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PREFACE

Visitors to the Heuristics Laboratory frequently ask one of two
questions: "What does Piaget have to do with teaching college level
physics?" or "What can I read that is good introduction to Piaget?"
These questions can be answered in several different weys.

In one level, Piaget's thervy describes & series of intellectual
stages which must be passed through in order to master the kinds of
fcrmal reascning processes necessary for an understanding of physics.
This aspect of the theory provides us with both a description of the
stages, and 4 battery of tests for determining an individual's current
state of intellectual deveiopment. To a physicist, these tests carry
an inherent validity because they are in fact tests of knowledge about
the physical world. Thus, part of the reason for the popularity of
Piaget amorg physicists is that they have not had to concern themselves
with whether the stageshaccurately describe iniellectual growth in gen-~
eral. It is sufficient that the theorv describe the particular type
of growih necessary for physics. Two good introductory references that
describe the stages are

H. Ginsburg and 5. Opper. Piaget's Theory of Intellectual Development.

P.G. Richmond. An Introduction to Pigget.

It is perhaps unfortunate that the stage aspects of Piaget's theory
are 8o easy to accept since this tends to distract attention from the

basic structural foundations of the theory. Piagst's major contribution
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to the fleld of cognitive psychclegy lies in his svccessful application
of & coastructionist philosophy of knowledge to the study of human in-
tellectual development. This aspect of the theory is difficult to
understand. Furthermore, prior to reading Herd Koplowitz' paper, I knew
of no suitable introduction to the subjlect.

Here, then, is a succinet treatment of Piaget's complex theory with
special emphasis on clarifying the distinction between it and othe:r psy-
chological tteories. It 1s followed by a shorter paper outilining some
of the implications of this theory for education.

Plagetisn psychology has its own jargon. Please pay attention to
the specialized meanings ettached to the following words:

structures of knowledge

scheme

assimilation

accommodation

equilibration
constructionist epistemology

Readers interested in a short introduction may wish to skip the

section on Alternative Theories. I would, however, recommend reading the

section on Skinner, pages 33 - 36. Those interested in additional readings

are referred to:

S. Kuhn. The Structure of Scientific Revolutions.

R.M. Pirsig. Zen and the Ar% of Motorcycle Maintainence.

Jack Lochhead

Qant
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ITRODUCTION

The world presented to our senses is essentially
continuous 1n space and time. We experience the world,
however, as consisting of ohjects and events which inay
be bounded in space and time. In knowing the world, we
break it up and structure it.

The simples* observations of children show that we
are not born with ou» ways of breaking up the worid. A
young child may not distinguish between dogs and cats,
and will not even judge number or length or speed as adults
do ‘fPiaget, 1946, 1952). The structures of our knowledge
must be developed, and the major issue this paper focusses
on is how those structures develop. 1In particular, the paper
will center on Piaget's position on this issue and how it
ccmpares to several alternative positions.

The alternative positions discussed here hold.in common
that the structures of knowledge are coples of other struc-
tures. B.F. Skinner and Eleanor Gibson hecld that the
structures of knowledge are coples of the structures of the
world. Benjamin Whorf and the lrzical positivists held the oo
Structures of knowledge to be taken from the structures ¢¢
language. The gestaltists tried to reduce the structures of

“nowledge to the structures of perception.
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Piaget, on the cther hand, believes the structures

of knowledge to be constructed rather than copied. To ex-
plicate the notion of construction, a brief description of
Plaget's theory will be given shortly. This discussion
should also clarify the notion of a "structure of knowledge"
which 1s more central tc Piaget's theory than to some of the
others which will be discucsed.

After Plaget's theory 18 introduced, and before alter-
native theories are discussed, the importance of this paper's
toplc should be established: why would anyone be interested
in the structures of knowledge and how they develop? This
discussion should lay the grounds for the analysis of the
alternative theoriles.

One purpose »f discussing the alternative theories is
to highlight their weaknesses. Some of them have a common-
sense appeal that makes them attractive, especially in compar-
ison to Plaget's notoriously difficult theory. An exposition
of the weaknesses of other theories may make 1t easiler to
understand why Pil.<et would propose his own. 1In the final
section of the paper,. Piaget's theory will be discussed in
greater depth. Attention will be given to the question of
how well his theory avolds the weaknesses of the alternative
theories, and the weaknesses of his own theory will be dis-

cussed.




Plaget's Theory. Schemes: Cantral to the theory 1is the notion

of a "scheme", which may be best approximated as being a
synonym for "concept". A person is not necessarily aware of
his own schemes, a1d certainly does not isually employ them
consciously, but rather exhibits his schemes in his actions.

For example, an infant may have a scheme for sticking
his finger into holes in objects. There will be a regularity
in the way he discovers the hole, sticks his finger in 1it,
retrieves his finger, and perhaps repeats the last two steps.
This regularity is what indicates the presence of the scheme:
it 1s evident that the infant is doing the same thing each
time he 1is presented with an object with a hole in it.

For another example, one which Piaget has examined in
depth, we may consider a person's scheme for Judging amount.
The differences between the five-year-old's scheme for amount
and the eight-year-old's scheme are highlighted by having the
childre meke judgments about the amount of clay contained
in various lumps. Piaget (1956) has shown that the younger
child will think the amount in a lump has changed when it 1is
rolled into a string, while the older child will think the
amount has not changed. The children have different schemes
“or amount.

Furth (1969, p. 264) defines "scheme" as "The internal
general form of a specific knowing activity . . . The general-

izable aspect of coordinating actions that can be applied to




analogous situations." 1In fact, it is a person's schemes

which determine wh2n two situations are analogous. It is

only because of hls sticking-the- .nger-in-the-hole scheme
that the 1infant considers holding a cup to be similar to hold-
ing a light socket. And in the example of the five-year-old
and the eight-year-old, only the latter considers the situation
of two equal lumps to be the same after one has been rolled
out. The schemes determine when two situations are the same,
and this will allow the same action to be performed on them.
In the example of the infant, the "same action" is simply :
sticking a finger in the hole. In the other example, the
"same action" is, for the older child, calling the two lumps
equal and ctreating them as equal.

Assimilation: Plaget takes the notion of assimilation,

"taking into a structure", from biology. To assimilate some-
thing means very nearly the same thing as to respond to it.
The important difference 1s that in assimilating something,
ore also defines it, and the definition 1is in terms of the
assimilator's schemes.

Our Infant assimilates a cup as "an object to put a
finger into". He can do this only because he has the ap-
propriate scheme. A younger infant might only be able to
grab the cup, and would thus assimilate the cup as "some-
thing to grab". Our children assimilated the lumps of clay
to different schemes for amount, and thus produced differ.nt

Judgments and different behaviors.




In Piaget's theory, to know something is to assimilate
it to a scheme. Thus, a person's schemes are the structures
of his knowledge. Our infant knows the cup as something to
put a finger into. A younger infant could only know it as
something to grab. Our five-year-old knows the lump of clay
and the string of clay to be unequal while the eight-year-
old knows them to te equal. Our schemes determine what we
know things as, and all other Judgments we make.

Accommodation: When a scheme is used, it may need to be

changed 1n order to fit the particulars of a new situation.
This change 1is called accommodation. Accommodation may be
simply the stretching of a general scheme to fit the particu-
lars of a glven instance, or it may entail creation of a new
scheme.

If we give our infant cups of increasing size, he will
have to change slightly the way in which his finger explores
the inside of the cup before withdrawal. By the time the
contalners reach pail size, a different action may be called
for. If the infant's behavior indicates a distinctly dif-
ferent approach toward small cups and larger contalners, we
may say that the accommodation has led to creation of a new
scheme. As Furth (1959, p. 229) has said, however, "There

are no a priori rules for Judging the extent of modification

requisite for calling the result a new scheme."




Splitting in two 13 Just one way in which accommo--
dation can lead to new schemes. Two schemes can also join

to form a new one. At some point in his development, every
infant combines his scheme for grasping with his scheme for
watching objects so he can systematically watch what he grabs
and can grab what he 1s watching.
Another form of accommodation 1s restructuring. For
example, a child usually first judges volume according to

the largest dimension. (The longer piece of clay 1s larger.)
Later, he will judge 1t according to the smallest dimension.

(The thinnest 1s smallest.) Later, he will vacillate between
the two. Finally, he will integrate dimensions and attain

an adult concept of volume. Each change in the volume

scheme 1s a restructuring.

The concepts of accommodation and assimilation are linked
so that 1t 1s sometimes difficult to distinguish them. Roughly,
assimilation 1is the modification of observations to make
those observations fit internal models, (schemes). Acecommodation

is the modification of internal models to make them

fit observations.

Factors influencing development of schemes: Ac-

commodation can only take place when something 1s assim-
1latecd to a scheme, ancd generally this happens cnly in the
presence of something assimilable to that scheme. Thus, the

environment 1s the first factor cited by Plaget as affecting




development of schemes. (When discussing these factors,
Plaget usually separates this first one into physical environ-
ment and soclal environment. The distinction .is not relevant
to the present discussion). The infant's schemes
relating to cups can only be changed if he has cups to play
with. Schemes relating to amount and volume can only change
as a result of experience in judging amount and volume of
physical things. Note that environment does nct play the

same role in Plaget's theory as it does 1in Skinner's (which is

discussed in greater detail below.)" The
environment does not act on the person, eliciting re-ponses

and affecting the probabilities of the occurrence of responses.

Rather, the person acts on the environment; the environment
affects development by providing situations assimilable to
some schemes but not to others.

The second factor affecting development of schemes i3
maturation. Plaget is vague about how maturation affects
develcpment, but he does not see 1t as a process
of certain schemes simply appearing after a person attains
the correct age. Rather, he seems to see maturation as a
limiting factor. Certain schemes need a relatively ad-
vanced state of neurological development before they can
appear. Thus, maturation does not cause a scheme to appear,

but only allows it to develop.

The third factor in development is equilibration. Furth

(1969) describes equilibration as foliows:

12




It is conceived as the factor that internal-

ly structures the developing intelligence. It pro-

vides the self-regulation by whic: intelligence

deveiops 1. & 'rting :o0 external and internal

changes. . ;et insists on the factor of equil-

ibration pec . because he needs a unifying prin-

ciple of development a:id cannot accept othsr factors

as that principi-. (pp. 206-207).

As I understand equilibration, it 1s the factor which
"notices" self-contradiction within a person's knowledge
and which reduces this imbalance through counstruction of new
schemes. The function of equilibration is much clearer than
its operation. That is, Fi. et tells us more about what
equilibration does than about how it dces 1it. T will re--
turn to this point at the end of the paper.

Knowledge as construction: Plaget's epistemology 1s

ccnst rtionist in two ways. First, the notion of assimil-
ation entails construction. By use of this notion, Plaget
emphasizes his position that cups are not given to us as
cups, and that equali®Zy Joes not -present 1tself as such,
but that we know cups and equalities through our schemes;
we make that object a cup, we judge those lumps to be equal,
and all of our knowing consists of such constructive actions.
More impr+tantly for this paper, accommodation entails
construction. When a new scheme 1s developed, it 1is not
copied from somewhere, and the new scheme 1is not given in the
old scheme or in new data. We might say the new scueme is
created through equilibration. Again, I will return to the
adequacy of this account of the formation ¢l new schemes

later in the paper. What should be understood at this point,




however, 1s ™nat Piaget sees the structures of knowledge

as being constructed by the kncwer as a result of his own
actions rather than the structures being derived from some
external source. Each structure 1s constructed from earlier
structures and all eventually traceable to a few "prewired"

structures such as the sucking scheme,
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ON STUDYING THE STRUCTURES OF KNOWLEDGE
AND THEIR FORMATION

Why Study the Structures of Knowledge

Not all who have studied knowledge have focussed on the
Sstructures of knowledge. It remains to be explained why
Plaget's theory, and this paper, would cz=nter on those struc~-
tures. We will first consider the role structures of knowl-
edge play in Plaget's theory. Then, two other attitudes
towards the structures of knowledge will be discussed:
Skinner's view that there 1s no need to study the structures
of knowledge, and the view implicit in some cognitive psy-
chologists' studies that assumptions about structures of
knowledge need not be tested empirically nor examined

philosophically.

Plaget's Position

_ Systematic errors in knowledge: One of Pilaget's tasks 1is to
expialn how 1t 1s possible for us to have valid knéwledge.l'
He begins with an emphasis on systematic errors in knowledge,
and attempts to explain how a person's knowledge becomes more
valid. Some examples of these systematlc errors are the following:
1. Bransford and Franks (1971) presented subjects with

sentences based on four simple ideas, for example: "The ants

15







were in the kitchen," "The jelly was on the table,"

"The jelly was sweet," and "The ants ate the Jjelly." The
sentences presented to the subjects contained either one idea
(1ike the four sentences above), two ideas("The ants in the ..
kitchen ate the jelly"), or three ideas ("The ants ate the
sweet Jelly which was on the table"). In the recognition

part of the experiment, subjects were presented with sentences
they had heard and sentences they had not heard. They were
asked to specify for each sentence whether it had been pre-
sented earlier, and how sure the subject was of his judgment.
Subjects tended to judge that they had heard four idea
sentences ("The ants in the kitchen ate the sweet jelly which
was on the table") and were surer of these judgments than of
any others they made. In fact, no four idea sentences had been

presented in the first part of the experiment.

The subtects did not simply have faulty memoriesz, but rather a knowledge
of events which was systemically different from the events themselves,

2. When a four year old child 1s shown a compact row
of five pleces of candy ard a spread out row of four. pennies,
he knows there are more pennies than candies. (See Figure 1.)

3. When a naive subject looks at the Mdller-Lyer
figure, shownnin Figure 2, he judges the horizontal line in 2a to be

longer than that in 2b even though the two are the same length.

4, Michael Cole (1973) reported an experiment in which
Africans were shown models of animals and of a hunter placed

on a plece of paper. The model of the hunter would be placed

17
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at the lower left corner of the paper and the model of the
antelope would be placed at the upper right corner. (See Figure 3a).
?Lgaigses, there would also be a model of a rhino, placed

in the upper left corner. In all cases, the hunter's gun

would point to the upper left corner, (see Figure 3b) whether or not an
animal was 1iIn that corner. Some time after presentation,

the subJects were given the models that they had seen pre-
viously and were asked to place them on the paper as they

had seen them. Those who had been shown the scene with three
models placed the models correctly, with the hunter in the

lower left aiming at the rhino in the upper left

who had been shown the seeneswithout the rhino tended to

place the antelope, correctly, in the upper right corner,

and the hunter in the lower left corner with his gun.incor-

rectly pointing toward the antelope, as in Figure 3c.

Knowledge as copy vs. knowledge as construct: These examples

indicate not that we are sometimes mistaken in our beliefs,

but that we are systematically mistaken; the errors are not

random. What this suggests to Plaget is that knowledge is
not a copy of reality but a transformation or a construction
of reality.

Knowledge is a transformation of reality in that

by knowing things we attribute to them properties they do not really have.

We know we have heard sentences which in fact we have

19




not heard. Wa know equal lines to be unequal. We know

the hunter was aiming at the antelope when he was actua}ly
aiming at nothing. When we were chlldren, we knew larger
amounts to be smaller. Obviously, our knowledge 1s not mal-
adaptively invalid: we do not change the world so much that
we constantly endanger ourselves. But it would seem an
error to think of knowing as belng the passive recording of
events.

Knowledge 1s a construction in that we build our XKnow-
ledge from our sensory input; again, the input and the know-
ledge are not identical. Consider the subject who was
shown the models of the hunter, antelope, ani rhino, who
correctly aimed the hunter's gun at che rhino. It would be
tempting to look at this subject's resetting of the figures
as playlng back a recording of the scene origlnally shown
him. It would seem, however, that the subject made use
of his knowledge of guns as things which are pointed at game,
as well as his knowledge of animals as things which are shot.
In other words, this subject was constructing the scene so
1t would make sense to him Just as other subjects were in-
correctly constructing the scene without the rhino 1n a way
that made that scene more cogent to them.

One reason Plaget 1s interested in structures of know-
ledge 1s that he finds them useful in describing the con-
Structive aspect of knowledge, which he does using the

mathematical notion of a function.

21)




Plaget's function from reality to knowledge: A function

assigns to each element of one set a corresponding element

of a second set. For example, by using Social Security
numbers, a functicn could be set up assigning to each working
person in the United States a nine-digit number.

One set Piaget 1is concerned with is the set of struc-
tures by which scientists describe the world. The set in-
cludes Euctidean structures such as straight lines, triangles,
and rulers, which are used to describe spatial qualities;
it includes logical structures, such as implication and ne-
gation, used to describe propositions; it also includes moral
structures, such as obligation and fault, used to describe
social relations.

The second cset Piaget 1is concerned with is the set of
a glven person's structures of knowledge. Piaget's studies
of children can be understood as attempts to discover to
what structureéef knowledge given scientific structures cor-
respond.

For example, consider weight. As scientists consider
welght, the welgnt of a given object is judged to have in-
creased 1f something has been added to the object, to de-
crease 1f something has been taken from it, and not to have
changed otherwise. But to the five-year-old child, an object
can decrease 1n weight if its shape is changed so that it 1
shorter, even if this entailed no removal of matter from the
object. The five-year-old assimilates weight to a different

structure from the cne scientists use.
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in thelr drawings, represent triangles,
squares, and circles all as scribbled closed figures. 1If

they are blindfolded and given plastic figures, they can-

not distinguish among triangles, squares, and circles, thourr
they can distinguish any of these from a doughnut shaped
figure. That 1is, the figures which scientists would describe
in Euclidean terms such as triangles, squares, etc., the

child assimilates to topological structures such as closed or
open figures,

Consider a final example, taken not from Piaget but from
an anthropologlist, Laura Bohanrion (1967). Bohannon attempted
to tell the story of Hamlet to a group of African tribesmen
in their native language, Tiv, in which she was fairly fluent.
But the story that was heard was entirely different from the
story that was told. For example, a focal point of the
story 1is that Hamlet's uncle married Hamlet's mother shortly
after Hamlet's father was murdered. To Englisn speakers,
the marriage was a suspicious act which automatically leads to
speculation of wrong-doing on the part of Hamlet's uncle.

To the Africans in question, the marriage was an honorable

act as it 1s a man's obligation to marry his brother's widows.
Both languages have a word for "fathei's brother", but the
related concepts are differently structured. Cne entails

an expectation that a "father's brother" may become a step
father, the other entails a definite expectation that this wil:

not occur.



A summary of uses of structures of knowledge: Piaget

use3 structures of knowledge to describe the constructive
aspect of knowledge. Piaget needs a means of describing

a person's knowledge which will allcw a comparison between
the properties of a part of a person's environment and the
properties of the per n's knowledge of his environment.
This comparison can be made by using the concept of struc-
ture or schema.

Further, studying structures of knowledge can help us
understand how a person constructs his world. An awareness
of the extent to which these constructions vary between ins<
dividuals and between cultures is the key to predicting
and preventing misunderstanding.

Although 1t 1s useful to study the structures of
knowledge it is not necessary. We now consider a theory
which deliberately ignores the concept of schema.

Behaviorism has had such a major impact upon modern
psychology that we assume the reader is acquainted with

it, and with the position of B.F. Skinner.

Skinner's Position. Skinner considers statements about

mental structures to be unnecessary at best, and a dis-
tracting metaphor at worst. Skinner is convinced that
mental terms can be reduced to descriptions of behaviors,

their antecedents, and their consequences. He finds the

study of mental constructs to be vuseless. In About

Behaviorism (Skinner, 197Y4) he dismisses Pilaget in one




conclude that even preverbal infants follow rules that
they "somehow abstract" from experience. Skinner's dis-

agreement is not with Plaget's dggg but with the way he g;aws

sentence, and portrays the history of psychology as a suc-
cession of dreary failures until behaviorists learned to
restrict their attention to the study of envir:nmental
contingencies and physiology. The results of this restricted
attention have indecd been dramatic. With the behaviorist
approach 1t is pcssible to predict and control many com-

plex human activities. But it i3 incorrect to conclude

from this success that behaviorism has more scientific
validity than do other schocls of psychology that employ

hypothetical constructs in their theories.

Behaviorism as a philosophy: Skinner's proscription

against studying mental constructs must be seen as .philoso~
phical rather than scientific. Behaviorism is a philosophy,
not a science (Strike, 1974; Skinner, 1974, p. 3). When

a behaviorist states that what is called "thinking" 1is
behavior, he is not stating the result of a scientific in-
vestigation ;f the phenomenon of thinking which has revealed
that there is nothing but behavior involved in the phe-
nomenon; rather, he is prescribing a way of talking about
thinking which excludes mentalistic language. Similarly,
when Skinner (1974, p. 127) says "A child learns to catch

a ball without 'in some sense extracting the rules governing

traj2ctories,'” he is not makine an empirical statement .




Summary: Why Study the Structures of Knowledge?

Plaget has several reasons for centering his studiles
on structures of knowledge. In addition, it seems that
some psychologists might benefilt by focusing more on these
structures. The major points discussed are:

1. Plaget does not consider knowledge to be a pas-
sive and exact copy of reality. Rather, he considers know-
ledge to be a construction based on one's structures of
knowledge. The notion of construction is needed to explain
why 1in knowing things we systematically attribute to them
properties they do not have. In order to study human know-
ledge, then, 1t 1s not sufficient to study the properties
of what 1s known; the structures by which 1t 1s known
must also be studied.

2. Plaget 1s interested in how knowledge becomes more
valid. He sees the sclentists's and the adult's knowledge
as being more than a matter of the child's knowing less
than the adult does. He sees the child's concepts, the
structures of the child's knowledre, as being 1ess.va11d
than the adult's. He thus focuses on the structures of
knowledge to see how they become more valid.

3. Skinner has raised the objection that one need not
study structures of knowledge, nor any other mentalistic
constructs. Rather, he belleves 1t is sufficlent to study
the reinforcement history that has led a given person to

act in a given way.



But there are patterns of behavior vwhich can be des-
cribed or explained only in terms of structures of knowledge.
For example, the listener's response to "Hamlet" depends on
whether one has a European or a Tiv concept of "uncle".
Knowing the listener's concept, we can predict his reaction
to the story. 1In order to account for the listener's
reaction without refering to structures of knowledge, we
would have to specify the necessary and sufficient conditions
of reinforcement history which wouid produce a given concept
of "uncle". On philosophical grounds, 1t appears impossible
to give such a specification, and structures of knowledge
must then be referred to to explain or predict .he listen-

er's reaction.

Why Study the Genesis of Structures of Knowledge?

Not all theories that focus on structures of knowledr-
are concerned with the genesis of those structures. But to
Piaget the development of structures is integral to the struc-
tures themselves. Piaget's interest in developmeﬁt (genetic

epistemology) has many roots.

Because 1t is there. A motive that probably underlies all

investigutions into this area is simple scientific curiosity.
It is obvious that we acquire concepts and that our con-
cepts change. The development of our concepts presents ttself

as a phenomenon to be explained.
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This curlosity does not engage every investigator.
Clark (1969) for example, 1s interested in the transitivity
in adult reasoning, but appears uninterested in how that
transitivity developed. Also, some people's curiosities are
more easlly satisfled than others'. Anderson and Bower,
for exampie, recognized a need for their model of human
associative memory (HAM) to be able to acquire new concepts.
The need was filled, however, ly a rule that states,

-A universal concept 1s intruduced into HAM as a

consequence of encoding a propos*tional input that

has one of 1its nonmemory nodes linked to a memory

node by a subset (¥ ) relation. When this pro-

pocition 1s encoded, this new memory node will

1.present a new universal concept. Such propo-

sitions we will refer to as concept-defining
propositions. (1973, p. 191).

This states little more than that concepts are ac julred.
It does not explaln how concepts are acquired, in the sense
that. it does not explain the origin of concept defining pro-
positions. Also, it does not explain how concepts change
after they are acquired. (This, of course, does not detract
from the validity of the rest of the model. A model maker
need not be able to answer every question he raises.)

Rut Piager and several other theorists discussed below
have been driven to study 1in greater detall how the structures

of our knowledge develc).
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Because the structures are constantly developing. Some

theorists (Skinner, Anderson & Bower) see the growth of
knowledge as the accumulation of facts (or responses) within
a fairly stable structure. For Piaget, however, our know-

ledge 1s constantly being restructured.

For many philosophers and epistemologists, epis-
temology 1is the study of knowledge as it exists

at the present moment; it is the analysis of know-
ledge for its own sake and within its own frame-
vork without regard for its development . .

But . . . scientific knowledge 1is in perpetual
evolution: 1t finds itself changed from one day
to the next. As a result, we could not say that
on the one hand there is the history of knowledge,
and on the other its current state today, as 1if
its current state were somenow definitive or even
Stable. The current state of knowledge 1is a
moment in nistory, changing just as rapidly as

the state of knowledge in the past ever has
changed. (Piaget, 1970, pp. 1-2).

To account for the increase in validity. Piaget sees not

only constant change in the structures of knowledge, but

he also sees a fairly constant direction to that change viz.,
toward greater validity. Knowledge within a phylum, a person,
or a sclence, tends to become more adequate, and this increase
in adequacy is not only quantitative (how much 1s known)

but also qualitative (how well 3tructured is the knowledge).
Plaget 1s therefore interested in the genesis of the strucs
tures of Xnowledge to account for the prevailing direction

of this genesis.

For educational purposes. Education consists not only of increasing

students' knowledge but also of changing the structures of students'
knowledge. Educators therefore have an interest in the genesis of

st _uctures of knovledge,
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Issues in the study of development. For those who are inter-

ested in the development of the structures of knowledge
there are two central 1issues.

First, which structures of knowledge are innate? Ob-
viously, not al™ of the structures are innate; people
different cultures have somewhat different concepts. On
the other hand, all theories seem to posit some structure
or structures as being innate. As to which structures are

innate, there 1is a variety of answers from Plaget's schemes

(ie. it is innate that ones knowledpe is organized by schemes) ibo the
Gestaltist's notion of good forms.

The second question 1s how new concepts are acquired
and how old ones change. One view 1s that new structures
are taken from structures of other areas: language, percep-
tion, or the world. Plaget's position is that new struc-

tures are constructed through the use of old structures.




ALTERNATIVE THEORIES

We are accustomed to look to genetics and the environ-
ment for explanations of psychological phenomena. But Plaget's
notlon o0i* constructicn 1s somewhat akin to creation; when
we know, we g2 beyond what 1s given to us by genetics or
the environment. To see why Plaget feels a need to take this
route, we should examine a range of theories which locate
the origins of the structures of knowledge more directly in
heredity and the environment.

Five *theories will be considered. B.F. Skinner's and
Eleanor Gibson's hold that the structures of knowledge are
taken from the structures of tne world. Benjamin Whorf's
and that of the loglcal positivists see the structures of
knowledge as coming largely from language. And the ges t-
ists see knowledge as being like perception and structured

by genetically gilven mechanisms.

Gibson and Skinner: Structures of Knowledge taken from

Structures of the World.

Eleanor Cibson and B.F. Skinner both believe the
structures of knowledge to be taken from the structures of
the world. They differ, however, in how they belileve the
structures are acquired, and in thelr attitudes towards -
structures of kngwledge. Gibson 1s directly concerned with
how concepts are acqulred, while Skinner, as we have seen,

conslders all mentalistic terms to be distiacting metaphors.

30




(A0 %

(It is thus only metaphorica:ly that any position on the
origin of the structures of knowledge can be attributed to
him.) Gibson's theory will be considered first.

The basics of Gibson's theory. Gibson's theory consists

of a metaphysics, a hypothesis abocut what 1s learned in per-
ceptual learning, and a hypotnhesis about how that learning
takes place. I believe Gibson's theory differs from Plaget's
on all three points.

Gibson's metaphysical position is that the werld has a
structure. Her hypothesis about what 1s learned in per-
ceptual learning is that we learn to detect that structure

and its critical featuvres.

I assume that there 1s structure in the world and
structure in the stimulus and that it is the
structure in the stimulus . . . that constitutes
information about the world. That there is struc-
ture in the world 1is self-evident to the physical
sclentist who . . . discovers it. (1969, pp. 13-14).

What 1s learned (in perceptual 1learning) can be

described as detection of properties, patterns and
distinctive features. (196G, p. 77).

Gibson cites three mechanisms of learning: abstraction
of critical featuresy lecarning to filter out irrelevant
stimulli, and learning to attend to critical properties.

An alternative to Gibson's metaphysics. In defending

her owin metaphysics, Gibson contrasted it with only one other:

the view that the world is unstructured and tnat the meaning-

e
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fulness of stimuli depends on "information derived from other

sources than the stimulus." (1969, p. 75). I would suggest
that there 1s at least one other alternative: the world is
infinitely structurable.

Consider as simple a figure as a red square. What is
1ts structure? How is the figure correctly conceptualized?
Depending on the context and the viewer, the figure could be
structured as:

-"square" + ‘'red"

-a red rectangle cut in half

-two red triangles put together

~-a symbol of communism

-an orange square minus a yellow square
That 1s, 1t is not a matter of discovering the structure of
a thing (or the critical features of that structure) as, if
anything, choosing among its structures (see Wittgens*tein, 1953, pp.22-23).

On Gibson's view, learning is a matter of taking the ¢
covers off of what was there all along and just seeing it.
Of scientists who made a major breakthrough in the study of
a particular enzyme, she wrote:

The scientists who discovered this complex

structuve were indeed performing a job of in-

tellectual construction involving more than per-

ception, but the structure was there to be dis-
covered, not purely imaginary. (1969, p. 14).

On th& learning of conservaticn of volume, she wrote:

Piaget has taught us to think of conservation as
an intellectual achievement, and in its more con-
cep®ual modes it surely is . . . But I should
maintain that perceiving the event of the wate-
being poured and perceiving the sameness of the
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water while 1t flows through a shape transformation
from one vessel to another are fundamental to ac-
quiring the concept of volume, rather than the other
way round. (1969, p. 388),

To extend this reasoning, would we say that the non-
Euclidean structure of the universe was there to be found by
Einstein? Would we then also have to say that the Euclidean
nature of the world was there to be discovered by Newton? Or
that the change in volume of water when it 1is poured is there

to be discovered by the preoperational child?

fiibson's view that structures of knowledre ame actuilly structures of
the world is incoherent because nemnle avatematirally have differentlv

structured knowledge of the same aspect of the world.

Gibson's view of what is learned. Even assuming there

1s a structure to the world, there is room to doubt Glbson's
view that what 1s learned 1s detection of critical propertiles
of that structure. A comparison of earlier to later forms

of kxnowledge (child knowledge vs. adult knowledge, adult
knowledge vs. sclentific knowledge, earlier sclence vs. later
science) generally shows inadequacles 1in the earlier form or
knowledge which can be attributed to faults 1n the structure
of the earlier knowledge. (It is not that Einstein knew more
than Newton, but that the non-Eucllidean structure of his
physics 1s more productive than the Euclidean structure of
Newton's physics.) At no point in time do we have grounds

for believing that our current knowledge has the same structure
as the world; 1t cseems safer to assume that later developments
will show some inadequacy in the current state of knowledge.
(see Kuhn, 1962.)

1t seems doubtful, then, that what is lecarned at any time 1s,

exactly, properties of the structure of the world.




It was with the systematic error in knowledge in mind

that Plaget undertook his study of perception. He found
optical 1lllusions -- systematic distortlions and over- and
under- c¢stimations -- to be the rule rather than the excep-
tion, and he endeavored to account for the more or less

adequate knowledge we have through perception. In Principles

of Perceptual Learning; and Development (1969), Gibson devotes

three pages to Plaget's studies of perception, and she states
that few sclentists have found Plaget's work to be interesting
or useful. What is interesting is here is her own dismissal of Pilaget's
approach:
I am left with a stronger impression than ever that
the gcometric 1llusions are a far cry from percep-
tion of real things and pictures of real things,
and that one should be cautious in generalizing
from them to development of perception of ecologically
valid sources of stimulation. (1969, p. 409).
To begdin with, Gibson's position that line drawings
are not "real things" 1s questionatle. After ali, it is
not the drawlng; itself that is illusory but rather the pro-
perties we teng to attribute vy it. More important, it is
not just in linc drawings bul also In the wider world that
we systematically over- and under-estimate. (Similarly, it
Is not Just in the laboratory that the child misjudges volume.)
The position that line drawings are not “ecologically
valid" sources of knowledge is also questionable. Clearly,

our perception-based-knowledire of lengths in the Miller-Lyer

illusion 1is peometrically invalld, but there may be ecological




validity to the mechanlsms producing the distortion. Hans
Furth (1969) has speculated on this possiblility:

Blologlically speaking, the fact that the sensorial

focussingt brings about a relative overstimulation

makes sense. Think of the apparant amplitude of

a warning signal that must be noticed against

background noises. Is this perhaps an indication

that our sense organs have not evolved in order

to bring objective knowledge, but in order to

provide knowledge thatls useful for the adaptive

functioning of the organism? (p. 139).

One more polint may serve to clarify this issue. Piaget,
having decided that knowledpce is a construction, is particu-
larly interested in cases where knowledge is systematically
invalid. In such cases, one can observe the difference be-
tween knowledye (e.g. that line A Is longer than line B)
and reality (that lines A and B are equal) and study what
it Is the knower does to reality in knowing it. On this view,
cases where knowledpge tends to be fairly valid are of less
interest. The validity is seen as the result of compensations
of errors, and the errors must be understood first.

Gibson, howcver, sees knowledge as belng more like direct
and undistorted contact with the cnvironment. On this view,
one would be more Interested in studying valid knowledge and
its development; optical illusions would be seen as figures
that fool us, and would be only of peripheral interest. As
the study of crrors is of central importance in Piaget's
approach and of periphcral relevance to Gibson's, it might

be ¢xpected that she would not find his study of illusions

«0 be valuable.




Gibson's mechanisms of learning. As was mentioned above,

Gibson hypothesizes three mechanisms in perceptual learning.
First, she 8ays, a concept can be learned by learning to
distinguish its criticai features:
I believe the process by which the critical dimen-
slon 1is discovered '!s abstraction. . . . Abstraction
occurs when an invariant relatior is discovered

over a number of varying objects or events. (1969,
p. 108).

Her second mechanism is reciprocal to abstraction,
and 1s the filtering out of irrelevant stimuli:

Idiosyncratlic variations ».e¢ ignored. . . . (The

role of l1pgnoring noncritical stimulation) is shown

in experiments with imbedded figures, where prac-

tice seems to lower the thresnold for scelng the

contour of a design despite camoflaging lines

present in the display. (1969, p. 111).

The third mechanims 1s learning to attend to critical
properties. What 1s learned here is how to block out irrel-
evant stimull from the nervous system. This involves such
acclons as turning the head toward a sound, focussing the
cyes on a particular part of the visual space, and directing
the fingers toward contact with a particular part of an
object. All of these actions serve to minimize entry into
the nervous system of irrelevant stimuli.

One obvious criticism of these mechanisms is that they
do noc explain much, but rather serve to name that which must

be explained. Giboson's description of abstraction leads to

the question, "How are critical properties abstracted?"




Similarly, one would want to know how a person "learns to

attend to crivical properties" and how cne learns to ignore
irrelevant stimuli. of ltself, this is not a serious
criticism. If Gi._on only rules out alternative mechanisms
of learnliny: and raises the above guestions, she makes an
Lmportant contribution to psychology.

I believe, however, that she is raising the wrong
questlions. To beprln with, there 1is good philosophical reason
to doubt that most concepts or even classes of objects have
critical features. (Wittgenstein, 1953, pp. 31 ff.) Gibson
tends to use examples where there are critical features.

For example, in one eéxperiment, she presented Subjects

w.ln a collection c¢f spirals which differed from a target
spiral in size, number of curls, and/or direction of turning.
(Gibson, 1969, pp. 77ff). The tendency fer a given spiral

to be mistaken for the target was shown to be a function of
the number of dimensions by which it differed from the target.
Also, subjects tcnded Lo confuse fewer spirals with the

target after practice. Glbson's conclusion was that subjects
learned to accurately recognize the target spiral by identify-
iny the three critlical dimensions.

Gibson does nct explain, however, how one learns to
identify sive, number, or direction of curl in the first
place; what are thelr critical features? She also does not

concern herselfl with cascs in which critical features are

not evident, ir exlstent at all. What critical features




deline tables? Or the body type or face type characteristic
of a given family? Or the continuity of appearance or per-
sonality of a person as he Erows up? It has been argued that
in these instances there is no common thread running through
the concept -- no critical features which capture the con-
cept. Without countering such an argument, Gibson's mech-~
anisms scem inadequate to explain the learning of some com-
mon and important concepts,

Finally, if, as has been arpued above, Gibson's hypo-
thesis about what is learned in pberceptual learning is wrong,
ner hypotheses about how such learning takes place would
also be mistaken. I perceptual learning does not consist
of learniny Lo ldetect properties and patterns of the world,
then perceptual learning cannot be explalined as the result
of abstracting and learning to attend only to critical features

of such properties and patterns.

Summary on Gibson. Gioson's theory entails a meta-
physical position, a hypothesis abcut what 1s learned in
bvrceptual lJearninge, and hypotheses about how that learning
Ltakes place.  Arguments have been £lven against all ‘three
parts or the theory.

Uibson proposes a world with a structure. The altern-
atlve offered here has Leen a world which is infinitely
Structurable. 1t has been argued that any phenomenon can
be validly construed not in one way but in an infinite variety

of ways.,
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Gibson's theory holds that what is learned in per-
ceptual learning 1is the detection of critical properties of
the world's structure. It has been argued here that what
is learned is often systematically different from what might
be called the structure of the world or its critical features.

Finally, Gibson proposes that one learns by abstracting
critical features of objects and concepts and by learning
to attend to these fecatures and exclude irrelevant stimuli.
1t has been argued that these mechanisms could not account
for the learning of common concepts which have no critical
fecatures. 1t has also been noted that these mechanisms are
in need of cxplanations themselves, and that thelir cogency
depends upon the validity of Gibson's metaphysics and her

hypotheses about what 1is learned in perceptual learning.

B.F. Skinner's position.

B.F. Sklnner talks of the structure of knowledge only
as a metaphor, but his view of 1it, like Gibson's, 1s that
the structurce of knowledpe is copied from the structure of
the world.

Not. only Is verbal behavior sald to show the oper-
ation of lIlnnate rules of grammar, but 'innate 1deas
such as shape, slze, motion, position, number and
duration' are sald to give form and meaning to the
confuscd frapgmentary data that we experience every
day in our lives. Size, shape, motlion, position,
numbecr, and duration are features of the environment.
They have prevailed long enough and behavior with
respect to them has becen crucial enough to make the
evolution of appropriate behavior possible, but
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contingencles of reinforcement are at work every
day 1in the 1life of the individual to generate sup-
plementary behavior under the control of the same
features. (1974, p. 116).

Unlike Gibson, Skinner sees no explanatory value 1in
mentallstic constructs such as 1deas and concepts (whether
innate or not). He would rather study the behaviors which
evidence concepts, and the environmental conditions which
might produce behaviors and patterns of behaviors. He
would rather study structures of behavior than structures
of knowledge, and he sees the environment as determining
the former: "It may be that there 1s no structure without
censtruction, but we must look to the constructing environ-
ment, not to a constructing mind." (1974, p. 117). The
way the environment structures behavior, according to Skinner,
i1s given by the law of effect: "One effect of a successful
behavior 1s to 1lncrease the probability that it will hap-

pen again in similar clrcumstances." (Rachlin, 1970, p. 73).

On the adequacy of Skinner's environmentalist explanation.

Let us examine Skinner's explanation in terms'of an
examp’e, say, teaching a cat nut to scratch furniture: The
training 1s accomplished by hitting the cat whenever 1t
scratches any plece of furniture. The punishment has the

effect of reducing the probability that the cat will emit

the same response to the same stimulus.
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what I see missing in the behavioristic explanation of
this learning is an adequate accounting for the word '"same"
as used in the phrases "same response" and "same stimulus".
The tralner knows what the relevant siimulus objects and
responses are, but how does 1t happen that the cat comes to
refrair. from just thos~ responses tc just those stimuli? How
can a finite number of punishments prevent an infinite varz
iety of responses to an infi .Ite variety of stimuli? (The
cat has learned not to scratch in any way any part of any
furniture.)

Suppcsedly the only property common to all instances
when the cat was punished -- but missing from all instances
when the cat was not punished -- was that the cat had just
been scratching furniture. It 1s this commonality that
defines scratching furnlture as'a behavior to avoid, accor-
ding to behaviorism. What I would want to argue is that
the instances in which the :at was hit had numerous things
in common which are missing from instances when the cat was
not punished.

They are all instances when the cat is scratching furn-
iture in the presence of the trainer (though the cat will
usually generalize and learn not to scratch furniture even
in the absence of the trainer). They may 2ll be 1nstances

when the cat scratrhes a spot fourteen inches above the ground
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(though the cat might iater scratch at that height on its
scratching post, but might never scratch furniture at any
height). They may all be instances when the cat is leaning
at an angle of 650 - 750 (though the cat learns not to
scratch while leaning at any angle and may later lean against
the wall at 700). They might even be the nnly instances

in which the cat scratches while music is playing.

The pnint of these examples is that no finite set of
examples can contain all the information needed to properly
generalize from the set. A purely environmental explanation
cannot show why superstitious learning is the exception
rather than the rile. The environment cannot define for the
cat what "scratching furniture" is; the cat must make a
contribution to the learning. Once the cat knows it 1is being
punished whenever it scratches furniture, it makes perfect
sense for it to mend its ways. What Skinner has not accounted
for is how the learning takes place, how the organism construes

t'e "lesson" In just the right way3-

Whorf and the Logical Positivists: Structures of Knowledge

Taken from Struc.ures of Language.

Thr ~e 1s a strong common sense appeal to the notion
that structures of knowledge derive ...m words and grammatical
structures. It i1s clear that to every word there corresponds
at least one structure of knowledge (or scheme or concept) .

Also, some of our concepts relate to grammatical categories




and rules. We break the worid into actions and objects
(verbs and nouns), and we break time into past, present,
and future {though speakers of languages with different
tense structures from ours break up time differently).
These common sense notions about the relations between
Structures of language and structures of thought have been
formalized into theories by the logical positivists and

by Benjamin Lee Whorf.

Whorf's positicn. Whorf's writing is full of examples

of the relation between thought and language. One gets
the impression that he believed that a person's language
determines the way he knows the world. However, he tended
to shy away from statements about causality, while spec-
ulating and citing examnles of how speakers of differeﬁt
languages would have dirferent ways of knowing the .orld.
Whorf's cross-cultural examples relate both to se-
mantics and to grammar. As an example - the former, he
pointed out that Eskimos have many words for the English
"snow" and "slush" (including words for "snow to bdild igloos
with", ‘"snow that 1s gocd for sledding" etc.), while Azteoen
has only one word for "cold", "ice", and "snow". Es-
kimos know snow differently from the way we know 1t. They
know it not just as snow, but as a partic lar kind of snow
with a particular use. Again, one gets the impression that
Whorf bellieved that it is because Eskimos have a richer snow

vocabulary that they know snow in a more discriminating manner.
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Who.f compared English tense structure with that of
Hopl and explained why English speakers keep records and
histories while Hopi speakers do not on the basis of this
comparison. The English language treats time as a dimension
like length which can be broken into equal units and which
consists of past, present, and future. 1In contrast, Whorf
writes:

(The Hopi view of time) is too subtle, complex,

and ever-developing, supplying no ready-made answer

to the question of when "one" event 2nds and "an-

other" begins. When it is implicit that every-

thing that ever happened still is, but is in a

necessarily different form from what record cr mem-

ory repo:ts, there is less inzentive to study the

past. As for the present, the incentive w»ould be

not to record it but to treat it as "preparing".

But our objectified time puts before imagination

something lire a ribbon or scroll marked off into

equal blank spaces suggesting that each be filled
with an entry. (1956, p. 153).

¥ ® :nve another set of examples from his days as an
inves or for a rire insur.ace company. In one instence,
workers who were very careful around full gasoline drums,
were careless around "empty" gasoline drums (which were full
of gasoli.ie vapor which 1is much more flammable than is gas-~
oline). He e _.ained the workers' behavior as being a
result of a confusion of "empty", meaning "containing no-
thing excent vapor, liquid vestiges, or stray rubbish",

with "empty" meaning "null and void, negative, inert".

In another factory, workers all~ved a substance called "spun




limestone" to become overheated; the substance changed
chemically from the heat, became flammable, and caught
fire. "Behavior that tolerated fire close tc the (sub-

stance) was induced by use of the name ‘limestone*, which

because 1t ends in '-stone' implies non-combustability."

(1956) p' 136)-
Whorf's summary of his fire insurance examples might =
serve as a general statement of his position on the re-

lationships among language, thought, and reality: l
|

Such examples, which could be greatly multiplied,
will suffice to show how the cue to a certain line
of behavior is often given by the analogies of the
linguistic formula in which the cituation is often
spoken of, and bty which to some degree it 1is anal-
yzed, classifled, and allotted its place in that
world which i1s (to quote Sapir) 'to a large extent
uncoaasciously built up on the language habits of
the group.' And we always assume that the 1in-
gulstic analysis made by our group reflects reality
better than it does.

Note that Whorf, like Piaget, focuses on differences

between reality and properties we attribute to the world when

we know it. Unlike Pilaget, however, he sees language as the

medium through which we filter the world.

The logical positivists. The logical positivists at-

tributed a somewhat narrower role than did Whorf in explaining
human thought and knowledge. The positivists held that logic
1s "only a general syntax in the linguistic sense." (Plaget,

1973). That 1is, logical structures are in essence linguistic
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structures and are learried by learning to speak. As

Pilaget conslders loglcal structures to be among the more
important structures of knowledge, he has taken some pains
to refute the positivists' position. He presents their pos-

ition as follows:

The principal operatory structures (of logic) are,
it 1s itrue, included in current language in a form
which is elther syntactical or inherent to the mean-
ings (semantic)._ . . . Keeplng to the current
meaning of the words sparrow, bird, animal, and
living being, the subject speaking can conclude

that all sparrows are birds, that all birds are
animals, and that all animals are living beings
without the reciprocal being true, which constitutes
a helrarchical interlocking of categories, that 1s,
a classification. To state, on the other handg,

that whales are both mammals and aquatic animals
consists in exprersing an intersection . . .

The comparitives 'greater than,’ etc._ 1lcad to
serlations, etc., and the series of whole numbers
are part of the current vocabulary. As for propo-
citional or formal operations, language formulates
the principal ones: the implication ('if . .
therefore'), Lne exclusive or nonexclusive disjunction
('either . . . or'). . . . As for structures

much too differentiated and refined to be expressed
by current language, mathematiclans and logiclans
created for their own use artificial or technical
languages but which, psychologically, are still
languages. (1973, pp. 110-111).

Again, on this view, logic would be learned by learning
to speak correctly. For behaviorists who adopted the pos-
itivist position, language could be learned through rein-
forcement of correct speech. One result of this position

on logic is that what Piaget would call the consistency or

self-regulated character of knowledge :ould be explained

without recourse to mentalistic terms. The tendency for a




person's knowledge to be self-consistent could be reduced
to a consistency of verbal reports, which could be reduced
to correct use of language. This is contrary tc Plaget's
position that consistency of knowledge 1s the result of
internal processes, and that logic 1is built by coordination

of actions.

Piaget on the role of language in knowledge. To my

knowledge, Piaget has not commerfted on Whorf's position.
His remarks on the liogic..i positivists, however, apply
equally well to Whorf. His major argument 1is that there
is logic in the infant's action, and structure in the in-
fant's knowledge before language has been learned.

Indeed, a scheme 1is what is generalizable in

a given action: for example, after having at-

tained a distant object by pulling the blanket on

which 1t had been placed, the child will general-

ize this discovery into using many other aids to

draw closer many other objects in wvarious situations.

. In generalizing themselves, the schemes first

constitute kinds of classifications. (1973,

p. 114).

In addition to classification, the logical notion of
seriation is demonstrated in the infant's action in his
deliberate ordering of a series of actions in order to
attain a given goal. The logical structure of a group is
demonstrated in the infant's maneuvering around detours.
(The infant learns that moving fiom point A to point B,

and then from point B to point C, brings the same result

as going directly from point A to point C; Le also learns
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that moving from peint A to peint B, and then from point B
to point A, brings the same result as staying at point A.)
As a final example:

The coordination of schemes leads, moreover, to
practical inferences: Seeking an object beneath

once concludes that the object is beneath the

beret, sfnce this object had been slipped beneath
the the cloth and that in raising the cloth he
fails to see it. (1973, p. 115). i

Classzfication, seriation, the notion of a groué, and
inference are not present at birth. They must be leérned,
and tuey are learned without benefit of language. R;ther,
Plaget f.nds in them the foundations of the same logical
Structures that are later apparant in speech. And the
concept of the object, and concepts (schemes) for various
ObJects predate (and enable) the learning of words for
those same objects. Thus, both the positivists' and

Whorf's positions seem untenable.
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One other comment should be made about pre-verbal
logic. It 1s easy to separate preverbal loglc from the
infant who exhibits it. After all, a stone, when it falls
from point A to point B and then to point C, goes, in
effect, from point A to point C. We do not, on account
of this fact, attribute to the rock knowledge of groups.

The infant, however, learns to make use of logical :
structures in order to achieve his ends. When the infant
detours around an obstacle he makes use of his knowledge
that AB + BC = AC (Just as mrich as he makes use of his ability
to crawl). Notions such as groups, implication, etc. struc-~
ture the infant's knowledge, as do bis schemes for "things

that can be grasped", "things that can be sucked," otc.

How_can language structure knowledge? If there 1s a

correspondence between strvctures of knowledge and structures
of language, how can the former be acquired from the latter?
A language based explanation of the origi~ of structures
of knowledge 1is incomplete without a desceription of a learn-
ing mechanism. But learning mechanisms are generally left
out of language based explanations of the origins of struc-
tures of knowledge.

One mechanism that has been suggested in this respect
1s reinforcement. If logic is simply correct speech, sup-
posedly it could be learned through operant techniques. I
have already stated, however, why I do not feel operant prin-

ciples can explain the acquisition of new concepts.
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Another apprcach, taken by Chomsky, is to consider the
rational core of knéwledge and language to be hergditary.
This is not the place to examine Plaget's views on Chomsky's
rationalist position. (See Piaget, 1970, Section 16.)
Basically, Piaget agrens with Chomsky's structuralism, but
sees linguistic structures as the result of construction
rather than of hercdity.

Finally, there 1is a common sensea notion, which Whorf
might have had in mind, of how linguistic structures could
determine structures of knowledge. Consider, for example,
names of objects. (A similar argument could be made, with
somewhat more difficulty, with other kinds of words and with
other structures of language.) The infant hears the word
"shoe", for example, in many different contexts; the contexts
all have something to do with shoes, however, The word "shoe"
in effect, serves to collect together for the infant a large
set of shoes; it "tags" a large set of shoes as being, in
a sense, all the same thing. The infant, on this account,
would form a concept of "shoe" and would divide the world
into shoes and non-shoes because of the use of the word
"shoe" by 1its elders. An infant in a culture without the word
"shoe" would not have the benefit of having shoes tagged in
the same way as being similar, and thus would be less likely
to form the corresponding concept.

This explanation is lzcking in two respects, First,
it begs the question of how concepts are learned. How does

the infant abstract from the collection of shoes the notion

of "shoeness"? Given that all the objJects tagged "shoe"
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have that attribute in common, how does the infant find out
what it 1s? (Also, how does the infant come to recognize
all spoken tokens of the word "shoe" as being of the sawme type?)

Second, this explanation, like the explanation by rein-
forcement, depend:. on there being something that all shoes
have in common; 1t als¢ assumes that the only thing situa-
tions 1in which the word "shoe" is used have in common 1is
that they have something to do with shoes. As has been argued
above, therc ‘s nothing all shoes have in common by virtue
of which they are shoes; and situations in which the word
"shoe" 1s used will probably have many things in common, not
Just some relevance to shoes. Therefore, exposure to correct
use of the word "shoe" 1s not in itself sufficient to explain
how one develops the concept "shoe". Such exposure might
make it more likely that one will deve.iop the concept "shoe'
but some mechanism outside of language use 1s necessary to

explain the development of the concept.

Sumpary‘on lansuage based explanations. Two theories

have been considered which c¢laim that the structures of know-
ledge are taken from structures of language. whorf held that
the vocabulary and grammar of one's native language determine
the structures of one's knowledge. He based his view on

the facts that speakers of different languages know the world
differently, and that because of the way we speak about cer-

taln situations we attribute to them properties they do not

ol
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have. The logical positivists held that logical structures
(which Piaget considers to be impertant structures of know-
ledge) are simply linguistic structures, and that logical
Structures are learned by learning to speak correctly.

While it has not been claimed here that language plays
no role in the development of concepts, two kinds of arguments
have been given against the pnsition that all concepts (or
even all logical concepts) are learned tlLrough language.
First, many concepts develop before speech develops; among
pr.verbal concepts are concepts relating to objects ("bot-
tle", "Mother", "pacifier", etc.) and logical concepts
(seriation, groups, implication, etc.). Thus, many important
structures of knowledge cannot be learned through language
because they develop before language 1is acquired.

The second argument that has been given is that some
mechanism other tha:. language must be provided to explain how
concepts develop; language itself does not constitute such a
mechanism. It was argued that logic could no* be learned
through reinforcement of correct speech because reinforcement
cannot account for the learning of concepts. It was also
argued that language itself cannot cause concepts to be
learned through indicating that a group of objects are all
examples of a given concept; a mechanism wouldstill be needed

to explain how the concept is abstracted from the examples.
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Sestalt Theory
Like Piapget's theory, gestalt theory holds that know-
ledge is not a copy of the world, but that we filter the world
through structures'or knowledge. Plaget summarized the
gestaltists' position as follows:
It 1s well known that Gestalt theory considered the
act of intelligence to consist in the restructuring
of a given situation 1in the direction of a "bettepr"
form, the forms of intelligence obeying the same laws
as those of perception. On this basis, intelligence
would have to be thought of as a continuation of

perception , whose structures would extend to elements
outside the perceptual field. (1969, p. xiv)

While Piagetsees merit in the structuralist aspects of
gestalt theory, he takes eéxception to three of its tenets:
that the structures of perception are innate, that perception
1s structured by "good forms", and that perception and in-
telligence have the same structure. It is primarily with the

last point that we need be concerned here.

The gestaltists"gosition. The gestaltists did much of their
research in the area of perception. Their approach in thts
research was similar to Plapet's and different from -Gibson's
in that they saw optical illusions as being sources of in-
formation about the contribution made by the perceiving organ-
ism to 1ts own berceptual knowledge. Koffka (1935), for
example, commented on a tendency for Psychologists to look

for special conditions which mislead Judgment when two equal

lines appear to te unequal:
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Illusory perceptlons were not accorded the same rank
as non-illusory ones; they presented a special prob-
lem, whereas the normal appearance presented no
problem at all. This distinction between two kinds
of perception, normal and illusory, disappears

as a psychological distinction as soon as one be-
comes thoroughly aware of the fallacy which it im-
plies, much as it may remain as an epistemological
distinction. For each thing we have to ask the

same question, "Why does it look as it does®"
whether 1t looks "right" or "wrong"! (p. 79)

Evén in cases where perception is accurate, Koffka re-
Jected the solution that "things look as they lcck because
they are what they are." (p. 77) He thus recognized the
problem, ignored by Skinner, Gibson, and other reductionists,

of how the organism structures sensory data. The gestalt-

ists' solution to this problem is given in the Law of Prignanz:

Psychological organisation will always be as "good"
as the prevailing conditions allow. In th:.3 defin-
ition, the term "good" is undefined. It embraces
such properties as regularity, simplicity, and others.
(Koffka, 1935, p. 110).

The Law of Prdgnanz would expla.n, for example, why a
broken triangle, when seen briefly, would look like a complete
trlangle, or why we tend to see the following dots ; :
as describing a square rather than two triangles or two
lines or a triangle and a line; in the first case, a complete
triangle has a better form, and in the second, the square
is the simplest form appropriate. The Law also explains
why triangles and squares are perceived without distortion;

they are already good forms. It should be noted again that

the gestaltists believed the laws defining "goodness" to be

innate.
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govern not only perception but also all intelligent behavior.

To give Just o—e example, Wertheimer tried to explain syl-
loglistic reasoning in terms of the la.:

"All men" constitutes a whole which 1is ~epresented
as located within the complex of "mortals". The
minor term follows the same course; "Rocrates" 1is
an individual located within the circle of "men".
So the cperation which draws the conclusion from
these premlses, "therefore Socrates 1s mortal",
sin_ y amounts to restrcturing the whole by abol-
ishing the intermediate circle (men) after first
~lacing 1%, with its content within the large cir-
cle (mortals). Reasoning is thus a "re-anchoring".
"Socrates" 15, so to speak, uprooted from the cla ‘s
of "men" in order to be inchored in that of "mortals."
The syllogism is thus w’'nout more ado related to
the general organisat?s. of structures. (Piaget,
1460, pp. 59-60}.

Svllogistic reasoning is thus ceen as a simplified re-
structuring of a perception.

I am unable to find in the gestaltists a general
statement of how structures of knowledge are formed. I do
not know, for example, how they would explain the formation

"men", "mortals", etc. They do seem to

of classes such as
indlcate, however, that the knowledge we have of any given
situation will have as "good" a structure as possible, and
that all k-wledge 1s structured according to the laws that

structure _perceptue’ knowledge.

Rlager on the pgestaltists. Because the pestalti- see

koowledge as velng filtered through structures, their . eor.
bear some fundamenta. ..esemblances tc Piaget's. There are,

however, three important differences relevart to this paper.

Plaget does not believe perceptual knowledge to be structure

¢S
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by the laws described by the gestaltists, he does not believe
tac laws o. perception to be innate, and he does not believe
all kncwledge to be structured by tre same lcws as those

which structure perceptual knowledge. The first two disagree-
ments derive from Piaget's study of perception. An adequate
tneatment of the relevant data cannot be given here, and the
interested reader is referred to Plaget, 1969.

Piaget (1969, Chapter VI) notes several differences in
structure tetwezn perception and intelligence (higher order
knowledge), but the most important 1is the property of rever-
sibillity. Perceptual structures are irreversible but
structures of intelligence are reversiable.

For example, ronsider Figure b,

A B C

Figure k4 D E

If the figure (without the letters) is presented tas~h-
1stoscopically, segment AB will appear longer than DE, though
they are actually equal. Thus, according to the laws of
perceptlon, AB + BC - BC # AB. The laws of perception do
not allow deformations (eg. the addition of a line segment
to a linelto be properly corrected; the initial conditions
cannot be returned to.

Loglcal structures, on the other hand, are characterized

by their reversibllity. The child's concept of length attains
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reversibility when he is around five years old; at that age
he would know that AC - AB = DE. 1In logical structures,
every deformation (eg. +BC) has a corresponding compernsation
(=BC) which returns the situatiocn to its origingl state. This
reverslbiilty. common to all of the conservations, as well
as to classifications, serlations, groups of displacement,
etc., 1s missing in perceptual knowledge.

Not all schemes are reversible; the preoperational con-
cepts of length, weight, volume etc. are characterized by
thelr irreversibility. The point here is that there is an
essentlal characteristic to some structures of knowledge that
ts lacking in all structures of perception. No combination
of 1rreversible structures will constitute a reversible struc-
ture. Of his studies of the differences between perceptual
and intellectual structures, Plaget wrote:

We established, in the case of almost every one

of the differences, that the transition from the

s8tructures of perception to those of intelligence

required the intervention of contr!butions arising

in actions or in operatlons, and tha* the transition

could not be explained simply as an extension of

or an increased mobility in, perceptual structures.

(1969, p. 310)

The structures of perception, whatever they are and what-

ever thelr origin, cannot account for all of the structures

of knowledge. Intelligence 1s not just a continuation of

perception, and a different account must ke given for the

origin of the structures of knowledge.
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»

A summary on Alternative Theortes

A major purpose of his chapter was to show why Plaget
needed a third factor, after genetics and the environment,
to account for the development of structures of knowledge.
To "o tuls I examined the inadequacy of theories purporting
to account for this development on the basis of genetlcs ana
environment alone, and in the case of each theory two kinds
of arguments were maae. First, each theory argued that all

or some of the structures of knowledge are copied from struc-

tures given in the environment or by genetics; in each instance

it was argued that the structures of knowledze must have a
source different from that proposed by the theory in ques-
tion. Second, most of the theories proposed mechanisms by
which knowledge would acquire structures of other d nains;
in each case, the proposed mechanisms were considered to be

inadequate to account for the acquisition.

The arguments given have been as follows:

1. Gibson argued that the structures of knowledge come
from structures of reality; the mechanisms she proposed to
explain how those structures are learned centered 6n the dis-
covery of critical features of strrctures of reality. It
was argued here that the structures of knowledge are often
different from the structures of reality (if, indeed, reality
has a set of structures). It was also argued that not all
structures have "éritica? properties"”, so that structures of
reality cannot be learned by discovering their critical pro-

perties,
}

RE




2. Skinner argued that what are called structures of
knowledge are just patterns in behavior deriving, through rein-
forcement, from the structures of the world. Again it was
argued th.' the structures of knowledge are different from
the structures of the world, so that the structures of know-
ledge .ust have a different source. It was also shown that
the explanation of learning by reinforcement dependr on
there being just one thing in common to all instances when
an organism 1is beilng trained for a given task; it was argued
thut any set of instances has an infinite variety of things
in common, and that reinforcement alone cannot account for
the organ.sm's selecting out of the instances what the trainer
has in mind for him to learn.

3. Whorf argued that structures of knowledge come from
structures of language; the logical positivists argued that
logical structures are essentially structures of language.

It was pointed out that there is structure to pre-verbal
children's knowledge, so that language cannot be the source
of all stru.tures of knowledge. It was also argued that no
adequate account had been given of how structures of know-
ledge could be acquired from the structures of language.

k. The gestaltists saw hereditary structures of percep-
tion as the basis of all structures of knowlzdie. It was
argued that the reversible structures of intelligence must

have an origin outside of the irreversible structures of

perception.

A
<o
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PIAGET'S EQUILIBRATION THEORY

So far in this paper I have discussed why on2 would be
interested in the origin of structures of knowledge, I have
sketched Piaget's theory of their origin, and I have shown
why I believe other theories to be inadequate. In this final
chapter it would appropriate to explore the adequacy of Piaget's
theory. One way to do this is to compare to the explanations
given in the previous chapter a Piagetian explanation of the
same phenomena.

The theories discussed in the previous chapter raise faur
questions: How 1s it that our knowledge of the world is fairly
valid? Why does reinforcement work? How is logic learned?
What 1s the relation between knowledge and language? If
theories built around these questions have failed to answer
them adequately, we should explore whether Piaget's explan-

ation is any more adequate.

Why Does Knowledge Tend to be Valid?

Piaget, as much as Gibson and 3kinner, 1is aware of tle
adaptive value of knowledge. Whether rea’ity has one struc-
ture or is infinitely structurable, the acguisition of new
structures of knowledge (whether within an individual, a
science, or th. history of a species’ tends toward greater
validity. Plaget is definitely concerned with explaining the

tendency for knowledge to become more valid.

D
O
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Plaget's explanation. I believe there are six steps in

Plaget's explanation ” how structures of knowledge develop
80 as to inc.ease the validity of knowledge.

1. Action. There are many kinds of action. Some
examples might be grasping an object, judging the fitness of
a given woman for a given job, and designing a system of gov-
ernment. All action entalis assimilation to exlsting schemes;
the object 1s assimilated as something graspable, the woman
is ~3;similated as a woman and as a job applicant, the problem
of designing a government is assimiliateu to various schemes
relating to systems, needs and rights of governed zeople,
etc. All action 1is in response to needs which are defined
in terms of schemes; the infant needs to know his world and
can do so by exercising his grasping scheme, the employer's
need 1s defined in terms of his scheme for "employee" or "job
applicant", and if one wants to design a government, his want
1s shaped by his concept (or scheme) of "government".

2. External inconsistency. Every scheme and every action
has expectations; expectations are usually not met completely,
and are sometimes found to have been quite 1naporop}1ate.

The infant may find his fingers closing more than he had ex-
pected them to in grasping the object. The woman might be
riore competent than the employer had expected her to be given
his scheme for "woman". The governmental system might not

do exactly wha: 1t was designed to do; this could be discovered
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by trying out the system and then hearing pcople's complaints,
or 1t could be found out by thoupght and analysis leading to
the realization of a problemn.

3. Internai Inconsistency. Once the external incon-
sistency cecomes known, It bLecomes internzl. The infant dis-
covers that hls nand did not stop clos.n in where he had ex-
pected it to; the motions of his hand are inconsistent with
the expectat.lons based on his schemes related to grasping.

The employer discovers the woman Lo be doing a better Job
than he had expected; his knowledge of her performance is

at odds with his expectatlon of that performance. There is
an inconsistency In a system's 1t doing what it was desipgned
to do. These Inconslatencies lead to dlsequilibrium which

Is a need for cquilibration.

. Tauilibratlon. ''he 1nconsistencles cause accom-
modations (chanyes in schemes) which may be great or small,
permanent or temporary. ‘“he infant may just close his hand
further than he had expected to. Conversely, he might dif-
rerent.late his prasping scheme into two subschemes: one for
rraspliong solld obfeets and one for yprasping furry objects which
have to be prasped tiphtcr. The employer might just éonsider
the woman to be unusually competent for a woman, or he might
chanme his schrme for "woman" so that it does not imply incom-
petence.  The planner miprht revise his planned government,
and he might also chanpe some of his ideas about government

and systems. ‘The chanpges 2n schemes will return the situation

Lo a state of equilibrium,
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5. 1Internal conslstency. Equilibration 1s not the i-esult
or all kinds of chanpes in schemes, but only those which lead
to preater internal consistency. The infant's grasplng scheme
would not change so as to lead to an expectation that the
hand stays relotively open while grasping furry objects. Rather,
the change leads to expecting the hand will close a lot when
rrasping furry objects; this new scheme is consistent with
the fact that the infant's hand closed rather tightly around
the last obfect 1t pgrasped. The employer's new concept of
"woman" wlll be conslistent with his knowledre of his new employee's
competence. ‘The planner's new concepts of povernment and Sys-
tems will be consistent with his knowledge of the problems
In his oripinal plan.

6. External consistency. Before the schemes were changed,
they were falrly consonant with carlier knowledpe which was
Falrly valld. The new scheme:n will be consonant not only with
carlter knuwledre but also with the new discrepant knowledpe.
Acrommodation should therefore lead to knowledpe which 1s ewven

more In accord wlth reality. TIn future, the infant will make

a more accurate prasp for furry objecvs, the employer will

be more open to believing a glven woman to be conpetent ,

and the planner will plan povernments without the flaws of

his carlier models. T4 should be noted that the chanpes in
schemes also lmplles a chanpe in future actions. It is now

a different thing for the infant to grasp, .or *he employer

to interview a woman, for the planner to plan a2 povernment be-
cause the schemes for "grasp", "woman" and "povernment" have

chanped.
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Theodore Mischel (1971) deseribed the process of chanping
schemes as follows:

What leads the child to pgive Up one of his (schemes)
In favor of the next ig that his copnitive assimil-
aticens keep running into difficuities because they
conflict with "paotgn avallable to the childj .or
wWith his other beliefs, or with what other people
s5av, ete . , , Thus, whatever resists assinil-
ation to the child's schemas Fenerates cognitive
conflict, and the child's recognition of this "dis-
equilibriyp" motivates him to resolve the conflict:
he accommodates hisg Schemas tn order to assimilate
tt. o . . Phe renor molive, both for applying a
schema one already has and for elaboratinm new schemas
In the courss of dovolopmont, would be, in effect
the'need' to make sense of bresent problens by fit-
Ling them coherently to schemas used 1in past solu-

More Stmply, the reascn chanpges in schemcs leads to
more valid knewledpe 13 Lhat scheumes O1.ly change when an
area of 1nva]1dILy In an old scheme becomes apparant, and
then only a change whieh will Jend to frreatep validity will

be adopted.

On_the adequacy of Plapet's gﬁplanatigg. Plaget's

explanation nas Lwo distinctive features, First, che same
Ffactor whieh Inlt lates changes In Schenes, equi]ibration,

also determines what kinds of chanres 1in schemes w111 become
permanent.  ‘Phis irlves accommodat.ion a steady direction toward
rreaterp vialtdity, Secona, external consistoncy, the accord

of thoupht with things, 1 achlieved through internal con-
Sistency, the accord of thoupght wlth itselr, This elimin-
ates the circu]ar1ty in, 814, a behavi.rist eéxplanation 1in

which 1he orrantsm needs 1o know what he 1s being trained to do

In order for the Lraining to work,
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What T am not sure of 15 whether Plaget's "equilibration"
cxplalns copnitive development or serves to name that which
rust be explained. Theodore Mischel seems to lean toward
the latter interpretation:

Questions need answers and problems need solution
for the person to whom they are problems or ques-
tions. Butl do we have to engage in empirical in-
vestigations In order to discover this? It is

hard to sec how someone could understand that
something Is a problem without understanding thac

it needs to be solved. . . . Could someone have

the concept of "consistency" and yet fail to

rrasp that. Inconsistent beliefs need to be reconciled?
- + « T want to suprest that Plapet's peneral
account of cquilibration, of the way in which the
child's awareness of cognittve perburbations
(confitets) motivates his intellectual development
and functioningeg does not constitute a theory to

be confirmed or refuted by facts; it is an analysis,
or racional reconstruction, of how we think in accor-
dance with the norms that povern thinking - an
analysis which Plapet uses as a framework for an
empirical mapping of the stapes through which the
child passes In coming to think in accordance with
the norms of adult logic. (197 , pp. 342-343).

1 belicve Mischel is sayine, as Strike said of Skinner,
that some of Plaret's Lheory is philosophy, not science; his
Tnterpretat fon of "equilibration™ 1s that 1L 13 not some-
thiine Plapet has "found" empirically but rather it is part
of the lanruare In which empirical findings should be described.
Onothis understandiny, &' ~»» are two problems with equilibra-
tlon that, to my knowledre, Plaret. has not bepun to solve.

Prst, the statement Lhat schenes change in the dir-
cetlon of preater equllibrium is not sufficiently specific.

There are miny kinds ol chanpges that could bring about Freatev

cqullibrium (Just as there are many things any set of training
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lastances have tn common). Coprnitlve confllet can be reduced
.y secelng an anomoious instance as being just an exception
to the rule, or conversely, any number of changes could be
made in any of several schemes which would also reduce dis-
equilibrium., Piapet 1s very specific at times about the spec-
1f1c stapes a piven scheme poes through. The child judges
Lhe wnount. of a piven substance, for example, first on the
basis of heipht, then cn the basis of width, and then. for
a perlod, he will oscillate between the two. During this
period- of oscillatlon, the child bepins to reason about
and discover the interdependecnce of height and widsh. This
lcads to the final stape of the adult concept of amount. 1In
reneral terms, Piagret has explained why each of these stages
I suceessful:  each bringes about preater cquilibrium. What
ls not explained 1s why Lhose particular stages are always
passed throwrh. A move from Judping by heipght directly to
the stare of oscillation or to the final stage would also
Increase cquilibetlum.  Jhere are probably other changes that
could, lopically, be made in the concept of amount which
would also increase equilibrium. Plapet's theory 1s not suf-
flelently exact to predict, in a piven tnstance, how Equilib—
rium will be reduced, nor can it explia. . why certain patterns
of accommodation always hold.

‘The second problem with Plapel's explanation is that
he does nol explaln how 11, 1s that a new scheme can be con-
structed at all, let alone a new scheme which will reduce
disequilibrium. Other theories locate the origsin of schemes

In other areas; structurcs of the environment, structures of
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lanpuape, or penetically piven structures. If we take Pilaget
serfously, however, T believe he says that we create new scheme 3.
We do not take them from any external source. They Jjust
happen to us. Apain, the neeu to see changes in schemes as
beinpr the result of creation comes partly because Piage. has
secen no adequate account of how the new structures might come
from external sources. 'There is nevertheless something un-
satisfyinp about an ecxplanation by creat on.
Tt should be noted that T do not cee these two problems

as reasons for abandoning Plaget's explanation. In particular,

sec the need for further specification of the specific way
In which cquilibrium willl be resiored as being a d.rection
for future rescarch rather than a weakness in Piaget's theory.

The explanation does rule out. alternative oxplanationo} ?nd
It calls for the discovery of laws to play the same rofe as
twr Law of Prdpnanz did in pestalt theory. I am, however,
puzzled by the abscnse of an explanation of how new schemes
are created. 'T'hls may be a philcsophical rather than an em-
plric~l problem. The solution mipht not lie in finding new
laws and mechanisms, but might rather 1lie in concluding that
the ecreatton of new sehemes 1s in fact creation, not Qnder

control of environment and heredity, and therefore outside

the realm of sclence.

Why Does Relnforcement Work?

Althouprh Plaret has not, to my knowledpe, tried to

account for fthe effects of reinforcement training in his
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terms, thesee 1s one point he has erphasized: the stimulus
and Lhe respeanse ave lomically Interdependent. What 1t means
for sometning to be a stimulus 1is that it 1s assimilated to
a scheme,; and a scheme is a peneral way of acting on something.
We never know thinjs except as something to grasp, something
to hire, somethiny to scratch, etc. Thus, the connection be-
tween the stimulus and the response 1s not made by the rein-
forcement but rather exists to bepin with in the fact that
the stimulus is a stimelus; that 1t is a stimulus means, by
definittion, that it wlll factlitate a miven response.

T belleve relnforcement play: a different role in a Pia-
retian account of reinforcement Lralning from the role it plays
in a Skinnerian explanation. To Piapget, the trainer's arnli-
cation of reinforcement after a certain behavior is, first of
all, a condition of the environment to be assimilated by the
trainee. The trainee's schemes must change so that he now
expects reinforcement to be a consequence of that behavior,
and so that the behavior becomes a means to him of obtaining
the relalforcement . With botter knowledime of hin cnvironment ,
It makes perfecl sense that the trainee is more likely to do
that for which he 1s reinforced and avoid that for which he
1s punished. (This 1s true by definition of the words "rein-
force" and "punish".)

Reinforcement affects learning in two ways. First,
as was ment.loncd above, ihe treinee learns it is beinpg, rein-
forced for a certain actlon. Seecond, by making a certain

action more probable, 1t accelerates the development of the

RE
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scheme direccetimr that actlon. [If, because of reinforcement,

we are encouraped, say, Lo play with clay in a way which re-
quires us to Judpe volumes of pleces of clay, our schemes

for judring volume are 1lkeiy to develop more rapidly. Th
learning is the result of accommodation caused by disequilibrium
caused by actlon, and uie action is made more likely because

of the reinforcement. This is quite different from the Skin~
nerian explanatlon whereby the reinforcement serves to connect

a response to . stimulus.

The Plapetian cxplanotion of reia. rcement training is
much more cumbersome “han the Skinnerian explanation, but it
manapres to account for the effeets of reinforcement while
avoltdimrs the lopieal pitfe1ls Y serent in the Skinnerlan.

How ls Lopic Tearned?

Some of” Iiaret's wrltil, ., s about logle are amonp his most
difficult pieces tc inderstand. Ie does indicate fairly clearly,
however, two Lrends in  he development of logpic.

First, tr: deveicpment of aay siven scheme is in tne
dircetion of hirher lopieal strusture. Above all, this means
the dircetlion of preater reveratbllity; there become more ways
oo whiech some aspeet of an ob'ect can change without the 1den-
LIty or quantity of tLhe ob!oct chanp oy, The concept of vol-
ume, for ecxample, is at first irreversible; a change in an
objJect's shape 1s Laken to Imply that 1its volume has cnanged.

In the adult concept of volume, however, the change in shape

can be mentally reversed, and (he volume .s understocu o




remain uncharod, St boly, the adult Baelddean concept

of space 1s mo. i rcnt fated ood roveestibie

a2 the in-

fant's topolortc vl ot rons of apreees Operations such as ad-

ding length to a lioe ang chany i Lthe orleatation of a shape

are reversible v ucltbde n meomctyy. he operations thus

have a stability qi.q o mean by Calnes s that .. i, ing in the

infant's peomot vy,

The second teond 1 der o dop ot or 1dapie is towards

wreater consclomwan g d e red e oo cxamp e, the ine
f ! s

fant may unintontironal iy I MR TYPRETEN APl I toperherry ond may later

rroup obJects I-tont tanalty o o, dpecitie puryose, At a

later point he will bhe (hie 14, Lottt abontl sronping: objects.

The  2xt develope ut 1., 1or e oy roup opjects opether ab-

stractly by don w1t bon problows o Wlien e - hes the stage

of formal operati-n e wiil b o to disaue., the rules gov-

erntiim addit on, i will be abie 1o dbeseus  cven more ab-

stract systems. it Cocor e tor L cd e o Jo i objects
torether thus 1. fecac by a0 un g i'ormal oper-
atfonal schemes o Y g w T

The enuse oFf Lot oot (v o Ereret 0w Hibeation,

Reversible straceto o ., . b it COVE e o U g irrever-

sible structure..  yio g b pd Fvolume 1ends to fewer

contradiction: et 1 dn bt e wHh the woy things

are than is the cinla .. L, I N S R RLIT 44ty abstraction

and consclousne.as. L L. cqqroe e correcteda berore they

are performed. Prewio bcm con ot et e | v prrevent a

child from addin,: o wony oba ool b colbect o in order to
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knd?ﬁ:it to a certaln desired size. Knowing the laws of
arithmetie can prevent an adolescert from making 2 certain
error in calculation. Knowinpg the laws of al-ebra can pre-
vent a mathematician from makinp errors in constructing new
mathematical structures, Thus, abstraction and consciousress
lead to better cqullibrated systems.

For Piapget, then, "loplcal structures result from the
progressive equilibration of the pre-loglical structures"
(Piaget, 1967, p. 109%).  The roots of the highly abstract
and reversible Tormal {oprmical structures are the concrete and
lrreversible schemes of the infant. The motivating force of

tue development 15 cquilioratton,

What 1s_ph§>RelnLion between Knowiedme and Lanpuage?

This quest.lon entails two issues: the origin of speecn,
and the corvelatlon petween structures of knowledee and struc-
tures o lmvruaare.

The oririn of speech. To Plapet, speech 1: enabled by

Lhe semlotle (or symbolical) function, 1le., the ability to
represent one thing by another. lLanpuage 1s a system of sym-
bols, meaninys, or connections, and the roo:s of 1adguage

are in the carliest schemes. To the infart, ¢t various ages,
sucking on the nipple means that milk will come, putting a
handkerchief over a penny means the penny will be chere when
the handkerchief 1s removed, and pulling on a blanket means

that whatever 1s on the blanket will come closer.
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The semlotlic function enters when the sipgnificant be-
comes differentiated from tne signifled. For example, although
sucking on a nipple signifies to the infant that milk 1s going
to come, the suckinpg and the mlilk are all part of a whole un-~
differentiated by the infant. On the other hand, a signifier
s a symbol 1f it 1s clearly differentiated from the signified.

Piapet identifies three kinds of such signifiers:
symbolical play (in which objerts are represented by gestures),
deferred imitation and drawlnp, and mental imapgery. Each of
these 1s done 1n Lhe absense of what it represents.

Speech and other systems of soclal sipns develop at the
same time as the above three symbolic systems. 1To Plaget,
speech 15 a system of symbols, a meoans of re-presentipe what
Is nol prescent.  EKnowledpe must be fairly well developed for

specech Lo be posslble; to have a word for a given object, for

example, the chlld must already have a scheme for the object
which 1s developed to the point that he understa) " * that the
object. exists apart from his actions on it. Pla,et puts

knowledpe prior to lanpguarpe.

The correlation between structures of knowledre and struc-

fures_off Tam-uyre. 1 belleve that Tinpulstle determinism is
contrary to the Plapgetian view, 0Structures of lanesw.pe do
not determine structures of knowledge. The correlation between

Lhe two kinds of structures woild be seen as the result of

physical and soctal environments which influence both languace

and kncaledpre.
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The child who lives in a physical ervironment filled with
snow, and 1 a soclal environment which encourages a variety
of kinds of Interaction with snow, will learn about snow; he
is likely to develop a highly differentiated set of schemes
relating to snow. If he makes nuneepus: important uses of
snow he wlll be 11kely to construct schemes to identify which
kinds of snow arc best for which uses. At the sane time, 1t
isltkely that people in his cvlture will talk a lot about snow
and have use for a hiphly differentlated snow vocabulary.

On this account, the corsrelaticn across cultures of
structures of knowledse and struc.ures of thought 1s due to
common causcs affecting both knowledge and language. In the
individual case, however, when a particular structure 1is ac-
quired, structurcs of hnowledire (schemes) are always acquired
before the corresponding structure of lanpguage (word or gram-

mat.ieal form).

Summary
The knowledpe one pains from contact with the world,
and thus, much of one's behavior, depends on the way in which
one's knowledpe s structured. The origin of structures of
knowledme l1s of interest simply as a scientific question; it
s eapeclally of Interest to those who wish to account for
the tendency of knowledpe to be valid, logical, and similarly
structured to lanpuare.
A rumber of theorles were discussed which attempt to

account for the development of siructures of knowledge, and

~J
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each was [judpred to be inadequate. 1In reneral, these alterna-
Live Ltheorles aaw the structures of knowledyre as arlsing from
lower-ordered structures of other areas: reallity, language,
or perception. None of these theories provided a mechanism
for developiny a hipher-ordered structure from a lower-ordereé
structure. For example, the pestaltists provided no means of
developing reverslble structures from irreversible ones, and
neither Glbson nor S3kinner proviced a mechanism for constructing
A concept pmtven a collection of examples of 1it.

Plajet provides a thecory in which structures of knowledge
Frow from previous structures of knowledge through acticn,
disequllibrtium, and equilibration. Iils theory gives an
adequate accounting for the development of structures of know-
ledpe while providing a mechanism, equilibration, to account
for raising the level of structures. TFurther research is r.zeded,
however, for "ecqullibration" to become an explanatory rather

thin Just a desceriptive term.
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NOTES

i. T usc the word “knowledpe" in the sense that psycholog .ts
do, meaning somcthing like "belief". As philosophers use the
word, knowledpe 1s, by definition, valid, and a phrase like
"valid knowledge" would be redundant. By "valid" I mean "true"
or "in accord with the way the wo-1ld is". As much as possible

T would 1like Lo savold in this paj »r the 1ssue of how the worid
really is; for this paper, I will make the assumption that

the deseription of the world frlven by scientists 'in those
ficlds where there i1s a consensus amonp, sclentists) is accurate.

Plapet himself cxplores the notion of validity in some of his

(See Piapet, 1971),

Je Strike (1974) has done an excellent Job of p vesenting
this arprument, and the interested reader 1s referred to his
paner,

3. Grepory Hateson offers in one eriap exanple an indication of how ruch

ir left to be explained after the 1nw or effect has bean noted:

A certain mother habitually rewards her smalil son with ice cream

nfter he ents his sninach,  What additional information would
you need to be able to predict whether the child will: a., Gome
Lo love or hinte apinaechy b, Love or hate ice eream, or ¢. Love

or hale Mother? (1970 p, xvii.)

~J
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