency is compounded by the view that, in the nervous system, serial architecture is
represented by a higrarchical Euclidian system in which single elements, single neurons, serve as detectors of
sangle fentures, single pereepls, single cognilions. An otherwise excellent text in nevropsychology was based on
the uni'eil wl 'L'vl'lgl'u.m.' a meuron which fepresenls a l;:rgmi'li-:m. In pﬁ}ll.'hq'l[lh}'iicti., & chunnel 1= wentified,
implacitly wr eaplicitly, with a neuron,




The identificution of an idea with & neuron is not new. Bain, in the 19th century, held such a view. Itis
worth recalling on this 110th anniversary of the publication of Ebbinghaus® treaties on memory, his view of the
matter. “The curious theory of Bain and others that esch idea is lodged in & separate ganglion cell [is] an
hypothesis impossible both psychologically and physiologically.,

Why would this identification of percepts and cognitions with single neurons be of such importance o a
pionser paychologis? Why is it important today? The reason can be expressed in terms of mind/brain
isomorphism. If indeed neurons correspond 1o gur inlrospections, the enlire cognitive enterprise is built on a
faully premise.

| #m writing this essuy on my wond processor. According to the one neuronfone iden proposal there
should be a single switch somewhere in my computer which represents the word computer and another which
represents the word isomorphism. Or &t least there should be a chip which constitutes such a regresentation.
“Utter nonsense!™ says the computer scientist, Then why does the cognitive scientist whose model is, and whose
modelling uses, the compuler and its programs so extensively, accepl without question the current
neurophysiological “dogma!"

In fact, the neurophysiological evidence 15 aguinst the one idealone neuron concept. Each nsuren, even
in the primary sensory cortices, % selective of several festures, not one. Sets of neurons display diffenent
conjunctions of feature selectivity, This sugpests that spatially srranged patterns of neurons, nod single neurons,
read out specific features 1o the next stage of processing. Occasionally in a network of such spatial patiams a
node forms which responds more vigorously fo 2 particular conjunction of features ender invesiigation; thus the
pontifical “grundmaother™ cell of which so muoch a3 been made in text books. But closs inguiry in the laboratory
shows that such pontifical cells also respond to other properties of the stimulus, albeit not as vigorously &s 1o
ome specific conjunction. [ would ot be surprised if one could occasionally identify a chip or even a swilch in
the hardware of & computer which responds more vigorously when some feature in assembly language was
being processed.

Ancther agpect of the current malaizs in cognitive psychology is its relationship to Al, artificial
intelligence, Much of what goes on under this Inbel aims st enhancing problem solution snd surpassing human
capability. Bul a respectahle group within Al is interzstad in how humang solve problems. Often this group
simply introspects and attempls (o use our notariowsly ambipuous natural lainguage to construct computer
simulations. These oflen have the sppearance of rigor, but the basic premises upon which they sre formulated
ard never examined.

Alrendy, however, there is & fresh wind hlowing. The impetus comes (1) from the construction of
parallel processing archilectures, which allow content-addressable rather than location-addressahle programming.
These architectures resemhble those of the brain much more than todiy®s serially operating devices. (2) The
umhiguit].' of natvral |ar'|g,1.|.:-|g= 1% 11-¢E|'|g n:plu:;d h:,r rire an:u:i.E-:. Hnguiﬁic formulations, This allows &
dimanudicn of the ambiguity inherent in verhal reports of problem-solving and perceptual expenence, {3) The
s gty b5 fether nedoged by climical applivations, especially in those where brain damage is being examuined,
(Y Futher, patheneteal descrptions shich can be implemented more readily in paralle] networks ase
Pecoaning influential. Already convelution and marriy nwsdels are pirted against cach ather a5 explanatory of
pattemn perception, categoriong, dnd serial position effects in memery, These models it neurcunatomical
neurophysiological and neuro-behnviorl data much more closely than do less sophisticated feature hierarchy
mudels. And. what is most important, there is moom in these models for precise descriptions of processes which
lead to intuitions, affects, aitention and intention.

These muthermatical models range well heyond the statistics which have proved so useful in the social
sciences. The muthematical developments in the 19th century can he dated from Fourier's discovery, which
showed that every pattern, no matler how complex, can be analyzed into simple component regulur wave forms
that differ only in amplitede, frequency and relaticnship 1o one anather.
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The Fourier process yields 3 dimensionality, a "space,” in which information becomes distributed and
thus enfolded in every portion of the “space.” Thus space and time, as we perceive them, become distributed
and enfolded, and are no longer the dimensions being processed. In the absence of explicit space and time
dimensions, as noted by Gabor in his pioneering paper published in 1946, causality also dissppears.

Gabor's analysix of acoustic and visuul processing led to his mathematical invention of holography and
current engineering technigues of visual processing. Holographic representations represent this distributed,
enfolded domsin, und there is now an imposing body of evidence that the microprocesses king place in
receptive fields of neurans in the primary sensory systems can be modelled by Gabor mathematics.

Another major mathematical formulation of the late 19th century was the formation by Boltzman of tha
second law of thermodynamics. This formation hes more recently been developed by Prigogine info the
mathematics of dissipative structures, structures which dissipate entropy (disorder) by establishing temporiry
stahitities far from eguilibrium. Life, bischemical and neuronal, is characterized by such self-organizing
processes,

These distribwied und dissipative mathematies]l formations are much more readily, implemented in the
parallel counpanter architectures currently under development. Psyehologists sre utilizing these formulations o
desenibe facets of memory and olher L'nl:.gmli'.'a Processes, Thus James Anderson and his colleagees st Brown
University have heen engaged in modelling the categoricul aspects of memory by matrix models. Ben Murdock
at the University of Toronto has implementcd convolutionsl mathematics 1o hundle serial position 2ffects. 1 have
provided neurophysiological evidence suggesting that the brain can work in either the matrix or the
convelulisnal muode, depending on provessing demands. Geoffrey Hinton und his group have developed
Bolizman “machines” to characterize still other aspects of problem solution such as hill climbing. Cagnition,
yed, but as yel little in the way of understanding the inflesnce of intuition and affect,

Tomerrow: Alfordances and Consequences

In The Americen Pyychologins, January, 1989, p. 1B, Skinner wrote: “There are two unavoidable gaps
in any behavioral account; one between the stimulating action of the environment and the response of the
arganism and one between consequences and rthe resulting change in hehavior. Only brain science can fill those
gaps. In doing so it completes the sccount; it does not give a different sccount of the same thing. " [Undesrlining
ming. |

Al time 0 my bong assocwtion with Skinner did he ever dispprage the utility of the brain sciences
foir an understunding of behavior, Whit he decried was the practice (a8 e.g., by Paviov and Hebb} of
neurologizing concepls derived exclusively from the experimental analysis of behavior. He was convinced that
pulting in II-l!IJ:I'I.'I!uH_iL‘H] |lr'|=lll_ﬂd- whal ghould pr:l-pr:rljr he hehavioral enn=irucls pave wwch construcis unearmed
validity which vften proved ephemeral.

Why then the emply organism approach? Skinner { 1976) was clear on this poant: We first meed 2
hehaviogal science thal can stand on s fieet wilhoul recourse 1o hiufﬂg:,l, Once established, hehuviorl sclenca
wan aguin turn o biology for filling “the unavoidable gaps® in the hehavioral account,

I st with vespect o the brain sciences, Skinner®s philosophy abhorred the identity stance, The
betuvwral and the brain sciences were af Jdifferent levels of inguiry; each had 15 place in r.‘.:pllnali'l]rl. and 10
s levels operationally was 4 cardinal san.

Much of science has initially proceeded in this fashion. In their early stages, physics was physics and

chemistry wus chemistry, But u1 a somewhat later epoch, sn explanation of the periodic table of chemical
elements was found to come from wiomie physics and even, in the cize of adioactive elements, from quantum
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physics. Today the boundsry areas amonp the natural sciences form sciences in their own right: physical
chemistry, thermodynamics, biochemistry, for example.

The brain/behavioral science interface iz also sppwning its own set of boundary sciences:
neuropsychology, psychobiology, cognitive nesroscience, etc, The question that neads o be answered is whether
the gaps in the behaviorul account can be filled by the brain sciences working solely a1 the biological-brain level
of inquiry, or whether gap-filling, the provincs of these boundary sciences, is critical.

To answer this question, let us look in detail at the two gaps in the behavioral account. The first is
between “the stimulating action of the environment and the response of the organism. * Gibson has given the
issues concerning this gap a name. He calls them "affordances”: Certain aspacts of the environment allow the
organism 1o perceive whut it perceives (Gibson, 1979). Originally, the concept was established the other way
arpund: Certain churacteristics of organisms afford the selection of aspects of the environment in order (o
perceive them (Gibson, personal communication}, The change was made in order to facilitate un experimental
program designed Io find out just which environmental configurations, in fact, afford particular perceptions.
This progrum called ecolngical psychology, hay been successfilly engaged by Turvey, Shaw, and Kugler [see
ey, Kugler, Shaw, Vincents, and Kinszlln-Shaw, 1990; Shaw and Kinselia-Shaw, 1988, Turvey, Shaw, Reed
und Mace, 1981).

Huowever, the earlier definition of affordspees has ment as well, What are the charactenstics of
orgunisms that select just those aspects of the environment uncovered by ecological psychelogists? In one set of
experiments performed in my luhoratory, we found that single neurons in the visual and auditory brain systems
show their selective orientation and frequency responses (as determined by presenting a range of specific
orientations and frequencies) even when the environmental stimulus consists of visual or auditery white noise.
(For an extensive, in depth review of these and other experimental results bearing on the question of brain
ofganizalion in percepiion, see Prbram, 1991.)

In such experiments, both brain variables and those describing the sumolating action of the environment
were Luken into secount. Affordances are constituted by both their biological and their environmental
determinants, With regard to affordances, therefore, my answer is that the gap in the behavioral account
hetween the stimulating action of the environment and the resulting behavior cannot be filled by studies
restricted 1o the brain level alone, any more than it can be answered at the environmental level alone. Answers
are provided by boundary science inguiries which extend the ecological stance into the organism and do not stop
short al the receplor surface (Pribram, 1982, 1991),

Mext, let us examing the gap belween consaquences and the resulting change in hehavior. The sasy
dnsEwer hera J'rl.'if_]'l.t I:-umpl! o oy eopclude thai CUNSEUENCEs leave traces in the brain, and that the pn:-blcm 1o b
addressed 5 neuronal plasticity and *memory® storage. These are fascinating hiological problems in their own
cight. But solving how plasticily leads 1 storage in the brain will not by tself Gll the gap between consequences
aned the resulting change in the orvanization of hehavior,

What wes necd o know is how hehaviora] organiztions produce storage in such a way that they can
configtire chanpges im respons=. Al w simpler level, how do brain processes configure at all? The problem is to
wccount for figural equivalence in response as well as for figural change.

For Skinner, the figured consespiences of behuvior are the environmental resultunts of that behavior. By
his own stalement, these consequences are the “cumulative records™ he ok home to analyze. According 10 his
wiew, when | write in a notehook or type onto s word processor, the consequences of my behavior are in the
envirgnnwntal record, Storage i3 in my files, and once published, in bookcases of my colleagues. | hope these
environmentally stored consequences of my hehavior will influence (chunge) my future behavior and that of my
collengues. Bruner is eorrect; much of what configures und influences my hehavior is stored in an ever-evalving
culture (Brumer, |990),
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But the guestion réemains as o how such culiural configurations are produced? Production does not rest
on the particulars of the movements that produce them; & document can be constructed on a keyboard, with a
|:i=hl or left hand, or even on sand or blackbourd with toes or testh in an emergency. Further, the mode of
expression doexs not unduly alter what one wants 1o express. There must be some brain process that directly
endes what is expressed, what is written (the cumulative record).

| have elsewhere reviewed in detail (Pribram, 1971, 19%1; Pribram, Sharafat & Beekman, 1984)
expeniments by Bernstein and his collaborators (Bemstein, 1967), by Brooks (1986), by Evarts (1967) and thosa
performed in my laboratory that show how and where such a brain process occurs. Bernstein introduces the
issue s follows:

There is considernble reason 1o suppose that in the higher molor centers of the brain
{it iz very prohably that these are in the cortical hemigpheres) the localization patiemn is none
viher than some form of projection of external space in the form present for the subject in the
motor field. This projection, from all that has been said above, must be congruent with
external space, but only topologically and in no sense metrically. All danger of considering the
possihility of compensation for the inversion of projection at the reting ... and many other
paszitilities of the same sort are  completely avoided by these considerntions, 11 seems to me
that although it is not now possible to specily the ways in which such & topnlogical
representalion of space n the central nervous system may be achieved, this is only a question
of e for physiology. I 1= only necessary o reiternle that the fopological properties of the
projection of space in the C.N.5. muy prove to be very strange and unexpected; we must not
gxpect to find in the cortex some sort of photographic space, even an exiremely deformed one.
S1ill, the hypothesis that there axist in the higher levels of the C.N.5. projections of space,
and pedt projections of joints and muscles, seems to me 10 be al present more probable than
any other, (Bernstein, 1984, po 109)

With these insights Bernstein set the problem which neurophysiologists must address if they are to relate the
anatomicsl configuration of the central mator procsss 1o the configuration of the consequence of behavior.
Meuroanatomists have demonsiriled a somatotopic representation of muscles onto the cerebral cortex. But as
Bemstzin points out it is the topological representation of external space not of projections of joints and
muscles, that is needed if patterns of behavioral acts, the consequence of movements, and not just patterns of
movements per se are [0 be explained. Bernstein, in his expenments, used Fourier analysis to specify the
topalopy of such behavioral actions and kis specifications were sufficiently accurate to allow prediction of the
patterns of continuing action,

Experiments were underaken in my laboratory fo test the hypoihesis that the Fourier upproach might
ulso be as useful in analyzing the physiology of single newrgns in the motor regions of the brain as il was for
wnalyzing patterns of behavipral actions. Suppont for such an approsch came from its success when spplicd o
the analyses of the functions of the sensory systems.

Newral Encoding in the Spectral Domain

Ff!|'r|.'|i||h'|'|lx were uidertuken Wy (ind oan whelher there are cells in the motor system which respond
selovtively Tooa band width of regueincies of a cvelie up-down passive movement of a forelimbh. The results of
the experiment showed that 0 20% portion of a total of 306 cells sampled were tuned (e, increase or decrease
their activity at leust 25 % over haseline spontinecus activity) 1o a narmow (172 octave) band of the frequency
spectrum,

Tuning could be dus 0 @ spurious convergence of faclors relating to the basic properties of musele:
metric displacement and tonicily or stiffness. An examination was therefore undertaken of variables related to
these basic properties, varishles such as velocity, change in velocity (acceleration), as well as tension, and
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change in tension, These factors in isolation were found not to account for the frequency selective effects. This
does not mean that other cells in the motor system are not selectively sensitive to velocity and changes in
tension, But it does mean that the frequency selectivity of the cells described is dependent on some higher order
camputation of the metric and tonic resultants imposed on the foreleg musculature by the external lnad.

In addition to controlling for selectivity to velocity and acceleration, position in the cycle of movement
was investigated. Position was found to be encoded by cortical cells (but not by caudate nucleus cells), but enly
at the site of phase shift and specific to a particular frequency. This result supports the hypothesis that the
cortical cells are in fact frequency selective in that any sensitivity to phase shifi presupposes an encoding of
phase and therefore of frequency. Furthermore, the fact that the cortical cells respond to position suggests that
they are directly involved in the computation of the vector space coordinates within which actions are achieved.

There is thus no question that an approach to analysis of the functions of the molor system in Fourier
terms has proven useful not only in studying the overal]l behavior of the organism as initiated by Bernstein but
wlzey iR :-Iur]_l,ring tha peural mator [IFCess, Thul gome such un H.H'!l'l:l-:l'l:h ig ra.quimd iz amply documented in a
review of the feld, initiatgd by R. B, Stzin in an article entitled "“What musche variable(s) does the nervous
system control in limh movements?™ which hecams available in the Decernber iscue (1982, Vol, 5, No. 4) of
The Belavioial oond Brmin Soteinger,

Psychology: The Interface Between Biology and the Social Sciences

With respect 1o consequences, thersfore, the gap in the behavioral account is filled by a process that
reciprocally transforme, i.e,, correlatively codes configured brain with environmental evenls incleding $uch
cultural artifacts as writing. Thus, the Juia that describe this process are not obtained solely st the biological-
hrain level of inguiry. As in the case of affordances, both environmentsl snd brain vanahles are cotical 1o
understanding. With respect (o consequznces in o human setiing, the environmental vanahles wre, 10 large
extent, culiyural,

The gaps in the behavigrul sccount that wre Jus 1o the processes that determine affordances and
cnnsedquences are therefore filled by houndary, not by same-level sciencs.

This anulysis calls inlo yuestion 4 program of research which aims o make psychology a purely same-
level behavioral science devoid of its biclogical and social relations, [ do not question the immense contribution
technical behavionism has made to our understanding of psychological processes. However, the yield in
understanding harvested by this same level science in psychology has been disappointing in one respect to many
of us. Psychological science has been unable 1o put its house in order. Instead, a welter of languages has
developed 10 address identical issues {e.g.. in attention and in short term memory reszarch) and many issues go
unexploned {e.g., learning through imitation) due 10 a failure 1o find applicable same-level science tools.

Biokowy did aot comme of age unti] bowndary sciences were established. Generd and species were
rheniilied by reconrse nof anly to anatemicd] morphology (analogy] bt also o functional changes in
mwoephalogy (homology). Classification led ultimately o the theory of selactive evolulion (a5 in horticulture and
animil breeding) and 0 molecular genetics, il the results of explorations in interface sciences.

Psychology, the science of mental processes, may well depend for 115 matunty on the development of
is interfaces with the social and hiotogical sciences. As [ have indicated, studying plasticity in the brain is not
enough. The resultants of plasticity ure conligurad by environments-- in the case of humans largely by culture.
But studying culture alone i equally harren: culture is constructed by behaving humans whose brains gencrale
the multiforms encoded as cultures, Behavior is central, but behavior, whether verbal or instrumental, i only an
expression of mind--the seperative psycholisgical process,

What"s in o Noume’
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These, then, are the developments which | believe will make psychology whole again. Once George
Miller, Eugene Galanter and 1 found ourselves in transit from behaviorism to cognitive psychology, we noted
that we were really “subjective hehaviorists™ und laughed at the paradox which, at that time, that term seemed
1o imply. We also noted that, to copa with the subjectiveé portion of our apenda, we would have to develop a
new set of scientific procedures. We supgpested that ensctment of subjective experience by computer simulation
wiould gerve this purpese. 1 view computer simulation a8 2kin to the "in vitre” experiments performed in
biochemistry, the computer serving as the test fuhe.

In the [9th century, cognition was joined fo conation and affect to compose psychology. | doubt that the
current changes in psychology will be termed conative or affective, but the changes portend in this direction.
Ematicns and molivations as rood dizpositions, thus fur, have been inaccessible 1o enactment, Such dispositional
varishles may well becoane accessible to simulation when the parallel architecture and quantum distributed and
thermadynamic dissipative mathematics are applied, To make psychology whole, 1865 regnant paradigm st
truly reflect the totality of subjective behaviorism, not a paradigm that is limited to perception and cognitron, (o
problem solving and “information processing.” The structuring of “redundancy” in terms of familiarity and
novelty hus been neglected except for u few pioneers such as Tex Gamer (1962), George Miller (1956) and
Herh Simon (1974) (on chunking and the magical pumber). It is the dimension of familianty/naveliy, not
amaunt of information, which influences srousal, Maodelling the apparatus by which chunking sceurs, and the
modelling of graph structures in general, is bound o bepefit greatly from the availsbility of parallel procesting
architeciures and programs based on putrix and convolutione] mathematics,

What will be the name of this next tum in the development of scientific and professional psychology? It
15 hard to predict. 1 would like to see the lahel *holistic® bacome respectable. For not only is the whaole greater
than and different from the sum of its parta, s the Gestall psychologists were wont to point out, but the whole
can under certain conditions also become enfolded in all its "paris.” Thus each “part” represents the whole, as
in a hologram, Convelutional and matrix mathernatics, the distributed and dissipative structures we are coming
to know, allow holistic descriplions W be a8 rigtrously scientific and precise ss any that have been wged in
phygics. chemisiry and hiolopgy.

AL the suma time, these developments in muthematics and computer urchitecture allow us to model
peychological processes ae diverss ax inuging and intuition, as respectable as sensory psychophysics and as non-
sen=ical {Ron-sensory) as mystical experiznce. For a half-céntury, quantum physicists such as Nigls Bohr,
Schrodinger, Einstein and Heisenberg shured their insights with ws by pointing out the similanty of their
findings with those of the Veda and Upanishids und other spiritual disciplines, Is it not time that psychology
listens, places the Newlonian eosinology in perspective and comes 10 grips, where relevant, with the models
developed in 19th and 20th century mathemutics and physics?

The transitien from behavicrsm, especially stimulus-responze behaviorism, o cogritive psychology
wils chardctenzed by an increasing difficulty with operationnlizing such concepts as drive, and an increasing
ahility 1o operatinnalize such concepts us effort  and sttention, [ believe that the next revolutionary tum in
paychology will, in a similar way, be charactenzed by an increasing difficulty in operationalizing concepls we
movw hold dear, =uch as intormation processing, and by and incressing ahility to operationlize such concepls as
mesning snd intuition. The 21st century is beckoning, and [ predict advances in psychology, both us a science
and in practice, which will rval those in the hiobogy, the chemistry and the physics of the 20th. This is my
E
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