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Chapter IX

LOOKING TO SEE: SOME EXPERIMENTS ON THE
BRAIN MECHANISMS OF ATTENTION IN
PERCEPTION!

KARL H. PRIBRAM

...a survey of the phenomena of learning sugpests that other viiations in addition to
repetitive facilitation must be taken into account as importunt factors ik detcrmionng
the rate of ... discrimination learning. Gne of those variables is the case with which
figtiral organization can be imposed upon physically independunt items in the stintuius,
KarL §. Lasiiey
The Newropychology of Lashiey, p. 430

The brain’s isocortex may cenveniently be divided into 1} those "sen-
sory and motor’ areas which rather directly receive an input from, and
send an output to, peripheral structures, and 2) others more intrinsic
and usually called “association,’” which do not. The chapters that precede
this one have documented some of the relationships between perception
and the sensory areas. My purpose here is to discuss the functions of
these other more intrinsic cortical systems (fig. IN.1).

THE INTRINSIC PROCESSING CORTLEX

Clinically a variety of amnestic syndromes are observed when these
intrinsic processing systems are disrupted. Ordinarily the syndromes have
been viewed as disturbances in the “integrative” or “associative” func-
tions of the brain. Recent research, however, has developed data which
cannot casily be understood in this fashion. Rather, it seems that mnemic
functions may depend as much on recoding as an associative storage {24).
This rescarch has developed an important innovation in views: the as-
saciative view had made of the intrinsic processing systems relatively passive
receptacies of information relayed from the scnsory areas; the coding view
is derived from facts which indicate that the intrinsic processing cortex
actively regulates ongoing processes within the sensory systems. Let me
review this evidence.

The results of the first series of experiments which were undertaken
showed that the mnemic function could be subdivided. Essentially the
posterior part of the intrinsic processing (the “association”) cortex was
found to be involved in recognition (2); the frontal part, in recall {29).
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Fig IX. Ontline af the monkey lrain with ceptiil processing covtex stipplod.
Nate that there is @ frontal and & pasierior division,

The cortex serving recogrition memory was in turn found o be divisible
according 1o sense maodalivy: the posterior parietal cortex Tunctions
selecuively in somesthesis (20, 40%; the anterior temporal cortex in gusta-
tion {1y the widdle temporal cortex o adition {7, 393 and the inferiov

temporal cortex in vision {5, 16, 18, 22),

These results were graafying but o surprising anatomical Lact hecane
evident almost immediately, The intrinsic provessing aveas were not located
where we had expected them to be, e, adjacenc to the sensory cortex
of the modality concerned. Ruther, @ considerable span separated the
primary sensory systeme and its associuted processor.

The importance of tis anatomical separation was rought home to us
by yet another experimental result, Implicit in firding the intrinsic proc-
essing cortex where we did, was the fact that one could with nmpunity
remove the cortex berween the sensory receiving arca and associated
intrmste processor. More and wore extensive removals were made 1o test
the reliability of this fact () and in o recent study we were able to ke
this type of experiment to its logical extreme: we radically disconnecred
the striate from the inferior temparal cortex by extensively removing
all of the peristriate cortex (fig, 1X.2). Despite the mussive removals which
often madvertently invacded 1the printary visual system, visual recognition
of patterns {diserimination of the numerals 3 from 8) remamed intact
(313,

CThese results alone, were there no others, would cill into question
the ordinary views of the funcions of the intrinsic processing cortex, But
thete is more, Intersensory associations do not seem to be effected in
these locations (8, 9, 838%: the evidence tn mwonkey, at least, is that such
ussociations take place within the primary sensory systems fer se (30, 85).
Nor is the ddea tenable that the intrinsic processing cortex hecomes in-



152 ! PERCEPTION AND ITS DISORDERS

5283

33 aa

Fig. IX.2. Reconstruction of prestbaie tesion in sithject 283,

formed Dy way of a series of corticocortical veliays, cach of which extracts
a progressively higher abstraction from the npuc This does ot mean
that such abstracting relays do not exist: 1 want to emphasize only that,
even if they do, they cannet at present acconnt for the data m hand.
Let me ilusirate. We thought that perhups @ corticocortica]l relay
route might be volved in setiing down the memary trace cven if, once
estallished, retrievad during recogmition coudd be sceomplished by some
other mechanism. We thereflore prepared groups of monkeys by cross-
hatching the inferior temporal cortex. We lully expected the erosshatches
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Fla, INJ Reconructions of the crosstuach Tesians of subjects 154, 161, 166 foviginal

tearning and 178 (retention. Five Nues aliente 1he lesions,

to impair the lewrning of o pattern diserimination even 1f learned recog-
nition remaineed intact (fig. INCE) However, if anyihing, the crosshatched
group learned the task mene vapidly than did the controls. By contrast,
undercutting drastically cdisrupted both learning and recognition per
fornuince {27y (hg 1X.13.

The possibility that the undercurs disconnected U fibers connecting
the miferior temporal with the striste cortex must he considered. Bur,
as fovoas s known rodiey, all corticocortical connections of the striate
visual area veliy sithio the peristrinte cortex which, as already noted, can
be rotally removed without impairing recognition. This leaves as the
most Likely explanation of the research results, the view (hat cortico-
subcartical ruther than corticocortien] conmections are important 1o the
functioning of the intrinsic Processig corees,

Corticosubeortica]l conmections can work in two diveciions. There (s
evidence thin sensory specthic signads veach the centeal processing cortex
(120 37). As yer, however. we do not know how complex these signals
are o by what pathseays they aorive, The hest guess at the moment, based
an the evidence available, is that the signals wre velatively simple and
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COMPRSITE

Fig, XA, Reconstructions of the wdereut fesiors of subijeers i3, 164, (67, 168
fortginad dearningy and 178 {retemion), floch indicietes stperfcial cortienl i
stripes tndicate the deep esion,

that they come by way of the inwrinsic nuclei of the thalimns. Work is
underway in several faboratories o clarify this hwmportant point.

Owr own efforts have been directed largely to investigations of the
carteofugal, the cflerent, connections fram the intrinsic [rOCCsSing cortex,
The reasons for this concern stem fvom the vesulis of analysis of the
tmpairment of recognition prodttced when rthe intrinsic processing cortex
is damaged.

DISCRIMINATION, DETLECTION AND IDENTIFICATION

For the most part, the impatrment produeced is propordonal w the
difficulty of the recognition tusk: diflicadty i mcasured by the number
of trials taken by normal monkeys tonaster the problem. Task difhenly
i be manipubiiied inoa vindely of wiyss for insumee, ctte differences
am be minimized sl the bopairmens proportionadly nude worse or
better (F7). Bue this is non the whole story, Under certain circinnstances
the cies can he left identical but the responses deminded for recognition
altered. A monkey with an interior remporal lobe lesion may be able
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to disarimmate beoween an ashiray and a tobacco tin when they are
presented to hine stmuluimeonsly bur, when he has o go to a cup
on the right when the ashusy ds presented and o o cup on the lefr
when the tohaceo 1in is belore him, he may fail miserably (28). This
experiment, especilly, made i seom thae the impanment was related ta
the complexity of the entive tisk and not ounly the dilferences among
cucs, a conclusion supported by an carlier observation. I had noticed
that, despite grave dilliculties in problem solving, monkeys with lesions
ol the intrinstc processing cortex could track perfectly. They would snatch
gnats out of the air within minutes of failing a + versus [7] discrimina-
tion.

IF indeed the impainnent were related to the complexity of the task,
this could be divectly assayed by aliexing the number ol alternatives
among which choice has to be made (21). These alternatives con e
specified by the number of separate cues or, perhaps more interestingly,
among the alternative distinctive {eatures which comprise a single cue
(3). The resalts of these experiments confirmed the hypothesis that the
defeit produced by Jesions of the central processing cortex are divectly
relmted to the complesity of the sk and of the numwber of distingtive
feateres which identily a cue. In foct the results were such that ic be-
cime clear that the process depends on the ability of die inuict, normal
stibject to handle wmore inlormation at any moment than his lesioned
counterpiri—more alternatives are able to be kept in mind, as it were.
This makes it unlikely that the normal idemification process is ab-
stractive in the sense that some Jeatwres are singled out to the exclusion
of others, 7.z, that a progressive discard of informacion is operative. At
the purely behavioral level also, the evidence is that discrimination learn-
ing (identifcation) s based largely on progressive differentiation (11},
not on associative abstraction.

Several important newrobehavioral experiments remain to he done o
clavily the steps involved in the identification process. The question is
as yet unanswered as to whether there is a central mechanism thac sinply
extracts the information “sme or dilferent” independent of the more
complex identification mechanisms. A fuvther question concerns the in-
fluence of conplexity per se: does 1t interlere with the detectability of
the cues or does complexity primarily aflece the way in which the or-
ganism responds 1o e cues? These experiments are now underway. If
prelminary results are avadlable by the time this volinne g0es tu ress,
a footnote deseribing thein will be appended.

A CORTICOFUGAL SENSORY SYSTEM

An active identilication process of the kind demanded by che above
results hinplies an operation on input. This operation could hardly be
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performed locally within the intriusic processing cortex; it is more likely
to he cllected by aperations which this cortex might exert efferently an
the printary sensory systenn The gquantioative relationship hetween difli-
culty of task and amount ol hupaiment, the Fact that under some cir-
cumstances, e.g. tracking, recognition seems not at all affected by lesions
of the Intrinsic processor, suggests that the operations critical for recogni-
tion are not performed in the inrinsic processing cortex per se. Ie seems,
mstead, that the operations pertormmed by the intrinsic processing cortex
allow recognition o take place inr the face of circumstances thae woudd
in the absence of this cortex defent the mechanisin, Thus 1t becomes
likely that an imporuint aspect of the mechanism depends on corticofugal,
etferent influences which the inwinsic processing cortex could exert on
the associated sensory system.

We therefore undertaok a series of experiments 1o demonstrate whether
such efferent influences exist, the pathuvays they atilive and something of
the funcrions exerased by their operation,

The existence of efferenr influences excrred by the inbinsic processing
corlex on I_h(j [anlI. l'llf_'('.'hilllll.‘slll l\ TIOSE (lT'é‘I!II[I[iC[lII)" Sh()\\'“ in CX]_]CI']‘—
ments in which e visual receptive hiclds of units in the optic nevve and
lateral gemcelate nuacleus are changed by electrical stimulation of the
central processing cortex (34) (he, ING). The possible pathways uulized
by these influences have been mupped (14, 32), Especially important are
connections to the collicull, 1o 1the mrinsic nuclel of the thatamus and
t¢ the putamen. The fact that two ot these pathways involve soructures
thought to be primarily motor is consunant with the conclusion derived
From the neurobehavioral wnalysis than these inirinsic processing systems
provide an actuating mechaniam necessay o nuiking identifications,

ATTENTION

Further specibications of this mechumism come from experiments in
which recovery cycles i the sensory systems were numnipulbieted by making

simulitions ar excisions of the ntrinsic processing cortex (6, 33, 34). These
experiments were performed on uninesthetized subjects awd recovery
speeded or slowed depending on the nanipulation performed (fig. INCG).

Fleatrical stimulation of the sensory specilic Inmrinsic processing cortex

speeds recovery; stimmudation of the lronal cortex retavds the function
The interpretation ol these rosults comes by way of yet another set
of experiments, These make use of the fact that a potential can be
evoked in the suiate cortex by stimulation of the Lateral gentenlae
nucleus tn the awake monkey, The amplitude of this “probe” patential
cau be varied by engaging the mwonkey's atention. T'hus, when the sub-
ject sits in an enclosed box, the potential evoked by a particular stimulus
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Fig, IX.5 Receptive Deld maps frow o Latera) gendeulate unit, n, tofr fefty contral;

fomapped while inferotanporal cortex was heing stimulated; f: mapped durving frantal
covlex stielution; re, bottows ik dinad conttol, A thivd contral wias tuken hetween
the 1 and the fmaeps il was nat ineluded iecise 1was not significandy diflerent from
the fivst aod the Last. Nole thaet inferotemporia] stimalation decreases dhe size of the Yon™
center:s frantal cortex stitmulation, while noi veally chanpiog the cheolar part of the
recepiive Deld, brings vul another reglon below i The Tevel of aciivity shown s 3
starboed deviations above the mormut lackground For this reedrn

intensity s relaiively small; when the box s opened and the monkey
looks about, the amplicnde of the potential evoked by the sune stimulus
intensity iy nuch larger. Using the sive of the probe-evoked response as
an indicator of attention, we found thut the chunges in recovery cycle
produced by stimulation of the sensory specific processing cortex could
be obtained only when the monkey was not attending (10). Atiention
and the excitation of the inirinsic processing cortex scemed, as it were, in
competition tor conurul of the amplitude of the probe response. We con-
cluded, therciore, that the inorinsic processing cortex elfects idendiications
by activating an attention process (hg. IX.7).

The term attenuon is wsed o this volume with o varicty of meanings
and for each meaning 4 neural mechanism can be and has been proposed.
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Fig. 1X.6. The change in vecovery of wovesponse 1o the second ol o paiv of lashes
compated with prestintulation yecovery funcdon. Conuol stimulacions were performed
on the parictal cortes. Records were made innnedistely alter the onser of stimulation
anel weekly for several months, The response cwines obtidned immeditely alier onset
and after T month are prosented. Pertical bas represent vaciabiliny of the records ohe
tained in cach group of fotrr munkeys.

Atiention can mean vigilance, « monitaring of internal and external
events (14, 13). As reviewed elsewhere (25), the limbic forebrain seems
especially adapred to such monjtoring processes. Atiention can also mean
a focusing down, concentrating, on one or another aspect ol a situation
to the neglect of others. We have good reason to believe that the froncal
part of the mwrinsic processing cortex is directly concerned in swch a
mechanism of “conceniration.”” Not only do neurobehavioral data show
the increased distractibility, the stimulus binding, thac occurs when the
frontal cortex is dumaged (26, 23). Also, the changes in recovery within
the sensory systewns produoced by frontal stimulation indicate thar the
sensory channel becomes synchronized, allowing more of it to be given
over to a particular item being processed at any rmoment.
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Fig. 1X.F. Conparison of liash recovery functions obtuined when the probe stimudia-
tim of the Luteral genicukie nocleus vesalts in "small” (olid fine) or “lacge™ (ot led
firred striate cortex response. Contiod withont probe stimulation is indicated by dastred
fine.

Finally, attention can mean the opening up to the variety and ricliness
inherent in every sitvation-the active jdling mechamsm used by the
psvchinteist’s thivd ewr e search, sample and identify incongruities and
sinvifarities appearing before him. T is this form of avendon which, on
the basis ol the evidence presented, seems 1o be enhunced by the opera-
tion of the postevior part of the intrinsic processing cortex. The recovery
cyvele data bear out this conclusion: desynchronization of the sensory
channel occurs when this cortex is stimulated; ¢, a greater number of
iems can be processed at any moment (35). It is as i the sensovy systems
were ftred with a zoom lens: the frontal cortex provides a long focus
which enlarges the item of interest and reduces depth ol field; conversely,
the posterior processing cortex provides a short focus which allows a
much larvger field o be sharply imaged. The effects of having the zoom
stuck in the long or short {ocus position due ta damage of the processing
cortex should show up in differences in distribution of eve movemenis—
ditferences which are now measurable thanks to the advent of the eve
camern. Bagshaw and T e now engaged with Mackworth (sce Chapter
XIV) in studies to determing the natwre of such differences.

Wihat then are the conclusions relevant to perception e be derived
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[rom these studies? The ordinary perceptual operations necessary to trick-
ing and responding to the presence of stimulus characteristics remain
intact when the mtrinsic processing cortex is damaged. Such damage,
however, does alter an active attentive process cllected through efferent,
corticofugal influences on the sensory systems. In the absence of the
frontal cortex the primate hecomes overly diswractible and stimulus
bound. When the posterior part of the central processing cortex is re-
moved the opposite occurs: o paucity of inflormuation processing results.
This paucity is manifesi in restrictions on the number ol cues sampled.
It seems reasonable te conclude [rom these ditta that the operation of the
intrinsic processing cortex ordinarily enriches perception.
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