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Psychology's Contribution to Teaching:

Educational Epistemology

Abstract

The contributions of psychology, theoretically, methodologically,

and experimentally, to university teaching, from the perspective of

educational epistemology, are those which provide answers to the question

"What constitutes good learning in a course?" The most basic theoretical

contribution that psychology has made to cognitive learning has been

the delineation of a unit of thinking, the concept, which acts as an

organizer of experience. [Concepts are related to each other to form

a cognitive structure. These expressions, "concept" and "cognitive 3-

structure," have been shown to be useful to professors in describing

what is to be learned in a university course and in representing it.

The methods of evaluating concepts and the different forms of

representation in a cross disciplinary study revealed trends across

disciplines and baseline variability among learning tasks in different

courses. The methods of evaluating concepts included measures of the

frequency and familiarity of key concepts, and of word associations to

the concepts. The methods of representing concepts in a cognitive structure

produced tree structures and similarity matrices. These could then be

rated for consistency and for the kinds of relationships between concepts.

The experimental contributions that psychology has made to cognitive

learning are more diverse. They include work on modes of learning, on

the effect of abstraction and generalization in the learning process, and

on the results of different relationships between concepts on teaching

and learning. The specific import of these results lies in the suggestions

they make about the nature of the thought processes or strategies required

to comprehend course material.



PSYCHOLOGY'S CONTRIBUTION TO TEACHING:

EDUCATIONAL EPISTEMOLOGY

I. THEORETICAL

- The concept: a unit of thought

- Cognitive structure

II. METHODOLOGICAL

- Quantification of concepts

- Frequency, familiarity and association measures

- Representation of relationships

III. EXPERIMENTAL

- Modes of learning

- Abstraction

- Generalization

- Salience

- Kinds of relationship

IV. SYNTHESIS

- What constitutes good learning in a course?



Psychology's CearibuLinn Lo Teach i

EducaLiol Epistemology

Donald

McGill University

The theories and practices of psychology which have garnered

greatest fame in the world of university instruction are those which

come from the subfields of learning and of measurement and evaluation.

The university professor is concerned about which teaching methods

will best serve the purposes of learning, and about how to evaluate

student learning. My experience as a teaching and learning consultant

in the university has led me, however, to adopt a mildly revisionary

perspective: that is to say, although learning and evaluation

processes still dominate my everyday life, I look increasingly for

answers in the field of cognitive processes or epistemology. I do

this for two reasons. First, I have found that the learning process

depends heavily on its content, on what is being taught. The concepts

and relationships in a particular course determine how that course

can be taught and how students may learn it. Second, in order to

evaluate student learning, it is necessary to first understand what

is to be evaluated, that is, what knowledge and abilities the student

is expected to acquire during a specific learning period. My

definition of teaching is, then, for the sake of argument: the

organization of concepts, and the analysis and synthesis of their

relationships. I should interject that this definition of teaching



nary ,t0000r to be original, bil.arre; but it I what student!.

consider hi be good teaching (Hildebrand, Wilson & Olenst,

McKeachie, 196)). [ducational epktemology then !wos the basic

science for the applied science of teaching.

The contributions that psychology has made and will make in

the future to teaching through educational epistemology are of

three kinds: theoretical, methodological, and experimental. The

two most important theoretical contributions that psychology has

made to my work and thinking are in the definition of a concept

and of cognitive structure. Methodologically, psychology has con-

tributed to the quantification of course concepts, to measurements

of the occurrence and associative properties of concepts, and most

importantly, to the representation of concepts and their relation-

shns. Experimentally, there are the results of imaginal learning

compared to verbal learning; the effects of abstraction, generality,

and salience on learning and retention; and the effect of relation-

ships between concepts and their placement in prose learning materials

or their order of presentation: these results suggest important

effects due to learning content and its organization.

Theoretical Contributions

The most basic theoretical contribution that psychology has

made to cognitive learning has been the delineation of a unit of

thinking. This unit, the concept, was first given prominence by

Bruner et al. (1956) in their book A study of thinking. A concept

6



con'ijdored ,in ordani.!or oxhorionco, ich onablod to; tn

catotiori!o ond thoroforo to (lain o mowuiro ol 'Johility and clority

or dollnitonwi!; over our nnivtn In behavioral tem, concept

learninq was defined by Hunt (1062) as a situation in which 'm000no

learn'; to make an identifying ro,,non,;0 to momhor,; 01 A 1)1 not

completely identical stimuli. This is a much broader definition

than the standard dictionary definition which describes a concept

as an idea or abstraction. For Hunt, the concept learner was held

to be creating a classification rule. Olson (1963) also took this

line of thinking when he investigated concept learning in the class-

room. In the learning process, related concepts were integrated to

become a hierarchy of mediators of greater genera!ity. The verbal

rules or concepts which were related could be organized into more

generic verbal coding systems, which would in turn provide a system-

atic symbol system that could integrate and make sense out of a

broad range of phenomena.

Other researchers have further clarified the meaning of the word

"concept" in terms of its functions and parameters. elson (1977)

defined a concept as organized information that is not dependent upon

the immediate perceptual array and is at least potentiall) nameable.

Concepts exist at varying levels of generality and abstraction and

may vary from simple to extremely complex. A concept is rr:i. necessa-

rily a class or category, though it may be. Concepts exist within a

conceptual framework and this framework may take different forms,

including propositions, sLripts, or categories.

7
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those of another concept. there k, however, a center tl1 deir.i Iy I or

,1 given concept, which, in the frmilework of associative meaning, can

he represented Ily the stimulus word which overlaps the most with other

stimuli in the collection comprising the concept (Oewie, Inol). IhI

description or d concept is analogous with the term "factor" and

points out the inherent fuzziness or the definition. There are, however,

more or less fuzzy concepts, and in spite of the inherent fuzziness,

concepts can be represented as discrete entities. In the representation

of memory, a concept is a node or cluster of information which corres-

ponds to an object or idea that can be named or described (Rumelhart,

Lindsay & Norman, 1972). Concepts then have the role of a beacon or

a buoy in a sea of probabilities. They are centering points which

clarify and stabilize thinking.

The value of concepts as units of thought to the teaching process

may already be evident. They act as points of departure for course

planning, instruction, and evaluation. They control the kind of

presentation and the kind of thought strategies that can occur in the

classroom. In short, they provide the basis for course organization.

The nature of this organization is the other important theoretical

contribution that psychology has made to educational epistemology.

Concepts are related to each other and form some kind of structure.

The nature of this structure appears to exert a powerful influence on

learning (Johnson, 1973). The earliest description of such a structure
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IL is important for instructional purposes to distinguish between

cognitive structure and content structure. Althouqh Bruner (1960)

defined structure as the underlying principles and attitudes toward

inquiry inherent in a particular subject matter, Ausubel's definition

was related more to the internal patterns of thinking of the learner.

The two concepts overlap, but whereas the content structure of a

course can be defined as the web of concepts and their interrelations

in a body of material, and thus has an objective existence, a cognitive

structure is internal and perhaps idiosyncratic to the learner or

professor.

Why is cognitive structure important? Claimed to be the most

significant learner variable and defined as the basis of practically

all educational theory (English & English, 1958), cognitive structure

has a particular significance in higher education. Approaches to

learning that deal with behavior, performance, skills or competence

all have value in the university. The crucial function of the

university is, however, the creation and dissemination of knowledge.

This demands an approach which elucidites the cognitive or meaningful

verbal learning operations which deal with information in complex
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60,10rAlly 4.peaking, research ..hows Ma (.

I odrninq nbi tor it k into intoirittimi iironv or cliunk. or catonorio%

which beconi.. their functional recall units. A paradigm or a propo-

..ition, a 00100 or A concept may serve the chunking or locating

purpose. If the organization of the droops or chunks is disturbed,

for example, if after learning to categorize according to wie, the

learner is required to categorize according to shape, recall suffers.

Bower (1970) points out the particular effectiveness of a hierarchi-

cally embedded category system in producing recall. Cognitive

structure provides a paradigm for tracing and locating information

quickly and readily. A structure of particular concepts and rela-

tionships acts as a unit of memory itself and is sometimes more

readily retrieved. For example, superordinate levels of information,

which could be supposed to be more difficult to learn, are retained

in memory better than subordinate levels, whether the information

consists of concepts, propositions, or units as large as biographies

(Bower, 1974; Kintsch & Keenan, 1973; Meyer & McConkie, 1973; Miller,

Perry & Cunningham, 1976). Higher order concepts or structures,

therefore, appear to have greater power than cdinate ones. The

concept of cognitive structure enables us to deal with the encoding,

abstracting, paraphrasing, and retrieving of knowledge in the indi-

vidual lean- or teacher.

10



fIcAhodido ,t I t oil! I I ons

1 I ill I
r Ir.a, 111,01 ,,i t .11 I .1i ,

wht111 ,1 oroli I 010 I rot , 1110 IA I co I tl i l l I ill Ion

Iho ot tillIlia1 or %cloritIric mothodolhly, 1110(110d% IhAl

hctve booh derived ,old Ao',[od hi p%vt.holohic,11 o\perlmonI.Olon

VAIwthio h) odi1.10110I opi.Jemololy. ',onw ill Ills? MOthulk

A1410,11' simple and obvious It) psychologists, although HWY AVO novel

to educational epistemology; others aro moro complox. Ono simplo and

obvious method was to timid. Illlllh U ul releV,Oa and the numhor itt

hnportant concepts in it course. In my study of sixteen university

courses across disciplines, one of the tirst clear dllIerences found

Was in the number of concepts students could he expected It) learn in

a course. For a one semester course, the number ranged from IA to

170 concepts; and the number of Important or core concepts ranged from

10 to 59 (see Table l). These ranges show the baseline variability

among learning tasks in the different courses, and they suggest one

source of comparative learning difficulty. A more sophisticated

procedure was the use of the Kunra-Francis computational analysis of

the frequency of occurrence of words in present-day American English

(1967). This word count was based on a corpus of over one million

words of natural language text in which over 50)000 distinct graphic

words occurred. A Kunra-Francis rating was therefore the number of

times a concept appeared in the corpus of over one million words of

prose (see Table 2). The rating provided an index of concept famili-

arity which was an indicator of course concept difficulty and it

11
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or elaboration across courses (see Table "?.). For each pair ot key

concepts linked in a course tr00 structure, a relatedness cootticient,

which is the ratio of the overlap of associations between two key

concepts to the maximum possible overlap, was determined according to

the method developed by Garskof and Houston (1963). The science

courses, particularly chemistry and physics, showed relatively high

12
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mean relatedness coefficients compared to social sciences and huma-

nities courses, although the philosophy course registered the third

highest mean. This suggests a tighter relationship structure in the

sciences and in a synoptic course such as philosophy. The relatedness

coefficients were not, however, particularly high, with a mean overall

of .117, which suggests that key concepts are chosen because they

represent distinct entities in the structure of the course. Word

association techniques might show more noticeable results within topic

areas or course modules.

The most complex psychological methods employed in this study

were those of representations or schemas of the professors' cognitive

structures. The origin of these methods is in Bartlett's concept of

a schema as the active organ-;zation of past experience. Schemata

are considered to be data structures for representing the generic

concepts stored in memory (Rumelhart & Ortony, 1977). A schema

contains a network of interrelationships and is intended to show not

only the data structure but also the interrelating structural procedures.

It is therefore both active and passive and provides information not

only about what is to be learned but also about how it can be learned,

that is, the thought strategies or relationships involved. A number

of researchers have worked with graphic representations, including

Frase (1969); Fredericksen (1972); Kintsch (1972); Preece (1976);

Rapoport (1967); and Shavelson (1974).

Two representational methods were used in the study of professors'

course cognitive structure. The first was a tree structure method which

13
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showed proximity relationships between concepts in a linear ranking,

that is, the two most closely related concepts were linked by line

number 1, the second most closely related concepts by line number 2,

etcetera. The tree structure thus revealed the most dominant rela-

tionships among the key concepts but did not reveal all the relation-

ships between them. One of the important findings of my study was

that different patterns of relationships emerged in different dis-

ciplines. For example, in the sciences, the most common pattern

was a tight, hierarchical structure with several levels of concepts

and many links between them (see figure 1). In contrast, the most

common pattern in social science courses was a web with a group of

concepts centered around a pivot concept, while in humanities

courses, the pattern tended to be linear, with fewer links overall

(see figures 2 and 3). The implications of these structures for

teaching and learning are manifold. In the sciences, the tight

structure suggests that students have a relatively clear and con-

vergent learning task, and it also explains the all-or-none learning

tendency in the sciences: students either acquire the complex struc-

ture or they do not. Once acquired, there are many supporting

relationships to aid retention.

In the social sciences, however, the structure tends to be much

looser, and the dominant pattern shows a cluster. This suggests that

the teaching/learning process may revolve around certain central or

pivot concepts. If these are learned, they then link the other

course concepts. In the humanities, the learning task is once again

14



different, and the linear pattern suggests that each concept must h

learned on its own, which presents a different kind of learning task.

The second representational method was based on the professors'

judgment of how closely related in meaning each pair of key concepts

was. This method of subjective scaling or magnitude estimation,

used by Eignor (1978); Miller (1971) and Rubenstein and Goodenough

(1965), provided a non-constrained or independent measure of concept

relatedness between each pair of key concepts. These relationships

were then used to produce a visual representation of the structure

according to Waern's (1972) procedure. This topographical represent-

ation revealed further dimensions or relationships between concepts

and acted as a consistency check for the tree structure relationships.

Those links designated as closest in the tree structure could be

compared with their relatedness of meaning ratings for consistency of

signification. Inconsistent links could then be examined more closely

to determine the nature of the relationship and why it provoked an

inconsistency.

Experimental Contributions

The experimental contributions that psychology has made to

cognitive learning are more diverse. Bruner's (1964) work on modes

of learning: enactive or sensori-motor; iconic or graphic; and

symbolic, suggests different patterns of cognitive structuring based

on different modes of representation. Researchers in imaginal

learning such as Paivio (1974) have pointed out that verbal and non-

verbal or perceptual information are processed in different ways.

1



Several studies have shown that a combination of verbal and graphic

presentation lead to increased learning (Rigney & Lutz, 1976; Royer

& Cable, 1976; Sherman, 1976). In the study of the sixteen university

courses, although a majority of the concepts were represented symbol-

ically, several courses used enactive or iconic representation, and

some courses were multi-modal. The sciences tended to be more enactive

and iconic, and the social sciences were more exclusively symbolic.

This suggests that more modes of representation are taken advantage of

in science courses and that different or enriched patterns of cognitive

structuring would develop.

Another area of experimentation in psychology that has produced

valuable results for teaching is abstraction or concreteness. Abstrac-

tion is necessary for thinking: it allows the thinker a d of

autonomy from specific situations or episodes and produces a schema.

The question in education is how to induce schema formation. Since

concrete concepts contain fewer and less diffusely organized properties

than do abstract concepts (O'Neill & Paivio, 1978), recall for concrete

material tends to be superior. Thus, Posner and Strike (1974) note

that a common principle in sequencing instruction is to teach the less

abstract prior to the more abstract. Embedding abstract sentences in

paragraphs with concrete referents to the material should also enhance

learning and retention (Pezdek & Royer, 1974). The work on abstraction

suggests an instructional paradox similar to that suggested by the

varying amount of structure shown in the tree structures: more complex

structures or more abstract concepts may be more difficult to learn,



but once learned, serve as patterns and thus make the following

learning easier. The social science courses show an almost exclusive

pattern of abstract concepts which may render courses in this area

more difficult, but which may provide the learner with powerful

conceptual instruments.

Close to abstraction is the process of generalization, and the

generality or inclusiveness of a concept would be a measure of the

expected ability to link or organize other concepts. The use of

generalizations, either as "subsumers," that is, concepts which

classify other terms in a category, or as mediators has been found

to improve the learning of university students (Jacobson, Dickinson,

Fleishman & Haraguchi, 1969; Ring & Novak, 1971). Those concepts

rated as highly inclusive in a course could be expected to have the

ability to link or organize other course concepts and to act as advance

organizers in the course. Their purpose would be to establish in the

student's conceptual structure the relevant anchoring ideas for

learning material subsequently presented (Ausubel, 1968). Highly

salient key concepts could also be used to cue or center attention.

When prose is presented in colorful or forceful language, recall is

higher than when the prose is not vivid (Montague & Carter, 1973).

Berlyne (1965) maintained that learning is motivated by conflict

which then leads to curiosity. It could be expected that more salient

concepts would have a greater arousal or focussing power and thence

would be more effective in gaining students' attention and holding

it so that learning could occur.

17
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One last experimental contribution that psychology has suggested

to teaching is the effect of different relationships between concepts

on teaching and learning. The study of relationships began with

Aristotle's law of association based on the relationships of contiguity,

similarity and contrast. Psychological research into cognitive

development shows that the use of different kinds of relationships

changes with cognitive development and level of intelligence. Young

children and adolescents of normal intelligence tend to use conti-

guity as a basis for labelling or grouping instances of a concept

(Donald, 1968; Kagan, Moss & Sigel, 1963; Rommetveit, 1960). Persons

of greater cognitive development, in contrast, tend to use classifi-

cation strategies with functional or subset relationships. More

recently, cognitive scientists have produced taxonomies of relationships

(Deese, 1965; Fredericksen, 1975; Rumelhart, 1975). Semantic theorists

have used relationships such as incompatibility or exclusion, for

example, the set of color terms; antonymy or opposites; subsets of

genus and species; or consequence, for example, fire and smoke

(Lyons, 1968). The most frequent basis of relationship is, however,

similarity or likeness, according to Kintsch (1972). To study the

relationships between concepts in university courses, a global taxonomy,

of relations was developed (see Table 3). Two broad sets of rela-

tionships were first defined, similarity and dependency or causal

relationships. Similarity relationships included simple associative,

functional, and structural, that is class or set relationships,

while dependency relationships covered procedures and logical and

18
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empirical causation.

The specific import of tnese results lies in the suggestions

they make about the nature of the thought processes or strategies

required to comprehend course material. The closest and most

dominant kinds of relationships in a course could be expected to

guide the organizing and analytic procedures that the student would

have to have and to use in order to successfully incorporate the course

material into his or her cognitive structure. Of the 252 relationships

studied in the 16 courses, 60% were similarity relationships and 40%

were dependency. The largest category of relationships was structural,

that is, class or set, in which concepts had a hierarchical or taxonomic

relationship. These relationships accounted for 42% of the total

and were found in all the courses analyzed. This supports the atten-

tion, paid to these kinds of relationships by Ausubel. Conversely,

the finding that 58% of the relationships were not superordinate-

subordinate explains why structural relationships alone cannot be used

to describe the cognitive learning process. The sciences tended to

have a higher proportion of procedural and causal relationships, and

the social sciences displayed more logical relationships. Each course

displayed its own pattern of relationships. A potentially valuable

result of this analysis would be to provide students with advance

notice of the kind of thought strategies which would be required in

a particular course. This would be particularly useful in courses

in which the pattern of relationships differs from the normal pattern

exhibited in the discipline. For example, in the physical chemistry

1 9
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course examined, instead of procedural or causal relationships between

key concepts, as might be expected in a chemistry course, the links

were found to be primarily structural (70%). This means that chemistry

students would have to change the approach in their thinking in this

course from that expected in other chemistry courses. Pointing out

that different learning strategies are needed in this course would alert

students and therefore alleviate the learning difficulty.

Synthesis

Overall, the contributions of psychology, theoretically, metho-

dologically, and experimentally, to university teaching, frow the

perspective of educational epistemology, are those which provide

answers to the question "What constitutes good learning in a course?"

The study at McGill has suggested that the expressions "concept" and

"cognitive structure" are useful to professors in describing what

is to be learned and in representing it. The methods of evaluating

concepts and the different forms of representation can be utilized

across disciplines and will result in a set of core topics to be learned

as well as cues for instruction and evaluation. The app'ication of

psychological principles and processes to teaching is neither easy nor

direct; no synthesis is; but there exist all kinds of suggestions and

findings in the psychological literature that merit examination and

assimilation into our understanding of the teaching process.



Table 1

Numbers of Course Concepts

Course Number of
relevant
concepts

Number of
important
concepts

Number of
key concepts

Physics 123 59 15

Chemistry 170 20 20

Biology 89 50 12

Entomology 127 32 17

Geology 133 23 14

Psychology 140 40 14

Sociology 113 34 13

Political Science* 49 20 7

Educational Psychology 98 29 13

Social Work 138 54 18

Law* 68 25 11

Educational Evaluation* 82 14 14

History 101 39 16

English 58 20 13

Classics 34 10 10

Philosophy 33 12 12

Mean 99 30 14

*

Two semester courses
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Table 2

Familiarity of Key Concepts

Course Mean %
Technical

Mean occur-
rence/million
(Kutera-Francis)

Mean number
of word
associations

Physics 53 22 7.1

Chemistry 80 63 6.9

Biology 100 10 7.7

Entomology 82 8 12.8

Geology 100 0.5 9.4

Psychology 57 27 7.9

Sociology 31 29 6.5

Political Science 71 18 5.6

Educational Psychology 54 10 12.7

Social Work 89 28 10.3

Law 82 25 10.3

Educational Evaluation :57 16 8.1

History 19 27 11.9

English 54 79

Classics 50 50 5.8

Philosophy 8 295 3.8

22
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Table 3

Kinds of Relationships Between Concepts Linked in the

Tree Structure

Relationship N Science (5) Social Humanities
Science (7) (4)

Associative 34 14 10 10

Functional 13 0 7 6

Structural 105 48 37 20

Similarity 152 62 54 36

Procedural 24 20 3 1

Logical 48 12 30 6

Causal 28 15 6 7

Dependency 100 47 39 14

Total 252 109 93 50
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