158

DESCRIBING COGNITIVE STRUCTURE

Richard T. White

Monash University

Swelling interest in the psychology of information processing and its relatlen to theories
of instruction is accompanied by widening use of tﬂe term "coynitive structure". While a useful
construct, cognitive structure is also an ili-defined one. Its definition as the knowledge someone
possesses and the marnmer in which it is arranged raises a number of pertinent guestions: In terms of
what units or elements is the knowledge to be described? What is meant by arrangement of knowledge?
These questions lead to others: What varieties of elements of knowledge are there? What dimensions
are necessary for a full descripticn of the arrangement? The intent of this paper iz ko discuss
these questions and to consider how to select or devise methods of describing cognitive structure.

A 4ifficulty in considering how to describe cognitive structure is that the situation has
Four interacting aspects: the purpose for which the description is required; the basic model of
cognitive structure that is conceptualized, together with the units involved in it: the dimensions
that apply to the model: and the methodology for investigating the structure (Fig.l}. While the
purpose does to an extent determine the other three, there really is not a simple path to follow
hetween them. Bven purpose is affected by what is possible, which clearly is a function of the
methodologies available, which in turn are deterwined by their models and dimensions, tﬁough changes
in both of these last are brought about by developments in methodology. This interacztive state
complicates writing about the four aspects. The solution adopted here is to state a general view of
purpose, then to treat in order models and their units, dimensions, and metheds of investigating
cognitive structure. Tn the course of describing specific methods, attention will be given to their

relation to particular purposes, wmodels and units, and dimensions.

PURPOSE

MODEL

& UNITS METHODOLOGY

DIMENSIGNS

cigure 1. Interacting aspects which offect descriptions of cognitive structure.
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GENERAL BIREOSE OF DESCRIBIRG COGNITIVE STRUCTURE
The growing interest in cognitive structure reflects a fundamental change in the view of

teaching and learning from a two stage to a three stage process: instead of considering instruction
to have a direct influence on performance, memory is inserted between them (Fig.2). - One consequence
of this change in paradigm is a need for a different style of experiment on teaching. Where
previocusly recearchers compared directly the effects of instructicnal treatments on performance, now
there i3 a requirement to compare their effects on memory, that is, on cognitive structure, and then
to see whether differences in cognitive structure are related to subsequent differences in
performance. Individual learners then retain their importance, and the investigation is in effect a
synthesis of a mass experiment and case studies, combining the power of the first with the

sensitivity of the second.

INSTRUCTION ~————————== PERFORMANCE

Two stage paradigm

INSTRUCTION S MEMORY == PERFORMANCE

Three stoge paradiom

Figure 2. Paradigms for teaching and learning.

The new form of experiment enables sharper tests of instructional theories. For instance,
in his controversy with Ausubel (1963) over discovery learning and didactic instruction, Bruner
{1961) claimed several advantages for discovery but congistent evidence for its superiority was not
found in learners' performance. This may have been because the discovery treatments in some studies
were ill-designed and 4did not bring about the changes in learners' memories that Bruner imagined they
should, or because contrary to Bruner's theory the changes did cccur but had no effect on
performance. If it had been possible at the time to study more directly the properties of memories,
a choice between these alternative explanations could have been mads.

Thus, although there may be other uses for descriptions of cognitive structure, the main
purpose congidered here is the illumination of the relation betweeen instruction and performancs, and

that purpose will influence the discussion of models, dimensions, and methods.
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MODELS OF COGNITIVE STRUCTURE

It is almost inherent in the notion of cognitive structure that memory is more static than
fiuid. Terms such as units and elements reflect the underlying assumption ¢f a building bleck,
pigeon hole, or network model of memory, for such terms are more readily related to static models
than to Fluid ones of, gay, neurclogical waves or continuous re-creations of knowledge. From here on
memory will be viewed as relatively static, though it must be acknowledged that for many purposes a
dynamic model may be more appropriate.

Popular information-processing models generally include a static, though manipulable, form
of long—term memory, which is seen as a network. - An important property of a network is the fineness
of its units. There can be a range from a coarse-grained description of cognitive structure in terms
of broad concepts or topics, or perhaps at some future date a description by neurological patterns.
The finest unit {g not necessarily the best. UWeurclogical patterns, for instance, may never be
useful in the great part of education, though they could be important in physiological investigations
of learning &ifficultiss or abnormalities. The fineness of the unit used to describe cognitive
structure depends on the purpose of the description.

We shall rveturn to the issue of fiﬁeness of unit of cognitive structure, but first we need
to pnote that more than one type of element may be needed for a comprehensive description. Some
well-known descriptions of networks, such as those by Andersen and Bower (1873}, Kintsch (1%72), and
Rumelhart, Lindsay, and Norman {1972), are restricted to a single unit, the proposition, a simple,
potentially meaningful verbal communication. The popularity of propositions as the element for
describing cognitive structure is easily explained. They are the basis for writing and speaking, our
most obvious and important methods of communicating with each other; they are a conveniently-sized
unit: thelr possession is readily tested; and it is easy to devise instruction to give people
blocks of propositions sensibly collected together. However, networks that consist of propositions
alone can be omitting large sections of relevant knowledge, and for many purposes a more
differentiated set of elements may be useful. Gagné and White (1978) suggest that, in addition to
propositions, educationists should recognize images, episcdes, and intellectual skills. B3ince there
is freguent veference to these different types of unit in the later discussion of dimensions,
something needs to be sald here about their place in a model of cognitive structure,

Images. People seem to vary greatly in their ability to construct mental pictures. As well as
variation in performance on spatial tests, there are introspective reports in which some people claim
they can form detailed and vivid images wh;le others say they lack the ability altogether. Ail must
possess it to some degree, however, for otherwise there would be pecople who could not recognize
ohjects. Recognition consizts of comparing the percept with an image, not with a verbal description.

In recent years there has been debate concerning the existence of separate storages in the
hrain for images and propositions. Paivic (1971) described the operation of imagery in terms of a
separate store, but Pylyshyn (1973) argued that a single mechanism For storage of words and pictures
is sufficient. 1Investigators are accumulating evidence which some interpret as confirming the

presence of separate stores (Andre & Sola, 1976; Bacharach, Carr, & Mehner, 1976; Kosslyn, 1376;
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Marschark & Paivio, 1977) and others as denying it (Baggett, 1975}, Educators may avoid the present
confugion by regarding the debate as one over the fineness of memory unit with which we should be
concecned, and by accepting that the appropriate level is a matter for individual preference and
depends on the purpose for which units of cognitive structure are required. Pylyshyn's assertion of
an undifferentiated store may well be correct at the fine level of basic neural structures, but in
education it could be more profitable to work at a coarser level which does involve different types.
Because the ability to form mental pictures is universal, and because real picéures have long been
seen as a powerful mode of communication, images should be included among the elements of knowledge
when we are considering instruction and performance.

Episodes., Tulving's (1972) distinction between episodic and semantic memory has attracted about as
much attention as that between images and propositicns, but much less controversy. This distinction,
too, is supported by introspection: people do remember words, they can imagine pictures, and they do
recall events in which they took part.

Episodes, the recollections of events, come back as pictures and words, which implies that
there is no separate store for semantic and episodic memories. Tulving emphasised that he was nat
proposing such a separation: "I will refer to both kinds of memory as two stores, or as two systems,
but I do this primarily for the convenience of communication, rather than as an expression of any
profound belief about structural or functional separation of the two." (1972, p.384). Tulving's
statement is an instance of choosing a level of fineness of unit for practical purposes.

Bpisodes should be important in education, because all knowledge must be baszed on
experience. FEven the most abstruse concepts ace given meaning by their relation with real ohijects,
which in turn are understood through personal contact. This is evident in long=-standing rules of
thumb for instruction, such as preferring the concrete to the abstract. It is the ratienale for
demonstrations, simulations, £ield trips, and laboratory work.

Inteliectual skills. The fourkh and last type of memory eleﬁent specified by Gagné and White is that

of intellectual skills. This seems an important distinction to make, though less popular than thoge
between propositions, images, and episodes. It is the same as that made by Ryle (1949} between
knowing that and knowing how, or by Greeno (1973) bebtween propositional and algorithmic knowledge,
The essential feature of the distinction is that where propositions are single facts, intellectual
skills are rules which direct behaviour so that people can perform whole classes of tasks.

Gagné {1965, 1977) defined several tvpes of intellectual gkill, chief among which are rules
and concepts. People who, for example, can solve simple linear eguations have a rule at their
command, while people who can recognize an object as, say, a rhinoceros, have & certain concept. The
distinction of intellectual skills is important in education because concepts pervade ail learning
and rules are part of the subject matter in most fields, being particularly evident in mathematics
and the sciences.

One of the immediate uses of this last distinction is that it directs attention to the
meaning of the term "concept", which is widely used in discussions of cognitive struckture. Gagné's
definition of concepts ascribes to people who possess s particular one the ability to classify

presented instances as examples or not-examples of the concept., A slightly different notion of
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concept is one which requires people to produce instances. For instance, if someone is shown a
number of mathematical expressions and asked to identify the differential equations among them, this
is a diferent task from being asked to produce an exanple of a differential equation. The same with
concepts such as sonnet or chain stitch. 'This difference in task reflects the existence of partial
possession of a concept. Someone might be able to produce instances of a concept, all drawn from the
subset of that concept with which he or she is familiar, but could fail to identify correctly an
instance from another subset. BAnother probliem with the term "concept" is that for some writérs
possassion of a concept means neither of the intellectual skills of recognition or supply of
instances, but rather the propositional knowledge of the definition of the concept. Such knowledge,
though reiated to the intellectual skills, is neither sufficient nor necessary for them. With both
skills and definitions there are problems of partial knowledge, and of fuzzy boundaries where it is
controversial whether something is a member of a given class. BAnother source of confusion iz that
many writers mean by concept neither a single intellectual skill nor a single definition, but a
complex of propositions, skills, images and episodes. Under that meaning, someone with the concept
of "energy" is thought o know many facts about it, to be able to solve problems involving it, and to
he able to describe practical instances of it. Someone else, who also may be said to possess the
concept of energy, may share much of this knowledge but not necessarily all of it.

These points about concepts, concerning recognition or supply of instances, propositicnal
knowladge of & definition, fuzziness of boundaries, partial knowledge, and level of complexity, all
hear on how to describe cognitive structure. Tt was suggested earlier that differentiation of
elaments of cognitive structure into propositions, images, episodes, and intellectual skills could be
usefal. Whether these four types of element are suitable, and whether all are necessary, depends on
one's purpose. Where one's interest is in only the coarsest measure of cognitive structure, as in
s20ing whether instruction has had any effect, the broad multi-faceted meaning of corcept might do.
Cognitive structure can then be measured by asking people for words they associate with the name of
the conoept, as Shavelson #1972, 1973) has done. Where interest is in factual information, attention
can be restricted to propositions, and their possession can be tested one by one, perhaps with pencil
and paper tests. Where one wants a complete, detailed, and specific representation of people's
knowledge in a subiject area, it should be more useful to work with the full set of propositions,
images, gkills, and episodes, and it may be that word association tests or pencil and paper tests of
any £orm are not effective in bringing out all the details wanted.

Before congidering too deeply how the fineness of definition or the diversity 6f type of
units of cognitive strucéure affect the method of determining it, we should first consider the

possible dimensions on which cognitive structure may vary.

SOME DIMENSIONS OF COGNITIVE STRUCIURE
The units of cognitive structure are atfected by the purpose of the description, and the
dimensions of the description are determined largely by the units. Where the units are coarse, such
as a broad concept represented by a single word, fewer dimensions may be needed, or possible, and

they may differ from dimensions appropriate to finer units. To make it easier to discuss dimensions
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we must have in mind some particular level of fineness and some specific units, which here will be
propositions, intellectual skills, images, and episodes.

One of the most obvious dimensions of cognitive structure is extent., Some people know a
lot, others little. A more subtle property of knowledge is its precision. An example might clarify
the meaning of this dimension. Consider a word such as "choreography." People's knowledge of this
term couild he at several levels of precision: some might never have seen it before; others might
recognize it but be unable to do anything with it; some might be able to think with it to some
extent, by knowing that "it has something to do with ballet®; others might be able to use it
correctly: while those with the most precise knowledge might not'oniy be able to use it but also be
able to explain its meaning to somecone else. Precision applies to single words, propositions, or
skills, of to whole bodies of knowledge. Later, in the description of methods of ascertaining
cognitive structure, it will be seen that coarse units are relatively bling to variations in
precision. Two people who associate "force™ with "energy" may differ greatly in the precision of
their knowledge.

Internal consistency and accord with realitv or generally accepted truth are related

dimensions. As well as being interested in how much a person knows and how precisely he or she can
formulate it, we could want to know whether all parts of knowledge are compatible. This may be
particularly important for people at the extremes of extent of knowledge of a topic, the tyro and the
expert. When somecone begins to learn a topic, the new knowledge may conflict with old at points, and
it could take some time, as part of the process of learning, for the contradictions to becoma
apparent and to be resolved. The relevance of thig to teagching is profound. For experts,
contradictions in their knowledge may appear as signals of fundamental errors in their models of
reality. While at first these contradictions may be no more than sources of unsasiness, when they
become gpecific they can generate c¢reative advances in the sum of human knowledge.

Much the same goint can be made about accord with reality. Bodies of knowledge can be
large, precise, internally consistent, yet mistaken. Discrepancies between knowleddge and reslity may
he again most oSbvious in the cases of those who know a little and those who know a lot. Given
certain purposes, it may be useful to describe someone's cognitive structure in terms of either or
both of these dimensions, of internal and external consistency.

Another dimension is variety of types of element. Some people are known b0 possess much

"hook learning" about a_topic, which 1s another way of saying they have a large proportion of verbal
knowledge and litile in the way of episodes or skills. Or the imbalance could take a different

Eorm: in art, for instance, one's knowledge might consist of many images and episcdes of visits to
galleries, yet lack any propositions that contain information about the paintings or any intellectual
skills such as being able to recognize paintings of a particu}ax style or school. Por some topics
imbalance might not matter or could even be inherent in the subject, but often the desirable'form of
cognitive structure will be, as well as of large extent, precision, and consistency, one of a good
mixture of types of element. A geographer, for instance, probably needs Ffacts about countries,
images of land forms, skills of translating contour maps, many concepts, and recollections of visits

to particular places.



204

As well éﬁ the dimengion of variety of types of element, there is the dimension of yariety
of topics. Often the purpose of measuring cognitive structure will make this dimension irrelevant,
as when one is interested only in knowledge of a delimited topic, but given other purposes it can
assume importance. One might want, for instance, to distinggish between people who are specialised
in knowledge of a small number of fields and generalists who have some knowledée of many topics.
This dimension could well be important in comparisons of school systems or curricula, though it does
not appear ever to have heen assessed.

A dimension which cannot be separated from the specifics of what is known is the form of
organization of cognitive structure, or its shape. If we think of knowledge as a network of
elements, of whatever types, we can conceive of networks having different shapes and degrees of
interlinking. For instance, someone might know the following four propositions:

1. Columbus was born in Italy.

2. Columbus thought he could sail westwards to China.

3. China was an important source of spices.

4, Spices were needed to disguise_the Elavpur of bad meat.
The £irst two are linked by the common term, Columbus, propositions 2 and 3 by Chipna; and 3 and 4 by
spices, so the shape of this knowledge. is a chain (Fig.3). But if the propositions

A, Marco Polo had brought spices back from China

B. Marco Polo was Italian

are added, the shape becomes more compact and there is greater interlinking (Fig.3).

OO0

Figure 3, Effect on shape of adding propositions -

In the example above, the shape was changed by adding propositions. It is possible also to
imagine two people who know the same things but associate them in different patterns. Where one
person associates a certain episode with a skill, for iastance, the other might not. The sudden
association of an episode with a skill or fact is the guite commen sensakion of perceiving tha; SOme

past event is an instance of an abstract principle.

It may be that, to be fully useful, the shape dimension will have to be refined into several
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more precise measures. Chains and nets differ in the number of associations per element, with a
chain of n elements having a total of n-1 connecticns and nets having a greater number ranging up to
Lnin-1). Thus shape could be represented for some purposes by an index c¢alled association density,
the average number of associations per slement.

-Another aspect of linking, which is related to the dimension of variety of topics, is the
proportion of elements in the chain or net which are internal, in the sense of obvicuszsly being parts
of the sublject matter and the proportion which are external, or inessential parts which illustrate
the topic rather than form a vital part of it. Bxternal links may be important, even though the
topic is a coherent whole without them, because they relate one topic with another, so making
possible creative leaps, and because they tie abstract bodies of knowledge to experiences of the
everyday world. Mayer and Greeno {1972) have shown that such links affect understanding. Thus the

dimension ratio of internal to external associations is likely to be important when considering

understanding.

The ninth, and final, dimension proposed heve is gvailability of knowledge. . Two psople may
know the same things, but differ in the ease with which they recall relevant zlements at need. Tha
source of such a difference is an absorbing realm for research, and if explained may lead to dramatic
improvements in human performance. Hunt (1976} has made considerable progress in this field. In the
meantime, speed of recall ¢an be measured without knowledge why it differs, and can reflect a crucial
property of someone's knowledga,

These nine constructs, and the practical measures of them, are not necessarily independent
of each other. 1In fact, it is most unlikely that they would be. Availability, for instance, may
well be related to extent or precision or shape, and the description of ratic of internal to external
associations presents it as an aspect of shape. Dimensions need not be orthogonal to be useful. The
intent here is to propose a number of constructs which may be useful in describing cognitive
structure so for the present inter-relatedness of dimensions is not a maktter for concern.

The purpose of measuring, or rather describing, cognitive structure determines the units and
Aimensions one will find convenient, and they in turn influence the choice of method of measurement.
New purposes, or clearer consideration of existing cnes, will jead to invention of new methods., In
the mgantime several methods exist, and it will be useful to see what purposes, units, and Rimensions

they fit,

QURRENT METHODS OF RSSESSING COGNITIVE STRUCTURE

School Tests

The commonest measure of cognitive structure ig the zingle score or letter given in responge
to performance on a test of knowledge. Such tests are widespread and ancient in schools and
colleges, and are used in all subjects. The three distinct forms of these tests, multiple cﬁoice,
short answer, and essay, may have siightly different purposes, but are sufficiently similar to be
considered together.
Units. School tests are almost entirely concerned with propositions and intellectual skilles, and

rarely touch on images or episodes. All three types, though more generally in the case of essay, can






