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T Vet

BEleanoxr J. Gibson

Cornell imiversity

I am particularly glad to have the oppor’bunity to telk to this symposium
ebout pereeptual learning and its role in education, foxr‘ it seems to me to have
been overlooked or treated as an unworthy stepchild while 5ther kinds of
learning have been pampered in the laboratory an. offered as models in educa-
tioﬁa;l. eireles. A vecent book edited by Meltun, "Categories of Human Learning,”
provides an example of this neglect. Precamably e taxonomic review of proto-
typical learning situations and issues deriving from them, the book inecludes
chapters on classical and operant conditioning, rote verbal learning, probe-
bility learning, short-term memoc:y and incidental learning, concepts, problem
solving and perceptual-megor skills.‘ e nea.rést thing here is "perceptual=-
motoi' skills.” But learning to hit a baceball or perfo;‘m a tracking task is
not the prototype of percepﬁual learning.

| Exploitation of concepts from learning theory in Educetion has not,
over tre years, been very impressive. What has received plenty of attention
(perheps all it merits) | is progremmed learning, whose theoretical underpinnings
(such as they are) derive from operent conditioning. Concept learning has had
a certain success in educetional circles too, made fashionable by Piaget's
influence. As a colleague of mine said after observing him at 5, conference

of educators, "The air seems to part in front of him as he enters the room. "
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Gibson : Qe

Why shouléd perceptual learning have been so neglected, both by scientists
and educators? Farheps because people think of perception as having to do
mostly with pic@ures-e-and indeed Gestalt psychology left many students with the
impression thet the laws of perception are based entirely on two-dimensional
drawings. Or on the other hand, perheps they think it has to do just with
SPACE, so the educational implicetions would be only for mastering new means
of locomotion, such as landing o plane., "School leaming" is generally thought
of as involving neither iaictures nor spacs bub symbols--numbers and words. As
a result, verbal association and conckeptua,l rules have seemed the obvious prin-
ciples to lean on. But, as I hope %o show you, symbols must be differentié.ted
'bei‘?re they can be associated with anything, and rules are minimally effective
as mere verbalized relations. Struetural constraints must be perceived as
well as verbalized. |

The real reason, however, that principleé of perceptual learning heve not
found wide application in eduvecation is that no one has thought mach about the
principles, or mede it very clear what perceptual learning is. I am forced to
try, therefore, to tell you what I think it is, and what its useful principles
are. Only then can I give you éxamples of its implications for learning school
subjeets. The plan of my paper, therefore, will be to consider first the
nature of pereeptval learning and second to introduce some applications to |
learning in school situstions. By applicetions, I meen psychological anaiysis
of the tesk and skill o be acquired, rather than a list ol recommendations

for teachers, but I would hope the labtber might eventually follow.
A THEORY OF PERCEPTUAL IEARNING

A decade or so ago, my husbend end I published an article which we

Aruitoxt provided by Eic:
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called "Perceptual Learning: Differentiation or Enrichment?" It was the
resul'br of a debate with Leo Postmen, in which we took the view that perceptual
learning was basically differéntia'!;ién of the stlmalus éitue,ti'o’n, rather then
accrual of contextual associations or cognitive elaboration. Postman (1955)
argued thet enrichment by images or cognitive conmbext was not the necessary
elternative to differentiation, and. stressed a view more consistent with modern
behaviorisnm, _emphasizing response-learning.

There are indeed several alternatives and in order ;co"make wy oﬁm position
clea;r I should like to stabte them. They have in common the“ fact that ‘the.y are

all gdditive mediation theories, & texm which I think characterizes them better

than our earlier term, gx_az?ichment. They can he classified into cognitivély-
criented and respmse~oriaited theories, in contwast to e which_ is stimlus -6ziented. dogﬁﬁve‘ly—
~oriented theories can themselves be divided into several kinds. One of them
considers perception as a kind of 'subm_e:rged problem-solving process, w:i:th
development oc'curring as experience piles up assumptions on which inferences
mey be based. Originally Helumholbzien, this view has many present-dey spokes-
men such as the transactionalists, snd, with his own flourishes added, Bruner
(1957) » who thinks of the process as one of trial and check of hypotheses and
of categorizing’. Another view is that perception develops through the forme-
tion of a schema. As experience accrues. the scheme is elsborsted and the
impoverished stimumlus can then be filled in by the richer schema to afford a
more sophisticated percept. Barilett's use of ... schema in analyzing remem-
bering was borrowed by M. D. Vernon (1955), his student, for her anelysis of
perceptuel development. Fiaget, of course, uses the coneept of schems in a
somevhet similar wey--perception involveé metehing inpat to a schems and

"acconmcdating" to it, though he stresses somewhat more the ective neture of

the process.

A ki s > s N LT




Gibson | olje

The response-orienited theories can also be divided into two kinds. One
is the party-line theory of the Soviet perception psychologists, who refer to
it as the "reflection" theory (Leontiev, 1957). I prefer th§ term "motor copy."
Very simply, perception reflects the world by making a motor copy of it. A
child palpates an object given him to idenbtify first with gross and later with
skillful exploratory movemezits, his "image" of the object improving and coming
cleser to the rea;i‘by as exploratory movements develop. This is another kind
of schema theory, similar to Pisget's and also to Hebb's (1949) who proposed
that eye movements tracking the contours of cbjects resulted in the building
up of cell acsemblies corresponding with irisual forre perception. The Soviet
psychologists go along with the relation or' eye movemen‘bs to form perception,
ection literally "mirroring" the object. Exploratory eye movements do develop
in children, as research in this country as well as in Russie has shown, but
I would guerrel with the notion that meking a copy is fundamental to perceptual
developnment. |

The response-orieﬁ'bed theory most popular among American psychologists
is not o copy theory. Tt goes by the name of "acquired distinctiveness of cues."
The idea was first expressed, as far as I kpow, by William James who spoke of
two "terms," originally confusable, being "dragged apert" by more distinctive
avssociations which they had acquired. Miller and Dollard (1941) recast the
theory into behavioristic terms and added the notion of acquired equivalence.
The notion of additive mediabior can be seen quite literally in this theory.
Two sbimulus ~.splays, originally coniuseble, acquire distinctiveness through
associabion with different and distinctive responses thet provide "iittie sts"

so that the sum of stimulation is now different. Additive mediestion can pre-

sumebly result in equivalence, too, if idenbicel responses are associabed with
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different stn.mull. The typical experiment for investigeting this hypothes:.s
consists of teaching subjects in an experlmen“cal group verbal la“belg for un-
fsmiliar visual shapes such as those contrived by Attneave and Arnoult and
then showing in an ensuing discrimination test that they are more easily d:.f—
ferentiated than in a suibtable control condigion (Arnoult, 195 3). The big
difficulty here, of course, is to know whether it is really the distinctive
responses that add distinetive cues to the visuel stimule:<ion.

in one way this theory of acquired distinctiveness is more 1ike ny own
theory than the others are because it emphasizes en increase in differantiatiion
as the fﬁn@amen‘oal characteristic of perceptual learning. But in another way,
it is worlds apari, for it makes the as sumption that the stimulus mast be |
supplemented by more stimuli, arising }:t‘rom response mediators, o account for
learning. I do not accept this assumpbion and would asserd, inst'ead, that
stimuletion is glready full of information and that perceptual learning con-
sists of detecting the relevant information, filtering the distinctive features
from the irrelevant cr noisy input. This is a drastically different ideg--per-
ceptual learning is not addition but reduction. To convince you of its truth,
I mﬁst go on and explein in more Oetail four points: (1) what I see as the
criterion of perceptual learning; (2} vhet is learned in perceptual learning;
(3) some taxonomy for the cree; (4) and “he way in which I think the learning

OCCUY'S.

’ Defisitic - of Perceptuel Leerning

The cri}i;erion for perceptual learning, as wy husband and I argued in

our cld asrticle, ic an increase in specificity of discrimination of the stimulus

input. I would still accept this--what is orginally perceived as homogeneous,

random or confusable becomes differentieted. )
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The experimental example which we gave will still do as a simple proto-
type, though I shall later provide some needed taxonomy. The experiment mede
use of a number of pictures of coiled lines that had been constructed. to vary
in three ways, the number of coils, degree of I'mrizc;m:.a,1I compression, and
orientation with respect to other members of the seb (scme were reversals of
others). One of the pictures, printed on a card, was shown to the subject with
the instruction that he was to exemine it carefully so as to recognize it again.
Then it was inserted in e deck of cards conteining all the pictures, as well as
others identical with it. The subject was told to look at each of the cards |
and. to pick out those identical with the standard. After one run through the
pack, it wes shuffled, the standard shown again with fresh exhortations to
examine it carefully, and a new run mede.

Our interest in this sask was in the subject's errors and their rete of
decrease as the runs con'tiriue&, for they did decrease. A group- of é.dul'b sub-
jects reduced the number of cards confused with the standard from a mean of 3
in the first run to zZero in an average of 3 runs. Children of an intermediate
age (faroundeuten).. reduced the confus:.on errors from 8 to none in a mean of 5 runs
Younger children (around seven) had a meen. of 13 confusion errors on the first
trial. In a meen cf 7 triels the errors were reduced %o’ a mean of 4, bat most
of these children did not achieve perfectly specific dlscrm:a.na.tz.on before
exhaustion set in. In all the subjects, however, perceptuel. 1earn1ng in thre -
sense of an incresse in specificiby, cceurred, withoud reinforcement or assign-
ment by the e@erimenﬁer of distinchive responses. EBrrors were related to the
numbei' of distinctive feasur.s in common; that is, a card differing by only

one feature from the standerd, sey in degree of compression, was more often

confused with it than one differing in ‘two or more features.,
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The achievement here, I think, is coming to percelive as unigue something
which was not, in the beginning, readily distinguishable from other members of

the set. What is it that has been learned?

What is learned in‘ Perceptual Learning?

What isg it that is learned as nerceptual differentiation increeses? I
have already said that I do not think it is responses, Or & schema, Or &
representation. Of course T would not deny that responses occui' or that rep~
resentations of objects may develop. Bubt I do not think that they are pro-
padeutic to, or the basis of perceptual learning. T think whab is learned are

distinctive fegtures of things, invariants of events over time, and higher

order structures of btoth. These three properties have something in common for
the percéiver , as I shall show later, bub they need to be distinguished, too,
for reasons of taxonomy. Let me say a little about each of them.

Distinctive features. I have borrowed the term "distiné'bive features" from
Roman Jakobson, who with Morris Halle analyzed them for phonemes, the smallest
units of speech (Jakobson and Halle, 1956). Fhonemes can be differentiated
from one another by .their bundles of distinctive feabures, each one being vnique.
The features are contrasting differences on % dimension or property of the mem-
bers of a-set. In the case of phonemes, examples of contrasts are grave-acu'ﬁe ’
lax=-diffuse, vocalic-non-vocalic, and sc on. Jakobson's-lict of 12 is enough
to differentiate all the phonemes of £11 langueges. The Pegtures ere rela-
tional, for they must be invariant over various transformabions, such &s
different speskers and intensities. Only differences, obviously, carry incor-
metion for diseriminetion, and it seems reasoneble to expect that, for the nmost

part, they must be 1earned, though it mey be, especially with precocial animels,




i i, ” . kg
M’Wﬁw ek WL Sy b AR T T B s g

Gibson -8

that nature provides a small vocabulary of properties which are attention-
getters at birth.

Two psycholpgisté also used the term distinctive features more than 20
years ago. They were Robert Gagné and James Gibson who were investigating
during World War II means of improving training.for aircraft recognition (Gagné
end Gibson, 1947). In a comperison of two methods over a number of classes of
airmen, they found that teaching contrascing distinctivé feetures of the various
planes was more effective than a system purported to promoﬁe fast recognition of
é.total "gestalt." The students themselves emphesized that only the differences
should be taught.

Recognition of faces as it develops in infants seems to be a nice case
of learning distinctive features in early d%velopment, though our knowledge of
the process is nct yet so refined as to permit definition of contrasts. A% one
to two months, a cardboavd oval with spots;'small4squares or angles where eyes
would be elicits merled attention and aven smiles (Ahrens, 1954). By three to
four months, realistic eyes on a dummy or cardboard oval are necessary, and
after that a nose portion, but not the mouth. By fivs to six months, the
mouth begins to emerge as a feature commanding attention, especially when in
motion. By six months, a widely drawn mouth is more effective in eliciting
smiles than a pursed wouth. By six to eight months, the infant begins to dif-
ferentiate one adult face from another., It can qifferentiate bundles of
distinctive features so as to identify a given face as unique.

Besides distinguishing objeéts in his world by learning their feature
differences, the human child learns distinetive festures of printed displays of
all kinds; pictures, letters and numbers. T have been perticularly interested

in analyzing the distinctive features of letters (see Gibson, 1965). ' Improvement
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in discriminating letter-like drawn shapes continues up to nine years or SO,
and I am very ccncerned with what changes developmentally to render this process
more aceurase and more economical. One letter may differ from another in ways
that erve not critical, not invariant distinctive features, as well as in ways
that are. A five- or six-year old has simply not got, as yet, the vocebulary .
of feabtures that are critical rilkered from the noisy ones, and wey make a
decision on some irrelevaut feature such as size. We have been trying to teach
o small portion ol the alphabet to four-year-olds this summer, and were struck
by the remarkable difficulty of the task for them. They had much farther to
go than we thought. Bubt the two who finally succeeded were able, in transfer
tests, to disregard noisy and pertially redundant features that were not dis=-
tinetive contrasts, though thay had not been specifically taught to do SO.

Invariants of events. While one can speax of disbinctive features of
events, md. as & rhytkmic property of a musical phrase, it is discovery of an
invarisnce over time that best characterizes perceptueal. learning for events.
The spatial coastancies are prime examples. When an auntomobile approaches me,
I do not perceive it as a Adifferent vehiele from one microsecond to the next,
although ius projected image on my retine is in constant ‘change. I perceive it
as the-same car, coming nearer. It is out of such events, involving time and
wotion, that perceptual constency develops, I believe. Continuous change is
important, beceuse it permits extraction by the observer of a rule, & mathema~
tical inveriant relebing properties of stimulation over & temporal change.
Events, in short, are units in time. We can only speak ol events if there is
some invariant giving unity.

Shape constancy as well is extracted through observetion of events such

as the continuous turning of an objcet in space or walking around it. An infent
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can give himself opportunities to discover the invariaﬁt relagcions in events by
moving his hands toward himself, or toward each other (in which case size=-
distance fea:bures_ of the stimulus do noct change) or by rotating objects. Piaget
(Piaget end Inhelder, 1956) claims that infants actually experiment in this way
to learn geometrical | invariants and rules for happenings in space and‘ time.
His intellectual emphasis I would be cautious in accepting, but that extraction
of invariants of events is an important kind éf perceptual learning I am sure.
Studies of the de\}elopment of conservation in children, following Piaget,
have emphasized the role bf verbalization. Some new intellectual operation
comes in, they would have it, and in the words of Bruner, "It is plain that if
a child is to succeed in the conservation task, he must have some internalized
verbal formuia. that shields him from the overpowering appearance of the visual
displays...” (1964, p. 7). But if this is true, we must account for the genesis
of the verbal formula. Simply telling the child does little good (Wohlwill
and Iowe, 1962). It seems to me that the child shifts from judging by the
features of a static display to discovery of the invariance in the event. For
example, a five-year old who sees water poured from a tall thin jer to a fat |
squat ,j‘a,r, may judge quantity on the basis of some size aspect of the jars and
thus fail to "conserve." He has to see the continuity of the water over shape
transformetions before he can perceive a unit event in time. The more complex :
‘the transformations--e.g.-; the gteater the differences in size and shape of
coh’cainerse-the harder this is. Anything that destroys continuity in the event
by calling attention to the stationary display reduces the chance of pei'ceiving
invariance in the event, whereas enhancing continuity by centering attention
on the pouring facilitates it (Bruner et al., 1966, pp. 193 f#.). One can read

about conservation of mass in a bool but I cannot believe thet the scientists

ERIC
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who first mq.d_e statements about it did not begin by perceiving invariance of
& property over time and despite transformetions whi‘ch».‘ they learned to | ignore
or compensate. . |

Perception of causality , the least und-;erstood of the constancies, is
again the ex’ -action of invariasnce from transformations in the coursé of an
event. A roll:.ng billiard ball bumps ancther, and the 1oss of 1'bs own velo-
city is compensated by that gained by the second. Michotte (1954) has con-
vinced most of us that the percep’bidn of "cause" here--though I should prefer
to say the invariance-~is as direct as that of modal qual:.ues of objects, such
as color, I would want to see more work on 'bhz.s w:rl:.h children before I would
agree tha,t no perceptual learnmg is involved. But in any case, ‘the observa-
tion is the kind thet lies at the very base of sc:r.ence education.

Higher order structure. My third ca.tegory of "what is learned" in per-.

ceptua'l. learning, h:.gher order structure, applies both to objects a.nd events..
Perceptual development, in the case of objects, begins by detect:.ng distinc-
tive features and unique bundles pf them for sets of objects. But the bundle
of distinctive fea:burés of an object may possess higher order relations between
the features, or there mey be .redundancy of meany orders in the correlation of
feabures. Perception of these rela.ﬁons » ahd of high order redundencies is a
sophisticated achievement and one which should bé of great concern in studying
perceptual learning, for :i‘b is here, in particular, that one senses & possible
contribution to education. Percep‘i;ion of re_gula:‘i‘by, and higher order con-
straints obviously frees the information proce#ser to increase enormously the
- input he can handle.

For o simple examjple, let us return to development of the infant's per-

ception of faces and facial characteristics. There is evidence that assenbly




Gibson ~12-

of a vocabulary of features is prior to detectiﬁg higher-order .:rélations. Per-
c;eption of facial expression develops la.te,» and this is Va. case of noting in-
variant relations over diffefent faces. Again, discrimination of a.._pretty
face from & not-pretty one is late, nbt only because cultures have conventions
about this, but because the redundancies involved--symmetry, ratio of length
to breadth, and so on~-are not first order features.

That second and third-order constraints ere slower to be picked up seems

~ obvious, and -Bhére is evidence that this is the case in work on informetion
processing in adults (Oostlander and DeSwar‘t , 1966). It takes longer to pro-
cess them at first and in children they may not be utilized at alls but practice
in perceiving them can be very effedtive. Let me remind you of Bryan and
Harter's (1899) classic experiment demonstrating proéress from reéeiving lower
units to higher units in learning telegraphy.

That young children are slow to perceive aﬁé. 'ut ilize

Te guylarit ies and redundancies which adults find obvious is illustrated
by an experiment of Munsinser's (1966). Subjects were shown projected shapes,
one at a time, varying in number of angles' in the shape. The number of angles
was always 5, 10, 20, or 40 and the subject was told to report one of these
numbers when the shape was exposed. Redundancy was varied by projecting
shapes of a given number of turns on background colors which might or might
not be a one-to-one contingent relation, a pertial redundancy, or no systematic
relation. Childi'én of two age groups and adults were subjects. Accuracy of
the aéults increased following the linear contingeney, but it did not for

~ children. They were not sensitive to the internal constraint anong the vari-
gbles and did not improve in the course of the experiment. ' The adults appeared

to be insensitive to all except the one-to-one contingency reletion, but
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practice might hé.ve changed this finding.

| An experiment by House (1966) with retarded children presented discri-
mination learning tasks with dot patterns as stimuli. The patterns varied in
redundancy and in form of redundauncy (symmetry as opposed ©o repetition without
reflection). Ease of discriminstion wasrelated to both. Symmetry, continu-
ous lines, and distinctive clusters of dots were generally utilized by retar;-
dates but order of other kinds such as vepetitive relations between sub~-patterns
might or might rot be effective. She soncluded that failure in these children
was due to a perceptual deficit, inehility o perceive the pattern differences

as described by whese struchural characteristics.

Taxonomy of Perceptual Learning

Wha.b is learned in perceptual learning, distinctive features, invariants,
and higher-order structure, can be recognized in several different "media,"
aﬁd these media give us a simple and convenient taxonomic classification., The
media describe aspects of the world, man's ecology, not differences in process.
This is ‘the right basis of élassification “>r a stimulus~-oriented theory.
Perceptual differenti.ation occurs within five mediaj objects, space, events,
representations, and s'ymbols.. The child's earliest perceptual development is
greatly concerned with objects and space (space ‘close-by, at least), and more
later with events, as he achieves locomotor and menipulatory abilities. Learn-
ing with pictorial representations and symbols is 5till later and most of what
I shall have to say about school learning is concerned with perceptual learning

in these media.

Learning Principles

T have said that I am convinced that perceptual learning is a reduction,

1
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not en addition. You will not be surprised, therefore, that I do not choose

association as the ultimate principle of such learning. I think, instead,

that filtering is the right concept. Distinctive features, invariants, and |
structure (rules, if you like) are not integrated but rather filtered or ex-
tracted from noisy and irrelevant input. They are, in James's sense, dis-
sociated rather than associated.t

How does this happen? In terms of factors facilitating learning, any-

+thing which enhances distinctive features or impoverishes noisy background- in
relation to them should help; exaggeration of contrasts in the‘ case of distinc~
tive features, and "showing the bones” in the case of structure. There is a
summer course at Andover in "Percei&ing" which aspires to teach structure in
nature. The methods are "Bauheus" methods used by Meholy Nagy at the Chicago
Institute of design. One exercise is slicing an onion and printing the cross-
section on paper or cloth as a design. Another iu teking rubbings of tree bark
as illustrations of textural regularity in naturé: rI‘.'hese seem to me ingenious
because by printing the structure, it becomes dissociated from the objects so
as to reveal and enhance it.

Moztly, however, there is mo teacher to point out contrésting features
and to separcte the pattern from the partially correlated but nqn-critical
aspe'c/ts. The child does it himself, and I think he does it very actively.
Perception is active, not in the sense of performance or execuﬁion, but in the
sense of exploration. Attention to aspects of the environment is demonstreble

in very young infants, as Fantz (1965), Kesson (salapatek and Kesson, 1966),

T, "Whet 1s associated now with one thing and now with another tends %o
become dissociated from eitlier, and to grow into an object of abstract ]
contempletion by the mind. One might call this the law of dissociation !
by verying concomitents." (James, 1890, Vol..1, p. 506)
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and others have showm us. This early attention seems to be a kind of capture

by compelling shimulus properties, and the shift to voluntary attention, indi-

cated by directing “he regard, turning the nead, and canvassing the environment

in 2 more and more systemabic search pattern develops only gradually. Bubt per-
ceptual development is characterized by exploratory movements of the sense
organs, a search for distinctive feabures and invé.rian’cs. It seems to me that
the motivatior is primerily "eurious" or "intrinsic" as Berlyne (1966), Hunt
(1965), and others have :alled it, unlike the motivetion of most performatory
behavior.

The big question which I am always asked at this point, ‘is what is the
selective mechanism in perceptual learn.ing"? Is a distinctive feature selected
as relevant because it wins & reward, gets confirmetion or external reinforce-
ment? Alth;)ugh this could happen in a teaching situation, I think that it is
not the true selective principle of perceptual lesrning. So much of it goes
on in infancy end is somehow self-regulated; nobody is giving out M and Ms, or

sleps or even praise. I think the reinforcement is internal--the i'eduction of

uncertainty.

Stimulation is not only full of informabion, it is too full of information
to the neona.’aev, or to the ‘underprivileged child who lives, I am told by the
experts, in a world of confusion and epparent disorder, or to the first grader
presented with a reader, or to a school=boy given his first algebra text.
Reducing this iaformation is the goal and the end of perceptual learning. The
invariants are there in the stimulus, but so is a lot of noise and irrelevant
informetion. Distinctive feabures, invariants and higher order structure have
exactly the function of re&ucing uncertainty, filtering the gold from the dross,

meking one out of many end thus allowing more information o be hendled.
any - and

a
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Garner (Gorner and Clement, 1963, Royer and Garner, 1966) has pointed
out in clever experiments that the "good" pattern or structure is the unique one.
This fits too. The good one is the highly differentiated one that is not con-
fused; vit has specificity within the set and it stands out from the noise.
Specificity and "uniqueness" are not avtomatically appreciated by the perceiver.
They can be prediqj;;ed for various displays by the wise experimenter; but per-
ceptual knowledge :i.s. required for the debection of univocality in sets of any
complexity. |

To conclude what I can say in this short time about perceptual learning:
it is defined as increase in syecificity of stimulation to discrimination; what
is learned are distinctive features, invariants in events, and structural regu-
lerities; and these are learned, thet is to say filtered from the total stimulus,

because they serve the function of reducing uncertainty.
APPLICATIONS TO EDUCATION

Now I want to tell you some ways in which this view of perceptual learn-
ing can be usefully applied to education. I have four points to meke., I would
like to say "principles,” but that would be sheer ostentation. I will illus-

' I must make one

trate my four points with examples from "school learning.’
more distinction befores presenting them, the distinction between content and
strabegy in a task. This is a useful distinction rather than a profound theore-
tical one, for the two are not easily divorced in actual opefation. I am |
willing, however, to be a structuralist and a functionalist at the same time.

I want to telk about units of content of perception and also about active per=~

ception, for being a learning theorist, I conceive of perception as active,

exploratory and directed rather than passive reception of anything exposed to |

the sense-orgen.
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Units
. My first point is thet tasks can be analyzed into units of perceptual

content which form hiererchies. I think that task analysis is essential for
a theoxry of ins*bructiori as well es For a theory of learning. A task varies

at different shages of mastery end the optimal skill at the end may bear very
1ittle resemblence to the skill at ‘the beginning, but there is an order in the

progzess. For any task, therefore, I want to talk sbout lower order units and

higher order units. The order of the perceptual unit changes with the stage

of learning, progressing from lower to higher. I have a good precedent in
making this statement, _:ﬁ'or Robert Gagné (Gagné, 1962) mede such analyses for
learning methematics and showed their usefulness in setting up a program of
jnstruction. Tt has been shown, furthermore, that the factor structure of a
task changes with stage of mastery. Fleischmenn end Fruchter (1960) showed
this for learning Morse code; in early stages, achievement was best predicted
by tests of fine discrimination c;f details bub later by tests of "Gestalt"
perceiving, grasping of "wholes. " Blkind {1965) reported that tactuel dis-
crimination of iletters correlated with reading achievement in its early stages,
but nct later, and this makes very good sease.

T would like to take reading as my example, since this is the task I
have worked on. I think aequisition of reading 51:111 can be divided into four
phases or steges which overlap, but nevertheless have en order in that the
earlier ones mush precede the later ones. The first phase, which goes on for
many years, is leé,rning; to speak. This precedes the others both practically
end logically, for the wri't;itxg system is a second order symbol system decoding
o speech, itself symbolic. The second phase begins when the child is first

presented with printed letters. He has to learn to discriminate them from one

©
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another, for they are the smallest units of the writing system from which words
and sentences are built. It may seem %o you trivial tr distinguizh such a
stage, but I essure you it is no mean achievement. In fact, progress continues
for several years, If you doubt it, btry learning to distinguish the graphemes
of an unfamiliar alphabet, such as Hindi or Arabic.

The third phase is learning to decode letters to sound. It sounds so
easy--just a simple paired-associabe learning task. But this is not the case,
if you think sbous it, especially with English where sound-lebter correspondences
are by no means one-to-one. Ietters are the smallest units of the writing

system, yes, but the spelling-sound correspondences are not reducible to one

sound for one letter or vice versa. This does not mean that there are no rules
or order in the system; there are, indeed, but they can get fairly complicated.
The child, if he is going to be a good reader, caennot learn by a sheer rote
menmory procedure, for he needs to learn the order in the system, the internal
structure given by spelling pattcrns and syntex. He may start with rote
lesrning, decoding simple words like "0 see baby" to speech. The kind of
reailing vocabulary one would achieve by scimply learning words with no transfer
by rule would be severely limited. This may well be 21l that some people have.
But vwe know that detection of structural constraints in the spelling system is
poss':i.ble s for it can be shown that skilled readers perceive pseudo-words fit-
ting the rules far better than ones which do not. What we do not know is
exactly how this order is picked up, and that is where my research is focussed
ab present.

This tekes me to the fourth phase, which as I have shown already, must
overlap the third, the learning of higher-order units. A good reader does not

read letter by letter, decoding one at a time in sequénce from left to right to

©
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get the word. Research by Newman (1966) and by Kolers and Katzman (1963) has
demonstrated dramatically how much easier it is to read a wo'rd presented simule
taneously than the same word pfesented letter by letter. And we know from
Cattell's (1885) classic work that with a fast exposure of less than 100 milli-
seconds, an adultv can read abouﬁ four unconner.éted letters, a ten-letter string
if it mokes & word and 20 or more lebtters if there are words forming a sentence
(The dog barked at the cat). As fedundancy is added, the good reader picks up
bigger units.

T am sure there are examples of a shift from low-order to high-order
units in other subjects than reading., In mathematics a child begins by handling
numbers a digit at a time, but a skilled methemetician handlés equations or
whole theorems as units. Pabtrick Suppes tells me that when a child is learning
the multiplication table, there is not just a sloﬁ constant decrease in latency
of giving answers, but a sudden dive. As Suppes put it, the child has just
acquired a "read-out.” I would say that 7x 9 = 63 has become a unit. I do
not believe any tachistoscopic experiments of the kind we have done with reading
have been done witk arithmetic. I think it would be interesting and prévide a
method for studying unit-formation in mzthematics.

Reading music is another obvious case for feature and unit analysis,

and progress‘ion to higher units cf structure, even to the pattern of a symphony.

Distinctive Feabures

Now I come back to distinctive features again, because my second psint is

that low-order units are disbinguished by distinctive features. This is true

for the content of school tasks as well as any others, but in the former case

we have an obligation, as teacher-researchers, to find out what they are. 1In
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my research on reading, I have spent a lot of thought and experimental time

trying to analyze the distinctive Peatures of letters. The type I chose was

simplified Roman capitals. I began .'by working out simply intuitively a list

of 12 features which would give a different bundle for each letter. This is
not easy, as it turns out, but I got one that worked that I liked fairly well.
The features were checked off for each letter as either precent or absent.
The ones included are straight line |
vertical
horizontal
diagonal
diagonal
curve
closed :
open horizontally
open vertically
redundancy
symmetry
repetition
intersection
terminal ending with
left-right scan
downward scan
We did an experiment with four-year old children, then, from whom we
obtained a confusion mabrix. We correlated the results with predictions from
the feature list with only fair results. A mulbidimensional proximity analysis
of the mebrix was rather encouraging for a straight-curve and a diagonality
dimension ceme out of it. We are getbing a new confusion matrix with adults
now. There will be less noise in the dabta, so it may take us farther,
T haven't “hought much about features of units of other subjects, but
T think reading e map in geography would be a nice one to play with. What

characterizes a region as unigue? I suppose mountains, rivers, iekes, timber,
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deposits of ore and so on. T am remindzd of a story of Bruner®s; he gave a
geography class a map of a real region with all these :E‘éatures indicated and
asked them to locate a city, some towns and villages and a railroad. He pro-
mised to tell them afterward where these actually were. It was a very success~
ful meneuver mobtivationally. Could it not be used for research on critical
features too? Nobt only map~-reading but ways of displaying an area most effec-

tively on a map need research. What is the optimal critical information?

The Role of Structure

My third point is that higher-order units are distinguished by structure.

It is perception of structure, that is, internal order, relations and corres-
pondences that permits processing of bigger and bigger units. Lenneberg (1962)
in speeking of grammetical rules says that they are rules of correspondence,
a formelization of our ability to perceive similarity between physically dif-
Perent stimulus configurations. The child!s first lesson in discovering struc-
ture and using rules comes in learning language. All the child needs to learn
'bhis lesson, apparently, is 4o hear plenty of it, but a child whose environ-
ment is impoverished in this respect misses his first lesson in discovering
order and never catches up. it seems as if the learning of order in speech
transfers to the discovery of order and structural relations in other spheres.
As ;.ashley (1951.) made so clear to us, the problem of serial order in behavior
is the central one for psychology, but we have not gone very far in solving it.
Tn mathematics, order is obviously all-important. Structural principles
such as similsrity, equality, symuetry, transitivity, and congruence are essen-
tial concepts and to grasp them they must © aeade perceptible. I like

especially an example of Wertheimer's from his book on "Productive Phinking"
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”(iéhs). He taught a young child (only five and a half) how to £ind the area

of a rectangle, drawing it for him, filling it with smell squeres, counting
them in various ways, and so on. Then he presenféd ‘&he chi'id with a parallelo-
gram and asked him if he could find its area. Af,t‘ér S'qme moments of puzzled
staring at it, the child asked "To we have & pair of scissors?" They were pro-
duced and he proceeded to snip a triangle off one end and fit it neatly on

the other. Then hé said, "Now I can do it." He 1iteré,lly perceived the
solution.

A colleague of mine who is interested in teaching mathematics to quite
young children described a venbure of his in tea.é»zing the concept of moments
by having the child drew merbles from é. cup holding different numbers of red
or green marbles, A listener said, V"Why don't you derive it for them?" He
answered, "It's a fect of nature. Sure there are axioms for deriving it, but
first you heve to discover it."

A more elaborate example of the valué of making a complex mathematical
func_tion or geometric object or physical principle perceptiblé is the use of
computer-produced perspective and stereogrephic representations, and animated
movies to illustrate complex functions.l The computer renders, in terms of
points and lines, a series df pictures thut have been described to it in e
more abstract way.

I mentioned earlier the importance of processing high~-order units’ in
reading, the units structured by morphological and syntactical rules as well

as meaning. Teachers have always, I suppose, encoureged children to use

1. These techniques are discussed in two articles in Science (Knowlson, 1965,
“and G. A. McCue and J. D. O'Keefe, 1966). Knowlaon gives a fascinating
deseription of s computer-produced movie by F. W. Sinden on "Force, Mass,
end Motion." o

ERIC.
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. redundencies contributed by meaning fo help decode new words and to increase
reading speed. In early stages of reading this can be & dangerous thing, not
only because it of'ten leads to wild guessing, but because it hinders .'!.earning
the other important kinds of order, in particular the spelling pattérns and
spelling~to=sound correspondence rules. They may be herd to formulate (see
Venezky and Weir, 1966), but nevertheless they seem to be infihitely valuable
for reducing information.

Our research (the experiments with pseudo-words thet I réferrgad to0)
demonstrated that morphological genefalizations are possible and transfer to
the reading of new words. This learning/has begun 'bb occur by the end of |
first grade (at least in children from a superior educational background) with
short letter-strings, and has adiranced to pérceiving order in somewhat longer
ones by the end of third grade (Gibson, Pick and Ossér, 1963). I think that
development of learning sets for abstracting common patterns has something to
do with this. Probably, also, redundancy of séund correspondences with the
snelling patterns facilitates the eitraction of patterns. How the generalization
comes to be made is not an easy question f.o answer, since discrimination of‘ |

words on the basis of differences of a letter or two is the obvious early

acconmlishmgnt. A second-order generalization must follow differentiation,

| when regularities are perceived and used for trensfer. We are working on this
now, testing the value of a learning-set procedure for promoting ebstraction
of common patterns.

In expeﬁenced readers, still lerger units then words are processed, the
grouping principles probebly including meaning and syntax. The influence of
‘context on speed of reading has long been emphasized (Tinker, 1958; Morton,
1964), but the evidence forﬁ pick‘,-,up‘»oi‘«auordmgygéps as units has not been too e
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clear, nor have the reasons for it. Does a skilled reaier grasp more in one
f:.xat:.on just because he has 1ncreased his "span, which is a constant 'bhat
has been "stretched" with exercise so that he "yakes in more at a glance‘?"
Advocetes of practice with a tachistoscope (Renshaw, 1945) often seem to imply
this. Or, on the other hend, are structural features of the material correlated
with the larger units? Levin and Turner (1966) and Levin and Keplan (1966) o
have provided Aconvincing evidence of the | latter proposi'bibn in new 2xperiments
on the eye-voice span, showing the influence of sentence structure in forming
super-word unifs. |

' The eye-voice span is the distance that the eye is shead of the voice
in reading aloud. It can ve mée.sured’by turning off the light at some point
in the reader's delivery and seeing how far he can continue reading when the
print is no longer visible, The reader can be stopped at a phrase boundary,
or at any point before or after it which is interesting for syntactical or
sementic reasons. Does the eye "reach," so to spesk, for the end of the
phrase, the structural unit, as a new fixation begins? This is a perfectly
pleusible hypothesis, since we know tha.t peripheral vision contributes enor-
mously to skilled reading. (If you don't believe it, try reading with occluders
on ydur glasses which leave you only 'fovea.l vision. )

Some of the findings of Levin end his colleborators are as follows. The

eye~voice spen is significantly longer for structured sentences than for un-

structured word lists. Eye-voice spen increases, in general, with school

grade. The eye-voice span tends %o be longer before the verb in a passive sen-

ject reads to the end of a phrase unit, corrected for his modal eye~voice span,

is significantly greater then zero. There is--a tendency to réad to phrase=

e e vy
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boundaiies rather than to non-boundary positions, and older sub;jeéts do this
significantly more ofteﬁ than do second graders., Most interesting of all, the
eye~-voice span is longer i»n the more highly constrained passive sentence form
then in the less constrained active form.

The evidence thus supports the hypothesis that people tend to read in
phrase units and that a person's span is not a constant of so meny words, but
rather shrinks or expands to accommodate to phrase boundaries, fluctuating
with the degree of structural constraint in the sentence. Skilled readers do
this more than beginning readers or slow readers. The purist may wish to argue
that leaming to read. in phrase units is not just perceptual learning but
1nvolvés short term memory. The eye-voice span technique does not allow us
+o settle such an argument, but in any case we can emphasize the importance of
perceiving structure, however the information is prbcessed in the on-going
act of reading. Knowledge of structure, in combination with peripheral
"peaching" directs the eye ahead in the sentence so as o complete one struc-
tural unit and begin another. More study of the grouping principles involved
and of the way fhey interact with input in perception has highest priority for

researchers working in this area.

o

Percggtual Strategies-
My fourth point is that the straﬁegy of exploration and perceptual. search

| develops with age and education. Selective attention, the ,a,bility' to focus on
points of high informetion and to shut out the irrelevant is essential for dis=
covering features and structures. It was the conclusion of a recent conference
on disadvanteged children that attentiveness is the single most importent

cognitive attribute. Experiments of mine in colleboration with Albert Yonas
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(Gibson and Yonas, 1966) studied visuel search and scanning in children of dif-
ferent age groups. We found that speed and accuracy in finding a target im-
proves with age, eSpecially when the background is confusing. Experiments on
dichotic listening by Maccoby and Konrad (1966) show that hearing one of two
voices which are speaking at the same time ;f.mproves with age. In both cases the
person is shutting out the distraction so as to select the wented information.
This kind of perceptual strategy grows from birth to maturity.

Can o:ie "enain" attention in any way? In presenting an award for dis-
tinguished teaching, President Goheen of Princeton said that "when Iouis
Agassiz was asked hié gréa.test achievement, he replied that he had taught men
to observe. u T am sure there are individual differences in this trait; one
thinks of Barwii; on the voyage of the Beagle noting similerities and the course
of differentistion over the world and finding the grand plan, the order over
all. The great scientist, we feel sure, does this. How do we help a child
to sort crit:‘.‘.calh features from noise, to find. order-.and._z_'._egularity in the
world, in ﬁarticular in the school world? | “

| I am not discouraged 'by the orthodox psychologist who says ycu can't

talk abbut tra}ining attention or observation. That's the old faculty psychology,

he seys, and.we. .we.ire,_ ?_za;-nea by people with famous names that it was wrong.

We were, bubt we have found sincé that time that transfer is not simply & matter
of common clements and individual vonds. Learning sets can be formed -bhat ere
quite general and that are powerfully facilitating.

How do we help to build a set to observe? For one thing, we try to

teach strategies, never answers. I can think of one strategy thet comes as a

1. Princeton Alumni Weekly, Feb. 22, 1966, p. 1l.
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moral from studying the perceptual constancies: How is the invarié.nt dis~
covered? It is discovered by observing actiorn--gpproach and withdrawal, rota-
tion, moving projections from different angles; Moving things, or moving
yourself in an orderly way is literally a good technique. ILooking et something
from another angle or from a distance of’cen reveals structure. One of the
drametic examplés is the geographer who went for an airplane ride and discovered,
looking down on some hillocks in his own cornfield, the outlines of an old

Romah :f‘brt. We can't often do this, but any trick that reveals what is invari-
ant over change gives order and reduces information. My husband suggested a
very ingenious experiment on this plan. ‘A first-grader is shown the bent-
stick illusion, a rigid stick on a pivot placed in & pan of water. He sees

that the stick is bent. Then he is asked to walk around the ran, looking at

the stick. He perceives, as he does this, that the bend shifts as he goes
around and meybe, if he is clever, he perceives the invariant--the straight stick
transformed by refraction, as revealed by d continuous change of station point
in relation to stick and water.

Praéti&.e in categorizing by perceptual properties, especially graded
ones, was a favored method of the Montessori system. Preschool education in
Russia leans heavily on it today. I am not sure how useful it is. We badly
need research in this area. I suspect that we want to give practice not so
much in ordering things as in finding order. Habits of easy categorizing are
to be avoided, for they threaten us with stereotypy, with blirdness to the
superstructure of greater value, Perhaps the best thing we can do, in our pre-
sent state of knowledge, is to give a child plenty of things to observe, »se'bs
of things with an inherent order, and leave him in a non-distrecting environ-

ment to manipulate them and find order. Finding a rule, reducing information,
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; is amazingly rewarding; as is seeing something interesting thet yéu hadn't
noticed before. An educator who can give a child this experiehicé will have

him looking forever.
CONCIUSION -

I must conclude on a slightly pessimistic note. In the course of
studying perceptual development and writing a book sbout it, I have become
more and more convinced that »an iml;ortant part of perceptual learning, grasping
the distinctive features of objects and the invariants of events; goes on very
early in life. When formal education begins, much of this is done, or if it
is not, in the case of a badly deprived child from an impoverished environment,
it may be too ia.te. Nevertheless, there is much for the educator to gain from
principles of perceptual development. The young scholar must learn to_ dif-
“erentiate the symbols of "book learning," and above all, he must be helped to

discover the order in nature and lenguage, in science and art.

-
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