
  

 

 

Tilburg University

Towards a theory of learning based on individual differences

Boekaerts, Monique

Publication date:
1978

Document Version
Publisher's PDF, also known as Version of record

Link to publication in Tilburg University Research Portal

Citation for published version (APA):
Boekaerts, M. (1978). Towards a theory of learning based on individual differences. [Doctoral Thesis, Tilburg
University]. Katholieke Hogeschool.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 24. May. 2023

https://research.tilburguniversity.edu/en/publications/f6b26fcf-52fd-49ff-868b-83515d72144a


. .   0       4 I V

:A D .

'44





| PIBLIOTHFEK KATHOLIEKE HOGESCHOOL

tie.. •,C. 'tgan 225, Tilburg

ar"lk  op:

:1

ij I

, 1

.

d
.
*„
31



TOWARDS A THEORY OF LEARNING
BASED ON INDIVIDUAL DIFFERENCES

S.Nr.     2 6 0 7 7 0
.,1.-tiobo

I':    ' .-,   sis  1 80 21--- . f. . foo
i„ e c \101,59, st,Tg.qfj.ft

ST'-3
Proefschrift ter verkrijging van de graad van

doctor in de sociale wetenschappen

aan de Katholieke Hogeschool Tilburg

op gezag van de Rector Magnificus, Prof. Dr. J.E.A.M. Van Dyck,

in het openbaar te verdedigen ten overstaan van een

door het College van Dekanen aangewezen commissie

in de aula van de Hogeschool

op donderdag 30 november 1978 te 16.00 uur

door

Monique Boekaerts
geboren te Lier (Belgi&)



Promotor: Prof. Dr. L.F.W. de Klerk

Co-promotor: Prof. Dr. R.R.H. Baekelmans



-

ACKNOWLEDGEMENTS

The acknowledgements which a Ph. D student owes are
many, and mere mention in a Preface does not do any justice
to the many people who have helped me beyond the call of
duty. I hope that all will recognize my real appreciation.
First, I would like to thank my teachers in psychology at
R6ading University, foremost amongst whom were Dr. V.
Hamilton and Dr. A. Allport, but there were many others.
In more recent years Stan Maes acted as a sounding board
for me to try out several ideas. His pride in my work
and his attitude to catch errors in progress made my job
more pleasant. Finally, I would like to express my most
sincere and warm appreciation to the staff of Tilburg
University for all those moments of special attention
to my concerns and needs regarding the final phase of this
dissertation.

I am indebted to the students of the 'Hoger Instituut
voor Opvoedkunde' at Brussels, directed by Oswald Maes
for making the pupils in their classes available to me for
my study. I also greatly valued the help of several
of my colleagues at Antwerp University, especially
V. Damen and D. Goyvaerts. I owe sincere thanks to
F. Hebrand, P. Rijpens and W. Dyck for the many
hours spent in helping me with the computer programmes.

My most pleasant duty is to thank my promotor
Professor Dr. L. De Klerk and my co-promotor Professor
Dr. R. Baekelmans for their detailed readings and for
their many valuable comments and criticisms.



iV

CONTENTS

. This dissertation; its scope and limits                          1

. Section I : COGNITIVE STRUCTURE                                  13

Chapter one: memory representations
1.0. Introduction 16
2.0. Associations 20
3.0. Schemata 20
4.0. Stores 21

5.0. Organization among memory items                       23

5.1. Semantic clusters                                 24

5.2. Semantic networks                                 25

6.0. Modality specific vs. modality free representations  28
6.1. Knowledge of specific events vs. conceptual      33

knowledge

6.2. Evidence in favour of code specificity and      37
modality free representations

7.0. Recapitulation 40

8.0. A pupil-based approach to memory representations 41

8.1. Conceptual types and episodic types 42
8.2. Plans 43
8.3. A tripartite model 44

8.4. Implications for the teacher 49
9.0. The domain test                                        57

10.0. Conclusions                                             61

Experiment one: Can the teacher gain information about a 77
specific memory domain ?

. Section II : COGNITIVE PROCESSES 109
Chapter two: Coding and retrieval processes
1.0. Introduction 114

2.0. A multi-stage coding and retrieval model 116

3.0. Coding processes 119

3.1. Understanding the message 119
3.2. Storing the message 129

3.3. The coding of simple messages 130

3.4. The coding of complex messages 135

4.0. The retrieval process 138
4.1. Recognition 139
4.2. Recall 142



V

5.0. Recapitulation 148

6.0. Individual differences 149

6.1. Cognitive style 154

6.2. Hemispheric specialization 164

7.0. Educational implications 173

Experiment two: How specific are coding and retrieval 179
processes ?

Chapter three: Thought processes
1.0. Introduction 229

2.0. Excluding concept formation 230

3.0. Problem solving 232

3.1. Gagnd's learning hierarchy 232

3.2. Generating new plans 236

3.2.1. Newell and Simon's problem space 236

3.2.2. Scandura's higher order rules 240

4.0. Teaching problem solving 242

4.1. Different problem solving techniques 242

4.2. Algorithmic search procedures vs. heuristic 243

search procedures
4.3. Transfer of training 244

5.0. Teaching problem solving: a new approach 247

5.1. Classifying different types of problems 248

5.1.1. A critique on Guilford's taxonomy 248

5.1.2. A new taxonomy for teaching problem 253
solving

5.2. Different problem environment 266

5.2.1. Problem environment I: learning a new 268
plan

5.2.1.1. Gal'perin's successive stages 270
approach

5.2.1.2. The analyse-visualize/verbalize 274
execute approach

5.2.2. Problem environment II: retrieving a 281
stored plan

5.2.3. Problem environment III: generating a 283
new plan

6.0. Recapitulation 289
7.0. Individual problem solving vs. group problem solving 290
Experiment three: Just how good is the analyse- 297

visualize/verbalize-execute
approach when solving problems ?



V/

. Section III : PUTTING IT ALL TOGETHER 307

1.0. Introduction 309

2.0. Recapitulation of the main results 310

3.0. Indications for the organization of teaching- 316
learning processes

3.1. Is there a single best teaching method ? 316

3.2. Selecting adequate learning experiences 318

3.3. Developing adequate storage techniques 329

3.4. Whole-class groups vs. changing subgroups 333

3.5. Effective questioning 339

4.0. Recapitulation 348

. Final conclusions 351

. Index 356



.         1

This dissertation: its scope and limits

'There is something radically
wrong with educational research.
Few teachers read it.
Planning ignores it.
And it has rock-bottom status
in universities'.

(M. STUBBS and S. DELAMONT
1976, preface )



2

It is the aim of all teaching to engage the learner in some

sort of activity which guarantees learning, i.e. relatively permanent

changes in behaviour, to take place. Efficient teachers possess the

ability to create optimal learning conditions for their pupils;

they know from experience or intuitively which learning
experiences to select, what subject matter to choose and

which method to use so as to realize certain objectives.

It is obvious, however, that not all teachers possess
this ability; they must be taught the best way to plan,

organize and guide the teaching-learning process. Quintessential
to these decision processes is the knowledge about (i)

the learner, (ii) the teacher, (iii) the learning process

and the instruction process. Unfortunately, the teacher or
the student-teacher must be told that no adequate learning

theory exists on which to base the learning process, that

explicit criteria to identify different types of learners

are lacking and that foolproof teaching methods belong to

the realm of wishful thinking. This dissertation was started

in an attempt to supply some of the missing links in our

understanding of the teaching-learning process.

Being an experimental psychologist interested in

cognitive processes, I was not very much acquainted with the
state of the art of educational science when I decided to

undertake this major venture, although I was painfully aware

of the inadequacy of our school system. When skimming through

textbooks on educational psychology, in an attempt to gather

some information on the nature of the teaching and the

learning process I was struck by the scarcity of research
carried out under typical classroom conditions. This

state of affairs together with the discussions I had with

educational scientists convinced me that educational science

was (i) crying out for some basic research in the classroom
verifying the data from the psychological laboratory and

(ii) in need of new hypotheses combining recent findings

in cognitive psychology, personality theory, learning theory
and classroom research.
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It is worthwhile at this point, to draw attention

to the fundamentally different approach employed by educational

scientists vis-a-vis experimental psychologists.  The field

of educational science differs from the domain covered by
the experimental psychologist in that the former's approach

is more general and pragmatically oriented. Where experimental

psychologists happily engage in fragmentary research, focusing
their attention on particular aspects of cognition, learning,

personality research, etc..., the educational scientist is

forced to direct his research away from the molecular level

in favour of classroom problems which may be specific in
nature but nevertheless entail an enormous set of variables.

As an illustration of the above statement, reference

can be made to the area of human problem solving. An

experimental psychologist may e.g. select a specific problem
to be solved, present a sample of subjects with specific

instructions and observe their problem solving strategies.

Not only is the experimental psychologist in a position to
select the problem to be solved but he can also select his

subjects according to specific criteria such as their

intellectual ability, their age, their interest in the

problem area, their motivation to take part in psychological
experiments, etc... He can also keep adequate control over
the antecedary information provided to the subjects if he

cares to choose a relatively new problem. Finally, the

introduction of a matched control group may strengthen
his claims considerably. Under this controlled laboratory

conditions the obtained results will reflect the subject's

ability to solve that particular problem under the specific
experimental conditions set out by the experimenter. On

the basis of these findings and protocol analyses conclusions

may be drawn about the problem solving strategies employed
by the individual subjects.

However interesting these results may be for the

experimental psychologist, they cannot be uncritically
extrapolated to the classroom situation. Surely, educational
scientists may take note of these findings and put forward
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hypotheses about likely classroom behaviour (e.g. learning
styles) on the basis of them; but they still have to set up
additional research in the classroom in order to verify
the laboratory results under typical classroom conditions.
For, in order to provide the teacher with extra information
about the problem solving strategies employed by different pupils,
a host of variables must be taken into account. These
variables which have been under control in the laboratory
situation, but which are nonetheless interacting in the
classroom setting, add to the complexity of the learning
situation and must be incorporated when hypotheses are
formulated on human learning. Obviously, it is beyond the
scope of this introduction to discuss these variables,
it will suffice to name just a few variables which are
difficult to control in the classroom setting viz. (i)
previous learning, (ii) characteristics of the learner
(motivation, cognitive ability, attitude, emotion), (iii)
interaction with other learners, (iv) characteristics of
the teacher (teaching style), (v) interaction between
teacher and pupils, (vi) effectiveness of the instruction
method, etc...

To return to the example previously mentioned,
it is evident that the experimental question posed by
the educational scientist differs from that of the
experimental psychologist in that the latter may investigate
the most effective strategies in solving the set problem,
whereas the former must put the question in a different
perspective, and ask: which problem solving strategy is
most effective for a group of learners under specific
classroom conditions ? In other words, both disciplines
try to achieve different goals and require different
experimental set-ups. Needless to say that the results
produced by these different experimental designs are
dissimilar in nature even though they may seem comparable
at first sight.

The implication of the discussion of the different

approach taken by educational scientists and experimental
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psychologists is that for far too long, educational
science has drawn on laboratory findings from the different
subfields of psychology, mainly learning theory and personality
research. The uncritical extrapolation of these results
to the classroom situation, together with the fact that

until recently learning theory and personality research
had  been treated as two independent - though related - fields
of study, have put the educational scientist (the receiving
partner) discontented in front of an enormous mass of
fragmented research data which he cannot readily use.

Furthermore, it is my firm belief that school

learning should not be studied without taking individual
differences into account. The fact that both learning
theorists and educational scientists have often

the view of the "highest common factor" - thus neglecting
individual differences in learning style - has not helped to
fill the gap in our understanding of the teaching-learning process.

Admittedly, various ways of dealing with individual
differences have been proposed (cf. ability groups, computer
assisted instruction, mastery learning, programmed instruction,
etc...) but these various attempts to take the pupils at their

own level are inadequate on the grounds that they restrict
inter-individual differences to differences in learning
level/learning readiness. This approach to the problem of
heterogeneity in the classroom ignores the whole of inter-
individual differences which are common to every classroom
(cf. individual differences in cognitive structure i.e.
concepts, relations between concepts, plans etc...;
individual differences in cognitive processes i.e. how pupils

understand new information, how they store it, how
they retrieve it.)

The above statement does not imply that all these
differences must be studied by the teacher before he/she
can start the instruction process. What it means is that
the teacher must be aware of inter and intra-individual
differences and must be able to make the required adaptations
to the instruction process in order to adjust the goals and
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objectives, subject matter, learning experiences, and the
teaching method to the different groups in the classroom.

This emphasis on individual differences constitutes

the very core of this dissertation. We shall approach the
learning process from the cognitive angle and investigate

whether inter-individual differences in cognitive structure,
and in the cognitive processes acting on the cognitive

structure, influence the learning process in a classroom

setting. Where relevant, reference will be made to the affective

and the psychomotor component. However, our main aim will be
the cognitive component (cf. figure 1).

Hence, an attempt will be made to shed some light on
the relationship which exists between the learner's existing

cognitive set-up on the one hand and his learning style on

the other. Learning will be seen as the dynamic process
which continually changes aspects of the learner's cognitive,

affective and psycho-motor component, but, which is in turn

heavily influenced by the contents of these components. It

is mainly the reciprocity between the learner's unique

cognitive set-up and the learning process, which will determine
to what extent the instruction process will be successful.

Learning can no longer be viewed as the accumulation
of subject matter nor can it be seen as the acquisition of

the teacher's subjective organization of the subject matter;

it is the modification of the learner's existing cognitive,

affective and behavioural repertoire. In the light of the

arguments discussed above, teachers must stop thinking of the
teaching-learning process as the passing on of their

own logical organization of the subject matter and attribute
a central role to the existing cognitive set-up of the

pupils in the classroom. Only when such an approach has
been taken by the teacher will individualized learning

programs and pupil-based instructions which have already

been introduced in the classroom, be more than just new
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trends. But, in order to cope with this task the teacher

must be given adequate means for diagnosing individual
differences in cognitive structure and cognitive processes,

so that he can plan and structure his lessons with these

differences in mind. It is the aim of this dissertation

to provide such criteria.

In the present text I have tried not only to make

a contribution to the current state of cognitive psychology,

but I have also made an attempt to make the significant
advances since Broadbent (1958), more accessible to the
educational scientist. However, making an effort to organize
teaching-learning processes with individual differences in

cognitive set-up in mind is a fairly ambitious task: I have in
fact  endeavoured to ride on two horses (i) cognitive psychology

and (ii) educational psychology. In other words I wanted to
present the material in such a way that it introduced the

reader to the new advances in cognitive psychology, while at
the same time I have adapted these research findings to the

needs of the educational scientist by presenting a few pupil-

based models.

Because the term 'model' has been used interchangeably

with the term 'theory', I would like to state explicitly what
I mean by pupil-based models. Braithwaite's (1962) and De

Groot's (1968) definition of the term 'theory' enables us to

discuss some important points: they both view scientific theory
as a deductive system that has at its summit a coherent system of

hypotheses and at its base empirically testable generalizations.

A model, on the other hand, is viewed as an aid to scientific

understanding, a heuristic device  or analogy which provides

a simpler way of representing certain aspects of reality, by

using symbols or objects which in some way resemble the thing
being modelled. This representation can take the form of a

flow chart, it may even include physical objects or pictures,

but, it can also be expressed in the form of mathematical
equations.
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To put it differently, a theory is intended to formulate
accurate, testable statements about reality, whereas a model
only provides some suggestions as to how reality may be
structured. Braithwaite argues in this respect that models
can often add little to a theory. Nevertheless, he accepts
that a model may contribute to our understanding of reality
by reducing the complex environment to a manageable representation
of familiar concepts.

De Groot equally maintains that if we view a model as
a theoretical framework specifying (i) the most important
concepts, (ii) their interrelations and  (iii) the operations
which may be performed on the concepts, we have a sound basis
for generating deducible consequences. This 'tentative theory'
(also called theoruncula or theorita by Braithwaite) may vividly
represent the current research findings and generate a number
of testable hypotheses. It is this very aspect of model
construction which renders it a special status in theory building.
Indeed, in the behavioural sciences where experimenters are
often dealing with unobservable aspects of reality, models
are often introduced when there is still too little evidence
available so as to put forward a theory. In such a case the model
may (i) help clarify our ideas, (ii) generate many testable
hygotheses and (iii) lead to the formulation of a theory.

In our case, we are dealing with individual differences
in cognitive structure and in cognitive processes acting on
the cognitive structure. Both these aspects of the learning
process are basically unobservable,which makes it difficult
to put forward a coherent system of testable hypotheses. For
this reason it is premature to put forward a theory of learning.
The prevailing attitude of researchers in educational psychology
should therefore be to construct pupil-based models which
provide a theoretical frame for investigating certain aspects
of the learning process in a classroom setting.

In 'Towards a theory of learning based on individual
differences', I have given preference to address the various
aspects of the complex psychological phenomenon of human



10

learning, rather than to play safe and restrict myself to

one aspect only. Indeed, I could have limited my focus
to each of the three different aspects of the learning

process viz. (a) How does a pupil represent information

in long-term memory ?; (b) How does a pupil code and retrieve
information ? and (c) How are more complex learning tasks

(problems) structured ? I have deliberately waived the molecular
approach because I wanted to integrate findings from various

subfields of psychology and provide a conceptual framework

within which each of these three aspects could be incorporated.

The result of this approach can be found in three separate

chapters each leading up to a pupil-based model. The purpose

of these models is (i) to synthesize information about specific

aspects of the learning process, (ii) to assist the teacher
in organizing teaching-learning processes more efficiently

and (iii) to generate further research.

I am aware, however, that strong criticism could be

levelled at this approach too. For example, a different

author might have dealt with only one aspect of the learning

process and treated it exhaustively. I decided to use an

eclectic approach because my main objectives were to

integrate research findings so as to investigate how far

we have moved towards a theory of learning. In other words,

our approach does not constitute a theory of learning.

Rather, it provides a conceptual framework within which

research on human learning may proceed so as to formulate -

one day  -  a sound theory of learning.  The three pupil-

based models and the three experiments set up in this disser-

tation should be seen in this light.

In short, this dissertation is divided into three

main sections viz. (a) cognitive structure, (b) cognitive

processes and (c) putting it all together. The first

section consists of chapter one called 'memory

representations', and experimental secticn I, entitled
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'Can the teacher gain information about a specific domain ?'

In this section I have attempted to give an overview of

the most important contributions to the study of memory

representations and I have proposed a domain-based memory

model which the educational scientist and the teacher may
find useful. I have also indicated how the pupil's domain-

based knowledge can be unravelled. Experiment I was set

up to test one aspect of the domain-based memory model
viz. that conceptual information is structured in such

a  way  that the individual can construct a concept-identification
plan to determine class-membership under superset labels.

Section II, 'cognitive processes' is composed of
two chapters and two experimental sections. Chapter two,

'coding and retrieval processes; opens with a section
illustrating the difference between the storage system

per se and coding and retrieval processes.  A multi-

stage coding and retrieval model (MSCR) is presented

and its various components are defined. Next, I take
up the complex issue of individual differences in

coding and retrieval processes and proceed with a
discussion of the findings  in two related f ields  of

study viz. (i) cognitive style and (ii) hemispheric

specialization. The information from these two

fields of study is bundled and I argue in favour of

diagnosing both the teacher's and the pupil's learning

style. In experiment II one aspect of the model is

tested viz. whether or not there is code specificity in the

final stages of coding and retrieval.

Chapter three, 'thought processes', starts with
an overview of the main tenets of problem solving research

and proceeds with a discussion of the different types of

problem environments. It is pointed out that a taxonomy

featuring the different types of problems is lacking and

a classification system based on two main variables is

proposed.
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Experiment III, 'Just how good is the  analyse-visualize/

verbalize/execute approach  when solving problems ?' tests

whether the approach to problem solving which I suggested

as a replacement for Gal'perin's five successive stages

approach could be handled by the teacher and would be a
successful tool for teaching new plans of the   - type.

Finally, section III, 'putting it all together'

represents an extension of the educational implications

discussed at the end of each of the previous chapters

and experimental sections, since,I felt that including
all the educational consequences  and guidelines for the

teacher would have damaged the continuity and readability
of the text.
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1.0. INTRODUCTION

From an evolutionary point of view an organism's
chances to survive depend on its ability to adapt to its

external and internal environment. Basically, there are

two ways in which an organism may adjust to the changing

environment viz. innate responses and learned responses.
The former are responses already at full strength at birth

or gradually maturing thereafter, the latter are acquired

responses built up during the socialization process.  A

typical illustration is found in birds: although birds can
produce and respond to the alarm call of their species

almost immediately after hatching they have to learn the

species' typical song. Hence, the alarm call is a species

acquisition which has proved to have survival value,

whereas the bird's song is an individual acquisition
which requires practice before it can be produced flawlessly.
-,..iose two ways to adapt to reality are but two extremes
on the behavioural scale, in fact most organisms show a

combination of both types of behaviour.

It is a great advantage for animals with a short

life-span and little or no parental care, as is the case

with many insect species, to have a set of instinctive

responses ready at birth. Higher animals, on the other

hand, have relatively few innate responses, they enjoy a

longer life and are more dependent on parental care and

instruction.  Man, at the top of the phylogenetic scale is
a highly complex social animal with an enormous capacity

to learn. He can gain knowledge not only through his own

experiences but also through verbal communication with others.

In other words, he can transmit the satisfactory and

adaptive habits present in the 'culture pool' nongenetically
to his off-spring.

What is important to note here is, that in order to

survive, man and other higher animals not only can but must
acquire knowledge about the environment. They must (i) build

up a memory system into which the physical and social environment
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is captured and (ii) build up a behavioural repertoire based
on this coded conceptual framework. Both the behavioural
repertoire and the cognitive structure must remain highly
flexible throughout life so as to incorporate the necessary
change.

It is obvious that in order to build up such an

internal representation of the world, the complexity of

the environment must be reduced. That is, the physical
and social environment must be sorted out in terms of

conceptual classes (cf. Bruner, Goodnow and Austin, 1956).

This grouping of objects, events and persons is based on

common properties which uniquely define members of that
particular class, say, for example the class of the edibles.

Such categorization of reality is only possible if the

environment shows some regularity and consistency.  A

randomly changing environment would not only prevent any

individual from building up conceptual classes but also

from storing adequate behavioural responses. For example,
the knowledge that one can eat a blackberry or a strawberry

when walking in the country but that one must be careful
with mountain-ash is vital information. Both blackberries

and strawberries are stored in the conceptual class of 'fruit'
which has as one of its critical properties the fact that its

members are edible. Mountain-ash on the other hand, is
listed with 'inedibles' and must be identified as such.

Imagine what would happen if all of a sudden the food

situation would change randomly and one would not be able

to decide unequivocally which foods are palatable and which
are not. Past experience with food which has led to the

categorization of food objects would then be worthless
as the situation could have changed by the time one needs

the information.

What I want to emphasize is that an orderly and

consistent environment is a prerequisite not only for

categorization (and any other forms of learning) to take
place, but also for taking decisions on the basis of coded

information and for making predictions about future events.
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Mental representations, then, serve a dual function viz. (i)
they facilitate perceptual identification and (ii)

they render anticipation and prediction of future events

possible. The latter function of cognitive representations is an

important aspect of cognitive functioning which deserves

special mention here since the possibility of going beyond
the information present in the stimulus situation is often

of vital importance in taking decisions.

Mental representations equally serve a dual function
in social behaviour.  Indentification processes, on the one

hand, are used to categorize people into specific classes and
to place their behaviour along some dimension. The ability

to make predictions and to anticipate future events on the

other hand, is, if possible, even more important in social

behaviour than it is in dealing with the physical environment.

Social interaction would be very difficult indeed if the

interactors could not draw on a system of stored behavioural
standards.

Although it is true that each child must build up
these conceptual classes and behavioural standards, children

are born in widely different cultures. These cultural groups

have already structured the physical and social environment;
they have developed conceptual classes which capture the

physical environment and have accepted behavioural standards

(cf. attitudes, values, beliefs, interests, roles, language,
etc...) which they use as a frame of reference in social
interaction. During the socialization process the child
acquires this culture-specific-world-view. His socializing

agents, especially his parents, control most of his learning
experiences; they selectively present material and explain

phenomena. Needless to say, they not only influence the way

in which the child structures reality (cognitive structure)
but they also bias his preferred mode of interacting with

reality. (cognitive processes).
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Despite the fact that the members of a culture share
a number of experiences which lead to the categorization

of these events into similar conceptual classes, it would

be erroneous to assume that there are no fundamental differences

in their cognitive set-up. Idiosyncratic processing strategies

immediately impose their own structure on the information
presented to the child. This subjective organization gives

rise to uniquely organized conceptual classes and a unique

memory structure. (cf. p.54-57 )

For as long as we can remember, researchers have

been interested in the structure of our memory system.

But, this area of investigation has produced such an

extensive literature that we feel forced to select only

the most important contributions. It is inevitable that

the reader may be struck by the omission of many interesting

studies. These omissions may be accidental, but they may

also be deliberate in an attempt to define our own.approach
to this enormous area of study. For example, we have
deliberately ignored those studies which deal primarily

with the functional aspects of the memory system. These

studies will be discussed in chapter two when we are discussing

coding and retrieval processes.

Furthermore, we shall not attempt to duplicate earlier

excellent surveys of this kind (cf. Neisser, 1967; Baddeley

and Patterson, 1972; and Anderson and Bower, 1973). Rather,

we will describe some more recent research in an attempt to
give an up-to-date view on the fundamental changes which have

occurred in the study of memory representations.

In the first half of the present chapter we will give
an overview of these studies which we think are quintessential

to understand our view on human memory. In the second half

we will propose a tripartite model which can be handled by
the teacher and the curriculum constructor in order to diagnose

pre-requisite knowledge and to adapt the teaching-learning

process to the needs of the individual learner.
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2.0. ASSOCIATIONS

The British associationists (cf. Bain, Berkeley,

Hobbes, Hume, Locke, Mill) postulated that copies of sensory
events are stored in memory. These sensations are linked

together by associative bonds which are the results of the

simultaneous or quasi-simultaneous occurence of experiences.
In their opinion recall refers to re-appearance or arousal
of these sensations.

This 'reappearance hypothesis' does not fit common

sense data as Neisser (1967) correctly pointed out: 'If
reappearance were really the governing principle of mental

life, repetition of earlier acts or thoughts should be the
natural thing, and variations the exception'  (p. 284 ).
Both S-R theorists and their opponents, Gestalt psychologists

'agreed that stored information consists essentially of

copies (traces) of earlier events (ideas, responses, perceptions).
These copies are supposedly linked (associated) to form pairs

or larger groups (complex ideas, response sequences), and
they are aroused from time to time by means of these links.

So great was the area of agreement that Osgood (1953) could

find only a single testable difference between the Gestalt

and the S-R theories of memory: the dubious hypothesis
that memory traces change autonomously toward better form'

(Neisser 1967 , p. 283 ).

3.0. SCHEMATA

This view of retrieving information was sharply
opposed by the proponents of the constructive view of

human memory of which Sir Frederic Bartlett was the first

exponent. As early as 1932 he published (Bartlett, 1932)

his views on memory which were based on the assumption

that all cognitive processes (scanning, imagery, perception,

recognition, recall, concept formation, problem solving,
thinking, learning, etc...) are influenced by the structure

of our memory system. His central argument was that information

of past events is stored in continuously developing memory
units, called schemata. Perception and recollection of
information were considered to be constructive acts rather
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than mere duplication processes. The individual

'turns round upon his own schemata' and constructs information
anew on the basis of (i) information stored (ii)

present attitudes, and (iii) present constructive skills.

Obviously, this generative process is not free from bias,

which is illustrated in selective perception and selective

remembering (cf. elaborations, distortions, condensations

and general mixing up of experiences stored in different
schemata).

These alternative ways of viewing memory (specific
links vs. generated knowledge) are not as sharply opposed
as may be thought at first sight. As we will shortly

see, recent research has drawn on both conceptions of
memory.

4.0. STORES

Recent research on memory has emphasized that human

memory is not a unitary process; several stages have been
distinguished of which (i) a sensory information store

(SIS), (ii) a primary memory store, or short-term memory

store (STM) and (iii) a secondary memory store, or long-term
memory (LTM) are generally agreed upon (Broadbent, 1958;

Neisser, 1967; Norman, 1969, Kintsch 1970; Coltheart, 1972).

Each of these memory stores is a link in the information

registration-retention-retrieval chain, and serves a specific
function. Brain processes controlling memory

rehearsal
.                                                      7=  3//' /9

Input SIS
  l   STM   f=  LTM

Figure 2: Illustrationof the different Irle11¤ry
V                                    W stores (after Bradbent,

1958)

Forgetting Forgetting Forgetting
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In short, all information bombarding the sensory organs
enters the system via the sensory information store (SIS). This

is a large capacity buffer store which can hold the raw, unencoded,

and uncategorized sensory information for about 250-300 msec (cf.

Sperling, 1960, Averbach and Coriell, 1961; Coltheart, 1972). If

the information is not attended to in this short time span, it is

permanently lost. If, the information is processed i.e. encoded

and categorized, it is transferred to short-term memory.

Short-term memory is a limited capacity store from which
information is lost in a few seconds unless it is re-entered

through a recycling principle (Waugh and Norman, 1965). In other

words the neural control processes can keep a limited number of
chunks of information (7 1 2; Miller, 1956) recycling in STM through

a process called rehearsal. The classical example to illustrate
the recycling principle is the situation in which a person looks

up a telephone number in the directory and actively rehearses this
number till he can dial it. If somebody asks him a question during

this retention period, the new information interferes with the

rehearsed information, which may be permanently lost. Broadbent,

(1958), explained this phenomenon as follows: active rehearsal
guarantees that the same information re-enters the store; it shuts

out new information which could interfere with the contents of the

store. As such new input is blocked and the information already

present in short-term memory is strengthened.

Consequently, recall from short-term memory is quick and

easy because it has not left consciousness: it is still carried

by active neural processes (Warburton, 1975). But if we want to

store the new information for a longer period of time it should

be transferred to long-term memory. This is an unlimited capacity

store in which information can be stored for an unlimited period
of time (Tulving and Pearlstone, 1966). Warburton (1975) argued
that a possible locus for this more durable form of storage is

the DNA/RNA in the cell nucleus.

But why should a distinction be made between different

memory stores ? One of the main reasons mentioned by Broadbent

(1958)  is the differential rate and cause of forgetting from each
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memory store. Whereas time causes forgetting in SIS, the main

causes of forgetting from STM is lack of rehearsal and interference
from new information. Finally information stored in LTM can be
confused with other information, it can be temporarily inaccessable,

or it can be lost. As mentioned above, cognitive psychologists

have never accepted the view of a LTM store where stimulus-response
bonds are passively stored. They have regarded our long-term

memory as a dynamic system which continually integrates semantic
information on the basis of active intercourse with the environment.

5.0. ORGANIZATION AMONG MEMORY ITEMS

The active view of memory automatically implies (i) that

the structure of LTM continually changes as information about

the environment is accummulating and (ii) that our perception

and interpretation of the environment is influenced by the

existing memory structure. But how is LTM structured ? Structure

refers to the organization of items, more specifically it refers
to the relations among the stored items of information. Postman

(1972) views the concept of organization as essential in overcoming

the individual's limited capacity for coding and retrieving

information. Mandler (1967), claiming that long-term memory is

not conceivable without postulating that organization among the
items exists, found that subjects who were only requested to perform

a card sorting  task  i.e.  to  sort  a  list of words into their own catego-
ries, scored equally well on a subsequent recall test than did sub-
jects who were only asked to memorize this list. He concluded

that organization implies that the learner structures incoming

information in his own subjective way. This idiosyncratic way

of storing information influences all later coding and retrieval.

However interesting this research may be, it does not provide

an answer to the question posed in this section: 'how is long-term
memory structured ?' In order to answer this question, several

experimental techniques have been devised so a to get at the

underlying structure of a person's idiosyncratic memory system.
We shall discuss the most important contributions in some detail.

Early investigations of the structure of LTM were restricted

to the investigation of semantic similarity between words. Two
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main techniques were used viz. (i) word-association techniques

(Kelley, 1913; Murphy, 1923; O'Connor, 1934; Karowsky and

Schachter, 1948 etc...) and (ii) scaling techniques (Karowski

and Odbert, 1938; Mosier, 1941; Noble, 1952; Osgood, Succi and
Tannenbaum, 1957 etc ...).

In a typical word-association experiment the subject is

given a stimulus word and is requested to respond with the
first word that comes to mind. Two main indicators of associative

stength are thereby taken into account viz. (i) reaction time

(RT) and (ii) the frequency with which a particular word is
uttered in response to the stimulus word. This technique did

not provide an adequate index of measuring semantic similarity
between words: any given stimulus word proved to have associative

connections with many different response words. On a given
word-association trial, any response word could be elicited,

giving rise to intra- and inter-individual differences.

The scaling technique, on the other hand, was devised

to obtain a matrix of semantic similarity on the basis of subjects'

ratings. This rating could be the indication on, say; a five-

point scale of the degree of similarity between a pair of words

put at either end of a semantic scale (nouns, adjectives,

verbs), or, alternatively the meaning of a concept could be judged

against a series of, say, ninepoint semantic scales with polar
adjectives at either end (cf. the semantic differential).

Although both the word-association technique and the
scaling technique give some indication about the semantic

space around specific concepts, it is obvious that when the
aim of the investigation is to capture the entire lexicon,

neither one is appropriate.

5.1. Semantic clusters.

George Miller, (1967) drawing on both linguistics and

computer science, used a different technique to measure semantic
similarity between words. He asked his subjects to sort the

names of familiar objects typed on cards into appropriate piles.
This classification technique displayed some aspects of the

organization of the lexicon: i.e. the cards were sorted into
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semantic clusters which bore some resemblance to the taxonomic
structures put forward by linguists (e.g. the followinp words wei'e
sorted into the same category: sadly, suffer, weep; hard, soft,

sweet; cocoon, butterfly, moth, bug, insect, fly, bird, wing). On

the basis of his results Miller proposed a conceptual framework

within which our knowledge of the world can be located: he
assumed that lexical information is represented in associative
hierarchies with an inclusion or part-whole relationship.
A close look at figure 3 will show that the paths through
the tree-graph are closely related to sentence structure
(cf. a tree is a plant).

ob«»»-»»»liv ng non-living mental character·,logical

plant animal arte.8ct»natural'A l ltree human subhuman chair rock fear virtue

mother f rnesticatedtiger  
COW

Ficure 3 : tree-graph illustrating
inclusion relationship
(aft,r Miller, 1967)

5.2. Semantic networks.

A similar, though more elaborate framework was proposed
by Quillian (1969) and tested for psychological validity by
Collins and Quillian (1969). On the basis of a series of
reaction time experiments2 they proposed their theory of
semantic memory: words such as 'animal', 'tiger', 'fish',
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are stored at the nodes of a hierarchically organised semantic network

and are interlinked with other words in the network by a series
of pointers. Together they reflect the word's meaning.

The central argument put forward by Collins and Quillian

is that the subject of a sentence (S) can stand in a predicate (P)

relation to (i) superordinates (cf. 'A fish is an animal'; 'a rat
is a mammal') and (ii) properties ('A bird has wings'; 'A fish
can swim'; 'A salmon is pink').  These predicate relationships
are labelled 'isa' relations in the former, and 'has, can, is'
relations in the latter. Hence the semantic network is composed
of words at the nodes and is hierarchically interconnected with
labelled relations which resemble the syntactic structure of
a sentence (see figure 4).

breath
'.

ANIMAL has skin

can move

..*.

has wings has fins3/.                        -
BIRI B< /4 can fly FIS cal ..1.

\» 'a.
feathers M gills

,/            p .

CANARY 4.-» can ling OSTRIC s tall SHAN bite/ -. is pink

-\ i# yellow »/.0-t is dangerous                is
fly edibll

Figure 4 8 semantic network (after

Collins and Quillian, 1969}

Collins and Quillian also assume a cognitive economy
principle, that is, they hypothesise that properties which are

shared by an individual node (say, canary) and its superordinate
(bird) are stored only with the superordinate and not with each
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word they define. This assumption implies that we have directly

stored 'A shark is a fish' and 'A shark is dangerous' but not

'A shark is an animal' and 'A shark has skin' (see figure 4). In

order to respond 'yes' in a semantic judgement task to a statement
such as 'A shark has skin' a subject has to (i) retrieve other

facts first, such as 'A shark is a fish' and 'A shark is an animal'
before being able to (ii) infer that the original statement 'A

shark has skin' has truth value. Hence in order to verify the

statement 'A shark has skin' the subject has to move up the 'isa'

paths, starting from the shark node, examine the properties at

each node on the way up, till he finds the property 'skin'

stored with the superordinate 'animal'.  Following the same

argument a statement such as 'A salmon is pink' should take less

time to verify because the property 'pink' is stored at the
same node as 'salmon'.

Although a number of studies confirmed the hierarchical

organization of semantic memory (cf. Landauer and Freeman,

1968; Schaefferand Wallace, 1969; Meyer, 1972; Loftus, 1973;

Anderson, 1974 etc...) serious doubt has been expressed about

the cognitive economy of storage hypothesis.

Conrad (1972) controlling for the frequency with which
a given property is stored3, found that reaction time to true/

false statements did not increase linearly with the number of

levels (nodes) to be examined in the network, but inversely

related to the frequency of the property in question.  This finding

and similar reports (cf. Loftus, 1973; Glass, Holyoak and

O'Dell, 1974) place serious doubt on the cognitive economy of

storage hypothesis.

Indeed, the outcome of Collins and Quillian's pioneering

work on semantic memory is open to various interpretations.
Apart from the fact that they limited themselves to animal

hierarchies, they also failed to control all the variables which
may have an effect on the dependent variable, (RT). It would

be erroneous to assume that the time taken to respond yes/no

to a given statement is uniquely determined by the hierarchical

space between the subject and predicate of a sentence.  The
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frequency with which the subject of the sentence is associated
with the superordinate or property (S - P relation) appears to

be an important variable (cf. Contrad, 1972; Glass, Holyoak
and O'Dell, 1974); as well as the category size4 (Meyer and

Ellis, 1970; Meyer, 1970, Landauer and Meyer, 1972) and semantic
similaritys (semantic distance cf. Meyer, Schvaneveldt and Ruddy,

1971; Rips, Shoben and Smith, 1973; Schaeffer and Wallace, 1969,
1970).

6.0. MODALITY SPECIFIC VS. MODALITY FREE REPRESENTATIONS

It should be noted at this point that the semantic
theory discussed above is really a simplified account of how

human memory works. It leaves several questions unanswered

such as (i) how is information (meaning) represented at the

nodes of the network and (ii) how are more complex relations
represented. Let us first turn to the nature of the cognitive

representations.

Several alternative models have been put forward

to capture the nature of cognitive representation. Two main

types may be distinguished viz. (i) modality specific models
and (ii) modality free representations. Underlying the former
type of models lies the assumption that information may be

stored in LTM in different codes such as (1) a visual or imagery

code, (2) a verbal or phonemic code and (3) a more abstract,
semantic code. Modality free representations on the other
hand, defend the view that all information is stored in an

abstract code which neither resembles pictures nor words but

must be seen as propositional knowledge.

Bugelsky (1970) arguing that all perceptual information
including language is transformed into a visual memory code,

is the chief exponent of the radical imagery view6.  A less

extreme form of visual coding is proposed by Alan Paivio.
Paivio (1969, 1970, 1972) defends the view that information can
be represented in memory as a complex visual image and/or as a

sequence of verbal labels. He made an attempt to operationally

distinguish between these two hypothesised coding systems, using

such experimental procedures as paired associate learning, free

recall/recognition and serial learning. He discovered that subjects
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differentially use the alternative coding systems: when high

imagery material was presented (such as familiar pictures, concrete

words and concrete sentences) subjects reported both imagery

processes and verbal processes; in contrast, when low-imagery

stimulus material (such as abstract words, abstract sentences

and ambiguous pictures) were used as stimulus material, subjects

more frequently reported verbal mediatory processes.

Begg and Paivio, (1969) starting from the assumption
that linguistic material can be stored in two different codes,

hypothesised that the nature of the stimulus material determined

the coding system to be used. They conducted the following

experiment: subjects were required to judge whether a set of

sentences differed from a set of sentences previously presented.
One group of subjects was presented with concrete sentences (the

content of the sentences could be visualized) on both occasions,
the other group with abstract sentences. The 'concrete group'
were able to detect meaningful changes (such as subject-object

reversals) but were less likely to report paraphrasing.  Unlike
the former group, the subjects who were required to judge sets

of abstract sentences reported changes in the wording of the

sentences rather than meaningful changes. Begg and Paivio

concluded on the basis of this finding that the nature of
the stimulus material determined the coding system to be used:

viz. (1) concrete material is preferably coded in an imagery/

spatial code which facilitates later retrieval and comparison
and (2) abstract material is most often coded in a verbal/

sequential code which enables word for word comparison when
required.

A similar finding was reported by Freud (1971) who found
that subjects performed significantly better on a recognition

task when they had been encouraged to verbalize while viewing
pictures. In contrast, when subjects were prevented from using
the verbal code while viewing (e.g. by counting backwards from

one hundred) their performance decreased and even fell below that

of a control group, but was still better than chance. This and
other similar studies (cf. Szewczuk, 1970; Loftus and Bell,  19 75)
suggested that subjects can, and do make use of two alternative
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coding systems when required to memorize concrete material.
Loftus and Bell state in this respect that the verbal code

is not considered a prerequisite in a picture recognition
task, but that additional use of the verbal code (spontaneously

or by instruction) facilitates subsequent recognition.

In short, support for the dual-coding hypothesis has come

from three main lines of evidence viz. (i) subjects' introspective

reports mention both images and verbal labels as mediatory processes

when memorizing and retrieving concrete material (ii) high-imagery

words (concrete words) are acquired faster and remembered better
than low-imagery words (abstract words) and (iii) learning and

remembering is facilitated when subjects are instructed to make

additional use of the verbal code, or the imagery code respectively.

These and other studies inspired Paivio (1971) to postulate
two distinct - though interconnected - representational systems.

A verbal coding system and an imagery (non-verbal) coding system
may exist for both pictorial material and concrete words, whereas

for abstract words only a verbal coding system exists. He

further attributes different capabilities to images and verbal
labels which he considers units of memory storage. The imagery
coding system,  on  the  one  hand  is a ssumed  to be better equipped
for processing in parallel, whereas the verbal storage system is

superior in processing sequential material. Nevertheless,
even though Paivio explains the higher retention score for 'high

imagery material' (concrete words and pictures) by postulating
the presence of two separate and independent memory systems, this

dual code hypothesis does not give the separate codes the

status of memory units.

Accepting the dual-code model of storage, Bower (1970,

1972) distinguished between imagery memory and propositional
memory. Whereas the former compares to the visual memory system

described above, the latter refers to the storage of verbal
assertions, thus rejecting the view that non-imagery memory is

the storage of verbal utterances. Other authors, including several
linguists, had already claimed that sentences are not stored in

their surface form. (cf. Miller, 1962; Katz and Postal, 1964;

Chomsky, 1965).
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Kolers (1966), Sacks (1967), Garrod and Trabasso (1973)
and Anderson (1974) provided ample experimental evidence for
rejecting the surface form as a unit of storage. Chase and Clark

(1972), Bransford, Barclay and Franks (1972), Clark (1973) and Cofer
(1973) went even so far as to reject the syntactic deep structure

as an underlying representation on the basis that the deep structure

does not contain presuppositional information (cf. extra-linguistic

information which the encoder presupposes the listener possesses
viz. norms, beliefs, attitudes, etc...) These authors defend the
view that human long-term memory consists of even more abstract

representations which have truth value and are termed propositions.

According to Anderson and Bower (1973) propositions are asso-
ciative trees of concepts which are (i) structured according to

certain rules, (ii) have truth value and (iii) are abstract. As

sentences are not equivalent to propositions, a linguistic parser

translates sentential information into internal representations,
that is, it analyses the linguistic input into binary graph
structures. As an example, the simple sentence 'the hippie touched
the debutante in the park' is represented in figure 5 in propositional
form.

Such binary trees are composed by the linguistic parser
for all the propositions in a sentence. Each propositional
tree splits up into a context subtree (C) and a fact subtree (F).

At the nodes of the tree 'ideas' are located, symbolized by
circled small letters. These ideas are related to other ideas

by labelled branches. For example, the top node of the tree in

figure 5 represents the total idea expressed in the proposition,

node ® expresses the context in which a particular fact - expressed

in node©- has occurred (first binary distinction).  The branch
associating these ideas (C, F) asserts that fact ©is true in context
@.  Both the ©and the e node are again split up; the former into

a subject branch (S) and a predicate branch (P) (second binary
distinction) which is in turn subdivided into a relation branch (R)
and an object branch (0) (third binary distinction). Similarly,
thes node is split up into a location branch (L) and a time branch

(T) (fourth binary distinction). The associative links between
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nodes (S (D  and @ express that something happened at a particular
place at a specific moment in time.  The terminal nodes e (3, (P, QJ
and Q are instance nodes; they express specific information.  In
this sentence: in a particular park:@1 at a specific time: 6
a specific hippie:©performed a specific touching action:e to a
particular debutante:e These instance nodes are connected to
the concept nodes  by a set -membership relation. Unlike the
specific nodes, the concept nodes represent general semantic
information about 'parks', 'the past', 'hippies', 'touching'
and 'debutantes'. Finally, branches labelled W represent the
link between concepts (ideas) and words.    For the formal representation
Anderson and Bower use logical symbols such as:6 set -membership,

9 subset, 4 generic relation etc ...

a
C               F

b                  c                   parsing level
11       1              0      I

d /
R 0

6               6            6
1                          : ·eneral concept

level
6 6

C             0         0

4'                        W                 WWW

park past hippie touch debutante word level

Figure 5: propositional structure encoded in long-term memory forthe sentence 'the hippie touched the debutante in the park'.

C=context; F=fact; L=location; T=time; S=subject; P=predicate;R.relation; 0=object; € :set-membership; W=word (adapted from
Anderson and Bower, 1973; Anderson, 1975).
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In short, proponents of the propositional representation
view of LTM, reject all stimulus - bound (imagery code) and

language-bound (verbal code) forms of storage and hold that
propositional representations are the only form of long-term
storage. The reader may remark, however, that the semantic
network models, discussed in section 5.2. may equally account
for the representation of knowledge in memory. And, he may want
to know in what way those two forms of representation differ.

As we saw earlier, data structures or semantic networks
incorporate the most relevant aspects of the environment.
These aspects are stored in a symbolic form at the nodes of
the network and relations between the symbols are expressed by
internode links. By following the paths through the data base
an enormous, though limited set of factual assertions may be
generated. Pylyshyn (1973) claimed that although these

factual assertions resemble propositions in content there are
some fundamental dissimilarities between data structures and
propositional representations viz (i) the relations between
the different conceptual categories are much more explicit
in data structures (direct paths)  than in propositional representations
(propositions are attached to concepts) and (ii) propositions
must be generated in data structures whereas a limited list
of propositions is present in propositional representations.
Moreover, by using rules of deductive reasoning more propositions

may be generated in a propositional representation. These simple
operations, which may be applied to the initial premisses, give
the propositional representation an advantage over data structures:
queeries, questions and commands may be transformed by the system

into propositional form, then checked against the stored or generated
propositions by a uniform proof algorithm. These procedures will

be discussed fully when dealing with coding and retrieval processes.

6.1.  Knowledge of specific events vs. conceptual knowledge.

On the previous pages we have tried to give an account of
several alternative approaches to human memory. These different

models and viewpoints were at variance in their focus and detailed
specifications. We should keep in mind, though, that these models
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are mere assumptions of how human memory might be structured.

In order to provide the reader with a representative sample

of research in this area, it is necessary to describe yet a few

other recently developed approaches to the structure of memory.

In this respect the following question may be asked: what
happens to specific events we have experienced; to specific information
we possess about e.g.  'the cars we have driven ?' Is this
information stored independently, or, is it regenerated from

our propositional information ? In other words, what is the

exact relationship between conceptual knowledge and specific
or episodic knowledge ?

We will not attempt to give a complete overview of the
several approaches to this issue; it will suffice to point out

that there are basically two views which can be taken viz. (i)

a semantic vs. episodic storage hypothesis and (ii) a generation
hypothesis. We will first turn to the former. Philosophers

have long made the distinction between 'universal' concepts and
'pdrticular' knowledge. The former is illustrated by the

categories 'dolphin', 'house', 'seaside resort'; the latter by

'Flipper', 'the tudor house by the river' and 'Knokke'.  Universal

concepts are considered as sets which contain many different instances

For example, the concept 'house' includes bungalows, mansions,

cottages, flats etc... besides the specific house we mentioned
above. These particular instances are members of the superset

house, a relationship which is symbolzed by 6. Several authors

have dealt with this issue: Tulving (1972) for example, found

it necessary to postulate two different storage systems viz.

(i) episodic memory and (ii) semantic memory.  According to Tulving

episodic memory stores perceptual events in terms of their specific

properties or attributes; it registrates personal experiences
or unique episodes (cf. 'one of the words I am sure I saw in the
first list I studied was legend'). Semantic memory, on the other

hand, refers to our knowledge structure. This system is held to
be necessary for concept formation and language use. Tulving

mentions as an example of semantic memory 'I remember that the chemical
formula for common table salt is NaCl'. (p. 387 ).
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Watkins and Tulving (1975) have equally pointed out that
there are different conceptualizations of coding processes which

are parallelled by different retrieval processes. They distinguished
two different theories of memory viz. (i) tagging theory and (ii)

episodic theory. The former holds that an occurrence marker or tag

is attached to the already existing memory representation (node).

Episodic theory, on the other hand, views memory as a storage system
of unique traces of all the individual's perceptions. These traces

may be influenced by the knowledge system but are considered
independent.

Unlike the semantic vs. episodic storage hypothesis which
maintains that human long-term memory may actually store all

perceived events, the generation hypothesis views the retrieval

process as an active construction or generation process. As

mentioned above (section 1.2.) Bartlett (1932) was one of the

first defenders of the generation hypothesis. He saw the
retrieval process as the reactivation of a number of·schemata

on the basis of which specific information is constructed anew.

Franks (1974) equally argued that our ability to cope with

novel situations presupposes the existence of a tacit knowledge

structure from which specific memories may be generated in an
imagery or language code. Hence, Franks considers images and
sentences as the products of the generation process, thus

opposing Paivio's view that the imagery code and the verbal

code are units of storage.

Pylyshyn  (1973) who believes that all knowledge is stored
in a propositional form, also suggested that the retrieval process
constitutes a generation process. During recall, concepts
(propositions) are activated, i.e. brought in a state of readiness
which he refers to as 'brought into a workspace' (p.18 ).  In
this cognitive buffer a number of cognitive processes may be
performed on the activated representations such as e.g. reorganization
reconstruction, calculation, etc... Pylyshyn uses the well
known queery "How many windows are there in my house ?" to
illustrate how the workspace functions.  The concepts 'number',
'window', and 'my house' as well as the propositions attached
to them are activated and brought into the workspace. A simple
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counting process is then performed on the generated image

of 'my house'.  In  Pylyshyn's view then, specific pictures

or sentences are not retained in memory in an imagery or verbal

code; they are coded and stored as a finite list of propositions
(i.e. a description of the critical features of the picture
or the sentence). When required these propositions may be activated

and brought into the workspace where procedural rules make it

possible to generate an image or sentence.

This debate on storing specific information vs. generating

specific information from propositions is reminiscent of the

discussion we had on code specific models vs. modality free

representations (cf. p.28 ). The enormous importance of this

distinction will become obvious when we are focusing attention

on retrieval processes in chapter 2. Indeed, it could easily

be seen that on retrieving information from a long-term memory

store which has stored information in code specific independent
memory units, searching through the vast amount of information

relating to particular concepts would be a major problem. But

once the relevant information has been located it should be

retrieved easily and accurately. On retrieving information from
a propositional store, on the other hand, transformation processes

have to be postulated between the perceptual input and the

propositional store, but, once the input has been translated into

a propositional form a quick search process could be initiated.

Apart from this difference in locating stored information,

another distinction between the two positions can be made. This

difference concerns the nature of the recalled iAformation. It

seems plausible to suggest that retrieval from a code-specific
store should be of an all-or-none nature as one can either locate
the specific information and retrieve it in its original form;
or one cannot. Therefore, an episodic storage hypothesis would

predict the amount of partial recall to be negelectable whereas

a generation hypothesis does not make any predictions regarding
fragmentary recall. Locating the relevant propositions does not
guarantee perfect recall since failure to reconstruct the exact

'specific information' may be caused by interference from other
related stored propositions.
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6.2.Evidence in favour of code specificity and modalitv free represen-
tations.

--

Both these approaches to the storage problem have viewed

long-term storage as either code specific, or modality free. The

question which we may attempt to answer now is whether these two

positions are as diametrically opposed as one might be prepared
to accept at first sight. There is certainly evidence in favour

of both positions: Anderson and Bower (1973) for example, reported
research in which the amount of fragmentary recall of sentences

containing four content words exceeded both the recall of complete
sentences and failure to recall the sentences (p. 325). This

finding would certainly suggest that a modality free representation
is to be preferred over and above code specific forms of representation

Another line of evidence in favour of modality free

representations can be found in research on 'memory for specific
sentences'.  Sacks, (1967) using the verbal learning technique,
tried to get at the relationship between the linguistic input and

the memory representations. She required her subjects to listen
to ten different texts in which one sentence was considered the

target sentence. Memory for this not-identified sentence was tested

later by indicating which of four similar sentences had been

presented in the text. Test sentences could vary from the original

sentences in underlying structure (i.e. semantic difference) or

in surface structure (formal, passive/active) or they could be
identical (base).  The rate of presentation, the delay between

presentation and recall and the amount of interpolated material
were also manipulated. Sacks found that only the gist of the story
was remembered (underlying form) and that the exact sentential
form (surface form) was quickly forgotten.

Similarly, Bransford and Franks (1971) who contrasted
memory  for ' specific sentences'  with the phenomenon of memory
for the 'idea of a sentence' have demonstrated experimentally
that subjects integrate the 'ideas' expressed in a number of

specific sentences into a holistic semantic experience. They
auditorily presented their subjects with sets of sentences which
they had to commit to memory. These sentences were subsets of
a holistic idea such as 'The rock which rolled down the mountain
crushed the tiny hut at the edge of the woods', e.g., the hut was
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at the edge of the woods', 'the rock rolled down the mountain',
etc... During the retention phase subjects had to recognize
these specific sentences out of a list of identical and similar
sentences.  They found that when a specific sentence expressed
only a part of the semantic relationship captured in the holistic
idea expressed by the set of sentences, subjects falsely rejected
this sentence. This effect was so strong that subjects falsely
recognized sentences which expressed the complete idea, in spite
of the fact that they had only heard subsets of these sentences.
They concluded from these results that idea acquisition (semantic
knowledge based on specific sentences) is psychologically real.

Nevertheless, one should not jump to rash conclusions and
reject both the code specific form of representation and the
specific storage hypothesis on the basis of these findings. There
is indeed evidence in favour of this latter hypothesis which might
swing the pendulum.

Graesser and Mandler (1975), for example,
found that when subjects are explicitly asked to pay attention to
the surface structure of the sentence during the acquisition stage,
their retention performance on the form of the sentence was well
above chance. Analogous to these findings, Frost (1972) reported
a marked difference in the subjects' ability to draw on visuo-
spatial information of line drawings when they expected subsequent
recognition rather than recall. She presented subjects with
sixteen common objects, which were drawn in four orientations
(see figure 6). Frost hypothesised that subjects could classify
the stimuli on the basis of semantic similarities (e.g. cats,
dogs, elephants, rats are all animal names) and/or on the basis
of visual characteristics (e.g. orientation: horizontal, vertical,
left or right cross-diagonal). A cluster analysis calculated
on the free recall results of each subject indicated that subjects
who were led to believe that a recognition test was to follow,
had combined both spatial and semantic information, whereas
subjects who had expected a free recall trial had only stored
semantic information. Frost interpreted this finding as (i)
strong evidence that with each stimulus drawing two codes can
be stored and (ii) that task expectations affect performance
on a memory task. (see also Wickens, 1972).



39

B a 911)

e  11

Figure 6: 7 stimuli ptesented to
the subject (adapted
from Frost, 1972).

Frost's observations are not isolated findings. Several

other authors have argued that there exists some form of 19ng--

term sensory storage next to the brief sensory persistence of

approximately 250 msec  in SIS  (cf.  p. 21 ). The fact that

subjects report that they can still see a picture or hear a voice
several seconds after the off-set of a physical stimulus made

many researchers conclude that the sensory experience must have

been stored in some permanent form of long-term storage (cf.

Baylor (1972); Kisner (1972); Frost (1972); Parkinson (1972);

Posner and Warren (1972); Scarborough (1972); Hintzman (1973),
etc...

The question which is raised by these contradictory findinFs
then, is 'how can we accept that long-term memory is propositional

and still account for the fact that subjects remember perceptual

characteristics in addition to the semantic content of a message ?'
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7.0. RECAPITULATION

As stated in the introduction, it is our aim to provide
the reader with a general model for representing information
in long-term memory. This model should allow us to explain
the understanding, storing and retrieval of information, as
well as more complex learning. We have discussed the semantic
network model as originally introduced by Quillian (1969) and
Collins and Quillian (1969), and we have elaborated on the
several modifications and elaborations proposed by various
authors to improve this model.

In short, all these modifications left us with a messy
picture of cognitive representations: one approach subdivided
memory into code specific models and propositional models;
another approach proposed that memory ought to be subdivided
into episodic memory and conceptual memory. We have defended
the view that a propositional representation is to be preferred
over and above code specific forms of representations. Nevertheless,
we have claimed that adherence to the view that long-term memory
is logic-based neither denies nor decreases the importance
of verbal mediators or imagery (somewhere) in the coding and
retrieval process.

What is usually the case when there is both evidence in
favour and against certain postulations, is that there exists
polemical literature with researchers on both sides of the fence
trying to prove each other's hypotheses wrong. Instead of
putting a lot of energy into such fragmentary research it would
be worthwhile to consider whether both positions share half
of the truth. In our case, for example, there is no obvious
reason to postulate that specific information could be stored
in a modality specific form. It would equally be conceivable
that specific information could be stored in propositional
form. As an illustration imagine that you saw a beautiful
mansion in the south of France last year. This information
could be stored in a limited set of propositions and be attached
to your concept of 'house'. In other words we postulate a type-
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token relation between the specific information about this

particular mansion and the conceptual information about 'house'.

Note in passing, that the type-token distinction as used in

computer science (cf. Simon and Feigenbaum, 1964; Quillian,
1969) uses an economy of storage principle in that each concept

is  defined  only once tamely  in  the  type node. The type node

is connected to a host of other type nodes which store elements

of the definition. For example "... instead of embedding into
the house concept the duplex idea of a window with all its complex

ideas and associations, a single element is used to stand for
the concept window in the definition of house. This element

is a 'token' which 'points' to the 'type' for window. It is only
the type node that collects together all the associations

defining what a window is". (Anderson and Bower, 1973, p. 20).

Returning to our example, we could postulate that in order

to retrieve the specific information about the particular house,

the type node 'house' must be located, which gives direct access
to all information relating to specific events concerning 'houses'.

This propositional information stored at the episodic node can

be brought in the workspace just like any other non-specific
(conceptual) information. Procedural rules can transform the

propositional information about this house into an image which
the subject can consciously experience. The puzzling phenomenon

of long-term sensory memory which we discussed above, could then

be explained as follows: what the subject remembers after several

seconds (or minutes for that matter) is NOT a duplicate of the

stimulus stored away in a perceptual code but the generated

image based on stored propositions which he consciously experiences
in short-term memory.

8.0. PUPIL-BASED APPROACH TO MEMORY REPRESENTATION

As we have already argued, research in this area is

often fragmentary and contradictory. This situation makes

it extremely difficult (a) to combine the findings from the

psychological laboratory and (b) to relate them to everyday

classroom experiences. Awaiting research based models which
can assist the teacher and the curriculum constructor to
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organize teaching-learning processes more effectively, we

tentatively proposed a domain-based memory model which synthesises
the main evidence and provides an overall conceptual framework
which the teacher may find useful.

8.1. Conceptual types and episodic types

In order to avoid ambiguity we shall henceforth elaborate
the type-token relation and distinguish between conceptual
types (host types and guest types) and episodic types. Host
types refer to the sum of information gathered under the concept;
e.g. the concept house. It includes propositions which specify
(1) properties of the concept such as 'A house has WALLS'; 'A
house has DOORS'; 'A house has WINDOWS', etc..., (2) super-
ordinate relations such as 'A house provides SHELTER'; 'People
LIVE in a house', etc... (3) subset relations such as 'A BUNGALOW
is a house'; 'A COTTAGE is a house', etc... Episodic types,
on the other hand refer to propositions which specify episodic
relations. These latter relations refer to specific houses such
as 'My aunt's house'; 'The house we lived in while we were in
Marakkesh'.

Guest types,on the other hand, refer to types which are

directly connected with the core of the host type through
pointers; they provide additional information about the tokens
incorporated in the limited set of propositions stored in the
core of the host type (e.g. information about windows, doors,
walls, shelter, to live in bungalows, cottages, etc...). Together,
the host type and the guest types combine all the possible
conceptual information about 'houses'.  Finally, the host type
has direct links with its own episodic types and indifect links
with the episodic types of the guest types. We shall refer to
such a semantically related sub-part of the semantic network as
a domain. Figure 7 is an attempt to visually represent conceptual
types and episodic types.
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In the previous section we have argued extensively
that things we know should best be stored in domain-based

semantic networks. The reader may wonder, however, how
things we do are stored in memory. For example, we may have
a stored concept defining 'fractions' but this definitional

information does not specify how we must go about 'multiplying'
and 'adding' fractions. How is the sequence of operations

which must be performed in order to solve these simple problems
stored ?  We take the view that such procedural information

is stored in plans.

Miller, Gallanter and Pribam (1960) defined plans as

follows: 'A plan is any hierarchical process in the organism
that can control the order in which a sequence of operations is to
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be performed' (p. 160). Plans, which they compare with computer
programs can be algorithmic or heuristic. The former type Of

plan accurately specifies the finite number of sequential steps
which ought to be followed in order to arrive at the solution.
A heuristic plan differs from the former in that it is infinite

and incomplete. The latter plan may involve short-cuts which

may cause its execution to be less lengthy and dull, but which
do not guarantee the solution. Hence, we may have stored a
number of algorithmic plans in addition to several heuristic
plans. These stored plans can be retrieved in order to perform
certain tasks or solve specific problems such as: motor skills,

reading, writing, drawing, counting, adding, multiplying, clock

reading, finding the subject of a sentence, putting an active
sentence into the passive,finding the area, the sides of geometrical
figures, etc... Treatment of the different types of plans, how
they are learned, stored and retrieved will be postponed until

we have discussed more complex learning processes (cf. chapter
3). It will suffice here to mention that to be efficient, plans

must be stored in propositional form and must be linked to the
concepts they are performed on; i.e. they must be interrelated
with the relevant domain(s).

For example, geometry domains which store the conceptual
definition of different figures such as triangles, squares,

rectangles, parallelograms should be linked directly to the
plans to calculate the area of these figures; the sides; the
perimeter, etc... Hence, when a pupil is required to calculate
how much fitted carpet he has to buy in order to recarpet a
room, he must be able to locate the plan to identify the shape
of the room and the plan to calculate the area of the room.

8.3. A tripartite model.

In summary then, a pupil-based memory model should be

based on a number of assumtions: (i) all information is stored

in long-term memory in a modality-free form, (ii) this abstract

information is hierarchically organized and (iii) this enormous

semantic network is divided in a number of domains such as the

domain of geometrical figures, the buildings domain, the animal
domain, etc. . .  (iv) all information stored in a particular domain is
content-addressable i.e. it can be located via cpnceptual knowledge



I should remember to paint the doors
before my parents come to see us.

CONCEPTUAL
TOWLEDGE

EDISODIC  KNOWLED

p*                                                                         The new buildings at
the wild rose estate

4                                                                   epi-

are rather scary at
night

  0'/.1    i  

-
1.- „OV'1

-- .0: 1 -I- tYpes

7''
C-/ -  -  l.,    2                                                          i/1   \ S

.--
d                4-

--0  t                  1«       live in a

o house I prefer to
dy

-- i p0 ----
8 -c el- - -r \

SI\L/ ,' \\
<7.'' \\ \\1

 11.1111111    large house

40   -
\ \

L.'1                                             \
\

-         pZA#s eDi-
flat \    \

'r-4.., ., 04.( e                       :-/mansion -,/:-  read a \ tj'Des -
/                                             1

g   n-
4-

f  5,----IJ build
a house When I was in the South of FrancE

rent I visited a fantastic mansion.
a hous

draw
Piqure 8 : illustration of part of a a house

dcmain-based semantic network
host type wlth guest types, . draw
episodic types and plans. a ground.

lan to C-J
e

4\
Ul



46

(cf. chapter 2, p. 122)., (v) there are basically three

levels in long-term memory, viz. (i) the conceptual level,
(ii) the episodic level and (iii) the level where the plans
are stored. These three levels should not be treated as three
separate memory stores, but should be seen as the floors of
a building. These floors are intricately connected by a
network of cables. This theoretical frame combines the
advantages of the generation approach (cf. p. 33) and the
type-token approach (cf. p. 38) i.e. both conceptual knowledge,
episodic knowledge and plans are stored in an abstract, modality-
free form and are rendered content-addressable.

The reader may voice doubts whether each of the assumptions
stated above can be put to the experimental test. We hasten
to add, however, that the model which we proposed here is only
an attempt to visually represent the basic components of long-
term memory and to specify the relations between these various
components. For example, the representation of the relations
between a concept and its subsets, supersets and properties
may seem rather naive. We want to clarify however, that
this visual representation symbolizes the pupil's ability to

locate information which enables him to construct a concept
identification plan  (see  p. 60   ).

Obviously, further research must determine the validity
of this domain-based memory model. However, there appear to
be a few aspects of the model which can be discussed in relation
to the available research. First, the view that individuals
store information in hierarchically organized semantic networks
has been well documented. We refer on this respect to the
research of Landauer and Freeman, 1968; Collins and Quillian,
1969; Schaeffer and Wallace, 1969; Meyer, 1972; Loftus, 1973
and Anderson, 1974. We also refer to the studies demonstrating
the educational implications of this research: Nelson and Smith,

1972, Deffenbacher et al. 1974; Wittrock, 1977).

Another assumption of the model: vis. that information

is stored in LTM in an abstract, modality-free form can find
support in the work of Sacks, 1967; Bransford and Franks,

1971 (cf. p. 37 ), Kurcz, 1976 an in our own experimental
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work reported in experiment II of this dissertation. Yet

another assumption, viz. the distinction between the conceptual

level and the episodic level can be treated in relation to

Shank's (1975) objections.

First, we want to report Shank's (1975) objections to

incorporate the notion of superset in memory models. Shank

has argued that the distinction between semantic memory and

episodic memory is basically a false one (p. 257). All stored

information including conceptual information has been acquired
through personal experience which is episodic in nature.

Although this view on memory is not opposed to our own, it
incorporates some hidden pitfalls. Superset relations which

are basic notions in our own conception of long-term memory

are branded as 'part of an infrequently used general knowledge
Store', and 'vastly over used'. He uses the following problem

as an illustration of his claim: when people are requested to
name the 52 states of America they usually fail to hame them
all. Shank explains this phenomenon by saying that there is

no node under which all 52 states are listed, but that people

draw on other techniques such as visualizing a map and especially
trying to retrieve specific episodes about each state.

He further claims that only very few supersets are actually
used; they are nothing more than lexical entries since no

information is stored under them: "thus certain superset information

may well exist in memory, but as part of an infrequently used

general knowledge store, rather than as part of the core of

working memory" (p. 257). This state of affairs, Shank continues,
may explain why people fail to see that a 'whale is a mammal'

in addition to being a fish (see however the results reported

in expt. I, p. 77 ).

In viewing memory in this way, one runs the risk of
building a model based on what people fail to do rather than

on their potentialities. Indeed, there is enough common sense
evidence that people can retrieve information stored under a

superset label (cf. name me all the fruits you can think of;

also authors of a specific century, painters, wars, architectural
styles, etc...). The response you will get on these questions
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will depend on the previous learning history of the subject.  If

he has learned and stored 'painters' in isolation (e.g. he has
admired a Rembrandt and a Rubens in the Louvre and has heard

of Velasquez and Goya, read a book on Picasso, seen a film about

Gauguin, etc...) he will indeed have difficulty to retrieve names
of painters as a list, but if he has studied painting in a general
framework integrating each painter in a larger whole, he will be
able not only to give you the names of several painters but also
the distinguishing features, their most famous works, etc...

The qsestion which we may pose then is whether memory models

should be based on the first type of subjects (i.e. those who
have had inadequate learning experiences with respect to painting)
or on the second type (those who have learned via a holistic
approach). A more convincing illustration of our argument could
be the following: pupils who have learned geometrical figures

(square, triangle, rectangle, parallelogram, trapezium, etc...)
in isolation are usually unable to answer a question such as

"Is  a  square a parallelogram  ? " because  they have never compared
their respective properties. If they had done so they would

have noticed that both rectangles, squares and rhombs are
parallelograms because they all share its critical properties
i.e. (i) geometrical figure, (ii) enclosed by four intersecting
lines, (iii) two pairs of opposite sides are both equal and
parallel This comparison would have established a semantic

network representing geometrical figures very much like the one
depicted in figure 9. It  could be mentioned  in this respect,  that
it is common knowledge among primary school teachers and teachers of

mathematics that pupils who have been instructed according to
modern mathematics principles (set theory) are greatly facilitated
in answering questions of the type "Is a square a rhomb ?"   The
reason for this facilitation could well be that they have stored
this information in sets and are used to investigating these set
relations and their respective properties.

In the light of this common knowledge and evidence provided
by Ausubel (1967), Stones (1968) and Klausmeier and Goodwin
(1975) and by our own data reported in experiment I of this
dissertation, we would claim that the subset/superset relations
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are as much part of our active cognitive structure as are

properties of concepts, provided that these subset/superset

links have been established at the time of encoding.

Finally, the links between the plan level and
the conceptual level is supported by our own findings reported

in experiment III of this dissertation.

Our view on long-term memory has abandoned the single-
unit representation of the early semantic network models in

favour of connected domains (host types, guest types, episodic

types and their respective plans). This view is in line with
the notion of frames7 or frame-system as proposed by Minsky

(1975) and applied by Winograd (1974); Bobrow and Norman (1975);
Norman and Rumelhart (1975) and Rubin (1975). They provide

theoretical support for the view we have defended in this chapter.

Nevetheless, some of these authors hold a procedural view to

long-term memory; they maintain that our knowledge of the world

is embedded in programs rather than in domain-specific data bases.

We should keep in mind, however, that all these authors are active
in the field of artificial intelligence and that they are primarily

concerned with computer simulation studies. Obviously their
choice of memory representation will be largely determined by

the complexity of the data base and the operations performed on

it: i.e. whether it can be handled by the computer. Needless

to say, inadequacies in present hardware and software constitute

a limiting factor in their conception of long-term memory. More-

over, we strongly believe that individual differences in cognitive

structure and cognitive processes should be integrated in the

proposed models and we fail to see how computer programs could
incorporate this notion.

8.4. Implications for the teacher.

Up to now, work on cognitive structure and cognitive

processes has been in a formative stage of development. The

literature in this area largely concentrates on articial

intelligence and none of the available papers deal with the
implications for the teacher. In this respect we would certain-



50

ly welcome a more pupil-based approach to the study of human
information processing. Such a change in emphasis would give
rise to models of human memory which can be handled by course

writers and teachers and can assist them in selecting the

most applicable form of subject-matter presentation.

In this section, we will discuss the educational

implications of each of the basic relations of our model viz.

(1) 'isa'-relations, (2) 'has'-relations, (3) relations between
the conceptual level and the plan level, (4) relations between

the conceptual level and the episodic level.

The first implication for the teacher concerns the
isa-relations. If the teacher wants his pupils to know that,

say, 'rabbits are rodents' and 'rodents are mammals' he has
to draw the learner's attention to these superset/subset relations

at the time of encoding. For,  pupils may fail to see these links

themselves and resort to storing concepts in isolation, or,

even worse, link them to the wrong supersets. For example,
figure 12 (p. 63 ) is the result of a classification and labelling
task performed by a pupil from secondary education. The tree-

diagram shows that this specific pupil has linked 'rodents'
to the superset 'non-mammals' and that he has classified 'duck'

and 'chicken' incorrectly under the superset 'mammal'.

Hence, it is not enough to mention casually that a rabbit
is a mammal. Neither does it suffice to refer to the main

headings in the textbook, even though the label 'mammal' may

be printed in bold capital letters at the beginning of the
chapter. Teachers should explicitly state the links between
superset and subsets and check whether all pupils can justify

membership of a concept in a larger or higher-order conceptual
class.

It is also important to note that the evaluation procedure
should not be limited to a positive or nezative answer to a

C-LdSS membership question. Questions such as 'Is a dolphin

a fish' should automatically require a pupil to state the reason
why.  I.e. the pupil should list the critical properties of the
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superset 'fish'. On the basis of these properties he can then

determine whether a dolphin is/is not a mammal of this conceptual
class.

As we have seen, the critical properties of a concept
are labelled 'has-relations'. We will briefly discuss their

implications for the teacher. In order to master concepts

adequately, pupils must learn the critical properties of
the concept. On the basis of this set of properties they

can determine whether a particular instance is, or is not a

member of a conceptual class. For example, if the teacher
asks 'Is this figure a parallelogram ?' the pupil must be

able to decide on the basis of the critical properties

whether the presented figure is, or is not a member of
the class of the parallelograms.

The teacher must therefore make sure that the pupils

(1) have stored the critical properties of a concept and
(2) can construct a concept identification plan on the

basis of the retrieved information. For example given the
question 'Is this figure a parallelogram' a pupil who does not

know the answer immediately may construct the following concept
identification plan: 'Is the figure composed of 4 intersecting

lines of which the opposite sides are both equal and parallel ?'

(cf. figure 9). Another less adequate plan could specify: 'Does
the figure look like a rectangle with the exception of two parallel

slanted lines ? It goes without saying that pupils must be trained

in constructing such concept identification plans (cf. p. 60).

The third implication concerns the link between the conceptual
level and the plan level. Obviously, these links must be explicitly

stated by the teacher, because - as we have explained above - the
information stored at this level must also be made content- addressable.
Failure to establish these links may result in situations where a
pupil is perfectly able to execute a 'rule of three' or to put a
Spanish sentence from the affirmative into the interrogative form when
the teacher explicitly asks him to perform this task (i.e. specifies

which plan should be executed). But, when no specific instructions

are given as to which plan to use, the same pupil may fail to solve

the problem. (see also experiment III).
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This failure to locate an inadequately stored plan is

customarily referred to as the 'transfer' problem. It constitutes

one of the major breakdowns in education (cf. chapter 3). Far
too often curriculum-minded teachers only train their pupils to
execute a number of specific plans leaving no time for the
application of these plans to new problems. In other words no
adequate links are established between certain types of problems
and a specific plan to solve that problem.

Finally, the teacher must be aware that pupils have stored

a vast amount of information at the episodic level. Since the

personal information can be incorrect or incomplete, it is
worthwhile to check what each pupil already knows about a new
concept.  For example, in experiment I, some eight-year-old pupils
classified a squirrel under the 'birds', 'the flying animals' and
'animals with wings'. When questioned about it one pupil explained
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that he had never seen a squirrel but that his father had several

times pointed to the treetops while saying: 'look, there's a

squirrel :' This boy had made the obvious deduction:'birds

live in trees'; 'squirrels live in trees'; hence, squirrels are

birds'.  Other boys had seen a squirrel with wings in a cartoon
in the local paper and they had deduced that a squirrel was a

'flying animal'.

Hence, the teacher must be aware that pupils may have

encountered a wide range of learning experiences some of which

may have resulted in the storage of inadequate links. If the

teacher wants to detect and correct these shortcomings, he must

stimulate his pupils to ask questions when they feel that new

information contradicts already stored information. We refer

in this respect to Ausubel (1967) and Moeser (1976). Ausubel

stressed the importance of advanced organizers and Moeser found

that the integration of information can be facilitated by structuring
the encoding situation e.g.

(i) presenting pupils with a frame of contextual reference (story)
to which the new material can be related.

(ii) encouraging pupils to pay attention to the relation between
the items of information.

(iii) asking as many content questions as possible after each
unit of information.

These manipulations which may already be used sporadically

in the classroom should be extended over the whole curriculum.

For, it stands to reason that in order to integrate new information

into our conceptual memory system, there must be an existing

domain into which it can be incorporated. Imagine for example,
a history teacher who wants to devote some time to the discussion

of  the  news  item "A Celtic cemetery  has been found  in the 'Kempen "'.
If the pupils have knowledge about the Celts, when they lived,

how they lived etc... this information will be integrated into

a well-structured domain and the pupils will not only fully
realize the importance of this finding but they will also be able
to retrieve this information on a later occasion. If, on the

other hand, the pupils only vaguely know the name 'Celts' and
they don't realize that this form of civilization was pre-Roman,
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they will decode this piece of historic information and store it

as a discrete event i.e. an item of news just like the murder of
X, the football results and the crash of a plane. This isolated
information, not fully linked up with any information in the

conceptual domain, will be highly susceptible to forgetting (cf.
Tulving, 1972) and cannot be used to generate inferences (Moeser,
1976).

Consequently the teacher should make an effort to (i)

arrange learning experiences which provide the learner with
a vivid entry in episodic memory (cf. chapter 4, p. 318 ) i.e.
a real experience rather than a trace of a monotonic verbal

communication, and (ii) this unique experience should then

be linked up, or integrated in the conceptual system in order
to form a stable frame of reference for new information to be

integrated.

The point we are trying to make is that it is the task of

the teacher to assist the pupils in establishing adequate links

between concepts ('isa' and 'has' relations) and between conceptual
information and the episodic and plan level respectively. This

being said, a word of warning is in order. for, we must keep in

mind that people have widely different knowledge systems and that
their domain- based semantic networks  have been organized
idiosyncratically.

Even though the teacher knows that the pupil's ordering

principles are inadequate as a basis for further learning, he

must admit that his pupils are employing ordering principles

which cannot be expected to be replaced automatically by his
own ordering principles. Indeed, the teacher may find his
attempts to elaborate and modify the cognitive structure of his

pupils hampered by strong resistance to modifications based on
the belief that their own ordering principles will do just as well.

He may choose to ignore this resistance and try to enforce his

own organizing principles as an absolute norm, or, he may try

to understand the pupil's objections and make them realize that
modifications and elaborations are quintessential for building

up a well integrated easily accessible cognitive structure. In

other words, the teacher must be aware not only of inter-pupil
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differences in cognitive structure, but he must equally be aware
of teacher-pupil differences in cognitive set-up. In order to

illustrate these teacher-pupil differences we will make reference

to a study by Michon. This experiment shows that pupils may

employ a variety of organizing principles which may give the

adult (teacher) the impression that they have stored information

non-logically.

John Michon (1972) demonstrated that children's animal

concepts may display no obvious structure but that on second

observation one notices that they do use distinguishing features

(properties) as a basis for classification. He used the animal

preference lists quoted by Desmond Morris (1967) as a starting

point for his research on children's animal networks. These

preference lists seemed to change developmentally: young children

(4 - 7 years old) preferred cuddly animals to play with e.g.

small harmless rodents with furry outlook and expressive faces,

whereas older children gave preference to larger animals which

they could ride on, play with, admire etc...

Michon set up an experiment to study the development

of the animal network. Eight schematic drawings a picture of

which is printed in figure 10, were presented in triads to four
children: a girl of four, a girl of five, and two boys of seven.

The names of the animals depicted in these drawings were equally

presented in triads to a fourteen-year-old boy and an adult.

Fifty-six triads were shown and all subjects had to indicate
which two animals went best together and which did not fit

together at all. This test was repeated a few days later and
the combined results were mapped out in a similarity matrix and

later converted into a tree using Johnson's hierarchical cluster

analysis. The results of these tests are shown in figure 11.

Scrutiny of these trees may show that the children's trees

are rather idiosyncratic: i.e. ordered according to personal
organizing principles, but that as children grow older, their

tree structure changes, and resembles more closely the adult's

clustering analysis. Michon concluded on the basis of his results

that two types of distinctive features dominate the children's

internal representation of animals viz. "(1) Biologically irrelevant
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phenotypical resemblances  like  "both have  a  long  tail". A typical
example is the resemblance between the ears of the rabbit and the

wings of the mosquito shown in figure 10. This occurs only
in the youngest children, who obviously have not yet acquired much

of an internal connotation of the various animals. (2) Behavioural
characteristics,  like  "both  bite"  or  "they  can  swim".m". These
mainly occur in the 6 and 7 year old children." (Michon, 1972;
p. 103) Although Michon realizes that due to the size of the
experiment these conclusions can only be trends, it is worthwhile

to point out that artefacts may have been produced by the drawings
(e.g. the perceptual similarities noticed between the mosquito
and the rabbit). It would, therefore, be worthwhile to auditorily
present the names of the animals so that subjects  cannot

be guided by unintended perceptual eye-catchers. In addition,
the experiment should be extended so as to include individual

differences within an age group besides the developmental trends

demonstrated by Michon. It goes without saying that the number
of subjects should be increased to a reasonable size.

In our first experimental study we shall present a modified
and extended form of this experiment which takes these criticisms

into account (cf. p. 77 ). The result of this set of investigations

showed that there are, apart from developmental differences, vast
individual differences in organizing animal hierarchies. In

other words, these pupils employ vastly different organizing
principles which for them seem the most obvious and most efficient

ones.

9.0. The domain-test

The obvious conclusion which a teacher must draw from

this statement is that before starting the teaching-learning

process he must gain knowledge of a part of a pupil's cognitive
structure; that is, he must unravel the contents of specific

domains before he starts to explain new concepts, relations

between concepts and plans. Accumulating such diagnostic

information requires a skilled teacher, for, pupils cover up
their inadequate cognitive structure with empty labels which

they have acquired through rote learning: i.e. they may have

acquired  a chain of verbal labels, the elements of which are

not all linked up with fully developed concepts. Such rote
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learning may be mistaken for meaningful learning when the learner
supplies a correct verbatim definition. An attentive teacher
can detect such inadequate conceptual storage by requesting
the learner to apply his knowledge to instances and non-instances

of the concepts concerned. For example a ten-year-old child

may be able to supply the following definition of 'brother-in-

law': 'a brother-in-law  is somebody who is married to one's

sister or who is one's husband's (or one's wife) brother'.

Although this definition is basically correct, the teacher may

voice doubts as to whether the child can identify somebody's
brother-in-law in a short prose text. In such a case a few

simple test questions could provide tte teacher with evidence

for or against his suspicion.

A simple way of testing whether a pupil has stored all the

critical properties of a concept is to ask him to give an oral
or written definition of the concept and to identify teacher-

supplied instances and non-instances as members of the conceptual
class. As such, a correct verbal definition can be treated as
a piece of well-integrated conceptual knowledge if the pupil can

devise an adequate concept identification plan on the basis of
the stored critical properties of the concept  (cf.  p. 60 ).

Plans can also be acquired verbatim i.e. pupils may try
to remember a plan through recall of the successive operations

the teacher has demonstrated or explained. In such a case the
pupil cannot apply the plan to similar problems (transfer tasks)

because he has only acquired a specific verbal chain which he can

rattle off but of which the successive steps have no meaning. For
example, a student can say that the standard deviation is the

square root of the mean minus the raw score, divided by the
number of subjects minus one. But when one asks him to actually
calculate the standard deviation he may not know how to start. In

short, the teacher's best hope of discovering whether his pupils
have stored the respective plans adequately is to ask them to

perform the action specified in the plan on new but related material,

The position which we are defending with respect to the
teaching-learning process, is that the teacher who has formulated

the overall objectives for a given lesson or sequence of lessons
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must still do a number of things before he can start planning
the individualized teaching-learning process: i.e. he must

(1) devise a check-list of the domain-based knowledge which

is a prerequisite for attaining the objectives
(2) determine each pupil's knowledge of the required domain

(conceptual knowledge, episodic knowledge and plans)
(3) formulate individualized objectives and devise

appropriate teaching strategies
(4) devise strategies for evaluating the pupil's terminal

behaviour

Although it is not our intention to discuss here in detail
the implications of these four requirements, we will further

elaborate on the most important ones.

(1) Devise a check-list of the domain-based knowledge which

is a prerequisite for learning the terminal behaviour

Given the following overall objective: "At the end of
this series of lessons the students must be able to use the

information provided in selected newspaper articles in order to

identify the type of government of several countries and to

discuss the implications for trade negotiations and economic
planning in general", the teacher should draw up a 'political'

domain in which all the required political concepts are defined
(i.e. host type, guest types, episodic types, with their properties

as well as subset and superset relation). He must then decide

which elements of this domain should have already been mastered

by the students.

(2) Determine the pupil's knowledge of the required domains.

Referring back to the domain which he has specified

(the norm) the teacher will now devise adequate means of unravelling
the individual's domain(s). In constructing diagnostic questions
the teacher ought to take three types of questions into consideration
Viz.

(a) questions testing for adequately stored concepts,

(b) questions testing for concepts stored in isolation, and

(c) questions testing for adequately stored plans.
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The first type of question refers to concepts which have not
stored all the critical properties of a concept and/or have

stored incorrect properties with a concept. For example one
of the pupils may have stored the following propositional
information with the concept 'democracy':

democracy - is a political system (superset)
- the state is ruled by elected members

of parliament (property)
- Belgium, France, U.S.A., Israel are
examples of democratic countries (subsets)

Although this definition includes the fact that members
of parliament are elected, it lacks the critical properties that
they are regularly elected by the people and are appointed for
a limited period of time as their representative delegates. Through
this lack of the critical properties, the concept 'democracy'
could easily be confused with political systems which have some
form of election but where the elected members of parliament are
selected by a limited (non-representative) number of people (cf.
the former situation in India).

As mentioned before, a simple way of testing whether a
pupil has stored all the critical properties of a concept is to
ask him to give an oral or written definition of the concept and
to identify teacher-supplied instances and non-instances as members
of the conceptual class. As such, a correct verbal definition
can be treated as a piece of well-integrated conceptual knowledge
if the pupil can device an adequate concept identification plan
on the basis of the stored critical properties of the concept. For
a more elaborate description of concept identification see De Klerk
(1978)·

A concept identification plan differs from ' a plan' in the
sense that we have discussed it so far on the grounds that it
must be generated on the basis of a general plan or metaplan.
In other words, we take the view that we do not store specific
concept identification plans attached to conceptual information,
but that we store a sequence of operations (rules) which can be
used as a basis for generating a specific concept identification
plan. Such a metaplan could take the following form (cf. Haygood
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and Bourne, 1965).
1) Activate all the properties of concept A

2) List the critical properties in order of relevance:

X 1 X 2 X 3 • • • Xn

3) Specify the relations between the properties:

conjunction Xl n X 2
inclusive disjunction X1  U   X2
conditional Xl - X 2
biconditional

X ]   -6-- -      X 2

alternative negation X   X 21

conjunctive negation X1    2
exclusion X 1 n X2
exclusive disjunction Xl ty X2

4) Check whether the presented objects, events have all
the critical properties specified under 3.

5) List the subset relations: x1 x2 x3 •·· xn
6) Identify the object as x1 x2 x3 ··· or store new subset

relation xn
An example will illustrate how a concept identification plan
might operate: The following identification plan can be generated
to identify the object 'cooker'.

(Xl n  x2)   r.1    (x3--.-x4)   rl   (xs   0   x6)
The information enclosed between the first brackets refers to
the superset relations, ('kitchen equipment' and 'used for
cooking'); the information enclosed between the second and the
third brackets refers to the critical properties: ('has hot plates
on which cooking pans can be put') and ('operates on gas or
electricity but not on both'). It is self evident that the
teacher should adapt the identification plan to the cognitive
level of the pupils i.e. provide them with a few diagnostic
questions'.

If a pupil has stored (i) all the critical properties
and all the necessary superset/subset relations, and if he has
stored (ii) an adequate metaplan on the basis of which he can
construct a specific concept identification plan, he will be
able to identify an object, event or situation as an instance
or non-instance of a conceptual class. If, on the other hand,
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he lacks either (i) or (ii), he will fail to produce the correct
answer to the first type of diagnostic question which evaluates

whether the pupil can adequately define a given concept.

It is important to note, however, that most objects, persons,
events etc... are recognized without reference to a concept identi-

fication plan. Retrieving the metaplan is only necessary when the

object, person or event is new and unfamiliar (cf.  echter's

research, chapter 3, p. 231 ).

When the teacher has gained knowledge about the pupils'

mastery of concept 1, 2 ... n within the domain he has set out

to be the frame of reference for his lesson or series of lessons,

he is still unable to tell whether the pupil has stored his

conceptual knowledge into a well integrated domain. Indeed,

it could easily be the case that these concepts are stored as

isolated pieces of propositional knowledge, that is why the

teacher needs to ask the second type of question if the first

type has been answered successfully.

The second type of question concerns the 'isa' relations.

These questions evaluate whether the limited set of propositions

attached to the concept are integrated in a wider domain.  For

example a pupil may be able to define each of the following
labels 'communism', 'capitalism', 'democracy', 'dictatorship'

but he may fail to see the specific interrelation between these
four concept. In other words his cognitive structure may be

simplistic and not well integrated. The geometry example used

on p. 51 could equally be referred to as an example here.

The teacher can test the integration of concepts by unravelling
the subset/superset relations between the concepts. In our political

example the following questions could be asked:

- Is communism a socialist state form ? Motivate your answer.

- Can a dictatorship have a neo-capitalist economic system ?  If

yes, give a few examples, if no say why.

- Can a communist state be a dictatorship at the same time ?
If yes, give a few examples, if no say why.

If the pupils can supply the answers to all these questions

(or to a representative sample) the teacher may conclude that

the relevant concepts are integrated into a hierarchically
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organized domain (i.e. the pupil has mastered the respective

'isa' relations). If, on the other hand, the teacher notices

that the pupils do not possess the necessary framework, he must

provide a revision section which is based on the pupils' own

ordering principles and which will allow the pupils to (i) elaborate

and (ii) modify their political domain if necessary.

The third type of question which the teacher may consider

using, relates to the stored plans. As we mentioned before,

the teacher's best hope of discovering whether  his pupils have

stored the respective plans adequately and linked them up with 
the

relevant conceptual knowledge is to ask them to perform the

action specified in the plan on new, but related material.
Alternati-

vely, the pupils could be asked to explain how they would solve

a specific problem, i.e. they should indicate which plan (sequence

of steps) they would use.
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Finally, the answers to the several diagnostic questions

can be analysed in order to determine the pupil's ordering

principles.  An alternative approach is to ask the pupils to
perform a card sorting task as the one which is described in the
first experiment of this dissertation. Figure 12 illustrates this
approach, it features a tree drawn by a 16-year-old pupil

after he had performed a card sorting task. One will notice
that the tree is based on the correct biological classes, but is

in need of modification.

(3) Formulate individualized objectives and devise appropriate
teaching strategies.

We have argued above that the teacher should use the

pupils' idiosyncratic ordering principles as a starting point
for the teaching-learning process. Nevertheless, the teacher
should constantly keep in mind that the simplistic ordering

principles which may have been revealed by the three types
of diagnostic questions can only be replaced by more adequate

ordering principles if the pupil understands that the ordering

principles proposed by the teacher are indeed superior to his
Own.

Therefore, it is important that the teacher makes a decision

as to whether the contents of a pupil's idiosyncratically organized
domain(s)/plans are adequate, provided a few modifications are

made, and therefore in need of reinforcement; or whether they are
inadequate and should be substituted by more adequate domains/plans.
On the basis of this decision the teacher should divide his class

in a number of groups and formulate individualized objectives
for each group. That is, he should use the main criteria specified

by Mager (1970) and determine (i) what should be learned i.e.
specify both the type of activity the pupils should be able to

perform, and the exact content of this acitivity, (ii) who should
master the objective(s), (iii) how it should be acquired and (iv)
how well, or up to which criterion it should be mastered. Hence

the teacher can decide to (1) qualitatively change the formulated

overall objective(s) or (2) to quantatively change the formulated

overall objective(s) or (3) to retain the formulated objective(s)
but to change the teaching strategy (cf. mastery learning principles)



55

or (4) to retain the formulated objective(s) but to allow more

time. (see also Cronbach, 1971)

(4) Devise strategies for evaluating the pupils' terminal

behaviour.

It is obvious that the evaluation procedure must aim at

providing the teacher with diagnostic information about each
individual pupil. That is, the teacher must know not only whether

pupil A has succeeded in performing the terminal behaviour but

also - and most important - he must know exactly where each pupil
has gone wrong. The best way to gain this detailed information

is to check each of the intermediate steps which the learner
must make in order to perform the terminal behaviour.

Returning to the overall objective formulated on p. 59 :
'At the end of this series of lessons, the students must be able
to use the information provided in selected newspaper articles

in order to identify the type of government of several countries

and to discuss the implications for trade negotiations and

economic planning in general. They are allowed to consult various
resource books. We would suggest the following evaluation procedure.

EVALUATION PROCEDURE

Read the following text and answer the questions:

(1) which countries are discussed in the text ?

(2) list the statements which are made about the political, economic

and social situation in each country
(3) which state form does each of these countries have ?

(4) construct a concept identification plan for each of the state
forms you have selected

(5) decide again on the type of government of each country

(6) if unable to do so, look for more information

(7) decide again on the type of government of each country

As in the case of a mathematics problem where a teacher
can first read the final solution and then go back to the detailed

solving procedure if the result is incorrect or incomplete, the
teacher can now first inspect the answer to Question 3. If this
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answer is incorrect or incomplete, he can proceed with a

detailed analysis of the fourth question. This information

will enable him to detect inadequate concept identification

plans which must be remedied.

In summary then, the teacher has to formulate the overall

objectives and analyse them from the point of view of the required
entering behaviour (required domain-based knowledge). He should

then proceed to unravel the actual stored domains for each of his
pupils and determine their idiosyncratic  ordering principles. A

thorough analysis can then divide the class into groups which

employ the same or similar ordering principles. For the resulting

groups (or individual pupils) the teacher can then formulate
individualized goals and objectives and devise appropriate
teaching strategies. Finally, the teacher can assess whether
all his pupils have attained the individualized goals and
objectives (reached an acceptable form of terminal behaviour)

via a custom-built evaluation procedure.

10.0. CONCLUSIONS

In this chapter we have made an attempt to describe the
current state of research in the area of human memory. In

doing so, we have tried to keep in mind that the teacher is in

need of a comprehensible frame of reference which can assist

him in planning and teaching his lessons more adequately.

We have proposed (1) to view memory as a domain-based semantic
network, (2) to view learning as the elaboration and modification

of parts of the pupil's domain-based semantic network.  The main

emphasis rhroughout this chapter was put on individual differences
in cognitive structure and it was extensively argued that in order

to get a pupil to learn anything the teacher must take his
idiosyncratic cognitive structure into account rather than

try to enforce his own cognitive structure as a norm.



67

NOTES

1. As mentioned before, human memory is an enormously complex

area of investigation which goes far beyond the scope of this

chapter. In order not to mislead the interested reader, how-

ever, I would like to point out that a three-stage model of

human memory is an oversimplification. Indeed, the domain of

memory has been divided into many more sections. The experinental

psychologist investigating memory selects such a section and

starts making observations, on the basis of which he draws

conclusions for the specific portion under investigation. Such

findings which are often contradictory with existing models,
elicit new labels and what is more confusing, new categories,

(of which sensory buffers, very short-term memory, auditory

memory, acoustic memory, active memory, passive memory,

conscious memory, unconscious memory, semantic memory, episodic

memory, long-term sensory memory, are but a few examples). It

is easy to envisage, then, that an attempt to put all the

portions of the memory cake together, results in a complex,

confusing picture of contradiction and overlap.

2. The basic experimental design takes the following form: the

subject is presented with statements such as "A tiger is an

animal", "A salmon is pink".  His task is to determine whether
the statement has truth value or not, and to press the apr·opriate

response key. The score is the time taken to respond 'yes'

or 'no'.

3. She asked her subjects to describe the category words which

were used, she then constructed three-level hierarchies such

as 'a goose has wings', 'an orange is edible' on the basis

of the most frequently cited properties.

4. Meyer (1970) has suggested that Collins and Quillian's

results may be an artifact of the category size of the

concepts used. For example: the category 'canary' has fewer

instances than the category 'bird' which has fewer insrances

than the category 'animal'.  It follows that the category 'bird'
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may be searched more quickly in order to determine whether

a canary is a member, than the category 'animal'.  Hence,
the statement 'a canary is a bird' will yield a Guicker

RT than the statement 'a canary is an animal', due to the
difference in category size between the two superordinates.

5. Schaeffer and Wallace (1970) have argued that concepts which
are relatively close to each other within the conceptual

hierarchy have a great deal of features in common, whereas

concepts which have a greater distance between them have
fewer features in common. Shaeffer and Wallace (1969), Meyer,
Schvaneveldt and Ruddy (1971), Ribs, Shoben and Smith (1973)

used a lexical decision task to measure the semantic distance
between words. Two letter strings such as 'bread - nurse',
'nist - lamb' etc... are presented tachistoscopically and the

subjects are required to judge whether both are/are not English
nouns. The RT to say yes/no (or press a yes/no key) have
generally been accepted as good predictors of the distance
separating the concepts in the conceptual hierarchy: yes responses
were faster when the wordpair was highly related (doctor-nurse)
and slowest for pairs cf non-words  (nist - kamb) .

6. An extreme example of the radical imagery view is the 'one

is a bun' technique first described by Miller, Gallanter and
Pribam (1960). Typically, the subjects are first requested
to memorize the rhyming sequence: 'one is a bun, two is shoe,
three is a tree, four is a door etc... Next they are asked to
form an association between each item on a list of nouns (or

shopping list) with the appropriate item. For example, if
chicken is the second item on the to-be-remembered-list, it
must be associated with 'shoe' by imagining a chicken wearing
massive shoes or some other bizarre image. These mental pictures
are then retrieved when the subject has to recall the list of
nouns or start the shopping.

7. In an attempt to answer questions such as 'How is new information
interpreted, and how it is fitted into a previously stored
conceptual network ?', Minsky (1975) proposed a framework for
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representing knowledge. His ' frames-approach' to the storage
of information assumes that on the basis of perceptual evidence

or expectations a frame-system is retrieved and verified. Such

frame-systems consist of individual frames which are networks
of nodes and relations. For example, we have stored a large
number of 'room frames' which each embody a separate view
of a visual room scene. These individual frames are combined
into a frame-system which represents all the information we
possess about rooms. The top level of these frames represents
conceptual information, the lower levels including the terminals
(slots), store more specific instances. Each terminal has a
certain set of conditions which must be met by its assignments
which usually consist of smaller sub-frames. Complex conditions
may describe the exact relations among the assignments of different
terminals, whereas simple conditions are specified by markers
which may require the terminal assignments to be a person, an
object or a pointer to a certain subframe. These individual
frames share the same terminals with the other frames in the
frame-system.  Although Minsky, principally views the frame
paradigm as a data-structure which represents conceptual information
he also attaches other information  to the frames: "Attached  to
each  frame are several kinds of information. Some of this
information is about  what can be expected to happen  next".
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CAN THE TEACHER GAIN INFORMATION ABOUT A SPECIFIC DOMAIN ?

The purpose of the present experiment
was to unravel a subset of a subject's
idiosyncratic cognitive structure. Assuming
that conceptual information is stored
in 'well-integrated domains, we used a
classification and labelling technique
to investigate the type of ordering
criteria which pupils use as a basis
for organizing conceptual information.
We postulated that if subjects are presented
with a set of concepts which belong to a
specific area of knowledge, and they are
asked to classify these concepts into
piles they will search their LTM structure
for common properties of the concepts.
This covert operation may be externalizedin the 'supersets ' which the subject
selects to label the piles. The results
support the conclusion that (i) the ordering
criteria used by a specific pupil are a
reflection of his knowledge about the
specific domain being investigated and (ii)
are a function of his developmental level.
The teacher who unravels the contents of
a specific domain before starting the
teaching-learning process can use the
diagnostic information about the pupils'
prerequisite domain knowledge as a basis
for dividing the class into several
subgroups.

In recent years a number of studies have been reported

in which the author made an attempt to unravel parts of a
subject's cognitive structure. These studies can be divided

into three main groups viz. (i) class membership studies, (ii)

semantic cluster studies and (iii) multi-dimensional scalingl.

The first group of studies of which Landauer and Freeman

(1968), Collins and Quillian (1969, 1972), Schaeffer and Wallace
(1969, 1970), Meyer (1970), Loftus (1973), Smith, Shoben and

Ribs (1974), are but a few examples, employ reaction time (RT)

as a dependent variable: i.e. the time to say (or press) 'yes'

or 'no' to a statement such as 'A salmon is pink' and 'A canary
is yellow' is measured. The underlying assumptions of these

studies are (i) that concepts are stored in hierarchically

organized semantic networks (ii) that concepts which are stored
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relatively close to each other within the conceptual hierarchy

share a number of features (e.g. 'salmon' and 'fish') whereas

concepts which are separated by a greater distance have fewer

features in common (e.g. 'shark' and 'bird') and (iii) the semantic
distance between the two concepts in a statement, i.e. between

the subject and the object, should be reflected in the reaction

time. Figure 13 graphically illustrates a hierarchically

organized subset of semantic memory.

Has skin
Can move around

Animal Eats
Breathes

Has finsHas wings
Bird Can Fly Fish can Svim

Has feathers
has Fills

Has long thin lS pink
Can sing legs can bite

Canary Ostrich Is tall Shark Salmon     is
edible

Is yellow Can't fly is dangerous swims up-
stream to
lay eggs

Figure 13: Illustration of the

hypothetical memory structure (after

Collins and Quillian, 1969).

It is important to note that although all these studies

confirmed the hierarchical organization of semantic memory,
they all remarked that the reaction time to say 'yes' or 'no'

to a propositional statement is not uniquely determined by the

hierarchical space between the subject and the object of the

presented sentence. A number of variables were quoted to be
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important contributors to the recorded reaction time viz. (i)
the frequency with which the subject of the sentence is

associated with the superordinate or property (cf. Conrad, 1972;

Glass, Holyoak and O'Dell, 1974), (ii) the category size of
the subject and the predicate. For example, the category 'mouse'
has fewer instances than the category 'rodent' which in turn

has fewer instances than the category 'mammal' (cf. Meyer, 1970;

Meyer and Ellis, 1970; Landauer and Meyer, 1972); and (iii)
the semantic similarity between the presented concepts (cf.
Schaefer and Wallace,    1969, 1970; Meyer, Schvaneveldt and Ruddy,
1971; Ribs, Shoben and Smith, 1973).

The second approach to the study of a subject's cognitive
structure viz. the semantic cluster studies employ a technique
which was introduced by George Miller and is supposed to be a
more direct way to calculate the semantic distance between concepts.
Miller (1967) used a classification technique to have his subjects
sort out the names of familiar objects into piles. A hierarchical

cluster analysis applied to the data resulted in associative

hierarchies with either an inclusion or a part-whole relationship
between the employed concepts. The cluster analysis is usually
apFlied to a proximity matrix (pairec similarity ratings or
same/different judgements) cf. Michon, 1972; Rumelhart and
Abrahamson, 1973, Caramazza et al. 1976. Figure 2 is an illustration

of this technique. We will shortly deal with the critique on
these studies.

The third technique which we mentioned above viz. multi-
dimensional scaling equally aims at obtaining a spatial representation
of a subset of a subject's semantic network. Subjects are asked
to rate either on a four-point scale or on a nine-point scale the
similarity of pairs of concepts. These similarity rating are
placed  in a proximity matrix which  is  then subj ected to multi-
dimensional scaling, a technique which aims at unravelling the
underlying semantic relations (cf. Clark, 1968; Henley, 1969;
Fillenbaum and Rapaport, 1971; Rips et al. 1973; Caramazza
et al., 1976).
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These underlying relations are determined by analysing

the subjects' reliance on each of the n-dimensions, i.e. a

solution such as the one depicted in figure 15 is analysed

and the experimenter determines how many dimensions are involved.

He investigates both the horizontal and the vertical axes and

determines on, the basis of which features the concepts were
ordered (size, length, colour, structural features, predatory

capacities etc...). In this way the rated similarities are
translated into a semantic space and the semantic distance between

the different concepts can be calculated.

It is important to note, however, that although these

different approaches were successful on a number of grounds

and revealed interesting properties of semantic organization
they were not really aimed at unravelling parts of a subject's

idiosyncratic cognitive structure: they were mainly concerned

with the verification of postulated properties of semantic

memory. Partly due to the limitations of the set tasks and
the limitations of the analysing techniques, they produced

spatial representations which reflected the experimenter's

expectancy pattern rather than the subject's own organizing

principles. In order to illustrate this claim, we will deal

briefly with the cluster analysis technique and multi-dimensional

scaling. The first technique viz. class membership studies are

less relevant for our present purposes because they do not

produce spatial representations but start from hypothetical
hierarchical associative tree models and verify their properties.

First we would like to question the technique of paired

similarity ratings which is used as the starting point for both

cluster analysis and multi-dimensional scaling. When a subject

is presented with a pair of animal names such as 'sole' and

'dolphin' he may rate them as dissimilar (different) or as

similar (same) depending on the distinguishing features he used

for his comparison process. If he bases his judgement on the

visual characteristics of the animal he will rate them as similar

for both have a 'fish-like' appearance; but if he judges on the
bases of structural variables (critical properties) he will rate

them as dissimilar, for, a sole breathes water through gills,

has fins, can swim, is not viviparous, etc... and is as such
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classed as a member of the 'fish' ccnceptual class, whereas
a dolphin breathes air through lungs, is viviparous, suckles

his young etc... These and other critical features make it a

member of the 'mammals'.

Similarly, if one judges the pair 'elephant-mouse'

one could judge them both to be mammals, yet take into
account the enormous difference in size, or alternatively the

similarity in colour. If one has to express all these considerations

into one figure or into a single label, how is the experimenter
to know on which criteria the subject has based his judgement ?

Using a four, or nine-point scale does not solve the problem
either. Apart from the fact that such scales can easily produce

an artifact due to the extreme use of either the middle, the

lower or higher end, the experimenter has no knowledge as to why
the subjects used the intermediate points on the scale: were

they taking into account secondary variables such as perceptual

features, behavioural or emotional characteristics besides the

structural (phylogenetic) ones ?  Were they basing their judgements

only on critical attributes of the concept or were they taking
into account non-critical attributes as well 

A second point which I want to discuss is the variable

'experimenter bias' which is so often quoted in social psychology.

Firstly, the experimenter can bias his subjects towards responding
in a certain way. For example in the Caramazza et al. study
(1976, p. 109) the authors made use of a limited selection of

thirty animals, ten from each of the three categories: mammals,

birds and fish. The subjects who were all undergraduates were

told that animals from each of those categories would appear

on the screen in pairs and that they had to respond with a 'same'

response when the two animals were members of the same category
and with a 'different' response when the two animals were members

of different categories. This procedure has two flaws viz. (i)

subjects will incorporate the mammal/fish/bird distinction in
their answers (ii) the subject's knowledge of category membership

(mammals, birds, fish) will be clouded by their use of finer

distinctions within the same category such as 'eatable fish'

and 'predatory fish' within the conceptual class of 'fish'; and
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'rodent' and 'primate' within the conceptual class of the 'mammals'.

The second point in the experiment where experimenter bias

may occur, is in the analysis stage. It is a fact that the trees

which come out of a cluster analysis program and the solutions

which come out of a multi-dimensional scaling program still need

a fair amount of interpretation. Clusters have to be labelled

and the experimenter has to decide at which point in the hierarchy

he will cut. Similarly, dimensions have to be labelled on the
basis of the most salient features, a procedure which can easily

be seen as 'subjective'.

In short, we want to conclude that although the techniques

we have described so far, may be adequate tools for exploring
and comparing different analysing techniques in the field of

semantic memory, or for studying the degree of organization
within a semantic domain, they are basically inadequate tools

for unravelling parts of a subject's idiosyncratic cognitive
structure. Mainly, on the grounds that they do not discover
the organizing criteria which underlie semantic organization

within these domains. For, it would be plausible to draw a

causal relation between individuals' widely different experiences

and the information (data base) they have stored on the one hand,
and between individuals' widely different experiences and the

different organizing criteria which they employ on the other.

For, trying to investigate a person's cognitive structure

without making an attempt to discover the organizing principles

underlying the discovered organization is nothing more than

analysing a picture of pigeons on Trafalgar Square with the

intention of studying their favourite scattering pattern but
ignoring the distribution of tourists feeding them.

Clearly, one cannot disentangle stored information and
the organizing criteria which operate upon this information, for

they are mutually dependent. For example, a subject may classify
historical figures on the basis of the organizing criterion

'the period they lived in'.  However, the use of such an organizing

principle does not imply that the subject  lacks the knowledge

required for using a different criterion (e.g. country they lived

in); it simply signifies that the organizing criteria which he



85

used were the most obvious, the most adequate and hence the

most dominant criteria for him in the context of the experiment.

Hence, if the teacher wants to gain information about
the contents of one of the pupils' domains, he must ask the

pupils to perform a task which reveals whether they successfully

handle the dominant organizing principles. Such a diagnostic

task could take a number of forms such as (i) asking a set of

diagnostic questions (cf. p. 59 ) which require the pupils to
c onstruct concept identification plans in order to determine
class membership in various superset classes, or (ii) to perform

a classification and labelling task. This second alternative

is a modification and elaboration of the experiments which used
animal names as data. But, instead of asking the subjects to
rate the similarity of pairs of animals, they are asked to (i)

to classify a set of animal names into piles in such a way that
similar animals are grouped together. At this point the experiment

could be stopped and a cluster analysis or a multi-dimensional
scaling technique could be performed on the data. But, as discussed

above, this technique would provide us only with the surface

scatterings and ignore the underlying organizing criteria. That

is why we intend to move one step further and ask subjects (ii) to

label each pile appropriately. This labelling process will hope-

fully provide us with the most dominant common property, which
each subject used to determine the members and non-members of each

group. Finally, subjects are also required (iii) to consider whether

piles can be split up further or whether two or more piles can be

seen as subgroups of a larger pile. This technique is hoped to be
a more direct way of unravelling the structure of an organizedsubset
of a pupil's cognitive structure i.e. (i) get infor tion about the
organizing principles which are spontaneously used by the pupils

to structure a domain and (ii) test their ability to construct a concept
identification plan to determine class membership under self-selected t
superset labels.

In addition, we hope to demonstrate that there is a develop-

mental trend in using different organizing principles. It can

indeed be assumed from earlier research (cf. Natadze, 1963) that

subjects differentially use distinguishing features as a basis for
the identification of concepts. Natadze has shown in this respect
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that there is a developmental trend in the mastery of concepts

Viz. children at a very early age (seven and under) are able

to master concrete concepts by abstracting the visual properties

of the members of the conceptual class. But, they are not in a

position to recognize concepts on the basis of their critical

features: this failure was particularly obvious when they were

presented with pictures of objects which had contradictory visual

features (e.g. a dolphin looks like a fish but is a mammal; a

bat resembles a bird but is a mammal, etc...). Even though seven-
to-eight year olds may be trained extensively to list the critical

features of a conceptual class, say, mammals, they classify

without exception pictures and objects on the basis of phenotypical
features. With older pupils (from seven up to the age of about

ten or eleven) the external aspect still dominates but after

exhaustive explanation the child will accept that an answer

based on visual features only, may be wrong. On the basis of

this developmental evidence, it was thought that younger subjects

might classify objects according to different distinguishing

features than older children.

In s..ort, the present study was designed to test one
aspect of the domain-based memory model viz. (i) that conceptual

information is structured in such a way that the individual

can construct a concept identification plan in order to determine

class-membership in superset classes and (ii) to investigate
the effect of age on the type of ordering principles used.  The

specific questions which we set out to answer are:

(a) which distinguishing features do pupils select as

organizing principles for classifying animals under

certain supersets, and
(b) can they construct a concept identification plan to

determine class membership in the categories they

spontaneously use, and
(c) are there age differences in the use of organizing

principles ?
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M E T H O D

Subjects: As a sample we used six Flemish classes of primary school
pupils ranging from seven to fourteen years (end of the school-

year). These six classes were randomly selected out of a pool

of thirty-eight classes. In each class, there were at least
20 pupils3.

Material: Each pupil was provided with the data sheet (see table 1)

a set of envelopes, a pencil and a pair of scissors. The data

sheet consisted of a set of fifty typed animal names. This list

of common animal names was constructed on the basis of the most

common animals which occurred in the free-recall lists of 69

pupils from the first form of primary education. The animal names

were randomly arranged in columns, and enough space was left between
the lines and the columns so that the subjects could easily cut

between these lines and columns.

Procedure: The experiment was conducted by six primary school
teachers in their own classroom. They were provided with

careful instructions to ensure a uniform procedure: each pupil

was to receive a data sheet, a set of envelopes, a pencil
and a pair of scissors. Before actually starting the classification

task the teacher was to make sure that each pupil understood
the meaning of the set task. In order to achieve this goal
the teacher was to give a worked example with 20 food names

and it was emphasized that guided discovery based on the Socratic
teaching method would be the best technique. A mock protocol

was discussed with the teachers by way of example.

When the teacher was satisfied that all pupils understood
the set task he could proceed with the instructions: "Cut out

each animal name and put it face down on your desk. Cut Out
the next animal name and put it on top of the first one. Continue
till you have cut out the first column of animals. Start a new
pile with the first animal of the second column face down on

your desk and put the others on top of it.  Start a new pile
for the third column and for the fourth column. This pre-
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classification stage was intented to make the pupils familiar
with the animal names (to activate the appropriate long-term
memory structures) and to make sure that they would all perform
the classification task with the animal names in the same order.

APE BEAR BEE

DOLPHIN PIGEON SQUIRREL DUCK

DONKEY GOOSE GOAT GIRAFFE

GOLDFISH HAMSTER DOG ICE-BEAR

CANARY CAT FROG CHICKEN

COW PABBIT CROCODILE LION

NET MOLE MUSSEL MOSQUITC

MOUSE SPARROW ELEPHANT HORSE

PARROT PEACOCK PENGUIN RAT

EARTHWORM SHEEP SNAIL SNAFE

SPIDER TIGER OWL PIG

rLY BUTTERTLY WHALE WOLF

ZEBRA SWALLOW TURTLI

TABLE 1 : DATASHEET

When all pupils were ready to start the classification

task, the teacher proceeded with the instructions. He explained
to the pupils that they had to arrange the animals into several

groups. They could make as few or as many groups as they felt

necessary but they had to make sure that the members of one group
belonged together, i.e. were similar to each other. When they
had finished the classification task and were satisfied that all



89

members of a group belonged together they could put each pile in
an envelope and write the name of that group of animals on the
envelope. The teacher could refer back to the food example whenever
he felt that was helpful. Finally, pupils were reminded that
some groups could be split up into two or more subgroups (e.g.
the group of the drinks could be subdivided into soft drinks,
hot drinks and alcoholic drinks). If that were the case with
an animal group they could take them out of the envelope and
split them into the appropriate subgroups, put each group into
a labelled envelope and all the envelopes back into the original
envelope.

During the pre-classification task as well as the

classification task and the labelling task the teacher supervised,
and repeated the instructions whenever necessary, but was not
allowed to assist the pupils in making decisions about either
group membership or labelling the groups.

RESULTS

The first stage of the analysis process was to transform the
contents of the envelopes into schematic representations (see
figures 4, 5, 6 and 7). Next, the labels used by each pupil
were compiled and analysed, in order to answer the following
questions: How do different pupils classify animals ?  Which
type of supersets do they use and on the basis of which
distinguishing feature(s) do they determine membership within
the superset they chose ?
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ANIMALS
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After close analysis we have distinguished four mutually

exclusive categories viz. (i) emotional labels, (ii) perceptual
labels, (iii) factual labels and (iv) structural labels. We

will discuss each of them in turn:

(i) emotional labels (E): Class membership in these 'supersets'

is based on either episodic knowledge such as 'animals which

I am afraid of' or 'animals which my grandmother keeps', or

on positive or negative value judgements such as 'beautiful

animals', 'ugly animals', 'tasty animals', 'tasteless animals'
etc... This simple classification system is usually binary

in nature with both a positive and a negative branch. The

distinguishing feature on which these labels are based are

of a personal nature (episodic knowledge) and hence may differ
from person to person. Therefore, all answers within this

category must be scored as 'correct answers'.

(ii) perceptual labels (P): Class membership in these 'supersets'

is based on a perceptual aspect of the animal which can be
observed or visualized. For example, visual characteristics,

such as the size of the animal, its colour, its appearance,

its shape etc... and behavioural aspects, such as 'the animal

can·fly', 'can swim', 'can jump', 'moves slowly', etc... belong
in this category. In contrast to the labels in the emotional
category, the labels in the perceptual category are based

on objective, biological criteria and can as such be scored
as either 'correct' or 'incorrect'. In other words, the

features are of a general nature: (a particular animal is

either brown or not; can fly or cannot). Nevertheless

these perceptual labels do not have the status of 'supersets'

in the real sense of the word; they are usually based on

a single property, shared by all the members of the group
(e.g. all have four legs). This external property - critical
or not - is elevated to superset level.

(iii) factual labels (F): Class membership in these 'supersets'

is based on some factual knowledge about the animal which

may have been transmitted verbally, e.g. the location of
the animal (tropical animals), the function it has to humans,

(domestic animals) which type of food they eat (herbivores).
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As was the case with perceptual labels, factual information

has the status of 'property' and is elevated by the pupils
to the superset level. Similarly, membership of these

supersets' can be scored as correct or incorrect since

the animals either possess the property or they do not

(e.g. animals are either tropical or they are not).

(iv) structural labels (S): Are labels which refer to supersets

taken from the biological classification system. These

labels of which mammals, rodents, insects, birds are but

a few examples, are supersets in the real sense of the word

because they are based on a set of critical properties.
Consequently, in order to determine membership within these

supersets, subjects have to take into account these critical
properties (e.g. a fish 'lives in the water','can swim', 'has

gills', 'has fins', 'lays  eggs for reproduction', etc... Table

2 schematically represents the main categories and their

respective subdivisions.

TABLE 2

ALLOCATION OF SUPERSETS PER CATEGORY

- animals which I have #t home
- artimals which my Frandmother has

emotional labels c  - beautiful animals, ugly animals

- strong animals, weak animals
- tasty animals. tastr]ess animals

- based on visual attributes

small animals, lar/e animals

brown animals, black animals

<      four-legged animals, two-legged

perceptual labels with fur, furless, fearherless
'- based on behavioural characteristics

animals which can fly, climb. lump,
crawl, Swim, I.

<- based on location

tropical animals, native animals,
water animals, foreier arirals. etc.

factual labels f- based on function to humans
<

1-

farm animals, zoo ari als, ..mestir
animals, cattle. -Ic···

based on food

herb]vcres, carnivOres, ImnivOres

based on structural ,-barac oristics
structtiral

labels       <- mammals, rodents, ropriles, 'irds,fish, primairs, irsec+s, e•c.
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An extended form of this unambiguously allocated superset

table can be obtained from the author. On the basis of the

superset allocation table the data from each pupil were put in

a nominal code and entered in six matrices, one for each class.

The six matrices were put into the computer in order to get

(i) for each pupil the distribution of the percentage labels

in each category, (ii) the average distribution of the percentage

labels per category and per class. Figure 20 is a summary of these

findings. A Chi square performed on the data revealed a JG = 88.725;

df =  15,  n  = 120). Hence, since Xtexceeds the table value  (p < ·01)
we can reject the null hypothesis of independence and accept the

alternative hypothesis of assocfation between the class on the one

hand, and the type of ordering criteria used on the other.

i      ..
 

80- Figure 20: Illustration of the mean
percentage of animals which were classified

               under each of the main labels.
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Figure 21: Illustration of the errors
per category. Full lines represent

                         total % in each category, broken lines
1                        represent % correct in each category.
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In order to bring the data at the ordinal code level a

dictionary was composed. The entries in the dictionary were

the 'supersets' used by the pupils together with all the animals

which according to biological standards (Vic Damen, personal

communication) could be grouped correctly under each label.  A
comparison between the mean total percentage in each category and

the % correct in each category can be found in figure 22. Analysis
iof the error data revealed that pupils in the first form were just as

liable to make mistakes as were pupils of the higher forms (P.yan's

Mann Whitney mult--variate analysis,  Ryan 1960) . Finally,  we also

inspected each pupil's probability vector i.e. his % correct score
in each of the four main categories and arranged pupils into 'simi-

lar groups'· These vectors are printed in table 3 (the same

pattern of underlining indicates a group within a class).
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DISCUSSION

The purpose of this experiment was (i) to unravel a

structured subset of an individual's cognitive structure i.e.

to find the type of ordering criteria which pupils use as a

basis for classifying and labelling animals and (ii) to investigate

the effect of age on the type of ordering criteria used. The

first question can be split up in a number of subquestions viz.
(a) does the pupil use 'true' supersets for this domain (cf.

classes based on a set of critical features), (b) can he construct
a concept-identification-plan to determine membership under each

superset, and (c) if he does not use true supersets, which labels
does he prefer: (i) emotional labels (based on either episodic

knowledge or value judgements (ii) perceptual labels (based on
observable aspects of the animal or (iii) factual labels (based

on verbally communicated facts).

The data suggest three main conclusions: (a) pupils make

use of a variety of different 'superset' labels. These labels may
be 'true' supersets (i.e. labels based on a set of critical

properties) or 'false' supersets (i.e. labels based on a single

property of the animals e.g. brown animals), (b) there is a

developmental trend in the use of different organizing principles
and (c) there were no age differences in the pupils' ability to

classify animals correctly under the preferred ' supersets'.  Let us
consider each of these conclusions in more detail.

First let us try to answer the question: "Why do pupils

make use of different types of labels ? It may be hypothesized
that in order to perform a classification and labelling task,

subjects must search their memory store and retrieve common

properties of the animals and/or the supersets under which the
animals are stored. Next, the subject must select among this

retrieved common information the property or superset which best

labels the group of animals which is being constructed. The choice

of label is the outcome of a cognitive process operating on the

activated conceptual knowledge.  This cognitive process may be
habitual in nature and resume the status of a retrieval strategy.

Alternatively, it can be non-habitual in nature and be determined
anew each time a classification task is performed. In the latter
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case, the retrieval process is domain-specific.

If the first alternative is true then we may assume that

pupils who mainly used emotional labels in the present classification

and labelling task will also use this type of label when other
classification tasks are set up. Similarly for pupils who give
preference to perceptual, factual and structural labels.

If the second alternative holds, there is no way of

telling which retrieval process a particular pupil will initiate

when performing a classification and labelling task. That is,

the search process and the other cognitive processes operating

on the activated knowledge are determined by the contents of

the domain itself.

Unfortunately, there is little in this experiment to offer

a decision between these two alternatives viz. retrieval strategy

vs. domain-dependent retrieval process. A potentially fruitful

approach would be to see whether pupils who mainly use perceptual

labels in this experiment also use these types of labels when

other domains are investigated.(e.g. the food domain, the vehicle

dcmain, the clothes domain, etc...).  Tentative results from a

few pilot studies which we ran to investigate this issue, suggest
that the classification and labelling task is domain specific. We

compared the probability vectors from the pupils of class one and

two (printed in table 3) with the probability vectors resulting
from a classification and labelling task on the'clothes domain and

the'vehicle domain'. Some tentative conclusions may be drawn from

these results: (a)a higher % of pupils organized the clother domain
according to factual and structural properties , (b) the vehicle
domain generated more perceptual and factual labels, (c) no predic-

tions could be made regarding a specific pupil's probability vector.

On the basis of these small-sample results we are inclined

to give preference to the second alternative viz. that the

retrieval process is domain-specific. Indirect support for this

view comes from a study by Chiappetta (1973). He demonstrated

that adults who have a poorly differentiated cognitive structure

in  a specific subject  area, are unable to perform abstract operations

on this stored information. His data contradict the commonly held

belief that a child can perform abstract operations on any information

provided it has passed from the concrete operational stage into the
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stage of formal operations.

In the light of this finding we could postulate that when

a subject has a poorly differentiated cognitive structure

in a particular domain, he will be inclined to use more emotional,

perceptual and factual labels because organizing a domain on the

basis of such ordering criteria does not entail setting up a

complex concept identification plan. It merely requires the subject

to retrieve a property stored with a concept and to check whether
that property also hold for the other concepts. This explanation

could clarify the error data in figure 21: viz. that the degree of

mastery of the preferred ordering criteria is not a function of

age.

When we look more closely at the developmental results,
we notice that the combined category 'factual labels' shows an

initial positive relation (form 1-4) but turns into an essential

complementary relation with the category 'structural labels' from
form four onwards. If we look at the position of the curves in

each class we notice that the sequence goes from PEFS---9-PFES
-* FPES - FPSE - FSPE to SFPE.

In other words, the initial dependence on emotional labels

and perceptual labels gradually changes into a heavier reliance on

factual labels and finally on structural labels. It should be

emphasized, however, that we do not hold the view that only
structural labels are adequate labels, but that we believe that

subj ects possess different registers, which  they  use in different
4social contexts. That is, most pupils who know an object, have

(i) a positive or negative attitude towards the object (emotional

labels), (ii) a set of propositions which specify information for

generating an image of the object which can be inspected for

certain features (perceptual labels) and (iii) some factual knowledge

about the object (factual labels). With young children there is

an increased likelihood that some striking feature of the animal

will dominate the encodings: that this salient feature will be
retrieved and determine the label used. When more knowledge is
integrated into the pupil's LTM the complexity of the encodings

increase (cf. Ausubel 1968, progressive differentiation) and
the individual can progressively distantiate himself from both

emotional and perceptual labels in favour of more advanced
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organizing criteria.

The conclusions best supported by these experimental

results are (a) that in general older pupils have a more

differentiated cognitive structure and will use more 'true'

supersets than younger pupils, and (b) that the outcome of
the classification and labelling process is determined by the

content of the domain. When a pupil has a well differentiated

domain, he will be able to perform abstract operations on the

contents of the domain viz. he will be able to set up a concept

identification plan for each superset label. We feel confident

that the developmental differences which we found when investigating

the animal domain will be supported when other domains are

investigated.

If that is the case, there are some educational

implications to be drawn from these results. In the meantime

we can conclude however, that the teacher can improve the teaching-

learning process by gaining knowledge of the organizing criteria

which each pupil uses within a specific domain. We have

argued on p. 59 that there are other techniques to unravel

a structured subset of a pupil's cognitive structure: viz.

asking the pupils a set of diagnostic questions:
(i) questions testing for adequately stored concepts,

(ii)  questions testing for relations between concepts,and

(iii) questions testing for adequately stored plans. But,

whatever technique is used to determine the learner's

prerequisite knowledge of a specific domain, a domain-

based approach to the teaching-learning process implies
that two or more subgroups may emerge each time the

teacher unravels the pupil's knowledge of a particular domain.

Gaining such information not only allows the teacher to

cater for individual differences; it virtually forces him to

divide his class into several subgroups and to devise an adequate
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teaching strategy for each group. Close inspection of the under-

linings in table 3 will reveal two (or possibly three) subgroups

in class 1; three subgroups in class 2; three subgroups in class

3; three or possibly four subgroups in class 4; three subgroups
in class 5; four subgroups in class 6.

In order to illustrate the relevance of diagnosing differences
in the use of ordering criteria within a specific domain, we will

discuss in some detail the different learning steps which the

pupils of class three might take. As can be seen from table 3

three main groups may be distinguished viz. (1) a group of

four pupils who base their classification mainly on emotional

labels; (2) a group of seven pupils who use predominantly

perceptual labels; (3) a group of nine pupils who use factual labels.

Each of these groups displays a different type of entering

behaviour and it seems logical that the teaching-learning process

should start from there. As such the objectives specified for
each group should be slightly different. We suggest the following
three objectives:

for group one: All four pupils should be able to distinguish
between the critical properties of an animal on the one hand,

and the secondary characteristics, on the other.
for group two: All seven pupils should be able to set up a

concept identification plan for the concept 'bird' and 'insect';
they should be able to distinguish with 90 % accuracy insects

and birds from each other and from other animals. If they are

in doubt about certain features they may use an animal encyclopaedia.

for group three: All nine pupils should be able to use the biological

classification system and relate animals with 90 % accuracy to
their supersets and subsets. They should also be able to give,
or look up, the critical properties of a list of animals.

Next, we shall justify a sequence of learning steps for
each of the three groups. First, group one uses predominantly

emotional labels i.e. they class animals on the basis of (i)

episodic knowledge about the animals such as e.g. 'animals I am
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afraid of'; 'Animals that I have seen in the circus', or, (ii)

positive or negative value judgements such as 'nice animals',
'dirty animals' etc... These labels may stem from personal
experiences they had with the animal. Such perceived emotional
aspects may dominate the enccding and the pupil must learn to

distantiate himself from these aspects in favour of using more

objective criteria.

In other words, the teacher must try to make the pupils
see that these emotional criteria are not objective criteria.

The first step in this attitude change is to make them realize

that emotional labels (1) do not always hold for a given animal

e.g. a horse may Le 'calm' one moment and 'jumpy' the next; and

(2) are not always applicable to the whole species e.g. one cat

may be beautiful but another may be ugly.

The second step in the attitude change is to provide the

pupils with more objective criteria i.e. perceptual labels and

factual labels. In order to reach this end the teacher can set
up learning experiences which allow the pupil to discover visual

and behavioural attributes of the animal. For example, the pupils
can be presented with a picture or slide on which several animals
are featured. They can be asked to inspect this pictorial

representation and describe the animal. Alternatively, they may
be asked to form a mental image of the animal and describe what

it looks like, what it can do etc..., e.g.: an elephant is grey,
is large, has four legs, has a trunk, etc...

Finally, the teacher can set up a Scoratic teaching method
and guide the pupils to discover - rather re-discover - a few
factual properties· about the animal. Teacher questions may
include: 'Where does the animal live ?', 'What does it eat ?',
'Why do people kill it ?' etc...

When the pupils have had some practice in using both
perceptual and factual labels the teacher can proceed with the

third step in the learning sequence viz. discovering the critical

properties of an animal. In other words, the pupils must learn

to distinguish those properties which are both sufficient and
necessary in order to identify that animal as a member of a class.
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For example, after the training in listing perceptual and factual

labels a pupil may come up with the following properties of a

cow: it has a nose, two ears, two eyes, two horns, four legs,

four hoofs, a tail, a fur, a stomach, a heart ... it eats grass,

it ruminates, it can swim, it can run, it can jump, it bears

calves, it suckles its young, it gives milk, it lives on a farm ...

From this list the pupil must be able to select those properties

which are critical for identifying a cow viz. a cow has four legs,

four hoofs, it suckles its young, it bears calves, it gives milk,

it lives on a farm, it ruminates ...

In concluding there are three main learning steps which

a pupil in group one must take viz. (1) he must realize that
emotional labels are subjective (2) learn to use objective

criteria i.e. perceptual and factual labels (3) learn to distinguish
the critical properties from the secondary characteristics.

The second group i.e. the seven pupils who use predominantly

perceptual labels base their classification system on the most
salient visual property of the animal e.g. 'an elephant is large',

'an ice-bear is white'. This single, eyecatching property which

may or may not be a critical property of the concept. is given
the status of a superset. Even though these perceptual properties
are objective in nature, they are but one type of property which

a pupil should learn to use.

Hence, the first step in the learning sequence is to have

the pupils discover that (1) the external features of the animal

are not the only relevant aspects and, (2) that labelling an

animal on the basis of visual patterns only, may be arbitrary

and irrelevant. Consequently, the pupils must be provided with

learning experiences in which they can discover that it is difficult

and arbitrary to try and fit all animals into a binary classification ,

such as 'small animals' and 'large animals'; 'dark-coloured animals'

and 'light-coloured animals' etc...

The second step is to allow the pupils to activate or

discover factual properties about specific animals and to give
them some practice in selecting properties about a specific

animal which are both sufficient and necessary to identify it as

a member of a given animal class.
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Finally, in the last step, the pupils must be initiated
in the biological classification system; i.e. they must learn
to use supersets such as 'mammal', 'reptile', 'bird', 'rodent'
etc... In our example, we have specified in the behavioural
objective for this group that they should be able to construct

a concept identification plan for the concepts 'bird' and 'insect'.
Consequently, the teacher should create learning activities in

which the pupils get practice in setting up a concept identification
plan to answer questions of the type 'Is a duck a bird ?' and
indicate 'Which of the following animals is not an insect: a

flea, an ant, a butterfly, a mussel, a worm, a mosquito ?' 'Motivate
your answer'.  There are three steps in answering questions of
the type 'Is X a Y? ' viz:

(1) activate all the properties of X (2) select the critical

properties of Y and specify the relations between the properties,
and (3) match (1) and (2) and decide. For example for the question
'Is a duck a bird ?' the pupils must (1) activate stored properties
of 'duck' e.g.: it is brown, it can swim, it lives on the water,
it has wings, it has feathers, it has a long neck but not so

long as a swan, it quacks, it lays eggs, small ducklings follow
their mother, I don't like to eat duck-eggs, it can only fly a
little bit, it has webs etc... (2) Next they must select the

critical properties of a bird and specify the relation between

the properties: it has feathers and it has wings and it has two

legs and it lays eggs and most birds can fly but some can only
make flying movements (3) They must draw a conclusion: 'A duck
is a bird because it has feathers, it has wings, two legs and
lays eggs for reproduction. It can fly a little'.

In concluding, there are three main learning steps which
the pupils of group two must take viz: (1) they must learn to

go beyond the visual information about an animal (2) they must
learn to select the critical properties of an animal (3) they

must get trained in setting up a concept identification plan.

In order to illustrate that the teacher can plan different
learning experiences to train the pupils in constructing adequate
concept identification plans, we have printed a protocol of a
game played by a group of four pupils.
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- Teacher: We are now going to play a game. Someone is going to

leave the classroom and we select an animal which he must try
to guess by asking a series of yes-no questions, O.K. ? Who

wants to start ? ... Nobody ? Shall I go first ?  You select

an animal and I must try to find it by asking yes-no questicns.
Shall we use the tape-recorder so that we can see afterwards

which questions helped me most in finding the animal ?
... pause ...

Before I leave, just this, it must be an animal that you know
well yourself. The best thing to do is to write down relevant

information about the animal in short statements. If you afe

in doubt about certain aspects look them up in the animal
encyclopaedia before we start the game. O.K. Tell me when

you're ready. I will be helping the other group in the meantime...

... pause ...

- Teacher: Has the animal four legs ?
- Rudy: No

- Teacher: Has it two legs ?
- Tom: No

- Teacher: Has it got legs at all ?
- Tom: Yes

- Teacher: Has it got six legs ?
- Tom: Yes

- Teacher, Then, it's an insect

- Paul: ... yes (surprised)

- Teacher: Is it a flying insect ?
- Paul: No

- Teacher: Can it jump ?
- Rudy: Yes

- Teacher: Does it sting people ?
- Tom: Yes

- Teacher: Does it sometimes live in a dog's fur ?
- Rudy: Yes

- Teacher: a flea

- Kate: Yes !
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- Teacher: That was a good choice. Did you have to look up

properties of the animal ?

- Kate: Yes, we did not know whether it could fly

- Teacher: Shall we now listen to the tape ?

- Teacher: 'Has the animal four legs ?' Was that a good

question to ask initially ?

- Paul: Yes, because then you knew that it could not be a

large land animal but if you had asked 'Is it an insect ?'

first, then you had know right away I

- Kate: Yes, but if it had been a bird, then she should have

asked whether it had two legs

- Teacher: But do you all agree that the number of legs is a

good property for limiting down the choice ? Yes ? Why ?

Rudy, can you tell me ?

- Rudy: Because insects have six legs or more, birds have two

legs and two wings, and other animals have no legs or four

legs.

- Teacher: Yes, O.K. We shall see. soon how you can further

differentiate betweem mammals and reptiles and molluscs ...

Shall we go on listening ?

- Teacher: Which insects were out , when you told me that it

was not a flying insect ?
- Kate: Flies, a mosquito, a moth, a butterfly, a wasp, a bee ...

- Teacher: Shall we play another game ? Who wants to leave

the classroom ? Kate ?

The last group which we want to discuss viz. the group

of pupils who used predominantly factual labels, does not
have to cover a long distance. Indeed, these pupils have

already learned the relative value of emotional labels and

perceptual labels.
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The ordering criteria they use are 'more advanced' in that they

do not depend exclusively on the properties of an individual animal
(observed or visualized) but on the properties of the class of

animals, e.g. 'fowl', 'farm animals', 'tropical animals' etc...

Hence it is neither necessary to change these pupils' attitudes
towards classifying animals (starting level of group one), nor

to give them extensive training in distantiating themselves from

perceptual information (starting level of group two). What they

are in need of, is information about the biological classification

system. Granted, they may have stored some of the criteria on

which the biological classes are based e.g. 'a duck lays eggs

out of which ducklings are hatched' etc...

Hence, the first learning step which group three must
take concerns the concept identification plan. Like the final

step taken by group two, they must start with simple 'isa'

questions like 'Is a duck a bird ?' and proceed with the second

step i.e. building up a hierarchical tree in which all animals

which they should know at their age level, could be situated.
Since this second step concerns the accummulation of knowledge,

the teacher should decide whether to communicate all of this

information verbally, or to let the pupils discover some of
the information themselves by consulting relevant resource

material brought into the classroom. If the teacher decides

in favour of the latter alternative he can give these pupils

an assignment very much like the next task: 'Discuss in group
each of the animals mentioned in the text. List for each animal

its critical properties (i.e. the properties which are necessary

and sufficient to identify it). Try also to determine to which

of the already studied animal families (cf. mammals, birds,

insects, etc...) each of the animals mentioned in the text belongs
(compare the critical properties of each animal with the properties

required for membership in a larger family). If you do not know

the answers, or if you are uncertain, consult your textbook or

the animal encyclopaedia'.

If this group is large enough, pupils could be split up

into groups of two orthree and be given complementary instructions.
As such, more animals can be studied and the resulting hierarchy

can be more representative.
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FOOTNOTES

(1) For a review of other techniques such as (i) listing of
animals (ii) ratings of dissimilarities among pairs of
animals (iii) associations to animal words and (iv) paired
associate learning, see Henley (1969)

(2) If one analyses a graph plotting the latency of the similarity
judgements against the rated similarity one notices an inverted
U-shaped curve (cf. Caramazza et al. p. 107 ) i.e. the inter-
mediate points on the similarity-dissimilarity scale resulted
in a longer decision time. This increase in judgement latency
might be explained by the conflict of different features.

(3) Since this study was performed at the end of the schoolyear,
most of the pupils in the first form of primary education
could read. Nevertheless, the teacher read each label aloud
in order to make sure that the pupils could read it. During
the actual classification task he went from desk to desk and
assisted the pupils in the reading task. Likewise the teacher
helped the pupils to write down the labels in the labelling
task. It was emphasized, however, that the teacher should
not give any other advice, even if the pupils explicitly asked
him.

(4) For example a teacher may use emotional labels in everyday
conversation 'dangerous animal', 'harmless animal', 'nice
animal', but refer to 'mammals', when talking to a colleague.
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1.0. INTRODUCTION

Now that we have roughly sketched the present state of

research concerning the structure of human long-term memory, we
may ask to what extent this theorizing about the underlying memory

representations has contributed to our understanding of cognitive

processes. We have seen that human memory is anything but a

random collection of factual information and that it is currently
conceived of as a highly structured interlinked network.

In an attempt to provide an answer - albeit a tentative one -

to the problem of cognitive representation we have taken the view

that all knowledge is stored in human long-term memory in a

modality- free form and organized in domains. We have argued
extensively that it is neither necessary to make a distinction

in long-term memory between the form of representation of episodic

knowledge and conceptual knowledge, nor between different codes.
We want to emphasize at this point, that so far we have only referred

to long-term storage and that we have deliberately excluded coding

and retrieval processes.

At this point we want to draw the reader's attention to the

distinction between the storage system per se (permanent storage or

long-term memory) and the coding and retrieval process (all other

forms of non-permanent memory; including short-term memory, visual

memory, sensory memory, iconic memory; acoustic memory, auditory
memory, etc...). Indeed, adhering to the view that conceptual and

episodic information (data base) as well as plans and metaplans -
(procedural rules) which can be applied to conceptual information or

other plans respectively - are stored in a modality-free form
does neither deny nor decrease the importance of different codes
in the coding and retrieval process. We can treat the two main

mediators of the coding and retrieval process viz. (i) the imagery

code and (ii) the verbal code as two parallel but mutually dependent

processing systems.

This view stands in sharp contrast with Alan Paivio' s dual
code hypothesis. As we have discussed in chapter one, Paivio (1969,
1970, 1971, 1976) argues that there are two different systems. He
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views these systems as independent but interrelated representational

systems; that is, both symbolic systems i.e. the verbal systems

and the imagery system use the information stored in long-term
memory but they draw on different types of stored information. Hence

Paivio's view differs from our own mainly on the grounds that he

views images and verbal sequences as units of storage (permanent

storage) and not as the products of a generation process (coding

and retrieval processes).

Other authors (Lindsay and Norman, 1973) dealing with the

problem of the representation of knowledge have equally argued
that there must be more than one representational system, simply

because people can perform a number of different tasks. In

particular, people can and do make use of imagery when solving

problems e .g. introspective reports of subjects have shown that

most subject generate a mental map when they are requested to name
the States of America. This common sense finding which we can all

verify daily illustrates the use of imagery in retrieval processes

but does not warrant the postulation of a separate 'imagery storage

system'. There is indeed no evidence that images and verbal sequences

are the underlying memory representations and until such evidence

exists, we prefer to attribute to images and yerbal sequences the

role of mediators in the coding and retrieval process.

Moreover, there is evidence that both images and verbal

sequences play a major role in retrieval processes and in a

number of other cognitive processes as well. One group of studies

which clearly demonstrated the major role played by these mediatory

codes in the retrieval process can be referred to as 'conflict

studies'.  Brooks (1967, 1968) and Segal and Fusella (1969), have
all reported conflict between the response system on the one hand,

and the retrieval system on the other. Brooks (1968) noticed that

there was an interaction between vocal output and recalled sentences

on the one hand, and also between spatial output and recalled line
diagrams on the other. In his first treatment group, subjects were

requested to recall a line diagram such as a block capital F and they

were asked to categorize each corner as either interior or

peripheral. Reaction times were significantly faster when the

subjects were allowed to give a verbal response than when they
had to point to the printed 'yes' or 'no' signs.
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Conversely, when the second treatment group was asked to
recall a sentence such as 'A bird in the hand is not in the bush'
in order to classify each word as a 'noun' or a 'non-noun' they
responded significantly faster when allowed to point to a 'yes'
or 'no' sign than when they had to respond verbally. Brooks
explained these results by postulating conflict or interference
between verbal recall processes and the verbal response system
on the one hand, and between visuo-spatial recall processes and
the spatial response system on the other. In other words, these
results provide some evidence for modality specific processing
of verbal and pictorial information i.e. for a dual processing
system (as distinct from a dual storage system).

We want to draw the reader's attention to the fact that
the experimental evidence referred to in the preceding paragraphs
reflects a certain approach to the study of our cognitive set-up.
That is, an attempt is made to investigate the nature of cognitive
processes acting on memory representations.  In section II of
this book we shall also adopt this approach. But in order to
keep the discussion as clear as possible, we have divided this
section into two chapters viz. (i) coding and retrieval processes
and (ii) thought processes.

In the former chapter, emphasis is put on coding and
retrieval processes. They are described as cognitive processes
the aim of which is to locate and activate already stored information.
These processes are less complex than actual 'thought processes'
which operate on the activated propositions (i.e. products of the
retrieval process). Hence, chapter three, thought processes, deals
with more complex cognitive processes generally referred to by the
term 'problem solving'.  Individual differences, both in coding
and retrieval processes, and in thought processes are also discussed
and the educational implications are pointed out.

2.0. A MULTI-STAGE CODING AND RETRIEVAL MODEL (MSCR)

As mentioned above taking the view that all information
is stored in long-term memory in a propositional form does not
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deny the existence of code specific representations (verbal
mediators or imagery codes) somewhere in the information

processing system; but, it does change our conception of the
information processing system as a whole. If we view the code
specific models as complementary to the modality free representations
instead of viewing them in the usual either/or relation - we cannot
but push the former to the periphery of the information processing
system and attribute a more central position to the latter.  That

is, our conscious knowledge (STM) would be either in an imagery code
and/or verbal code, whereas our unconscious or tacit knowledge

structure (LTM) would be propositional and content-addressable. In

this way a series of processing stages is postulated which allows
for 'depth of processing' (cf. Craik and Lockhart, 1972).

Hence, a multi-stage coding and retrieval model emerges
in which the concept of the workspace, as introduced by
Pylyshyn, (cf. p. 35) takes up a vital position.  Figure 22
incorporates this workspace concept and is an attempt to summarize
our conceptualisation of the information processing system.
Obviously, this model intends nothing more than a personal summary
of the current state of research. We realize that there may be
numerous accounts on the basis of which it may be rejected
immediately, but we still think it is worthwhile to provide the
reader with a visual representation which can serve as a frame
of reference for understanding the discussion on coding and
retrieval processes.

To be minimally acceptable this multi-stage coding and
retrieval model (MSCR) must comply with a number of requirements
such as (1) it must give an account of the storage system, the
coding process and the retrieval process (recognition and recall)
(2) these accounts must be compatible with the relevant data reported
in the literature and (3) it must take into consideration individual
differences in coding, storage and retrieval.

In order to investigate whether this alternative model

complies with these various requirements we will first give a
detailed run down of how it might operate. As figure 22 shows,
two main components may be distinguished viz. higher order
control processes which are unconscious in nature and
include pertinence input, selective attention, decision processes
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etc... and the memory system which includes apart from the

propositional representations (conceptual knowledge, episodic

knowledge and plans) the procedural rules for coding, storage
and retrieval processes, as well as the procedural rules for

other cognitive processes.

3.0. CODING PROCESSES

We will first turn to the coding process: when gentential

information (S) or Rictorial information (P) is presented for

Soding (c) two basic processes are required viz. (i) understanding
the message (decoding) and (ii) storing the message (coding).

3.1. Understanding the message

An individual faced with a verbal message, a visual scene,

a piece of music or any other perceptual scene is presented with

raw sensory data.  This unencoded information must be analysed with
the aid of the perceptual analysers and the memory system in order

to be understood. The various components of the comprehension

process can be observed in figure 22. Perceptual analysers (Pa)

operate on physical objects, pictures, perceptual scenes, sentences
etc..., and extract features. This pattern recognition process
has been described in detail by Selfridge (1959), Sutherland  (1959),
Neisser (1967) etc... A brief account of Selfridge's pandemonium

model may be in order before we go on with the description of the
MSCR model.

The pandemonium model is based on the assumption that

perceptual analysis is hierarchically structured. Four main

levels can be distinguished viz. (i) the image demons (ii) the

feature demons (iii) the cognitive demons and (iv) the decision
demon. At the lowest level, image demons record the perceptual

image for a brief period of time so that it can be analysed. At

the next level there are a number of specific analysers (feature

demons) which each check the perceptual input for the presence

of a specific feature (e.g. the presence of an angle of 90° in

a specific orientation, horizontal lines, curves, etc...). These

analysers operate in parallel and it is their task to report the

detected feature by 'yelling loudly', so that the demons of the
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next level (cognitive demons) who are skimming two, three or

more specific feature demons can detect the presence of the
features of their pattern. For example, the feature I combined
with the feature and the feature  \ in a certain fixed position)

results in the letter R. Finally: the decision de:.-n selects ameng

the yellin= cognitive de:.:ons 6.e one who is slicitins the lc·=dest.
This selection process constitutes the recognition of a particular

pattern (word, object, face). The reader may be rather reluctant
to accept this view on pattern recognition but we would like to

remind him of the fact that evidence from neurophysiology(cf.
Hubel and Wiesel, 1968, 1970) can provide support for this account
of pattern recognition.

Besides the simple physical recognition of features and

combination of features (letters, numbers, simple objects) there

is another variable which must be taken into account viz. familiarity.
For, it is a fact that the recognition of letters, words, objects

and numbers involve the recognition of highly familiar patterns which
have been learned through experience with the relevant material.
On this account it seems logical to suggest that 'familiarity' is
a highly relevant variable in pattern recognition which must be

taken into account by any model of pattern recognition. A model

which emphasizes this aspect of the recognition process is Morton's'

logogen model. Because this model allows for short-cuts which byrass
normal identification procedures it is preferred to the pandemonium
model when dealing with familiar material.

This word recogntion model as originally conceived by Morton

(1969) and elaborated by Seymour (1973) to include the recognition

of pictorial material, is illustrated in fig. 23. According to
this model a mental structure exists for every word or object we
have learned. This 'logogen' is excited when a physically similar
Stimulus is presented visually or auditorily.  Activation of this
mental unit will be maximal when an identical stimulus is perceived,
and minimal when a physically dissimilar stimulus is encountered.
For example, the TABLE logogen is maximally excited when 'TABLE' is

perceived, moderately when FABLE or CABLE is presented and only
partially when IASTI is encountered. Morton proposed that the logogen
system works by threshclds. These threshold settings depend on the
fre- Jenc-, with which the unit has bcc- activated in the past 'istory
of the suliect.
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Physical features are extracted from the input

(words, objects, faces, etc...) and threshold is reached

when the passive counting mechanism has accumulated sufficient

information to decide that a particular word or object was

amongst the input. Semantic memory has a two-way connection

with the passive logogen system. The subject's expectancy

pattern (e.g. knowledge about phonlogical, syntactic and semantic
relations) may affect the logogen count by lowering the threshold

for expected or related words (objects). For example, the thresholds

of the logogens 'table', 'desk', 'cupboard', etc... are lowered
when the following message is decoded: 'The hat lies on the ...'.

It is important to note that a 'logogen' exists only for those words,

objects and numbers which have already been learned (are familiar
to the individual). For unfamiliar combinations of features: pattern

analysis follows a lengthy procedure(cf. pandemonium model). The

reader may be reminded in this respect of elementary reading proce-
dures. A pupil who is learning to read must (a) establish a system

of specialized feature analysers, (b) set up a graphemic logogen

system and (c) establish links between phonemic and graphemic data.
Evidence  for the logogen model was provided by Oldfield  et  al. (1965),
Fraise (1969), Reicher (1869), Baron (1973), Meyer et al. (1974),

Hendersen (1975), etc...
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Figure 23: Schematic representation ofthe modified logogen
model, incorporating separate access and exit channels
for verbal and pictorial material.

(adapted from SEYMOUR, 1973, p. 39)
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Returning to the MSCR model depicted in figure 22, we notice
that perceptual analysers are situated at the periphery of the

model. These analysers perform the role attributed to Selfridge's

demons. In other words, the output of the perceptual analysis

process are combinations of features (letters, numbers, simple

spatial relations). A logogen type filter is situated between
the perceptual analysers and the workspace (Ws).  This filter can

recognize Tords (log)w and Ebjects (log)0 and direct these physically

identified units towards their ibstract memory representations (Am)

in long-term memory. From each activated concept a serial search

strategy proceeds in parallel to the other search strategies (cf.

Anderson and Bower, 1973: "It is assumed that, upon presentation
of a probe sentence, parallel search processes begin from all the

concepts in the probe. These processes are independent and each
begins a serial search of memory".  (p. 250)·

This fast route to the abstract memory representations is

a personal interpretation of the logogen model. It was inspired
by Morton's two-way connection between the logogen unit and

semantic memory. (i.e. when a logogen reaches threshold it gets

ierantic access to data stored in LTM) . The right-to-left lane of

this dual carriage way which connects semantic memory (Am) with the

logogen filter can reset the filter (cf. thresholds) and account
for the bias of the logogen system (cf. 'the hat lies on the ...').

SPWe have labelled this lane Amsp; where refers to the activated

ftored propositions. Evidence for the semantic access hypothesis -
and for the notion fast route - can be found in priming experiments.

The accuracy for same / different judgements of word-word pairs or

object-object pairs is affected by familiarity, and pictorial

or sentential contextual cues (cf. Wingfield, 1968, Palmer, 1975,

Rosch, 1975 , Seymour, 1976).

It is important to note however, that  this fast route

can only achieve partial understanding, i.e. the subject has
knowledge about the concepts - activated through their own logogens -
involved in the message. For example in the verbal message 'The

whirlwind destroyed the farmer's shack near the river', the
concepts 'whirlwind', 'farmer', 'shack', 'river', 'destroy'
are activated via the fast route. Hence, the subject knows
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that something got destroyed by 'a river', 'a farmer', or 'a

whirlwind'. This something is probably a shack. But, since
a sentence (or a picture) is more than the sum of the elements

in it (cf. Miller, 1965) the syntactic relation between the
elements has to be decoded. This complete decoding process is

achieved via the slow route. This route starts from the output

of the logogens which may be verbal (visual or auditory) or pictorial0
in nature (log)W and (log).  Because the notions fast route and

slow  route are basics  to  the MSCR model,  we  drew them again unobsured,
by other components of the model.

works ace/ /\
slow  route   (log) W

parsers  
10gogens slow route (109)'

1
Figure 24: The slow routes leading

from the logogen filter
to the workspace.

LTM
workspace

/                -1
1090gens  

 
parsers

4 14 I
/            /

A

fast route, lane 1

fast route, lane 2

figure 25: The fast route leading from the
logogen filter to the relevant concept(s) in
LTM. From the activated concept(s) 2 fast
routes start, one leading to the workspace
and the other leading to the logogen filter.
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Hence, the familiar items in the message have already

made contact with the relevant concepts in long-term memory via
the fast route, and an algorithmic search procedure has activated

the appropriate gtored fropositions which were automatically
brought into the workspace (Ws)SP.  This activated information can

be used by the linguistic parser and the pictorial parser,

respectively to further direct the information processing strategy.

That is, the meaning of the new message is generated by continuously

matching the already produced nodes of the target 2ropositions

(Ws)tP with the activated knowledge (Ws)SP.  When there are no

stored propositions (Ws)sP which fit the target propositions

(Ws)tp, the parser must 6enerate new propositions based on stored

information (Ws)ZP. For example, the target pronosition 'A shark

is a man-eater' may not be actually stored but this information

may be generated from relevant stored propositions such as

'Sharks are dangerous fish', 'Some fish attack humans' etc...

Complete understanding of a message is achieved when the parser
can produce tree graphs with terminal nodes which completely

match either the activated, stored propositions or the newly

generated propositions based on stored information  (cf.  p. 32 ) .

Evidence for the dual nature of the comprehension process

can be found in the work on selective attention.  Mackay (1973)

has neatly demonstrated that the first stage of linguistic

processing involves a superficial analysis of semantic features

of words; whereas a second or deeper level of analysis involves
the application of transformational rules to the output of the

preliminary analysis process. In this second stage (which we
identify as the slow route) the underlying relations among words

are analysed.

Mackay constructed three types of sentences viz. (a)

sentences which contained lexical ambiguity (e.g. They threw
stones at the bank) (b) sentences which contained surface

ambiguity (e.g. When Tom looked over the fence, he didn't like

what he saw) and (c) sentences which contained deep structure

ambiguity (e.g. They knew that flying aeroplanes could be
dangerous). These sentences were presented in the attended
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message (AM) of a dichotic listening experiment . The question

which Mackay set out to answer was whether the unattended message

(UAM) would bias the meaning attributed to the sentences. The results

of a recognition test indicated that the information presented
in the UAM (e.g. 'river' for sentence (i); 'inspected' for

sentence  (ii) ; and 'growling lions' for sentence  (iii)) only
significantly biased the subjects for lexical ambiguities.  Mackay
interpreted these results as evidence for (i) lexical analysis

at   a first pre-attentive stage of processing   and (ii) transformat ional
rules for deriving the deeper relations between the input symbols

are operating at a later stage of processing which requires the
subjects' attention (i.e. information must pass through STM) .

Craik and Lockhart (1972) drawing on the work of Atkinson

and Shiffrin (1968) and Bruce and Papay (1970) have equally
argued that type II processing, or deeper semantic processing, is

a necessary requirement for the persistence of the memory trace(LTM).

For the sake of completeness we want to refer to an earlier

publication (Goyvaerts, nde Boekaerts, 1975) in which we have

argued that (1) only information which the subject has been aware

of, i.e. which has passed through STM (imagery or verbal code)
can be stored in LTM, and (2) that emotional responses could be

initiated before the subject is aware of them. Think for example

of 'blanching', 'blushing', 'having a horrible feeling in the
pit of the stomach', 'twitches', etc... These emotional responses

are controlled by lower brain centres such as the lymbic system
(cf. Gray, 1971) and may be pre-attentive and as such faster than
the cognitive responses (cf. Mc Clearly, 1948; Worthington, 1964;
Corteen and Wood, 1972). We have illustrated this direct route

from the activated memory units to the emotional brain centres

by an arrow to the right of LTM.

When the information has been completely parsed by
the linguistic or pictorial parser it is still in propositional
form. It will be recalled however, that we have taken the
assumption at the beginning of this chapter (p. 117 ) that all
propositional knowledge is UNCONSCIOUS, in contrast to conscious
knowledge which is specific in nature ·(imagery or verbal
code).  Accepting this assumption necessarily leads us tc postulate
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that the output of the linguistic or pictorial parser (unconscious
in nature) must be transformed into either the verbal code or theimagery code (vc) sor ( Ic) P in order to transnort it to awareness.1 4/

verbal         S
(VC)code      ' »-»             ,-

f

  workspace j
/  Figure 26: The routes alongr                           which the transformed information

is transported to  STM(awareness
imagery /    P (the verbal or imagery codek/(Ic)code box).

1

Why should we postulate that information in awareness
(ST71) is modality specific in nature ? Introspective reports from
subjects suggest that humans are able (a) to evoke certain visualor auditory images, specific smells or kinetic experiences and
(b) to rehearse or remember information in a verbal form. The
former mode of retrieval is customarily referred to as the imagerymode the latter as the verbal mode. Imagery can be defined on the
analogy to Weber's (1969) definition of the term 'image'.  It is
'the ability of a subject to generate or synthesize a sensory-like
datum in the absence of stimulation'. (p. 199).  The verbal code
can  be defined as the ability of the subject to generate a verbal
label or a sentence in the absence of linguistic input.

Is there evidence for this dual retrieval process ?
Scarbourough (1972) has demonstrated that visual coding processes
are completely independent from auditory coding processes. He
presented his experimental subjects with an auditory list of letters
which they were asked to remember. Then they were presented
tachistoscopically with a display of 6 digits or letters precededand followed by a visual noise mask. At display offset (250 msec) a
low tone indicated report the auditory list and a high tone, the
visual display. Fcarbourough found that recall of the visually
presented information was not significantly influenced by the
presence of the auditory list (as compared with a control group).He concluded that there was dual registration of identity information.
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However, when the duration of the visual display was

increased (from 250 msec up to 750 msec), or, when the delay to
report the lists was increased up to 2 sec, the experimental subjects

performed significantly worse than the control group. Scarbourough

interpreted these results has evidence that the subjects converted
the contents of the iconic store (cf. Neisser 1967) to a more durable

form of active memory which might be phonological or acoustic in
nature and be identified with STM. Posner, 1969; Mitchell, 1972;

and Dale, 1973 argued, however, that viewing STM exclusively as a

phonlogical or acoustic memory store is inadequate on the grounds
that subjects can retain difficult-to verbalize material suchasblack

and white squares, patterns of dots and nonsense figures as well as
purily visuo-spatial information such as the position of letters

in a visual display.

Other experimenters such as Kosslyn et al., 1976 and
Seymour, 1976 found that imagery and verbal rehearsal are
distinct modes of representation in STM memgty and that these
two modes to some extent tap different processing resources. Words
encoded as images were recalled separately from words that were
rehearsed verbally. This clustering was so strong that it continued
to occur even where grouping according to semantic categories conf lic-
ted with grouping by processing mode.

Kosslyn et al. (1976) also reported selective interference
between verbal rehearsal and verbal encoding. The research of
Brooks (1967, 1968) reported on p.115 has also yielded information
about conflict or interference between the recall of verbal
information and the verbal response system on the one hand, and
between the recall of visuo-spatial information and the spatial
response system on the other. These experimental results support
the view that verbal information and visuo-spatial information is
processed in a modality specific way

Also, common sense evidence such as the fact that
individuals are capable to produce concrete representations of
conceptual information in the form of images or drawings, or, that
people are able to recite a song or a poem verbatim seem to suggest
that a transformation process occurs between the semantic information
in LTM on the one hand, and a pictorial or linguistic parser, on the
other.
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Evidence for this view has been provided by studies

performed on linguistic material (cf. Sacks, 1967 and Bransford

and Franks , 1971). They  found  that  when  subj ects  are not informed

beforehand that their memory for the surface structure of the text

will be tested, they are only capable to report semantic changes

(i.e. changes in the deep structure of a sentence). This experimental

evidence seems to suggest that only the deep structure is retained
in LTM and that the surface structure is reconstructed each time

a sentence is produced.

Nevertheless, when subjects were asked explicitly to

pay attention to the form of the sentence i.e. when a 'coding set'

was created, their performance on a subsequent recognition task was

well above chance (cf. Graeser and Mandler, 1975 and the results
of experiment II). For visual information we may refer to the study
by Frost (1972), reported on p.39 She equally demonstrated
that subjects who were asked to remember a list of pictures only

recalled the content of the pictures and were not able to recognize
or reproduce the exact pictorial form (i.e. the orientation of the
pictures). However, when they expected a recognition task,
their performance indicated that they had stored information

on the visuo-spatial characteristics of the drawings.

We shall deal with individual differences in the use of
visual and verbal mediators later in this chapter. It will suffice
to mention here that the control processes can direct the verbally
coded message or the image (series of images) to awareness (STM)
to the correct output buffer (effectors) and/or to the storage system
(LTM)

So far we have discussed one aspect of the MSCR model
viz• the comprehension process. We have argued that a message
is processed via a fast route which achieves partial understanding
of the message and a slow route which uses the output of the
partially decoded message to guide the linguistic or pictorial

parser in completely decoding the message. Once the message
is completely understood, it is transformed into a verbal or
imagery code i.e. transferred to awareness (STM) the response system
and/or the storage system.
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It will be recalled however, that we have divided the

coding process intc (i) a comprehension process and (ii
) a storage

process (cf.  p. 119 ) . We will now turn to the discussion of the

latter process.

3.2. Storing the message

The storage process consists of adding information to

the already existing stored proposition(s). This 'adding'

process can take different forms depending on the outcome of

the understanding process: when the message in the sentence

or picture is fully understood, a complete match between the

target proposition(s) and the activated propositions has been

achieved. The outcome of this comparison process can be symbolized

thus: (Ws)tp S (Ws)SP = M, where (Ws)tP symbolizes the output

of the linguistic or pictorial parser i.e. the larget Eropositions

present in the workspace and (Ws)sP stands for the ftored or
activated 2ropositions brought into the workspace.  The symbol

§ represents the comparison of the terminal nodes. An example

will illustrate the three possible outcomes of the comparison

process viz. (i) M = complete match; (ii) M = partial match and

(iii) M = mismatch. If the sentence 'A salmon is pink' were

to be presented, the subject would be able to quickly understand

its meaning since the information presented in the message (salmon,

pink) is stored at the same level (cf. Collins and Quillian,

p. 26 ) i.e. 'pink' is stored as a property of the concept 'salmon'.

In other words the output of the logogen filter (log)w activates

the concepts 'salmon' and 'pink' via the fast route and the

proposition 'a salmon is pink' is amongst the activated propositions

which are brought into the workspace. A physical match between

these activated, stored propositions (Ws)SP and the output of

the parser (Ws)tP results in a match (M) which does not require

storage dt conceptual level. It may of course be necessary to

store at episodic level: 'A shark is a fish' was one of the

sentences used in the first experimental session.

If, on the other hand, the message can only partially

be matched with the stored representation: (Ws)tp § (Ws)sP = M

an additional branch or proposition must be added. For example,
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'A shark is a man-eater' may bring new information to the subject

which required him to add the property 'man-eater' to the concept

shark. In addition, the subject may also have to add an episodic

node 'A shark is a man-eater' was one of the sentence used in

the first experimental test. Similarly, if we have stored that

'during the war Henry and his family hid themselves in a cottage

somewhere in the country' we may have to add new information

when we learn that the cottage was situated in Northern Ireland.
That is, the context branch (location) 'somewhere in the country',

may be replaced by the more specific location branch 'in Northern

Ireland' (cf. figure 5). This alteration is applied to an
episodic type since it concerns specific information.

Finally, when the outcome of the match process results
in a mismatch (Ws)tp § (Ws)SP = H the subject can store 'I am

uncertain about this concept' or alternatively he can request

(look for) new information. What is stored, may be analogous

to what Minsky (1975) terms 'default assignments' which are in

fact preliminary assignments which include generalizations based

on perceived events, or expectations. These 'default assignments'

may be replaced by 'ordinary assignments' and are attached loosely
to the terminals (cf. 69 ).

One final comment which is necessary before we summarize
this discussion on the coding process (understanding and storage)

in a visual representation, is that several of these procedures

may be executed in parallel. Indeed, the steering function

of the control processes represented here in a sequential form

(i.e. analyse sensory input, filter output of perceptual analysers
through logogen filter, activate memory representations, match

preliminary etc...) ought to be considered as several interacting

processes, the outcome of which influences the flow of information

through the system.

3.3. The coding of simple messages

The following flow-charts were designed to visually represent
the basic sequences of operations involved in coding verbal and

pictorial material: they represent the procedural rules switched

on by the control processes when a coding task is required. Before
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turning to these figures we would like to draw attention to the
fact that although flow-charts are used to visually represent
the sequences of operations required in a coding process, we
are well aware that flow-charts were designed for computer
programming. What this statement means is that we realize the
limits of flow-charts in representing human information processing.
Indeed, the conventional flow-chart symbols: boxes, the shape of
which indicate the type of box (cf. operation, decision, etc...)
and arrows which show the flow between the boxes, are inadequate
to represent the enormous complexity of human coding and retrieval
processes, but they are - as yet - the best we have to represent
visually the interrelationships between the various stores,
operations, and decision processes.

operation - direction of flow

decision

core storage

x ) terminal, starting
point

L-7 input-output operation
  connection between

two points

Figure 27 : The symbols used in the flow-charts in this dissertation

are consistent with the American National Standards ANSI X3.5-1970,

'Flow-chart Symbols and their Usage in information Processing',

approved on September Ist, 1970 by the American National Standard
Institute (ANSI)
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Figure 28 (a and b) represent the coding of simple messages,
i.e. the concepts present in the message are sufficient to contact

the appropriate stored propositions in long-term memory (Amsp) and

complete understanding of the message can be achieved via the
fast route. In other words the outcome of the preliminary match

process which compares the activated meaningful propositions with
the physically identified logogen units (physical match) results

in a complete match with one of these propositions. This selected

proposition is then translated into the verbal (or imagery) code
i.e. selected for awareness (STM), the appropriate response system

(verbal or graphic),and/or the storage system.

The control processes which have not been schematized in

these flow-charts, steer the flow of information through the

system. For example, the decision made in the final decision
(select) whether to send the verbal code (or the imagery code)

to awareness and the storage system; or to awareness, to the

storage system and to the response system, is guided by the

control processes.  They control and select all the incoming

and outgoing information, and in addition select what is to be

stored.  For example, if one sees a picture of a girl putting
on her trousers, the message will be understood technically, hence

the outcome of the 'match terminal nodes' operation will be a

complete match (M), but whether this picture (a limited set of

propositions based on the generated visual code) will be adequately

stored or not depends on a lot of factors. If this scene appeared

on, say, a street poster, one might barely notice it. Alternatively

one might be fully aware of it and think: 'What a nice poster',
'these are nice trousers'. In the former case nothing may be stored.
in the latter case either a context branch or a new proposition

(episodic type) may be stored.  This statement an-s -nt .nin„. tll.

incidental learning hypothesis. It only implies that in order to

store information in LTM it must pass first through STM (some form

of awareness cf. p. 124).

Unlike streetposters, pictures presented in a recognition
or recall test, elicit a deliberate attempt to store propositions
based on a visual scene: when a subject is presented with a novel
picture or drawing he engages in extracting general information
from the stimulus so as to locate the appropriate memory nodes for
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understanding purposes; he also extracts specific details from
the picture for storage purposes (cf. Loftus, and Bell, 1975).

It was the only purpose of the poster example to encourage
the reader to reflect on some scenes or objects which he only

briefly saw, but could not remember seeing afterwards because

his control processes were engaged in other more pertinent tasks
such as driving the car, decoding the traffic signs, decoding

the verbal messages emitted by people in the car, etc... Hence,

even though the subject may have decoded the content of the poster,

he may not be fully aware of it. Here we touch upon the problem
area referred to as 'selective attention'. The reader is referred

to M. Goyvaerts (1975) (n6e Boekaerts) for a detailed account

of this area of study.

3.4. The coding of complex messages

Returning to the main line of the argument, we would like
to emphasize that although figure 28a and 28b furth€r differentiated

the function of the workspace, they only schematized the coding

of simple messages (verbal and pictorial). We will now turn

to the coding of more complex messages. Such messages may involve

either the decoding of relations between concepts not explicitly
stored in long-term memory (no direct links) or, they may involve

the decoding of properties of concepts which have not previously

been stored (cf. 'a shark is a man-eater') and can not be decoded

automatically. Nevertheless, the relevant concepts may be activated
via the fast route and the attached propositions (direct paths

leading from the node) can be held ready for comparison. For

example,  if the message  were: "The astronaut contacted the space-

ship via his electric brain potential", the activated concepts  are:
'astronout', 'contact', 'spaceship', and 'electric brain potential'.
To each of these concepts a limited number of propositions expressing,
relations such as the sentences printed below, may be attached:

astronout: - An.astronaut wears a special space-suit
- An astronaut is weightless in space
- An.astronaut has an extensive training
- An astronaut is courageous
- An astronaut can contact the earth while in space
- etc...

contact: - A person can contact another person
- One can make contact by letter, telephone, radio, cable,
satellite
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- €te...
spaceship: - A spaceship is launched on earth

- A spaceship is in orbit around the earth
- A spaceship can house several astronauts
- A spaceship can be contacted by radio
- etc...

electric
- electric brain potential is the result of the firing ofbrain neurons

potential: - electric brain potential can be measured- etc...

Even though all the information expressed in these statements
may be understood the subject will not be able to understand
the message automatically: the outcome of the preliminary match
process results in a partial match M = (astronaut/contact/earth +
spaceship/contact/radio) and is in need of linguistic parsing.
That means, that in order to fully understand this complex
message a binary tree graph such as the one presented in figure
5 must be composed. A complex parsing and comparison process
involving the tree levels of linguistic analysis viz. the phonological
component, the syntactic component and the semantic component, is
set up. In order to specify the nodes of this propositional tree
procedural rules segment the message into manageable units. Each
of these units are continually interacting with the activated
propositions as well as with the newly Renerated fropositions
(AmZP) until all the nodes are specified. The outcome of the
second match process (match nodes 1, 2, 3, ...n) is temporarily
stored in a propositional store until all the terminal nodes of
the target proposition(s) (Amt:P) can be matched with the terminal
nodes of the generated propositions. Hence, there are three
types of propositions: (1) activated gtored propositions symbolized
by Amsp, (2) Eenerated Rropositions based on stored information:
Am  , and (3) target Rropositions based on the to-be-decoded
message: Amtp.  The output of the linguistic or pictorial
parser is translated into the verbal code (or the imagery
code) and selected for awareness and/or the response system and/or
for storage. Figure 28 illustrates the sequences of operations
involved in the coding of complex sentential information (28a) and
complex pictorial information (28b).

So far, we have discussed how the codirg process which
we have split up into an understanding component and a storage
component can be schematized. Basically, coding information consists
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of a sequence of operations which includes a preliminary match,

followed or not by linguistic or pictorial parsing and a series
of match processes. As illustrated in figures 28 (a,b) and 29,

the procedural rules for coding information can take different forms,

depending on the type of the information, and its complexity.  These

procedural rules which are themselves stored in long-term memory (cf.
Rumelhart, Lindsay, and Norman, 1972) are almost continuously switched

on by the control processes in order to decode environmental stimuli

and store relevant aspects of reality in our internal representation

of reality.

But it is obvious, that the control processes which continual-

ly monitor the input, modify the coding strategy according to
current requirements. For example, when task requirements specify
that the subject must 'visualize' the sentences of a given text,

the coding strategy may be slightly different than when this

additional strategy was not explicitly stated. Thus choice of

coding strategy allows for idiosyncratic short cuts as well as

for preferential coding styles. We will deal with the issue of

individual differences in coding processes and retrieval
Strategies when we have discussed the basic retrieval strategies.

4.0. THE RETRIEVAL PROCESS

Recall and recognition are usually mentioned in one breath

because both these retrieval processes are basically similar
in nature: the propositional information stored away in a content-

addressable long-term memory store must be located and activated

via the target concepts in the message or via its wider context.

Nevertheless, there are some essential differences as the following

examples may show:

Recognition: Have you seen this map before ?

Recall: What happened in the train ?
In the former example a nominal copy of the encountered object,

person or event is present whereas in the latter example it is
not.
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Hence when a recognition task is required of the subject,

he is presented with a picture or sentence which must be compared
with a stored representation. Four basic processes, are then
required viz. (i) understanding the target stimulus, (ii) search

for the original stimulus (iii) comparing the original and the
target stimulus and (iv) choosins the correct response.  As figure

30 clearly illustrates the coding process constitutes an integral
part of the retrieval process i.e. the first component is identical

to the sequences required for coding information. The other

components are a search strategy among the relevant episodic

information, and a selection process.
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Figure 31 (and its equivalent for pictorial material) is

identical to figure 29 (and its equivalent for pictorial material)

as far as the coding process is concerned. The reader will notice,

however, that from the operation box 'match terminal nodes' an

arrow starts to LTM. A search strategy among the relevant episodic

nodes is initiated in order to find identical or similar propositions.

Especially the context branches may direct the search strategy

among the relevant episodic nodes. All the relevant episodic

propositions are activated and brought into the workspace where

they are compared with the target proposition (output of box match

terminal nodes 1). The result of this comparison process (match

terminal nodes 2)  is a complete match  (M) , a partial match  (M) or

a mismatch (M). Procedural rules, including linguistic rules

(or pictorial rules) act on this abstract information and either

an imagery or a verbal code is generated (Ic)P or (Vc)s, and selected

for the appropriate short-term memory store, storage and/or the

response system. Transfer from either of these boxes is made

possible via the transfer routes (T)P and (T)s.  From the moment

the information is in short-term memory the subject is aware of

the comparison process: he consciously decides whether the probe

sentence fpicture) is equivalent to the target sentence (picture)

or, whether it is a distractor. Via the effectors a 'yes' or 'no'

response can be made. The procedural rules for the retrieval

process can be schematized as follows:
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4.2. Recall
--- - --

On p. 138 a distinction has been made between recognition

and recall. The former referred to a retrieval environment in

which a nominal copy of the to-be-remembered item is present,

whereas the latter referred to a retrieval context in which tlie

subject is not presented with such a specific retrieval cue. Now,

we would like to further differentiate the recall process into

(i) recall of information explicitly stored in long-term memory
and (ii) recall of information not explicitly stored in long-term

memory. We will refer to the former type of retrieval statements

as 'direct access questions' and to the latter type of retrieval
statements as 'indirect access questions'. In order to understand

the difference between these two forms of recall, try to reflect
on the retrieval strategies you use when you are answering the

following questions:

(1) How long is a jumbo jet ?

(2) When did Shakespeare die ?

(3) How many letters are there in the alphabet ?

(4) Which way are King Boudewijn and Queen Fabiola
facing on the Belgian fifty-franc note ?

(5) How many cigarettes have you smoked today ?

(6) How do you drive to Brussels from Antwerp ?

(7) Is a rodent a mammal ?

(8) Can a lightbulb be used as a milkjug ?

(9) Why does war break out ?

(10) Why do husbands leave their wives ?

Although all these questions require you to retrieve some

information stored in long-term memory, you will have noticed that
the amount of time you spent in answering these questions differed.

This time difference can be attributed to a difference in the

number of operations required to locate the stored information.

For, the number of operations required to locate the stored information
as well as the complexity of the operations, jointly determine the

nature of the retrieval strategy used.
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In order to retrieve information it must first be located

i.e. the memory store must be searched. This search strategy

can be directed i.e. the relevant concepts can be directly located
as was the case in a recognition task (e.g. when did you go to

the party ?)  However, not all retrieval contexts supply such

information. Often several domains are activated and quasi-

randomly searched.

Unlike directed search, which gives direct access to a

specif* concept (e.g. How many players are there in a football
team ?) and hence, to all the propositions attached to that

concept, indirect access refers to a more elaborate search

strategy. Even though the retrieval statement may contain content-

words, they can only direct the search procedure to a domain of

information; e.g. 'Why did war break out between Germany and France 

Although the concept 'war' gives direct access to the 'war'

domain, the entire domain must still be searched in order to find

specific information on the basis of which an answer to the question

may be generated. Due to the non-specific nature of the retrieval
environment we will refer to this search strategy as 'indirect
access search'.

Let us now examine each of the questions printed above

in more detail: The first type of question (1 and 2) simply requires
the subject to retrieve a proposition stored directly with the

concept (i.e. a property of the concept). Hence the concept present
in the recall statement serves as a retrieval cue which directs the

search strategy (e.g. jumbo jet). Once this concept is located

in long-term memory all propositions attached to it are activated

and brought into the workspace. The correct answer can then be

selected from among the activated propositions. If the subject

has not stored the relevant proposition he cannot possibly find

the answer. It is this all-or-none factor which distinguishes
this type of question from the second type of question.

In the latter questions (question 3 and 4) a retrieval cue

has equally been supplied in the recall statement (cf. alphabet).

Hence the subject is able to have direct access to the relevant

concept and through it locate the appropriate proposition (the
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alphabet has twenty-six letters). However, this question differs
from the first type of question on the grounds that the subject

can find the answer if he has not stored the required proposition.

By generating all the letters of the alphabet and counting them

one by one, he will be able to arrive at the correct answer. In

other words, with the concept alphabet a specific plan to generate
the letters of the alphabet is stored. Needless to say that more

time will be required if this strategy is used. Put in a different

way, this question is a direct access question but it can be turned

into an indirect access question (or answer generating question)

if the subject has not stored the relevant proposition.

Similarly, the question 'Which way are King Boudewijn and

Queen Fabiola facing on the Belgian fifty-franc note?' resembles the
first type of question in that the answer may be stored directly

in long-term memory (properties of the concept) and that this

correct proposition may be located via the retrieval cue

supplied in the recall statement. But again this type of question

differs from the first type of question in that the subject can
arrive at the correct answer even though he has not explicitly

stored the answer. Simply by generating a mental image of the

fifty-franc note he can read off the correct answer. In short,
the subject has direct access to the information required in the

four questions discussed so fan but in the last two questions the

answer can also be arrived at by analysing generated images or

verbal sequences.

The fifth question differs from all the questions discussed

so far in that the information required is not stored explicitly

in long-term memory. The subject can, however, generate a series

of mental images based on propositional knowledge and perform a
cognitive operation (here a counting operation) on these images.

Obviously, the result of these cognitive processes may be stored

and can then be retrieved directly on a later occasion. Similarly,
the sixth question requires the subject to generate a series of

mental images (roads, cross-roads, etc...; or a map) on the basis

of which he can direct somebody to Brussels.

Questions seven and eight are yet again, a different type

of question. Two concepts are activated simultaneously viz. rodent
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and mammal in the former question, and lightbulb and milkjug

in the latter. People who have adequately stored the subset

relations between animal concepts should be able to answer

question seven immediately as they have direct links connecting
the two concepts. For them this question is a direct access

question and it should be listed with questions one and two.
As we have discussed in chapter one, individuals who have not

stored these concepts in a hierarchical way might take more time

to answer this question. Because they have always seen these
animals in isolation and have never specified the links between

them, they cannot 'read off' the subset/superset relation and must

arrive at the answer by comparing the critical properties.

Likewise, the answer to the eighth question requires the

subject to compare the properties of 'milkjug' and 'lightbulb' .
This comparison process may lead to the conclusion that lightbulbs

are never used as milkjugs but that in certain circumstances they

could serve as milkjugs.  This last question as well as question
nine and ten requires more of the subject than the simple retrieval

of factual information and we could therefore classify it under
the heading of 'thought processes' or productive processes. As

mentioned on p. 116 thought processes can be distinguished from

coding and retrieval processes which are mere reproductive processes
on the grounds that they are more complex cognitive processes which

operate on activated propositions; i.e. on the products of the
retrieval process. Before we turn to the discussion of individual

differences we shall adapt figure 31 for the recall process.

Only a few alternations are required to adapt figure 31 for
the recall process. The procedural rules switched on by the control

processes for a recognition task and a recall task are basically
similar in nature. The main distinction between the two figures

(31 and 32) concerns the operation box 'search'. This operation

box specifies a direct access route in the case of a recognition
task but may refer to either a direct access or an indirect access
route in the case of a recall task. In other words in both cases

the search strategy is determined by the contents of the propositional

tree but the assignment is at variance. Indeed, in a recognition

task the assignment is specific in nature: 'search for similar or

identical propositions' whereas in recall task the assignments



f       S
146                           r

inalyse
perceptually

Pa

filter throuoh
r   store  t

10'ocens

1  C log ) a

(AN01     s(log)0

t                                   (100,0       T
-'------( select  )       1  

activate ccncrpts
hold all(log)V"

     tvs)S  

in LTM Amsp
1

ready

C ) '.090
translate into  1- 5- translate into
imagery code f - vertal code

bold all match M
1 ..            1'*activated prelimin-

AmIP ready ary

LTM

0 0. A
search

store - -

(Ws).p parse

generate pictorially          r
new proposi- e
tians                                   a

P

tratch
M or R s

(Ws):P
nodes 1,
2 3...n e

Ar.*lyse *.  search
M

activated

proposi- store
tions decide

which

domains

to j proImstional      
/   store       /- search

,

is

- propo-
no sitional

tree com
plete

.

yes

match terminal (W.)tp

nodes 4

tws) Sp .I•Oose In)'P
correct response

Fjrlure 3% : se/uences of operations involve,
in retrievina pictorial materia
(ricall)



147

are characterised by non-specificity: 'decide which domain to

search, analyse and choose the correct proposition' (see figure

32). The arrows leading from both the 'match terminal node' box

and the 'choose correct proposition box' to the 'translate into

verbal code' ('translate into imagery code') box depict the transfor-

mation into code specific, conscious information.  The subject is

then aware of the retrieval statement and the retrieved information

and can decide whether the answer is adequate or whether other,

more relevant domains have to be searched.

CODING search compare

eplsodic target and

store retrieved

propositions

1                                  ,1                                          3

1

RECOGNITION
4 r   select

R

Eigure 33:   flow chart representing

a recognition task.

decide which analyse acti-
CODING

domain to search vated propo-

search sition

\ i 3

j

RECALL       -        F    r select R

Figure 34: flow chart representing a recall
task.
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In order to clarify the distinction between the two retrieval
processes, we have lifted out the different operation boxes
for recognition (figure 33) and recall (figure 34).

5.0. RECAPITULATION

At the start of this chapter we have made a distinction
between the storage system per se and the coding and retrieval
processes acting on the stored propositions. We defined the
former as the permanent storehouse of all our knowledge of the
world and identified it with long-term memory. The latter component
was described as the cognitive operations consulting stored
information. These cognitive operations which we distinguished
from more complex operations (i.e. thought processes which
operate on the outcome of the coding and retrieval processes) may
be identified with various forms of non-permanent memory such
as iconic memory, acoustic memory, primary memory, short-term
memory, etc...

This distinction between LTM and the cognitive processes
consulting LTM made it possible to re-interpret the controversy in
the literature on human memory, viz. the modality specific hypothesis
vs. the modality free hypothesis. We proposed an alternative model,
the MSCR model, which views code specific models and modality free
representations as complementary to each other. In other words
modality free representations are situated in LTM and represent
our tacit knowledge structure whereas code specific models are
pushed to the periphery and act as mediators in the coding and
retrieval process.  i.e. both the imagery code and the verbal code
carry our conscious knowledge and constitute the seat of awareness,
STM.

In order to familiarize the reader with the MSCR model
we explained the various components, viz. perceptual analysers.
the logogen filter, the fast route and the slow route leaving
simultaneously from the logogen filter, each with a different
destination. The former activates the relevant conceptual inforniation
in LTM which gives the subject preliminary information about the
general content of the message and may elicit an emotional response.
The latter route transports the output of the logogen filter to
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the linguistic or pictorial parser in the workspace. When the

message can be completely decoded, the unconscious knowledge is

transformed into a mediatory code and transported to either
the verbal code box or the imagery code box (i.e. STM), the

response system or LTM. As stated before, the MSCR model was

intended as a personal summary of the literature on human informatior

processing. In the previous pages we have made an attempt to

illustrate how the various components of the model are related,
and we have presented evidence from various studies to strengthen

its underlying assumptions. It goes without saying that further
research is needed to validate the MSCR model. A first attempt is

made in experiment II where we test one of its assumptions viz.
that it can account for individual differences in coding and

retrieval processes i.e. in the use of mediatory codes.

In the second half of the chapter, a distinction was made

between simple coding messages, complex coding messages, recognition
tasks and recall tasks. Each of these cognitive operations was
discussed and schematically illustrated in the form of a flow-chart.

6.0. INDIVIDUAL DIFFERENCES IN CODING AND RETRIEVAL PROCESSES

Throughout this chapter we have emphasized that there is

a mutually dependent relation between an individual's cognitive
structure and the cognitive processes acting on this structure.

For, by failing to distinguish between these components important

aspects of cognitive functioning such as individual differences
in the structure of knowledge and the processes that operate on
them, may be ignored.

Generally speaking, memory model constructors have not paid
much attention to individual differences either in cognitive structurf

or in cognitive processes. It is clear, however, that whatever an
individual experiences, has passed through a series of filters.  As
a result all perception as well as all learning is an idiosyncratic
experience. In the next few paragraphs we will be concerned with
this essential aspect of cognitive functioning.

The multi-stage coding and retrieval model (MSCR) proposed

in section 2.0. as an alternative to modality specific and mcdality
free representation has an important advantage over these models in
that it can account for individual differences in coding and retrieval
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processes. Indeed, if we closely inspect the model we notice a

number of aspects which lead us to support this claim. Firstly,

the distinction between the fast route and the slow route allows for
individual differences in the comprehension process. Indeed, the

logogen filter which is set - and can be re-set - on the basis of

relevance and pertinence is the first of a set of postulated

idiosyncratic filtering devices.

Secondly, the concepts activated in LTM via the fast

route also restricts and direct the information process in

an idiosyncratic fashion. Thirdly, the transfer routes

which lead from the workspace to short-term memory (awareness)

equally allow for individual differences. Inspection of the model
will show that there are two alternative routes: one passing through

the imagery code box and another route passing through the verbal

code box. Likewise, if we pay a closer look at the different flow

charts representing the procedural rules our attention is drawn

to the two different operation boxes drawn at the top right of the
flow charts viz. the 'translate into verbal code' box and the 'trans-

late into imagery code' box.

What is proposed implicitly in these drawings is that

individuals use preferential coding and retrieval routes when no

specific instructions are given. The reader will recall that we

have argued that all inf6rmation is stored in long-term memory in

an amodal, propositional form, but that all conscious information
is carried by a specific code. It is this code specificity of the

final stages of both the coding and the retrieval process which

calls for different processing routes. For example, some individuals
may prefer to transform abstract propositions into verbal sequences

while others may giveve preference to images. Consequently, the former

type of individuals will dominantly remember verbal sequences
whereas the latter type of individuals will experience images most
of the time. To illustrate these preferential coding and retrieval

routes reference can be made to the following example: when street
directions are orally communicated we may either store the description
in a set of verbal sequences such as: 'first left/straight ahead till

traffic lights/turn right/then left/the second building on the right'
or we may transform the verbal sequence uttered by the speaker into

the imagery code and store propositions derived from some kind of

spatial lay-out.
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Although both forms of representation may assist us in actually
finding the house we are heading for, one form of representation may
be superior to the other one in terms of the time spent to find

the house and the errors made. Also, these alternative conscious
experiences may yield different retrieval percentages on a later

occasion.

In short, what we are proposing is that individuals

possess a dual processing system but that they rely heavily
on either one of these routes. This dominance of the visual

code over the verbal code I(V) or vice versa V(I) will obviously

be reflected in their memory structure and in the quality of
the retrieved information. Indeed, the reader will remember
that we have made the assumption that only information which

the subject has been aware of, i.e. which has passed through

short-term memory, can be stored in long-term memory. It goes

without saying that information about the preferential processing
routes and the organizational strategies which an individual

customarily adheres to, is of vital importance to educational

science.

Indeed, it is highly probable that some pupils predominantly

use a verbal organizational strategy while others rely more heavily

on imagery organizational strategies.  Consequently, different types
of lesson formats may be differentially effective for different
types of learners. We will postpone the  discussion on the

differential effect of different types of lesson formats till

we draw some educational implications in section 7.0. Presently,

we will review some research findings which provide us with data
on the imagery and verbal mediators.

There is plenty of research indicating the (i) pictorial

material is remembered better than verbal material (cf. Corsini
et al, 1969; Paivio, 1971), (ii) that pictorial material increases

the comprehensibility of a complicated prose text or of difficult

conceptual information (Peeck, 1974; Bender and Levin, 1975;
Rower and Matz, 1975) and (iii) that experimenter-induced visual

imagery facilitates learning (Bull and Wittrock, 1973; Levin and
Allen, 1976). For example, the experiment set up by Bull and
Wittrock investigated the effect of two different learning conditions
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on ten and eleven-year-old boys viz. (1) pupils learned the teacher-

supplied definitions of new words and copied them (2) pupils

traced and drew the teacher supplied pictorial representations
of new concepts (3) pupils made their own drawings.

The results supported the hypothesis that self-discovered

images facilitate learning most, followed by the images devised

by the teacher or somebody else. Bull and Wittrock concluded

that the superior performance in the self-imagery condition

may be attributed to the fact that the children in this condition
related the new words to their own experiences.

The research findings quoted above, may mislead the

teacher into thinking that pictorial material outclasses verbal

material and that any teaching-learning process can be made

more efficient if the teacher introduces more pictorial material

and/or actively engages the learner in generating his own images.

However, Levin (1976) has pointed out that the facilitative effect

of pictures/imagery may not be generalized to all learning situations.

In one study (Kerst and Levin, 1973) individual differences
in the use of the imagery strategy were clearly demonstrated.

Fourth, and fifth-graders were instructed to generate visual
images in order to remember a list of paired pictures. Their

performance was contrasted with that of two control groups viz.

(i) a group of pupils who were shown the paired pictures without

imagery instructions and (ii) a control group who were presented

with experimenter-imposed pictorial interactions. It was found

that the performance of the experimental group equalled the

performance of the latter control group and that both these groups

were significantly better than the former control group. However,

close analysis of the distribution of the experimental group revealed
vast individual differences i.e. some children's performance

considerably surpassed the performance of the second control group
while other learners seemed not to have benefited from the

experimenter-induced imagery strategy.

These results are in accordance with Levin's (1972) findings.

He demonstrated that certain children learn better from pictures

than from words, while others learn equally well (or equally poorly)
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from both type of material. Moreover, Levin (1976) reports marked
developmental differences in the beneficial effect of self-

generated images. It appears that children of over six/seven-

years-old benefit more from experimenter-induced organizational

strategies (self-generated images) than from experimenter-imposed

organizational strategies (presented pictures). Younger children

however, have no difficulty and even prefer experimenter-imposed

organizational strategies, probably because they are unsuccessful

to generate their own images.

This finding can be explained by reference to Piaget and

Inhelder's (1971) distinction between (i) reproductive imagery

and (ii) anticipatory imagery. These authors argue that the 'pre-

operational'child is capable of forming reproductive images only

i.e. static images or internal copies of an external stimulus or
event. Anticipatory imagery, on the other hand, refers to
transformations or operations performed on the static visual

image (cf. rotations, reversals, imaginations, etc...). This form

of imagery does not develop, according to Piaget, until the onset

of concrete operations (i.e. approximately at the age of six or
seven) and, it takes a while before the child is able to make full
use of the imagery organizational strategy. Wolff and Levin (1972)
and Levin, Davidson, Wolff and Citron (1973) testing the psychological

reality of this distinction confirmed that the ability to generate

visual images as an organizational strategy is a function of age
and that older children benefit more from instructions which

prompt them to switch on an imagery strategy.

In other words, the potential benefits from using a self-

generated image during coding and retrieval processes are

intricately linked up with the capabilities of the pupil in that
stage of his cognitive development. These data taken in connection

with Mc Cabe (1973) and Mc Cabe et al 's (1974) findings that young
children are perfectly capable of tackling an associative learning
task if they are instructed to generate appropriate sentences which

describe the relation (i.e. use a verbal organizational strategy),
certainly warrant the conclusion that the verbal mediators antecede
the imagery mediators. The fact that formal education heavily

neglects the imagery processing system (cf. pp. 176 - 178) may
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very well contribute  to the inter - individual differences  in
coding and retrieval processes which we found in experiment II.

Nevertheless, we ought to be extra cautious to draw rash
conclusions from these findings. It is indeed tempting to conclude
that the variable which we extrapolated experimentally viz. the
ability to retrieve images and verbal sequences during recall, is
responsible for individual differences in learning style.  Althoughthe results certainly warrant the conclusion that the code
specificity of the final stages of the coding and retrieval process
is a relevant variable, there are other variables which ought to
be taken into account.

There is indeed sufficient recent research describing the
extrapolation of variables which are differentially related to
'school success'. These variables are customarily reported under
the heading cognitive style. Because these different styles are
closely linked up with coding and retrieval processes we will discussthe most important dimensions of cognitive style before integrating
these findings into our discussion.

6.1. Cognitive style

Cognitive style is a construct which refers to the various
dimensions of individual differences in processing information
and in responding to the environment; it is the individual's habitual
way of dealing with his external and internal environment. As such,
cognitive styles which function across a wide range of contents
and situations must be distinguished from response styles which
refer to the individual's characteristic way of dealing with specific
situations (cf. Warr, 1970).

Due to its strong psychoanalytic flavour, the concept of
cognitive style had long been treated with disrespect, until
Witkin and his cc-workers, experimenting at Brooklyn College
(Witkin, 1954) succeeded in eliciting new enthusiasm by providing
experimental means of assessing an individual's cognitive style.

The Witkin group proposed three perceptual tests for evaluating
a person's cognitive style viz. (i) the rod and frame testl, (ii) the
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body adjustment test2 and (iii) the embedded figure test3.  Each

of these tests require the subject to separate a specific item

or object from the context in which it has been embedded. Subjects

who are able to perform these tasks successfully i.e. who can

tease out the specific object from the surrounding context, are

labelled field independent (FID), whereas subjects who lack the
capacity to break up the perceptual field, are referred to as

field dependent (FD). These two groups are situated at either end

of a continuum depicting the characteristic way of perceiving the
environment.

Witkin (1962) describes the field independent end of this

continuum as individuals who perceive their environment analytically

i.e. who are capable of making a clear differentiation between figure
and ground. They also tend to rely more heavily on internal cues

as a basis for spatial orientation (rather than visual cues) and,

they have the capacity to differentiate themselves from the physical

environment when attempting to adjust an object (or·their body)

to a true vertical position.

Field dependent subjects, on the other hand, tend to perceive

a complex stimulus pattern as an organized whole, or gestalt; they

are less capable of distinguishing the subelements of the

configuration. Since they depend heavily on visual cues from the

environment, they view an object incorporated in a titled frame

or room as an integrated part of the physical environment, thus

passively respcnding to the global configuration.

However, later research (cf. Karp, 1963; and Witkin, 1965,
1967) clearly showed that the dimension of field independence/field

dependence originally proposed by Witkin as a measure of cognitive

style, was inadequate to capture the whole range of cognitive
functions. A number of longitudinal studies had indicated that the
results obtained on each of the perceptual measures of cognitive style

not only correlated highly with each other, but also related

significantly to the subjects' performance on the problem solving

tasks of the  Wechsler intelligence test. These findings, together

with the fact that the individual differences in cognitive style
proved to be stable over time, made the Witkin group re-label the

poles of their continuum depicting cognitive style. They choose
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to refer to the former field dependent extreme of the continuum

as 'global or diffuse' perceivers and to the other extreme as

'analytic or articulated' perceivers, thus extending the range of
the continuum over a wider spectrum of intelligent tasks. Indeed,

where the FD/FID dimension only covered individual differences in
perceptual differentiation, the new dimension claimed the status

of a personality characteristic.

It should be noted,however, that other researchers
had already drawn attention to the enormous implications

of discovering individual differences in processing information,

which are sufficiently consistent across time to warrant the

label of personality characteristic. It would take us too far

to consider each of them here; the interested reader is referred
to Warr (1970). We shall limit ourselves to a brief discussion

of the four most important approaches to the study of cognitive

style: viz. (i) focusers/excessive scanners (Gardner, (ii)

impulsivity/reflection (Kagan)  and (iii) levelling/sharpening (Klein),
(iv) category width (Gardner).

Each of the above dimensions of cognitive style consists

of two opposite labels which represent hypothetical modes of

information processing, and are the result of systematic measurement

in different laboratories. Before describing the different dimensi6ns

we should warn against the danger of classifying individuals in

such contrasting categories. Indeed, although one can readily
observe these types of information processing strategies when dealing
with specific cognitive tasks, it remains an open question whether

the modes of information processing tapped by the different measures

of cognitive style are characteristic processing strategies which

are consistently used by the same individual. It could conceivably
be the case that -there are intra-individual differences in information

processing strategies which are not tapped by the experimental

situation, but which are nonetheless a basic part of the individual's

information processing apparatus. With this precaution in mind
we shall look at the four dimensions mentioned above.

Firstly, Gardner et al. (1959) had pointed out that there

are consistent individual differences in attention strategies.  They
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distinguished two opposing types viz. (i) excessive scanners and

(ii) selective focusers. Scanners typically divide their attention
over a wide area of the perceptual field, whereas focusers limit

their attention to a narrow area.

At first sight the distinction put forward by the Gardner

group appears to run parallel to Witkin's global/analytic dimension
of cognitive style. It does seem to make sense that scanners

obtain an analytic picture of the environment because they cover
a wider area of the perceptual field. This analytic picture in

turn suggests that scanners have knowledge of the interrelations
between the subelements of the configuration, unlike focusers

who limit their attention either to a small area of the visual

field or to the visual field in its totality. As such they have

general knowledge of the picture or more detailed knowledge about
a specific area of the configuration but they fail to see the

interrelation between the subparts. Hence, one could be inclined

to state that individuals who are categorized as global perceivers
(Witkin) employ a focussing strategy (Gardner) while individuals

who fall in the category of analytic perceivers(Witkin) make use

of a scanning strategy (Gardner) were it not that Gardner and Long
(1962) have reported non-significant correlations between the width

of the attention span on the one hand and the time required to
solve the embedded figure problem on the other. However, Wachtel

(1967) has correctly pointed out that the categories proposed by

Gardner may not be as clear cut as originally believed. The category

of narrow attention (focusers) e.g. may be further subdivided into

subjects with a pathological narrow attention span on the one hand,
and individuals who skilfully narrow their attention span in order

to focus, on the other.

Although the attention pattern of both groups may seem
the same on the surface (i.e. a narrow span is observed) different

underlying processes may be postulated. Indeed, motivational

factors as well as motor inhibitory factors may have caused the
narrow attention pattern.

Kagan (1964, 1965, 1966) has proposed the dimension of

reflectivity/impulsivity to measure cognitive style. His chief

concern was to investigate to what extent children analyse and
reflect on a stimulus pattern prior to selecting the required
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response out of a set of available response alternatives.  He

distinguished two main type of responders: (i) reflective subjects
who typically delay their response in order to analyse a given

stimulus array and reflect on the available responses. This stop-

and-think strategy is reflected in their increased response

latency vis-a-vis (ii) impulsive subjects who immediately name
the first response alternative that seems appropriate without too

much concern for the correctness of their reply. Needless to

say that the impulsive subject  takes less time to reply but makes

more errors than the reflective subject. The experimental tests
commonly used to measure reflection/impulsivity are the matching

familiar figure test4(MFF) the conceptual styles tests (CST), the

delayed recall of designs (DRT) the draw-a-face-test6 (DAF), the

draw-a-line-slowly-test7 (DALS).

Again, if we compare Kagan's dimension with the two
dimensions discussed above (i.e. Witkin's and Gardner's) we

cannot help but noticing the similarities. It takes no great
effort to conclude that an analytic perceiver (Witkin) possesses

a scanning capacity which enables him to get detailed information
(Gardner) due to his ability to reflect (Kagan) and inhibit an

immediate response tendency. A global perceiver, on the other

hand, (Witkin) may lack this scanning capacity. Due to his

impulsive tendency (Kagan) he is apt to respond immediately

basing his reply on a rapid global inference (Gardner).

Finally, let us consider the levelling/sharpening dimension

proposed by Klein (1951) and Vick and Jackson (1967). They reported

some individual differences in perceptual attitudes and use
the Schematizing test (based on the Hollingworth figures) as a

basis for distinguishing between levellers and sharpeners. This

test takes the following form: subjects are required to make

absolute size judgements of successively presented squares. These

squares are part of a set of five which gradually increase in size.

At regular intervals the smaller square is removed and substituted

by a square larger than the four remaining ones. The results of

this experiment divide the subjects in two basic categories (i)

levellers who seem to be insensitive to the differences in size

and keep responding as if the original set of stimuli were still
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present, apparently levelling of the inconsistencies in the perceptual '

field and (ii) sharpeners who tend to emphasize the perceived

differences, making accurate size judgements throughout the

experiment.

These individual differences in perceptual attitudes are

also reflected in the learner's long-term memory structure.

Sharpeners, for example, will have the tendency to highlight the

difference between objects, events and persons. They will think

it necessary to store this information separately (i.e. establish

more logogens, establish more links between concepts, devise more

plans etc...) Levellers, on the other hand, will have the tendency

to treat objects, events and persons as similar and tag on information
to already existing memory units. Consequently, memory units will
tend to merge and the learner will find it difficult to distinguish

between rather similar information on future occasions.

A dimension closely related to the levelling/sharpening

dimension is the cognitive style referred to as category width

(Gardner, 1953, Pettigrew 1958).  This style aspect which is either

tested with an object-sorting test (Gardner) or with absolute

size judgements (Pettigrew) uses as its score the number of different

categories which the subject distinguishes. An individual who is

not differentiating finely between the different objects will

produce only a few piles; his category width is wide.  To put it
differently this pupil may not be aware of subtle differences, or

alternatively he may choose to ignore these differences. Pupils

with a narrow category width, on the other hand, are first of all

aware of the differences and secondly they feel more comfortable
with a finer differentiation. Gardner (1953) pointed out that the
narrow category width may not be a matter of 'unawareness' but

rather a relaxed attitude towards the task i.e. 'tolerating

difference'.

Before we make an attempt to relate these findings

on cognitive style to our discussion on coding and retrieval

processes, we shall first summarize the most important findings

in schematic form.
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field independent field dependentWITKIN
- clear differentiation - less capable of dis-

figure/ground tinguishing subelements
- rely heavily on inter - rely heavily on visualnal. cues for spatial cues
orientation

- can easily differen-
tiate themselves from
physical environment

analytic perceivers global perceiversWITKIN

- detailed, analytic - organized whole/Gestalt
perception

scanners GARDNER focusers

- broad attention span - narrow attention span

- have knowledge of - general knowledge
interrelations between
subelements

reflectivity impulsivityKAGAN

- can inhibit, delay - respond immediately
response(s)

- cannot inhibit, delay R
- reflect on available
R, select appropriate
cue(s)

sharpeners leveliersKLEIN

- emphasize the per- - insensitive to close
ceived difference perceptual differences

narrow category width
'

broad category widthGARDNER
PETTIGREW

- use many groups - use few groups
- finer differentia- - can tolerate differ-

tion ences

Figure 35 : summary of the main
findings on cognitive style
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In summary, cognitive style seems to be a collective

construct which attempts to capture the various ways in which

our information processing apparatus operates. Several research

groups have studied these processing strategies and they all
focused on different aspects of the cognitive apparatus. As such,
they all constructed measuring instruments each of which succeeded

in categorizing the subjects into two main contrastive groups.

These groups based on hypothetical processing modes were labelled

after the specific cognitive aspect under experimental focus

(cf. field dependent/field independent; analytic/global etc...).
But despite these different labels a common thread is noticed: all

researchers into cognitive style recognize the existence of two
different processing strategies and what is more they all provide

a dimension along which individuals differ systematically.

The main difficulty arises, however, when these different

dimensions of cognitive style are compared. Despite the fact that
different cognitive style aspects can be reliably measured (cf.

Messick and Ross, 1962) low correlations between the scores on
different tests (cf. Gardner and Long, 1962) suggested that there
is no linear relationship between the different dimensions of

cognitive style, thus contradicting the common sense assumption

that there is a close relationship between 'being field independent',

'being analytic', 'being reflective', 'having a sharpening tendency',
and 'having preference for a scanning strategy'.

Nevertheless, it is this writer's belief that such low

correlations between corresponding ends of the dimensions stem

from an incorrect conception of the tests themselves, rather than

from a fundamental difference between the hypothetical modes of
information processing. For example, the fact that most test items

are only remotely related to school subjects and are as such less

relevant to the pupils may have contributed to these low correlations .

Another contributing factor may be the comparison process itself.
Indeed, although all writers have suggested two opposing labels
of cognitive style, they vary in the way they view this dimension:

some subscribe to a dichotomous theory of cognitive style, while

others in contrast, put the hypothetical processing strategies at
either end of a continuum.
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In the former case, the two dichotomies represent linearly

independent dimensions along which individuals may be situated,
whereas in the latter case one automatically assumes that each

subject resumes a single position along a continuous distribution

(e.g. he is analytic to a greater or less extent). Whether a normal

frequency distribution or a bimodal curve is assumed, the difference

between a dichotomy and a continuum of cognitive style can be

summarized schematically as in figure 36.

Fig. 30.: CONTINUUM WITH NORMAL   Fig. iLD : CONTINUUM WITH BIMODAL rig.36<: DICHOTOMIES
FREQ. DISTR. CURVE

/a \ «  11'111  1111'111
4 -  C  IGLOBAL R     ANALYTIC G N A R  X

SCORE ON : GLOBAL 1 ANALYTIC INFORMATION PROCESSING

rigure 8. Schematic presentation of :he three
possible dimensions depieting the
global/analytic dimenstons, vii.
(a) continuum with normal fr*quency
distribution, (b) continuum with bi-
modal curve and (c) dichotomies.

One immediately notices that the position of a particular
subject is determined by a single score in figure 36a and 36b (e.g.

measure of analytic vs. global tendency in the perception of a simple

figure in a complex configuration). This preferred mode of perreption

is determined by examining the score on a single test of cognitive

style. Above an arbitrary determined caesura the subject is

considered analytic, below this caesura the subject is labelled
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'global'.  A high score may reflect a high capacity to treat a

complex figure analytically, or globally depending on the required
task.

The question which one ought to answer, though, is  whether

a high score obtained on one test, unequivocally categorizes
that person as (i) using a global strategy to perform a task and

hence list him as a 'global' perceiver or (ii) being less able

to use an analytic strategy to perform that task. Indeed, other

factors may have been operating such as low motivation, boredom,
ill-comprehension of the instructions etc...

In order to avoid such interpretations of the score one

ought to measure both a person's Elobal capacity and his analytic

capacity. Different tests believed to measure these particular

strategies of information processing should be administered to

determine a person's position along the two linearly independent

dimensions (see figure c). These test questions should be relevant

to school learning.

This section raises the question: 'How does the research

on code-specificity in the final stages of the coding and retrieval

process link up with the research on cognitive style ?' We Will

now address the claim that the various cognitive style aspects
assessed by different cognitive style tests can be brought back

to one major underlying variable viz. code specificity in the final

stages of both coding and retrieval processes. We believe that

the position of a pupil along the field dependent/field independent

dimension, the analytic/global dimension, the reflective/impulsive
dimension, the levelling/sharpening dimension and so many others

are mere surface indicators of the individual's underlying coding

and retrieval strategies. Before we further elaborate on this

claim, we would like to refer to a completely different line of

attack which also concerns itself with information processing viz.

hemispheric specialization or cerebral dominance. Because the

research findings reported in this area of investigation may provide

some confirmation of the conclusions drawn above, and also because

of the wide educational implications of these findings we will not
hesitate to devote a special section to this rapidly accumulating

body of evidence.
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6.2. Hemispheric specialization

Since Broca's famous discovery (Broca, 1861) evidence

has been accumulating that man's cerebral hemispheres are specialized
to perform certain types of tasks. Because the various methods

which have been used to investigate lateralization are well

documented (cf. Milner, 1970; Mc Neil, 1974) we will only briefly
mention the most important techniques viz. (i) autopsy studies,

(ii) handedness correlates, (iii) ablation, (iv) electrical

stimulation, (v) split-brain surgery, (vi) sodium-amytal injections,
(vii) dichotic listening and (viii) direction of gaze technique.
Those unfamiliar with these various research techniques can find

a brief description in the footnotes at the end of this chapterB.

The early findings that the left hemisphere is specialized

for language processing and the right hemisphere is superior in

visuo-spatial performance have well been established (Sperry, 1968;

Gazzaniga, 1970; Bakan, 1971; Ornstein, 1975). Nonetheless, many

researchers have claimed that these differences may not be the most

fundamental aspects of lateralization.

Additional discoveries made by Kimura, 1967; Levy-Agresti et

al. 1968; Bogen, 1969; Bradshaw et al., 1971; Geffen et al., 1971;

Bogen et al., 1972; Cohen, 1973; Sperry, 1973, etc... suggested
that the information processing methods of the two 'half-brains'

reflect two different but complementary modes of processing.  The

left hemisphere is predominantly involved with analytic verbal
and linear-sequential processing, the right hemisphere, by contrast,

is characterized as non-verbal, non-analytic, non-linear and is

primarily engaged in spatial orientation, decoding visuo-spatial

elements, imagination, perspective, intuition, face-recognition,

bodily awareness, etc...

Bakan (1971) made an attempt to summarize the findings on

hemisphere specialization (cf. table 3). Nevertheless, we must
warn the reader that these summary labels may oversimplify the

issue. Bogen (1974) pointed out in this respect that the paired
labels should not be treated as two opposite poles of a continuum.

Rather, they should be seen as two different dimensions which are

relatively independent. Hence, Bogen argues, it is erroneous to
state that the right hemisphere is the dominant hemisphere for
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spatial processing and that the left hemisphere does not take part

in spatial perception. For example, reading is definitely a verbal

task (left hemisphere) which requires spatial perception.

By the same token, maintaining that only the right hemisphere
is characterized by synthetic processing ignores the fact that language
processing (LH) requires a good deal of synthesis. Consequently,

it should be better to use the label which characterizes a specific
aspect of information processing (e.g. verbal processing) for the

dominant hemisphere (LH) and assume that the other hemisphere

(RH) is only capable of rudimentary (verbal) processing (cf.
Goyvaerts (nde Boekaerts), 1975).

TABLE  4

Left hemisphere Right hemisphere

verbal pre-verbal

analytic synthetic
abstract concrete

rational emotional

temporal spatial

digital analogic

objective subjective
active passive
tense relaxed

euphoric depressed
sympathetic parasympathetic
propositional appositional

Table 4: Functional differences between the
cerebral hemispheres taken from Bakan, 1971.
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In short, we agree with Bogen (1974) who concludes his

discussion by saying that cerebral dominance is only inadeouately
characterized as 'modality or material specific'.  The brain
asymmetry can only be seen, as process specific i.e. the two

hemispheres process information in a specific way. The reader

will note that this view on information processing closely

resembles our own argument presented throughout this chapter
viz. that the difference between different cognitive styles can

be brought back to the underlying variable of code specificity
in the final stages of coding and retrieval processes (remember

that we have made a distinction between the storage system and

the processes operating on this system which are code specific

in nature, cf. p.114 D.

Even though it is hardly clear at present how all the

different results of cognitive style, cerebral dominance and

coding and retrieval processes tie up, we can make an attempt -
albeit a speculative one - to make some sense of these three

closely related but nonetheless separate fields of study.

If we consider the first link of evidence provided by

research on cerebral dominance, we must accept that the human

brain consists of two hemispheres which process information in a

specific way (cf. table 5).

TABLE 5 : CEREBRAL DOMINANCE

LH RH

proficiency in processing proficiency in processing
VERBAL material NON-VERBAL material

- linguistic transfor- - visuo-spatial infor-
mation mation

- word and sentence re- - face and picture re-
cognition cognition

- name matches - physical matches

- perspective

SEQUENTIAL processing mode PARALLEL processing mode
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If we consider next the second link of evidence provided

by the research on cognitive style, we must accept that each

individual has his own specific, habitual way of processing
information. These characteristic coping styles of the individual

can be assessed by various cognitive style tests (cf. table 6).

TABLE 6 : COGNITIVE STYLE

analytic global

scanning focusing

reflectivity impulsivity

sharpening levelling

narrow categorization broad categorization

SEQUENTIAL processing PARALLEL, holistic processing
mode is necessary mode is necessary

Finally, if we consider the third link in our chain of evidence

viz. the code specificity in the final stages of coding and retrieving

information, we must accept that each individual has his preferential

coding and retrieval strategy for both verbal and visuo-spatial

material (see experiment II) (cf. table 7).

TABLE 7 : PROCESSING STRATEGIES

VERBAL MATERIAL.

form differentiation only semantic processing
+

semantic processing

VISUAL MATERIAL.

only semantic processing visuo-spatial encoding
+

semantic processing
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When we finally bundle the evidence and compare the
results and conclusions as in table 8, we notice that the findings

start fitting together.  Evidently, there are still quite a few

pieces missing, but nonetheless a clear picture emerges which
allows us to draw some conclusions.
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On p.163  we have already argued that the different modes
of information processing which can be assessed by cognitive style
tests can be brought back to one major underlying variable viz.
code specificity in the final stages of both coding and retrieval
processes. Consequently, we see the analytic/global, reflective/

impulsive, field dependent/field independent,focusing/scanning,
levelling/sharpening dimensions as surface indicators of the
pupils preferential coding and retrieval style. Put in different
words, the pupils'habitual way of processing new information i.e.
his cognitive style is based on the mediators he uses for coding
and retrieving verbal and visual information. These mediators are
tapped by the various cognitive style tests.
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However, the unique pattern of code specificity displayed
by an individual may in turn be determined by the degree of
hemispheric specialization for verbal and visual tasks. In order
to illustrate this claim the reader has to recollect two main
arguments: viz. (1) that the fast route activates the relevant
conceptual information in LTM which gives the subject preliminary
information about the general content of a message (cf. p. 122 )
and (2) that the RH is characterized by global, parallel, synthetic,
emotional processing and that the LH is specialized in analytic-
sequential processing (cf.164 ).

Putting (1) and (2) together leads us to postulate that
the RH is the locus of the fast route whereas the slow route could
be situated in the sequential-analytic LH. The fact that several
research reports have shown that the RH is capable of rudimentaty
verbal processing (or pre-verbal processing; cf. Bogen, 1974) supports
this claim. Further research, especially recordings of alpha wave
reduction9 will prove or disprove this claim.

If we tentatively accept the above claims, four hypothetical
modes of information processing emerge, as illustrated in table 8
(labels occur in the bottom line). We will see shortly, in experiment
II, that these proposed inter-individual differences in information
processing can be demonstrated under experimental conditions. Finally,
we would also like to refer to an interesting study by Dayle Harnett
at UCLA. We shall briefly describe her research findings mainly
because we believe that these results provide some evidence for
the conclusions we have drawn above (especially columns 1 and 2)
but also because of its enormous educational implications.

Harnett (1975) started from two different approaches to the
teaching of Spanish as a foreign language viz. the Bull method
and the Barcia method. The two methods are characterized by the
following features:
I. TEXT used: Spanish for Communication by Bull(1) Rules are presented in self-correcting programs(2) Use of the language laboratory is not recommended(3) In the classroom spoken Spanish is practised, yet, whenever

necessary, reference is made to the differences and similaritiesbetween Spanish and English
(4) Students must understand and be able to explain what they arelearning
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II. TEXT used: Lengua y Cultura by Barcia
(1) Spanish is the only means of communication in class
(2) Rules are not taught but through guided conversation,

limited use of vocabulary and plenty of examples the student
is assisted to improve his language fluency

(3) Two hours of language laboratory are strongly recommended

Readers familiar with foreign language teaching will be able
to label the former approach as 'the grammar translation method'.

This approach to foreign language learning taught students to combin€

memorized vocabulary lists and sets of rules in order to translate

from one language into another. This deductive approach was

drastically opposed by the view that foreign language learning shoulc

be as close as possible to first language learning. The direct

method emphasized conscious choice practice, pattern practice and
free conversation and above all the inductive approach to foreign

language teaching.

8'* 10Harnett, using the direction of gaze technique , to

measure hemisphere dominance hypothesized that students following
the Bull method (analytic-deductive approach) would differ

significantly in their gaze behaviour from students following the
Barcia method, i.e. they would show more right movements, reflecting

greater left hemisphere dependence. This hypothesis was confirmed

as well as a further hypothesis that left hemisphere dominant students

would perform better and more thoroughly enjoy a deductive rule
oriented curriculum of Spanish. Moreover, in a further experiment

(Harnett, 1975) it was shown that students know whether they

learn best inductively or deductively and that - if given the
chance - they automatically select the method that complements their

own cognitive style.

These results provide some evidence for the conclusions

drawn on p. 166 that individuals who are left hemisphere dominant
in processing verbal material rely on a analytic-reflective cognitive
style which requires a sequential processing mode, whereas individuals

who are not left hemisphere dominant in processing verbal informatior
do not predominantly use this specific processing strategy.

With regard to educational implications, admittedly, the preser:

conclusions are still tentative, and should be treated as such.
Future studies examining the relation between cerebral dominance,



171

cognitive style and coding processes on the one hand, and school

achievement on the other, may prove to be more definitive in

providing a firm theory on the basis of which curricula can
be constructed. In the meantime, curriculum constructors should
bear in mind that the organization of the subject matter is more

important than the subject matter taught. Especially in the first

few years of former schooling a one-sided curriculum or method of
instruction which only trains pupils in left hemisphere specialities

grossly neglects the pupil's right hemisphere capacities.

Finally, we would like to introduce the label learning style

to supplement the two labels viz (1) code specificity and (2)
cognitive style which we have used so far. As we see it, neither
of these labels covers inter-individual differences in tackling a

problem. Indeed, cognitive style and the underlying code specificity
variable can hardly be considered in isolation. When a pupil is
required to learn something in class, his affective component and

his psychomotor component interact with the cognitive component
and together they determine a person's preferential learning style.

An example will illustrate this further subdivision.

When faced with a difficult task some pupils may have the

habit of tackling the most difficult, the most stress-producing

aspects first, whereas others may prefer to start with the easiest

questions or subtasks (cf. an exam paper, a cross-word puzzle, a work
schedule, etc...)

Another example refers to the point when a decision is ·caken.

When faced with a problem, some individuals may take a global decision
first, thus leaving a wide range of possibilities. Progressively
they may narrow down the choice, thus leaving the decision process
till the end. Hence they prefer to keep control over their final

decision as long as possible. Other pupils may feel more at ease

with the opposite way of tackling a problem, i.e. narrow down the
choice first and then accumulate information or evidence which is
in line with the taken decision. For example, the problem assignment:
decide for or against capital punishment and defend your view... may

elicit two different approaches viz. (1) some pupils may start to

argue about the topic and note down all the possible pros and cons.
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At the end of the discussion they could try to reach consensus on
their position vis-a-vis capital punishment.  A different approach
could be: decide first whether one is pro or contra, and start
accumulating evidence to defend that view. Hence the decision
taken at the onset of the problem solving activity directs
and guides the problem solving process.

These few examples may have convinced the reader that these

preferential ways of tackling a problem go beyond the cognitive
component. Factors such as motivation, frustration threshold,
attitudes, emotional involvement, etc... interact with the person's
information processing apparatus, and determine his preferential
learning style. Before we pass on to the educational implicatiors
we would like to relate the various components of the information
processing apparatus (figure 37; see also figure 1).

A. //0:: S P IGr, 3:  -i ,Ficifial'..1/AFFECTIVE \ /motor      \  1       7

Milir
ECOMPONENT    I componentl            1
\physiological/     Iphys,ological /    1           /

k:3/   11« /--«»
rigure 37: A conceptualization of

the relation between

learning style, cogni-

tive style and code

specificity.

At the end of this chapter on cognitive processes we hope
one thing namely, that the reader be convinced of the need for
research in this area. Indeed, most of the compiled research

findings are promising but tentative. And, most of the beliefs
cited, seem common sensical enough, but they still await scientific
verification.
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7.0. EDUCATIONAL IMPLICATIONS

Reading through the various sections of this chapter, the

reader may have asked himself: 'How is this rather complicated

model of human memory and all the promising but inconclusive research

on cognitive style and cerebral dominance going to be of use in the
classroom ?'. Yet, we feel sure, that at other points during his

reading, the reader may have stopped and thought of a few educational

consequences himself.

For example, after having read the different dimensions

summarized in figure 35, the reader may have thought that the
cognitive style aspects which guarantee success are situated on the

left. Anybody can think up a number of situations which require

an individual to analyse the perceptual field before producing
an answer. For example, in text analysis, in the description

of paintings, pictures, graphs, drawings, etc... Such tasks call

for an analytic cognitive style; consequently, we would expect

individuals with a scanning, reflective cognitive style to perform

better than individuals with a different cognitive style.

However, we should not forget that there are a number of

tasks which call for quick global perception.  Think for instance

of the extreme example of driving a car. Quite a number of decisions

are based (or should be based) on a quick global perception (Gestalt)
of the perceptual scene. Similarly, ordinary conversation calls

for quick replies which are based on global interpretation of the

speech input.  'Quick global perceivers' who have the capacity

to base a rapid response on a global configuration or who can
skilfully narrow their attention to a specific, highly relevant

fact of the stimulus situation, may strike many bargains and succeed

better in specific school subjects.

Thus we must conclude that we are not (and never will be)
in a position to determine which cognitive style is most suitable

for each and every school subject. Questions such as 'which style(s)

should a pupil have in order to be successful ?' should be put aside

and more relevant questions such as: 'Can an efficient teacher shape
the cognitive style of his pupils ?', 'Can a pupil adapt his cognitive

style to fit specific problem assignments ?', 'Under which conditions
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is a specific style most favourable ?' should be answered.

Although there is some research going on in this area

it is certainly not conclusive. Some authors (cf. Cronbach. 1568;

Coop and Sigel, 1971; Kogan, 1971) have expressed doubts concerning
the relationship among various cognitive styles and learning success

Others (Robinson and Gray, 1974) have argued that it pays off to
investigate the relationship between a specific pupil's cognitive

style and a particular school-learning task prior to assigning
children to differential instructional groups.

Yando and Kagan (1968) investigated whether pupils with

a dominant impulsive cognitive style could be made more reflective.
They found a significant increase in reflective capacity if the

pupils were instructed by reflective teachers who positively

reinforced reflective capacities. However, the rate of accuracy

of responses did not show a parallel increase.

This latter finding would support the claim put forward by

Kagan, 1966; Cohen, 1967; Bercovici, 1973; Hamilton, 1976; etc...
that cognitive style aspects are stimulated and reinforced early

in life, particularly in the primary socializing group. Especially
the way in which the mother teaches her child cognitive tasks seems

to be a determining factor in shaping cognitive processes. (cf.

degree of control, reinforcing strategies,  etc. . . ) .   Also,  the
negative effect of high arousal and anxiety in early childhood

limits the processing capacities and is a determining factor in

cognitive functioning (Gray, 1970; Kahneman, 1973; Hamilton, 1976).
We would also like to remind the reader that the start of systematic

education marks the onset of 'concrete operations (Piaget, 1968) and
that it is the task of the school to provide the pupils with learnin 

activities which allow them to perform various cognitive operations
in their workspace so as to assist them in developing an adequate

information processing style.

In short, if we accept the claim that the foundations and

limits of our cognitive apparatus are fixed early in life we must
face two major implications (i) that the preferential information

processing styles - or the learning style - are still relatively

flexible in the first few years of primary education, but (ii) that
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these preferential modes and styles of perceiving and conceptualizing

are gradually fixed and rernain stable throughout life.

Consequently, it is important to provide training in the

development of (1) both mediatory coding systems (2) different

cognitive style aspects and (3) a 'sensible' learning style,
especially in the most sensitive period. We shall deal with each

of the three above mentioned aspects separately, but before we do,

we would like to make reference to the aptitude-treatment interaction
(ATI) model as proposed by Cronbach and Snow (1977). This model

which concerns itself with the interaction of individual differences

with various methods of instruction defines aptitudes as 'any
characteristic of a person that forecasts his probability of success

under a given treatment' (p. 6). It is the aim of the ATI research

(i) to extrapolate characteristics (traits) which cause a pupil

to respond to one instruction method rather than to another (ii) to
locate and measure the traits (aptitudes) which are characteristic

for a given pupil (e.g. can he use algorithms), (iii) to assemble
teachable groups and (iv) to select specific instructional plans

for each group. Hence the whole point of the ATI approach is to

determine which instructional method (treatment) would be better

for a given group of pupils.

We are of the opinion that the ATI research model in its

present state of development cannot be used as a frame of reference

for assembling teachable groups in the classroom. Our main objections

centre round the fact that many pupil charactersitics which are
known to interact with the method of instruction can neither be

isolated as qualitatively distinct characteristics, nor can they
be measured reliably. Also, many affective and social factors
influence the teaching-learning process (cf. emotions, attitudes,

motivation, peer group membership, conforming behaviour etc...). These

non-permanent states of the learner may interact with more stable

characteristics and determine the 'present state of the learner'

(cf. figure 1). They are situation-dependent variables which cannot

be measured in any form of pre-test.

But, our principal objection concerns the teacher's role

in diagnosing and predicting individual differences. The ATI-approach

is, in our opinion, too cumbersome and costly to be carried out by
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the teacher himself or by the school. It can be compared with a
new car motor which is generally accepted to be a fantastic

innovation, but which nobody can buy because it is too expensive.

All in all, we give preference to assigning pupils to
flexible groups based on their pre-requisite knowledge (cf. chapter
one), but we also want to provide the teacher with criteria for
diagnosing individual differences in information processing.  This
diagnostic information will assist the teacher in Dlanning learning
experiences and teaching methods which capitalize maximally on the
learner's mediatory coding system, his cognitive style and his
learning style in general.

Let us first turn to the development of both mediatory
codes. The statement that verbal-based instruction strategies
outrange imagery-based instruction strategies will not be contested
by the reader. Indeed, the imagery channel is a much negelected
processing route and visual imagery is grossly under-used as an
organizational strategy. We feel confident, that classroom
observations would reveal that most efforts towards developing
the imagery code are limited to using pictures as learning material,
i.e. no adequate use is made of the learner's ability to generate
his own visual images in order to (i) assist the comprehension
process and (ii) structure and organize new information meaningfully.

In order to improve this situation, teachers should make
an attempt to select learning activities in which the pupils develop
their mediatory codes, especially the much neglected imagery code.
For  example, when spatial orientation questions  are  set  to the pupils
the teacher could use an exclusive imagery-based instruction strategy
(e.g. given the question: 'If this symbol represents the village

church, where would you situate the station, the football ground,
the school,etc...) the teacher could explicitly ask the pupils to
imagine the village church and make an imagery walk through the
village, asking them to stop at certain points and describe what
they see on the right, or on the left, straight ahead, behind them.

In the same vein pupils could develop their imagery code
by generating images of familiar concepts, persons, events, etc...,
and describe them; they could also be asked to take in an imagery
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position in the classroom, in the school, etc..., and describe

the view from there. They could be requested to generate their

own images while listening to a text, understanding instructions,
new concepts, etc... The point we are trying to make is that

the unilateral training in using one's verbal capacity (e.g. explain

this concept in your own words; give the gist of the text in a

number of statements; summarize this lesson, repeat these sentences,

devise a set of rules in order to remember this card game, rephrase
the problem, state the inferences, etc...) should be supplemented

by extensive training in the use of tte imagery code.

It would not be difficult to supply the reader with numerous

examples from the school curriculum which illustrate that (1) many

school tasks could make use of the pupil's visualizing capacity and

(2) that the imagery code is grossly under-used. For example, in
the geography curriculum pupils could be asked to imagine maps and
situate the position of towns,mountain ranges, rivers, lates,borders
etc... on, say, a North-South axis: (e.g. Los Angeles, Tunis, Dallas ,
Madrid, Tokyo, Afghanistan, Miami, Athens, Israel, India, Hawaii) or,

on an East-West axis: (e.g. New York, Chicago, Rio de Janeiro,

Vancouver, Mexico, San Francisco, Lima, Montreal, Guatemala, Buenos
Aires). Many pupils will fail to perform this task simply because

they have never been set such image-dependent tasks.

In the history curriculum pupils could be asked to imagine

specific buildings in their home-town or buildings which they

have visited, and describe their styles (i.e. shape of the windows,
the arches, the nave, etc...). The same could be done with paintings
and sculptures. In the mathematics curriculum, more specifically
when studying scale and proportions pupils could be asked to imagine,
say, that a particular photograph is enlarged five times, and determine
which of the provided frames would be suitable. They could also

predict whether the size of a particular country on the map of
Europe would still be large enough to indicate the names of the most

important towns, if that map were to be reduced three times.

Granted that such tasks may occur on the present-day school

curriculum, but we doubt whether the pupils are (1) explicitly asked

to generate images, (2) answer questions on the basis of these
images  and  ( 3) are given the chance to check their answers aftel warris.
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All three aspects are necessary if a pupil is to enhance

his visualizing capacity. For, neither casually drawing on a

pupil's visualizing capacity by asking: 'You all know that Munich,

Paris and Vienna are situated at the same degree of latitude; what
effect does that have on the wheather conditions in these three
towns ?', or, by providing a visual aid (in this case a map of

Europe) will enhance their visualizing capacity. If, however,

the pupils are explicitly asked to (1) generate a map of Europe,

(2) answer questions such as: 'Situate the following towns on the

imagery map, paying special attention to the North-South and

East-West axes: Paris, Munich, Vienna, Prague, Moscow, Belgrado'

and (3) check your answer on the map in your atlas; they will not
only experience their inability to integrate conceptual information

so as to generate an image, but they will also learn to appreciate

and use the imagery code.

Far too often pupils are provided with visual information

before they use their own visualizing capacity or, even worse,

they are dealing with visuo-spatial information through the verbal

channel. Consequently, they neglect a powerful processing route

which they could switch on in a number of everyday situations.

Next, we turn to the second aspect of the training program,

i.e. developing specific cognitive style aspects. The reader will

recall that we have taken the view that a person cannot be classified

as being 'analytic or global','focusing or scanning', etc... but that

his position can be determined for each of the cognitive style aspects
(cf. p. 162). Consequently, training can be provided in each of the

various cognitive style aspects: analytic processing, global

processing, scanning, focusing, levelling, sharpening, etc... The

teacher should know, however, that both his questioning technique

and his patterns of reinforcement may shape aspects of the pupils

cognitive style. Indeed, questions can be formulated in different

ways and the learner may differentially interpret these questions.

For example, the following assignments provide training in different

cognitive style aspects:
1. What did you think of the film ?

2. Listen to this record in order to have a general idea of
Vivaldi's music.
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3. Draw a general outline of the cathedral
------

4. Why did you say that the film was autobiographical ?
5. Describe Dylan Thomas's style with the help of the text.

6. Draw a detailed floor-plan of the cathedral.

The reader will have noticed that the three first questions

clearly elicit a global cognitive style, whereas questions 4-6
call for an analytic cognitive style. Likewise, the question
'What is similar about the four main characters in the text 'may

elicit a levelling cognitive style in some pupils and a sharpening
cognitive style in other pupils. If the teacher expects his pupils

to employ a sharpening cognitive style he should re-phrase the

question and ask:'Distinguish between the four main characters in
the text featuring on their similarities and dissimilarities'.

If the teacher is unaware of these subtle ways of influencing

the learner's potential answer he can unintentionally promote or

discourage a specific cognitive style in his pupils. However,

we hasten to add that the ideological impact of promoting alternative
cognitive styles in the learner does not warrant the teacher to

enforce his own learning style onto the learner. This brings us
to the third step in our training program viz. developing a

sensible learning style ! To illustrate this statement we will make
reference to an example. Imagine a teacher who asks his pupils to
prepare their schooltrip to England. Some pupils may be inclined to
prepare the trip globally, only indicating the most important

stops e.g. 'Visit to London (most interesting places), coachtrip

to York (tour of the city), coachtrip to the Lake District (sight-

seeing), coachtrip to the Cotswolds (sight-seeing), back to London'.

Other pupils may prepare the trip meticulously i.e. they not only

specify that they would like to visit, say, York  but also where

the coach should drop them; they outline the walk through the city;
they indicate when and where they could have lunch, what they would

like to see in the Castle museum, how much time they could spend

there and even in how much detail they could afford to see the various
exhibition rooms.
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It goes without saying that the way people prepare a trip
or a holiday (or a lecture for that matter) depends to a large
extent on personality characteristics.  I.e. some people 'feel'
that over-planning a holiday or a lecture kills the enjoyment.
They want some frame of reference to fall back on, but they leave
all the details to be filled in on the spot. Other individuals
do not tolerate spur-of-the-moment decisions. They only feel confiden

when they have gone through all the possibilities, before actually
setting off. Enforcing the first type to plan and structure their

trip would meet with reluctance whereas asking the second type
to leave the details to be filled in later, would leave them
unsatisfied.

Consequently, we are of the opinion that interference, with

this personal way of interacting with the environment, should be
restricted to giving advice. Put in a different way, the teacher

can show the learners that there are alternative ways of planning
a trip, but that it remains their right of choice to select which
way they feel most at ease with. In order to develop such a tolerant
attitude towards different learning styles it is vitally important
that the teacher should know his own learning style. Only then,
can he appreciate that a pupil's approach to a problem may be at
variance with his own approach, but may nonetheless reflect an
adequate coping style.

The point we are trying to make is that teachers and

curriculum constructors need to ask themselves questions regarding
the implementation of their work. These questions should include:
(i) How can a teacher gain knowledge about (a) a pupil's learning
style, (b) his preferential coding and retrieval routes (c) the

cognitive style aspects which he intentionally or unintentionally

neglects, (ii) what effect does the finding that different pupils

employ different mediators have on the organization of the teaching-
learning process  ? In other words,   in  what form should new informatior
be presented in order to ensure maximum learning in each pupil.

Regarding the first question, we are of the opinion that
the cognitive style tests which are currently in use do neither
have high predictive value in relation to school success, nor do
they correlate highly with each other. For this reason, and also
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because setting a large number of different tests would be a

cumbersome venture for the teacher, we would suggest a test which
taps the underlying variable, i.e. code specificity, directly (see

experiment II). On the basis of this diagnostic information the

teacher can make some predictions about the pupil's habitual way

of processing information;  he can make a check-list per pupil and
and indicate both the neglected cognitive style aspects, and the

preferential or dominant ones.

Awaiting scientific research which should provide us with

an answer as to the length of the 'most sensitive period' for
altering the preferential mediators and cognitive style aspects,

we would suggest, that before the 'abstract operation' stage

(approximately from kindergarten to the end of primary education)

teachers should continuously provide training in the use of both

mediatory codes and attempt to develop all cognitive style aspects.

When at the start of secondary education a pupil still shows

a dominant cognitive style, and relies heavily on one preferential
mediatory code, the teacher should capitalize on this preferential

processing strategy and adapt the teaching-learning process according-
ly.

This brings us immediately to the second question which teachers
and curriculum constructors should ask themselves: viz. how can

individual differences in learning style be taken into account

when planning the teaching-learning process ? This question does

not bear directly on coding and retrieval processes. Rather it

encompasses the complete teaching-learning process. Consequently.
we v. ill see fit to consider it again in chapter three when we discuss
the 'analysis-verbalize/visualize-execute' approach to problem olving
We shall also enlarge on various aspects which we have only briefly
touched upon (cf. effective questioning; adequate transfer from

STM-- LTM etc...) in chapter four.
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NOTES

1. the rod and frame test consists of a luminous rod and frame
situated in a dark room. Both are in a tilted position. It is

the subject's task to adjust the rod to a true vertical position,

thus ignoring the tilted frame. The score indicates how much

the subject's judgement is influenced by visual information.

2. the embedded figure test which is based on the Gottschaldt figures

(Gottschaldt, 1926), consists of a complex configuration in which

a simple geometrical shape has been embedded. The subject is

instructed to locate this target figure in the shortest possible

time.

3. the body adjustment test is a variation on the rod and frame test.

The subject sits in a room which can be rotated about a central

pole. The chair itself has been tilted to the right or the left.

He is then required to adjust his body to a true vertical position,
The test score reflects the subject's ability to perceive his body

as distinct from the surrounding environment.

4. the matching familiar figure test (MFF) consists of an array of

six stimuli which are similar to a standard stimulus. The subject

is required to select from the array a stimulus which is identical

to the standard stimulus.

5. the conceptual styles test (CST). This test consists of thirty
stimuli. The child is presented with cards on which three black

and white pictures are shown. Its task is to select the odd

man out and to state the basis for this grouping.

6. the draw-a-face-test (DAF). The face drawn by the pupil is

analysed for the number of features it gives, the more features

it draws the higher it scores on reflectivity.

7. the draw-a-line-slowly test (DALS). The pupil is asked to draw
a line across the page on unlined paper and the latency is recorded,

The longer it takes the more motor control (motoric inhibition) the
child has.
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8. (i) autopsy studies. Post-mortem examinations revealed which
part(s) of the brain of patients who had suffered from various

disorders such as aphasia, amnesia, agraphia, dyslexia, etc...
were damaged. These different functional disorders were described
and the precise cortical locations of brain damage noted after
the autopsy had beenperformed. (cf. Broca, 1861; Boring, 1957).

(ii) handedness correlates. In earlier days it was assumed that
the left hemisphere was the dominant hemisphere for speech,

perception and motor activities in all right-handed individual
and that the opposite relation held for left-handers. Humphrey
and Zangwill (1952) studied the relation between handedness and
cerebral dominance in left handed brain injured patients. They
reported that patients with left-hemisphere damage showed greater
speech deficits than did right-hemisphere injured patients.  They
concluded their research with the claim that the one-to-one
correlation between handedness and hemisphere dominance does not
hold: the left-hemisphere is still most dominant for speech in
left-handers but it is less strongly lateralized than it is in
right-handers

(iii) ablation studies. Due to various diseases surgeons have to
either remove a total cerebral hemisphere or parts thereof. These
operations provide data regarding the functional placticity of

the hemispheres during childhood and adult life. For example,
removal of sections of the left temporal lobe reduces the number
of verbal items recalled in a dichotic listening task (Kimura,
1961) whereas removal of the right temporal lobe does not impair
verbal capacity but impairs the recognition of dichotically
presented melodies (Shankweiler, 1966).

(iv) electrical stimulation. At the time of surgery certain
parts of the hemispheres may be electrically stimulated.  The
patients reactions such as naming object(s), inability to name
object(s), confusions of numbers while counting, hesitations,
repetitions, arrests etc... (cf. Penfield and Roberts, 1966, p.    )
are noted.
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(v) sodium amytal injections. One hemisphere is anesthetized
by a sodium amytal injection into the carotid artery. This

fast acting barbiturate affects the blood supply to the brain

and the patient immediately loses all motor power in his contra-
laterial motor system. This technique is used mainly to determine

the effect of ablation on memory and speech behaviour.

(vi) split-brain studies.  Gazzaniga (1970) reviews most of this

work.  The technique which is used to control epileptic seizures

consists of the surgical section of the corpus callosum, the

major nerve fibre tract between the hemispheres. Once, this

transcallosal tract has been cut the patient seems to possess
two separate brains. Because the optic chiasm is still intact,

visual stimuli can still be presented from each eye to both
hemispheres. By stabilizing the image or experimentally preventing
blinking, the experimenter can present information  to one hemisphere
exclusively (to the left or right occipital lobe). However, since
the corpus callosum has been cut no information can be transmitted

to the other hemisphere. Consequently, the not-connected hemisphere

is ignorant of the presented material. (Similarly, tactile
information from the right or the left hand can be presented to the
RH or the LH exclusively). Sperry and Gazzaniga (1967) using this

technique found that a patient who was presented with information
to the right visual field (RVF) - and hence to the LH - can

immediately name an object, repeat what has been flashed up
tachistoscopically, comment, answer, etc... However, information

presented to the LVF- RH, does not elicit a verbal reaction (there
may be an emotional response); when provided with an alternative
means of communication - such as picking up an identical similar

object from behind a screen - a non-verbal response can be given.

(vii) dichotic listening. Dichotic listening experiments which
present different material to each ear are based on the anatomical

finding that each ear is connected most extensively with the
opposite hemisphere. Hence, the right ear has more direct access
to the special left hemisphere speech processor. This direct

connection-gives verbal material presented to the right gar a

slight arrival idvantage vis-a-vis the left ear (cf. REA).
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Research using the dichotic listening technique has consistently

reported a REA for verbal material (Kimura, 1964; Fhankweiler,
1967; Springer, 1971) and a LEA for the perception of non-speech

sounds such as melodies (cf. Kimura, 1964) and clicks (Murphy
and Venables, 1970). Important is the finding that the REA cannot

be eliminated by either giving a slight onset advantage to

material presented to the left ear or by intensifying the signal
in the left ear.

(viii) dichoptic vision. This technique involves the simultaneous

stimulation of the RVF and the LVF, and thus both LH and RH. The

stimuli and design used for these experiments are based on the

Posner-Mitchell (1967) paradigm. (cf. AA physically identical,
Aa name identical responses). The findings consistently report
that the LH processes name matches and the RH processes physical
matches. (cf. Geffen et al, 1971; Geffen et al, 1972, etc...).

(IX) direction of gaze.  This technique is based on the findings

reported by Kinsbourn (1970, 1971) that subjects solving a verbal

problem more readily shift their attention to the right than to
the left. By contrast, subjects solving a spatial problem show
more gaze behaviour to the right than to the left. When both

hemispheres are engaged, however, the subject predominantly
centers his gaze behaviour by looking up or down. These eye-
movements, Kinsbourn (1974) explains, are involuntary accompaniments
of the cognitive processes i.e. cognitive neural activity is apt
to overflow into the orientation control system within the same
hemisphere and vice versa  I  (p. 170 ). Several other researchers
have confirmed and extended these results (cf. Bakan, 1971;
Kocel et al., 1972; Gur, 1974).

9. alpha wave reduction occurs concurrently with the performarce
of specific abilities; e.g. Bogen (1974) reported alpha wave
reduction in the LH while subjects were performing writing
tasks or mental arithmetic, and alpha wave reductior in the
RH when a block design test was performed.
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10. The ten questions which were used to induce eye movement were:

'How do you spell 'journey' ?; 'What is 6 times 12 ?'; 'How

many letters are there in the word 'Washington' ?'; 'What is
similar about salt and water ?'; 'What is similar about first
and last ?'; 'Which way does Lincoln face on the penny ?'; 'How

many  sides are there  on  a five pointed  star  ? ' ; 'I s  the top stripe

of the American flag red or white ?'; 'Is the moon now waxing

or waning ?'; 'What is your favourite colour ?'.
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HOW SPECIFIC ARE CODING AND RETRIEVAL PROCESSES ?

This studv was designed to test the expectation
that different individuals use preferential
processing routes to code and retrieve verbal
and visual information.  The hypothesis was
that we would be able to differentiate between
visualizers and weak-visualizers on the one hand,
and between verbalizers and weak-verbalizers on
the other. The design used for this experiment
consisted of a simple memory task and a dual
memory task for both the visual and the verbal
material. The % correct on each of the dual
tasks was compared with the % correct on the
respective single memory task. This technique
gave us some indications about intergroup
differences. The three groups which we
found in our sample of 26 pupils proved to be
stable over a two month period (parallel-test).
A further experiment (112 pupils) enabled us
to draw some conclusions about the coding
and retrieval strategies which various groups
of pupils viz. bicognitives, verbalizers,
visualizers and indefinites, employ. The
psychological impact as well as the
educational implications are discussed.

Kosslyn and Pomerantz (1977) have argued that the

basic question to be answered in memory research is whether

images function differently in cognition than do other sorts
of internal representation. If not, and if images are represented

in the same format as are other internal representations, then

there are no grounds for maintaining the construct of imagery

as an explanatory device in psychology (emphasis mine, p. 52).
Their debate attempts to re-instate the construct of imagery

after the severe blows it had received from Pylyshyn (1973)
and his followers. We are of the opinion however, that discussions

and comparisons of the assumptions put forward by both the

imagist approach and the anti-imagist approach are basically

fruitless.  We have postulated in chapter 2 that our conscious
knowledge is carried by two main mediators viz. (i) the imagery

code and (ii) the verbal code, and that our unconscious or tacit

knowledge structure is content-addressable and stored in a modality
free form. Hence, a multi-stage coding and retrieval model

emerged in which the two main mediators of the coding and

retrieval process are seen as two parallel but mutually
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dependent processing systems.

Although there is plenty of research indicating that

imagery and verbal rehearsal are distinct modes of representation
in STM (for evidence see p. 126 ) there are no indications to
be found in the literature as to whether individuals make

preferential use of either one of these mediators when dealing

with pictorial or verbal material. The present experiments were

set up to distinguish experimentally between the use of these
two different mediators. Hence, the present approach does not
centre round the controversial question 'How is information

stored in LTM' ? , but is an attempt to capture the way individuals

consciously experience information they have committed to LTM.

On p. 125 evidence has been presented which supports the
distinction between a fast route and a slow route (cf. Mackay,
1973; Craik and Lockhart 1972 and Goyvaerts (n6e Boekaerts), 1974,

and we have concluded that information processing involves (i)

a superficial analysis of semantic features and (ii) a deeper level

of semantic and syntactic analysis (at the level of awareness).

On the basis of this distinction it was postulated that all

information which is coded (understood + stored) has passed through
STM (i.e. has been carried in STM by the verbal and/or the imagery

code). It follows then, that the dominant code used by an

individual during the coding process will be reflected in the
content of his propositions and in later retrieval attempts.

Indeed, the MSCR model assumes that pictorial material

can be retrieved either as an image or as a series of verbal

statements from which an image or parts of an image can be
reconstructed. For example, the picture in Figure 38 can be

coded as a visuo-spatial representation of a boy and a girl

standing in a particular relation to each other in a specific

location in a room (behind a window).  This photograph can also

be coded as a series of verbal statements such as (a) A boy and

a girl, (b) The girl is holding a glass, (c) The boy is holding

a bottle, Ed) They are standing behind a window (e) The boy
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stands to the left of the girl, etc... Similarly, sentential

information can be remembered in its exact verbal form, (surface
structure) or in a variation of this form. For example, the

sentence: 'The boy bought the book from the girl' can be correctly

remembered in its original form or in its thematic change 'The

girl sold the book to the boy'.  At the time of encoding the
message, the subject may have used various techniques such as

repeating the sentence to himself, generating a mental image

of the scene, etc... But we would expect that only those subjects
who have used a verbal mediator during the encoding process will

be successful in generating an exact copy of the sentence.

tic can formulate the experimental question as follows:
Can we differentiate between (i) individuals who are able
to retain the visuo-spatial information presented in pictorial
material as well as the semantic information (visualizers), (ii)
individuals who only remember the general content of a picture
or scene (weak-visualizers), (iii) individuals who are able to
remember the exact sentential form as well as the general content
of a sentence (verbalizeri) and (iv) individuals who only remember
the gist  of the information (weak-verbalizerd .

We selected an experimental design which is essentially
a two-task vs. one-task comparison.  This design allowed us to
test a pupil's memory for linguistic or visuo-spatial information
when (i) the total information processing capacity can be devoted to
coding (understanding + storing the message)and (ii) when the

alternative processing system (verbal or imagery) is blocked or
partially blocked experimentally. In other words, we take the
assumption that the additional memory task in the visual vs. visual-
plus-verbal and in the verbal vs. verbal-plus-visual tasks will
interfere in a modality specific way. Even though there is
no on-line control of the subject's activity like there is in
shadowing experiments, the subjects cannot get away with selectively
distributing their attention or with switching back and forth during
the dual task, unless they are prepared to be caught out. Indeed,

they did not know in advance what they had to monitor in the

additional memory task (i.e. the prose text or the filml Their
score on the recall questions about the secondary task reflects
their eneaeement in this additional memory task.
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Hence, we hypothesized that pupils who are using the

imagery code as a mediator when coding pictorial material will

not be hampered considerably if we overload or block the verbal

processing route during the acquisition stage. On the other

hand, pupils who switch in the verbal mediator to help decode
the visual information (transform information presented in the

image into a set of verbal sequences) are expected to suffer

a considerable loss when this processing route is not free

to assist the processing of the target information.

Similarly for verbal material, pupils who are using the

verbal code as a mediator when coding sentential material are not

expected to be hampered if we overload or block the visual

processing route during the acquisition stage. However, the
percentage retained of pupils who do use the imagery mediator

for assisting the coding of sentential information, may be
decreased if we present these pupils with an additional visual

task.

Hence, by looking at the quality of the retrieved

information under two different learning conditions, we

hope to demonstrate that the distinction between 'weak-

Visualizers' and 'visualizers' on the one hand, and between

'weak-verbalizers' and 'verbalizers' on the other, is

psychologically real.
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E X P E R I M E N T   II

1

M E T H O D

Subjects : Twenty-six male and female pupils of the third and
fourth year of secondary education (16 years) took part in the

experiment, which was incorporated into their normal classroom
activities. This age group was selected because we assumed that

these pupils have already established a preferential coding and

retrieval style (p. 181).

Apparatus and stimuli : The stimuli consisted of two sets of
eight sentences, two sets of eight slides, a prose text and an

extract of a commercial film. A pilot study was run in order to
select the slides and the sentences : simple sentence pairs

expressing (i) spatial relations (e.g. The umbrella lies on the

table; the umbrella lies under the table), (ii) passive/active

constructors (e.g. The long promised present was given to him/
they gave him the long promised present) and (iii) direct speech/

indirect speech constructions (e.g. Mother said : 'I am going
to the cinema tonight'/'Mother said that she was going to the

cinema tonight') were constructed.  During the acquisition stage

each of the 12 subjects taking part in the pilot study

was asked to memorize the 10 target sentences. Subjects

could proceed at their own  pace since they were tested

individually.  A week later they were presented with the 20 sentence

pairs. Their task was to recognize the target sentence and

identify the distractor. Target sentences that were recognized

by all subjects were eliminated as well as sentences  that none

of the subjects recognized. Subjects also rated sentences as  'easy'

(to form a visual image) or 'hard', and only the former types
were included in the sample. Visual stimuli were selected

according to the same selection procedure. Distractors differed

from the original slides on one feature only (orientation, spatial

relation, or focus of detail). Each slide was rated as 'easy

to verbalize' or 'hard to verbalize', and only the fcrmer type

were included in the sample.  This sample consisted of 16 slides

(the selected targets from the pilot study) and 16 sentences

(also targets).  These 2 sets were divided into 4 sets of eight.

-                                                                                 -
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Sentences were recorded at normal speed and pauses were

left between the sentences so that a  new sentence started every

6 sec.  The slides were equally presented at a rate of 6 sec.
The film extract was selected from a commercial film about Los
Angeles. Several amusement parks were featured as well
as the film studios and other tourist attractions. Six animals

appeared in the film viz. a dolphin, a swan, a penguin, an

elephant, a snake and a donkey. All animals were clearly visible
and in focus. The prose text featured the various activities of

a sixteen-year-old boy during the summer holidays. These activities

included six sports viz. volley-ball, swimming, steeple-chase,

cycle-racing, tennis and football.

Design and procedure : The subjects were tested collectively
(as a class) during both the acquisition stage and the recall
stage of the experiment.  They were first instructed to memorize
the eight slides (single memory task). In order to motivate them

to perform this task well, and also to ensure that each subject

understood the instructions, the experimenter suggested that they
should imagine to be a spy whose task it was to take a mental picture

of each slide.  The auditory presentation of the eight sentences

followed immediately afterwards. This time the pupils were asked

to remember the sentences as best they could paying special
attention to the wording of the sentences.  At this point in the

experiment a small break was incorporated during which the pupils

filled out a personal data sheet. Next, we proceeded with the dual

memory tasks: The second set of 8 slides was presented parallel

to the auditorily presented prose text, and the second set of 8

sentences was presented parallel to the film extract.  The pupils

were told that these additional messages had to be decoded in
order to be able to answer a separate question afterwards.

Immediately after the acquisition stage they were asked to
answer these two questions. For the film extract the question

was 'Name all the animals which you saw in the film' and for

the prose text 'Name all the different sports mentioned in

the text'.
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The recall phase followed a 2 hr retention period during
which the pupils took part in ordinary  classroom activities.

A test booklet was provided which they could fill in at their

own pace.  Three or four multiple choice items were set for

each of the 8 sentences and 8 slides. These questions
pertained to the visuo-spatial elements in the slides and to

the construction of the sentences. For example, for the

slide pictured below, these questions were:

(1) Did you see a slide
with a boy and a girl ?
(a) yes

(b) no

(c) I don't remember

(2) The boy and the girl are
standing

(a) in front of the window

(b) behind the window

(c) next to the window

(3) The boy stands
(a) in the right half of f,

the slide .../.. . -¥

(b) in the left half of ...Em./.7 ...4
the slide -Iial

(c) in the middle of the   -*/61.141
slide

.-I-'.Alt...1 l.(4) The girl is holding 5/99*/AL-Al.*,  1  /( 92
(a) a flower

(b) a glass
(c) a bottle -38-·  ,1, rzqi-A 47

(5) Draw the slide in the frame ll,liallIA   jilt.Al' ...-

provided :

Figure 38 : slide presented
in the acquisi-
tion stage



205

The questions were assembled per block (Bi, 82, 83
B4, see Table 9) and printed in random order within each block.

But due to the fact the questions were related and dependent

(i.e. some questions suggest an answer to previous questions) pupils

were asked to run through the questionnaire from beginning to end
without going back to previously answered questions. Also, two sets
of questions which did not refer to an ectuallv Dresented slide or

sentence were incorporated in each block. A summary of the design
of the experiment is printed in table 9.

table i : design of gnof the expe .imert

ACQUISTTION STAGE RECALL .TAGE

S

M     presentatioo   Al      81  -Question on the I
       of  8 slides slides

£

M                       /         4                      |
E
M presentation - que.-ion on the

       of 8 sentences sentences

Y

A
S
K

D                                       I
U                     A 3     '3
A      presentation of -cuestions on Ttie

L      8 slides + slide=
M      presentation of -9uestior. cr t¥le
E      prose text text
M
C

P                           A 4       <
Y

T      presentation of -Ilect..T- I- t/.
A      8 sentences + sentr ice·.

S      presentation of -luE.r:Ing or -h·>
F      film extract filr

R E S U L T S

Each slide and each sentence was marked on a total of 5 points.
1/2 point for correctly recognizing the slide/sentence, 1 1/2 points

distributed over the two/three multiple choice items and three points
on the drawin& or the verbatim  form of the sentence. If a subject
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incorrectly identified a sentence/slide or if he failed to identify
it, the remaining questions were not scored. The score of the
drawings was based on the correct visuo-spatial relations (to the
left of, to the right of, in front of, behind, etc...) and the scoreof the sentences was determined by the subject/predicate relations,
the passive/active constructions, direct/indirect speech differences
the use of correct pronouns, etc...). The number of correct answers
per block provided the raw data. These scores were converted into
percentages. This conversion left us with four scores for each
subject:% On slides (single memory test = Bl), % on sentences
(single memory test = B2),  % on slides + prose text (dual memory
test = B3), and  % on sentences + film extract (dual memory test =
84).  Next, we compared categories Bl and 83, and categories 82
and B4.  The smaller percentage within each of these two groups
was deducted from the larger percentage. This calculation gave
us the percentage loss due to the effect of the independent
variable (overloading the alternative processing system).

TABLE 4  : NUMBER OF ITEMS PECALLYD PEI TAFY

2  1  4  5  E  7  8  9  1 2 1 1 1 2 1 9 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6

PROSE S54 ..S 4 SLIUS SE5Su 544 5 6 4 5 5 4 5

FILM        5  5  5  4  5  5  4  4 4 .S 5 6451,45 444 55454

note : Maximum of E items per task

The results on the two memory questions concerning the

film extract and the prose text are printed in table 10.  As

can be seen, most pupils could answer the questions. We

interpreted these findings as evidence for meaningful decoding
of the secondary task. In other words, we assume that the
alternative processing route was engaged to a considerable

extent by the secondary task; which left relatively little

capacity for asssisting the coding process of the primary
task.
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- S loss for slides

Figure 39 : percentage less
on sentences and
slides.

If we combine the data on tests Bl and B3 (i.e. slides

alone vs. slides-plus-verbal) with the data on tests B2 and B4

(i.e. verbal vs. verbal-plus-visual),three main groups emerge

viz.0<   ,  (3 and    . Group o< is characterized  by  a  high  loss
percentage on both sentences and slides; therefore we will term

this group of 'weak-verbalizers' and 'weak-visualizers' the

indefinites.  Group 0  showed a low loss percentage on the

sentences but a high loss percentage on the slides. This group
of 'verbalizers' and 'weak-visualizers' will be labelled 'verbalizers'

Finally the subjects in group   all had a low loss percentage on both
the sentences and the slides. They will be referred to as

bicognitives.
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DISCUSS:mr

The results of this experiment allow us to draw some tentative
conclusions. The superior performance of the bicognitive
pupils supports the notion that some individuals are making use
of this code specificity to enhance the most efficient processing
strategy, in service of a particular task.  The weak performance
of the 'verbalizers' on vi6uo-spatial tasks, on the other hand,
suggests that some pupils are not effectively making use of the
imagery mediator, i.e.,they employ the same (or a similar)
processing strategy for all inputs. Finally, the weak performance
of the 'indefinites' may be indicative of inadequate use of both
mediators.

Introspective reports of pupils taking part in the test
(analysis of questionnaire data and interviews) create the suspicion

that most weak-visualizers suffered from the same inability : they
reported that as soon as they read the leading question about a
slide (e.g. was there a slide with a boy and a gir11 They knew
that they had seen such a slide, but they were not able to project
this slide on the mind's screen.

They reported solving the subsequent visuo-spatial questions
such as :'The boy stands in the right half/left half/ in the
middle of the slide ?' either by guessing or by trying to remember
facts about the boy and the girl such as 'the boy is holding a
bottle', 'the girl is wearing a blue dress', etc... Some pupils
reported 'seeing' rapidly fluctuating images of various scenes.
However they were unable to stabilize this image in order to
inspect it.

By contrast, visualizers reported using a different
strategy.  As soon as they read the leading question, they could
project the slide on the mind's screen, and they could attend
selectively to sections of the image. In other words, the projected
image could be scanned and analysed.

Even though we have to be extra-cautious with introspective
reports, we would like to speculate that the difference between

visualizers and weak-visualizers in relation to visuo-spatial
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material stems from employing a different mediator. The former

may code information on the basis of an image of the pictorial input

i.e. their propositions may be based on visuo-spatial elements

as well as on semantic information. When these pupils are requested
to retrieve the information, they can regenerate an image on the

basis of these propositions. This image can be scanned and analysed.
The latter pupils retrieve a set of propositions based on verbal

statements but they are unable to regenerate a complete image of
the slide.

Analysis of the reports on verbal data reveal a si-ilar

pattern. Verbalizers seemed to be able te re-construct the

surface form of the message spoken on tape. Weak-verbalizers,
on the other hand, said that they knew they had listened

to a sentence giving information about X, but they could
not re-construct the sentence. Again, we are inclined to

conclude that the crucial variable responsible for the
difference between verbalizers and weak-verbalizers is the

quality of the stored propositions (product of the coding

process) and the preferential coding and retrieval strategy used.

Admittedly, the introspective reports are more suggestive
than definitive, but they are a first step to explain the

discovered patterns in preferential coding and retrieval routes.
The four hypothetical modes of information processing which we

predicted to occur on the basis of the MSCR model viz. (i)

visualizers, (ii) weak-visualizers, (iii) verbalizers and (iv)

weak-verbalizers have occurred in the sample of the 26 secondary

school pupils, thus demonstrating the psychological reality of the
differential coding and retrieval routes.

The reader may have noted, however, that not all the potential
cells of the 2 x 2 matrix have been filled, i.e. three of the
four possible combinations have emerged but the fourth viz.

visualizers/weak-verbalizers did not occur in our sample. This

absence may be due to the limited size of our sample, or alterna-

tively it could be the case that this combination is relatively
rare in the population. Further investigations involving larger
samples must decide in favour of one of these alternatives

(see experiment II3.)·
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E XPERIMEN T   II 

This experiment was set up to investigate whether

preferential coding and retrieval routes are relatively
stable characteristics of the learner. A parallel-test was

constructed and administered to the same sample of 26 pupils
after a two-month interval. It was hoped that these data would

provide us with some information about the validity and

reliability of the proposed diagnostic test.

M E T H O D

We administered a parallel test to the same subjects as

in Experiment A after a two-month interval. Stimuli were

selected on the same basis as described in Experiment A and the

test was administered in the manner depicted in Table 9 .
The recall questions on the film and prose extract were also

chosen on a similar basis viz. 'Name the different towns mentioned

in the text'; and 'Name the different vehicles you saw in the

film'.

R E S U L T S A N D D I S C U S S I O N

TABLE 11 : NUMBER OF ITEMS RECALLED PER TASK

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6

PROSE  5 6 4 5 5 4 5 4 5  5  6  5  4  5  5  6  5  4  5  5  4  4  5  6  5  5

FILM   5 5 6 6 5 6 6 5 6  6  6  4  6  5  5  5  4  6  6  5  5  6  6  5  5  6

note : maximum of 6 items per task

Table 11 features the number of towns correctly recalled (prose

extract) and the number of vehicles recalled (film extract).

Figure 44 visually represents the percentage loss for both slides

and sentences.
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Close inspection of Figures 39 and 40 will reveal that
the three non-overlapping groups remained fairly stable over a

two-month period. Except for pupil 20 who moved from the

'indefinites' to the 'verbalizers', all pupils remained in the
same group. A Pearson product-moment coefficient (Guilford,

1965) performed on the data from both experiments revealed a

.73 correlation between the scores in condition Bl (the recall
of slides); a .79 correlation between the scores in condition

82  (the recall of sentences); a .97 correlation between the
Scores in condition B3 (the recall of slides presented simultaneous-

ly with a prose text) and a .79 correlation between the scores

in condition B4 (the recall of sentences presented simultaneously
with a film extract).
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The correlations obtained for all conditions fall within
the upper brackets of r. values, and we may conclude that our

tests are highly reliable instruments (Guilford (1965) accepts
values of r  between .70 and .98 as indicative of reliable tests,
p. 104) for measuring individual differences in the use of the
different mediatory codes. At the same time we may conclude that
the preferential coding and retrieval styles are relatively stable
characteristics of the individual. Although this experiment does
not pretend to encompass a complete research report on the pupil's
preferential learning style, it provides us with a firm basis
for further experimentation,

E XPERIMEN T    II 

This experiment differs from the first two experiments

in four major ways: First, we tested a larger sample of pupils
(112). Second, more explicit instructions were given to the
pupils. They were informed what kind of test to expect so that

they could switch in their most efficient coding strategy.  This

methodological change would hopefully provide us with a higher
percentage on the sifigle memory task and a greater loss on the

dual memory task. Third, the secondary task in the dual memory
task was replaced by an on-line control task viz. shadowing

auditorily presented sentences in the visual-plus-verbal task
and tracing figures in the verbal-plus-visual task. Fourth,

subjects are presented with a recognition task instead of a recall
task. We hoped that these methodological changes would remove
possible sources of error in the allocation of pupils to different

groups

M E T H O D

Subjects: 112 pupils of a secondary school (aged 16-18 yrs)
took part in the experiment. The subjects were tested in five

separate groups on five successive days (5 classes of 27, 23, 18,
19, 24 pupils respectively).  The pupils were instructed and

tested in their native language (Dutch)
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Materials: The stimuli of the primary memory tashiconsisted

of two sets of eight slides and two sets of eight sentences.

The stimuli of the secondary memory task included 8 drawings
which each featured an object mentioned in the co-occurring

sentence, and 8 sentences which expressed an idea about an
element in the respective slide. The 16 slides were selected

from the previous experiments according to the following criteria:

slides contained two or more objects or persons. The position
of these elements could be changed in two alternative ways. For

example, the information presented in figure 38 could be modified

along the two following dimensions viz. (a) the position of the

boy relative to the girl and (b) the position of the window.

This procedure allowed us to construct three distractors for the

multiple choice test (cf. figure 41 k two items which differed
on only one feature (b and d), and one item which differed on
both those features (a). The sentences were constructed on

the same basis i.e. each sentence selected for the acquisition

task contained at least two elements which could be interchanged.

For example, the target sentence: 'The doctor gave the nurse a

book' could be presented amongst the following three distractors:
(a) The nurse was given a book by the doctor, (b) The nurse

received a book from the doctor, (c) The nurse gave the doctor
a book. Two of those multiple choice items involved a change

in the surface structure, and one item changed the deep

structure (content).

Procedure: The acquisition stage of the experiment took place

in the language laboratory so that each pupil sat separately from

the rest of the class during the presentation of the stimuli.

The instructions were delivered orally over the headphones.  These

instructions specified that the information presented in the

slides should be remembered according to two criteria viz. (i)
the semantic content of the slides and (ii) the visuo-spatial

relations among the objects or persons in the slides. Similarly
for the sentences, we explained the subjects that they had to pay

close attention to the form of the sentences (surface structure)
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as well as to the content of the sentences. A few examples

were given to illustrate the nature of the performance which

was expected from the subjects. For the dual memory task the

subjects were given additional instructions viz. they had to

pay close attention to both inputs, but their performance

on each of these tasks would be scored according to different
criteria: they had to remember the information presented in

the slides/sentences. Their performance on the secondary task,

on the other hand would only be examined so as to determine (i)

how well they had shadowed the sentences and (ii) how much of
the drawings they had traced. Because none of the subjects had
ever taken part in a shadowing experiment a few practice trials

were run until all pupils felt confident that they could perform
this task. The recall phase followed a retention period of two

ncrmal school periods (100 minutes). A test booklet with 32

multiple choice items (8 items per subtest) was provided which
they could fill in at their own pace. An example can be seen
in figure 41.  All test questions were multiple choice items

k.hich consisted of four choices, the target stimulus and three

distractors. The pupils had to recognize the target stimulus

and indicate their choice by circling the correct letter. The

pupils were also asked to make a second choice. The latter data

were collected for further experiments which will not be reported
here.

£-I --;

 I '-I /f f *T=

a                  b                 c                d

Figure 41: example of a multiple
choice item (This item was
constructed for the slide depictec
in fig. 38).
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R E S U L T S

Our dual task conditions were difficult and not all

subjects were able to perform the task reliably. We discarded
the data of 3  subjects who had difficulties with the shadowing
task (unacceptable pauses and gross errors in shadowing). In

the tape recordings of the other subjects no unacceptable pauses

were noticed so that we could rule out the hypothesis that

subjects performed well on the visual-plus-verbal dual task

because they switched their attention back and forth.  A
total score on each of the four primary tasks viz. (i) slides

alone, (ii) slides + shadowing, (iii) sentences alone and (iv)

sentences + tracing, was calculated for each subject.  A

subject was credited with two marks for each correctly identified

drawing or sentence. For the allocation of the pupils to different

groups, partly correct items (only one feature correctly identified)
were not taken into account because such answers could be

interpreted as evidence for 'semantic' encoding as opposed to

code specific encoding (imagery-based/ verbal-based).

The major theoretical interests concern the ability

of the subjects to perform equally well on the dual memory

task (i.e. when the alternative processing system is blocked

experimentally) as on the single memory task (when the alternative

processing system is left free to assist in processing the primary

memory task). The methodological improvements introduced in

experiment II 3 allowed us to examine this ability both as a

function of the level of the initial score (low, average, high)

and as a function of the points lost on the dual memory tasks.

A principle components analysis (Morrison, 1967 and

Maxwell, 1977) was performed on the variance-covariance matrix
in order to describe the data. The choice of this kind of matrix,

instead of a correlation matrix, was justified by the fact that

our variables are expressed in the same unit system; moreover
the first component took a little more from the total variance

in the analysis on the variance-covariance matrix.
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The eigenvalues accounted for the total variance in the

following way: component 1: 59.587 %; component 2: 18.703 %

component 3: 12.119 % and component 4: 9.592 %.  The projec-
tions of the individual scores for components 1 and 2

resulted in the representation depicted in figure 42a.

Mapping out components 1 and 3 resulted in the representation
b

shown in figure 42 . Each individual subject projected
in these fields can be categorized according to four criteria

viz. (i) his initial score on the 'slides-alone-condition'

(high, or average/low), (ii) the size of the loss on the

'slides-plus-shadowing-condition' (low or high), (iii) his
initial score on the 'sentence-alone-condition' (high, or

average/low), and (iv) the size of the loss on the 'sentence-

plus-tracing-condition' (low or high).

Since there are no statistical means of determining

unequivocally where to cut between 'high and low' we had to

adhere to a logical caesura (we are not dealing with normally

distributed data, hence the normal caesurae such as 1 standard

deviation, are not applicable). Considering the index of
difficulty (see reliability measures) we categorized individuals
with a score Qf 6/8 and above on the slides as 'high' and
all other scores as 'average/low'. ( since the slide-alone-

condition seemed  to be easier  (R  = 6.79 )  than the sentence-alone
condition (X .3.46) failing to recognize more than 2 slides
was considered 'low' whereas for the sentences failing to
recognize more then 3 sentences was treated as 'low'.  The

other main criterion viz. the size of the loss, was the
same for both the sentences and the slides.  I .e. a loss of

more than one item on either condition (single vs. dual memory

task) was considered as 'high' and an identical score or a

loss of one item was considered as 'low'.

S U P P L E M E N T A R Y A N A L Y S E S

Validity measures: To ensure that the loss on the dual
memory tasks was due to the effect of the independent

variable i.e. experimentally blocking the additional

processing system, rather than to the fact that the subjects
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were unable to perform a dual task as such, a control group

was tested. This group received the same four treatments

as the experimental group except that (i) the shadowing task

in the visual-plus-verbal conditions was replaced by a simple

tone-detection task and (ii) the tracing task in the verbal-

plus-visual condition  was replaced by a simple number writing

task.

The former replacement task consisted of a song transmitted

via the headphones. Simple pip-tones were superimposed on the

tape so that at least one  tone co-occured with the presentation

of a slide. The other on-line control task consisted of writing

the figure 4 as many times as possible on the provided line,

followed by writing  the figure 7 on the next line, 4 on the

following line, etc...

Data from the four subtests were analysed as before. Next,

Friedman's two-way Analysis of Variance was applied to the data

and it was found that there was no significant difference between

the 4 treatments (X2 = 5.916; df = 3, p>O.5). Hence, we may

conclude (i) that the loss on the dual memory tasks in our

experimental conditions (viz. slides-plus-shadowing and sentences-

plus-tracing) is not due to the effect of the dual task as such,

but to the effect of blocking the alternative processing channel.

Reliability measures: An item analysis was performed on the data

from experiment II 3, in order to determine for each item (i)

its index of difficulty and (ii) discrimination value. Next,

the reliability coefficient was computed per subtest.  The

results of this analysis are printed in table 12 :

TABLE 12 : RELIABILITY MEASURES OF THE DIFFERENT SUBTESTS

TEST   i G r
tt rtt'         Vt-

SLIDES 6.7g     1. 59 0.69 0.82 0.67

SLIDES + SHADOWING 2.82 2.26 0,77 0.87 0.81

SENTENCES 3.46 1.94 0.9 0.81 0.85

SENTENCES + TRACING
2.93 2.01 0.66 0.80 0.96 - ill
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D I S C U S S I O N

The results of this experiment support the conclusion
that different pupils are differentially successful at retrieving

visuo-spatial and verbatim information. Since we explicitly
asked our subjects to code (i) the visuo-spatial relations

depicted in the slides and (ii) the surface structure of
the auditorily presented sentence, we induced the use of a

specific mediator viz. the imagery mediator in the case of
the slides and the verbal mediator in the case of the sentences.

It follows then, that the pupil's score on each of the subtests

reflects his ability to use the mediator under investigation.

Analysis of the multi-dimensional field  depicted in
figure 42a allows us to differentiate between four main clusters:

component 1  separates pupils who effectively make use of at

least one mediator (their performance is characterized by a

high initial score on either one, or both, of the single memory.

tasks, as well as by a low loss on the respective dual memory
task(s).) These pupils are symbolized by •o,ao,IC,08 .The
other group which falls to the left of the vertical axis is

characterized by a high or low initial score on the simple
memory task, but all 'high scorers' suffer a high loss on the dual

memory task.  These pupils are symbolized by Do,AO,AA,ia.

In the right half of the graph, component 2 further
differentiates between pupils who score high on both single

memory tasks  and suffer a relatively low loss on the sentence-

plus-tracing task, but a high loss on the slide-plus-shadowing
task. These pupils are symbolized by •o. Another group shows
the reverse picture viz. they score high on the slides-alone

condition and remain high on the slides-plus-shadowing condition

but their score on the sentence-alone condition falls drastically
on the sentence-plus-tracing condition. The former group could be
identified as 'verbalizers', the latter group as 'visualizers' (00. •A).
Finally to the far right, both above and below the horizontal

axis, we notice a group of pupils who score high on both single
memory tasks, and remain high on both the dual memory tasks.
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This cluster of pupils which is symbolized by oo, may be

referred to as 'bicognitives'.

The situation in the left half of the graph is less

clear. The common characteristic of all these pupils is that

they score high or low initially but that 'high scorers' suffer a

considerable loss when performing the dual memory task. This

group of 'indefinites' does not seem to make an efficient use

of either mediatory code. If we combine component 3 and component 1

a further differentiation can be made in this grvup (cf. figure 42b)
A cluster of pupils emerges who are all characterized by the
symbol Aa i. e.  they all score  low  on both single memory tasks  and
remain low or even decrease in performance on the dual memory

tasks. Hence, it seems that this group of pupils who do not

use either mediatory code efficiently, have not succeeded in
adopting an efficient coping strategy (i.e. they do not use

the alternative processing system efficiently to help code the

information) presented in the single  memory task.

A
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remedied                                                           |
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Floure 43 : matrix sho/ing hypothetical
and actual coding and retrieval styles.

A Chi-square performed on this matrix showed that we could reject the
null hypothesis of independence and accept the alternative hypothesis
of association between the rows and the colurins (XI= 26.714, df=4, n=112)
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As figure 43 shows, the other combinations within the
category  of the indefinites Viz.mo ,Ia,AO have all succeeded
in adopting an efficient coping strategy.  The group of io

could be described as 'dual encoders' because they use both

mediators when coding information (reflected in their high
score on both single tasks and a high loss on both dual
tasks). Pupils categorized  as ma have remedied their inability

to use the imagery code in an efficient way and pupils symbolized

asAD have found a satisfactory way to remedy their deficiency
in the use of the verbal ·mediator. Inspection of figure 43
will also show that Ao is a rare combination, but that both ia
and 00 are combinations which occur relatively frequently in
cur sample.

If we sum the information provided in figure 43 as

indicated by the full, the dotted and the broken lines, we
notice that there are 14 bicognitives, 25 verbalizers, 70 indefinites
and 3 visualizers. Hence, the fourth hypothetical type of coding

and retrieval style which we failed to find in experiment IIl

exists. However, on the basis of our results we may conclude
that this combination of visualizers/weak-verbalizers is a

relatively rare combination. We feel that a possible explanation

could be found by reference to Piaget and Inhelder's (1971)
finding that anticipatory imagery (i.e. transformations or

operations performed on the static visual image) does not

develop until the onset of concrete operations. This finding,
taken in connection with Levin (1972) (cf. p. 152), Levin et al.

(1973), and Mc Cabe (1973), warrant two conclusions: (i) that
the ability to generate visual images as an organizational

strategy is a function of age and (ii) that the verbal organizational
strategies antecede the imagery organizational strategies. In

the light of this argument it could well be envisaged that

primary school pupils who have not developed an adequate verbal

code and/or adequate verbal organizational strategies at the

onset of systematic education will be less successful in most

school learning tasks. This state of affairs may frustrate

them and may result in poor motivation, and in a decreased

likelihood that the additional organizational strategy, i.e.

the imagery code, will develop adequately.
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Hence, we would expect that the pupils who h
ave already

developed an adequate verbal organizational strategy i
n the first

form of primary education have a better chanc
e of developing

an efficient imagery organizational strategy t
han pupils who still

encounter difficulties with the verbal mediatory 
code.  It

would be worthwhile to set up a longitudinal study to te
st

the development*l aspects of coding and retrieval
styles. This

study could provide an answer to many interesting quest
ions,

such as (a) Is there a most sensitive period for the dev
elopment

of a mediator ? When does it start ? How long does it last ?

(b) do coding and retrieval styles remain flex
ible after the

sensitive period ? (c) How can a deficiency in the use of a

mediator be remedied, etc...

G E N E R A L D I S C U S S I O N

The extention of these results to learning in a classroom

context is straightforward. Some material-to-be-learned

is presented to the learner in a visuo-spatial form e.g.

pictures, graphs, tables, flow-charts, graphical representations,

etc..., whereas other materials are presented in a verbal
form e.g. logical trees, a series of associated sentences,

rules, rhymes, songs, etc...

Hence, it is obvious that the teacher who gains
information about the different types of learners in his

class (i.e. bicognitives, verbalizers, visualizers, indefinites)

will have to adapt the teaching-learning process to suit the

various coding strategies. In other words, the teacher will
have to select learning experiences and teaching methods which

maximally assist the learner in the comprehension process and

also ensure adequate storage. For example, presenting

bicognitive pupils with an exclusive verbal-based instruction
strategy may fail to realize their full potential. Their

performance could considerably be improved if the teacher
encourages them to switch on the additional processing channel

(i.e. induce self-generated images and/or graphical representations).

Pupils who learn poorly from pictures but are efficient
in the use of verbal-organizational strategies viz. 'verbalizers'
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should be allowed sufficient time to transform pictorial

information into a series of verbal statements or to adapt

teacher-imposed graphical representations so as to incorporate

the necessary verbal labels. The teacher should bear in mind,

however, that these pupils may learn more from an algorithmic

tree structure or an ordered series of statements than from

a pictorial representation.

Visualizers, on the other hand, are less efficient in

the use of the verbal mediator. They should be presented with

plenty of visual information and the teacher should assist them

in tranforming rules and other verbally stated principles into

a visual representation (cf. flow-charts, tables, graphs,

etc...). For example, a verbally stated rule such as 'A

square is a rhomb' can easily be confused with the incorrect

statement 'A rhomb is a square' (cf. deep structure vs.

surface structure modification). If the teacher assists the

pupil in constructing a graphical representation like the one

shown in Figure 9, pupils who are unable to remember the

surface structure of a statement will be helped considerably

in retrieving the information. Similar examples can be

found in almost any school subject (e.g.'electrons are negatively

charged particles', 'proteins are made of amino acids'.)

Finally, indefinites, may benefit less from teacher-

induced organizational strategies (either verbal or imagery-

based), but their performance could be considerably improved

if the teacher (i) assists them in the generation process by

prompting them to complete or to adapt teacher-imposed

organizational strategies, (ii) helps them to find an efficient

coping strategy (cf. develop adequate study techniques). For

a more detailed treatment of the educational implications see

p. 152 and p. 275 .

C O N C L U S I O N

The reader may have noted while reading this experiment

that we have tried to bridge the gap between the descriptive

research of the learning psychologist (i.e. describe the different
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types of strategies used by different pupils) and the prescriptive
nature of educational theories (cf. Bruner, 1968 has pointed out
that a theory of instruction should be both prescriptive and
normative: 'it sets forth rules concerning the most effective
way of achieving knowledge or skill' and it 'sets up criteria
and states conditions for meeting them' (p.  40) .

If we define 'learning' as (i) the activation of the

pupil's stored propositions and (ii) the elaboration and
extension of these propositions via the imagery and/or verbal
code, we should define 'efficient teaching', or the other side
of the coin, as the process in which the teacher makes use of
those techniques which ensure the activation of the relevant

propositions and which also guarantee adequate storage. Given
that four different types of learners populate a normal classroom,
the teacher must select learning experiences and teaching methods
which suit each type of learner.

Techniques which stimulate the verbal code include: (1)
repetition, (2) rephrasing, (3) summarizing, (4) discussing,
(5) answering questions, (6) formulating questions, (7) stating
inferences, (8) constructing a meaningful story, (9)devising
rules, etc... Imagery on the other hand can be enhanced by
making use of techniques such as: (1) explicit instructions
to think up images, (2) describe images, (3) perform operations
on the images (cf. reversals, rotations, counting, adding or
withdrawing elements, (4) drawing attention to visuo-spatial
elements, (5) constructing a graphical representation, etc...

Finally, we would like to emphasize that it is not our
intention to divide a natural class into four inflexible

groups based on learning style (mediatory codes). Rather, we
would subscribe to flexible groups based on the diagnosed pre-
requisite knowledge of a particular domain (cf. chapter one).
The teacher should plan the teaching-learning process with these
flexible groups in mind, but he should also remember that there
are basically four types of learners viz. (i) bicognitives,
(ii) verbalizers, (iii) visualizers and (iv) indefinites.
By providing alternative learning experiences the teacher
can accentuate the capacities of each individual pupil
rather than teach with the average pupil in mind.
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CHAPTER THREE

THOUGHT PROCESSES
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1.0. INTRODUCTION

We have made a distinction between mere reproductive

processes (recognition and simple recall) and productive

processes (thinking)(cf. p.116 ). In this section we shall

concentrate on the latter type of cognitive processes. The first

question which concerns us here is: 'What is thinking ?' On

skimming through the psychological literature we can gather

a series of definitions such as: 'Thinking is the internal

manipulation of symbols' (Wright, 1973; p. 426); 'What occurs

in experience when an organism human or animal, meets, recognizes

and solves a problem' (G. Humphrey, 1951; p. 311); 'mental

simulation is the essence of thought (Lindsay and Norman, 1973;
p. 496); 'that which occurs when an organism's explorations go

beyond the immediately given situation and utilizes memories and

previously formed concepts' (Woodworth and Schlosberg, 1954;

p. 815); 'Thinking and intelligence are synonymous' (Furth and

Wachs, 1975) 'Thinking: problem solving' (Woodworth and Schlosberg,

1938; p. 815).

In the light of what we have discussed, however, we would

like to define 'thinking' as 'a cognitive process which refers

to the operations executed in the workspace on already retrieved
information'. This working definition distinguishes thinking from

coding and retrieval processes. Indeed, the cognitive operations
referred to are performed on the already retrieved (activated)

conceptual material or plans, whereas in coding and retrieval

processes the cognitive operations refer to the actual understanding

storage and retrieval of conceptual information and plans (cf.
figure 45).
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2.0. EXCLUDING CONCEPT FORMATION

It should be noted, however, that in our conception of

the thought process the traditional label CONCEPT FORMATION which

is customarily classified under the heading 'thinking' (cf. Melton,

1964; Farnham-Diggery, 1972; Radford and Burton, 1975) cannot be
included in thought processes per_Fe, but must be classified under
the heading coding processes. The reason for this proposed change

in viewpoint is that concept formation can be considered on a par

with understanding and storing new information. In other words,

when a new concept is presented to the learner, it is perceptually

analysed and understood with the aid of related, activated conceptua

information (cf. pictorial or linguistic parsing). New propositions
derived from information given about the new concept may first

be stored at episodic level, and be attached to a related concept.

:raduallv the inforration stored in these new propositions may
recome more important to the learner; through frequent contact
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(pertinence input) links with other related concepts may be
established and a new concept may emerge; i.e. a host type with

links radiating to several guest types. For example propositions

about the new concept 'video recorder' may first be attached to
the concepts television and tape-recorder, and later become a

fully developed host type.

Hence, what we are proposing here is that the processing
strategies used during the initial stages of concept formation

and coding information, are basically the same, but, that the
cognitive structures they operate on differ (i.e. episodic type

vs. host type). Gradually, as the concept formation process

proceeds the nature of the type node alters, and in the final

stages of concept formation the episodic type has become a host
type with its own logogen.  (cf.  p. 120 ) .

In this respect we may refer to the Soviet Psychologist,

§echter, (as quoted by Van Parreren, 1973) who argues that in
the initial stages of concept formation learners may successively

and explicitly identify all the concept's relevant attributes,
a strategy which he terms 'wide scan strategy'. This wide scan

strategy, 1echter maintains, is replaced by a 'narrow scan
strategy' in the final stages of concept formation. It differs from

the former in that recognition of the concept is based on a

gestalt or a global perceptual pattern.

In view of the procedural rules used for coding information
we can argue that the decrease in reaction time which Sechter

observed in the final stages of concept formation is due to the

establishment of a logogen unit which makes a preliminary match
process sufficient for identification of the message (cf. coding

simple messages, p.130).

Returning to the main classification of thought processes
we may argue that both concept formation and concept identification

are complex coding and retrieval processes which overlap with

thought processes. For, it is obvious that a sharp boundary

between coding and retrieval processes on the one hand, and
thought processes on the other is not in order.
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3.0. PROBLEM SOLVING

Another label which needs some clarification in relation
to the thought process is PROBLEM SOLVING. It has been the
focus of much experimentation and a great number of different
type of problems have been set to experimental subjects under
strict laboratory conditions. Those problems which include match-

stick problems, anagrams, arithmetical problems, dot-problems,
ring-and-peg problems, wagon-and-weight problems, waterjug
problems etc... have provided a means of investigating how
children, animals and adults go about solving different type
of problems.

As it is obvously beyond the scope of this dissertation to

give a complete overview of the area of human or animal problem
solving, the reader is referred to earlier work such as Newell
and Simon's (1972) excellent book: 'Human problem solving'.
Nevertheless, the reader needs to be made aware that there is
as yet no problem solving theory which explains all the discovered
results.

But, what do we mean by 'solving a problem' ?  As we have
mentioned above (p. 229) some authors have used this label
synonymously with the thought process itself (cf. Woodworth and
Schlosberg a954 ) ; 'thinking: problem solving', Humphrey (1951)
'What occurs in experience when an organism human or animal,
meets, recognizes, and solves a problem).

3.1. Gagnd's learning hierarchy

Many other authors have implicitly adopted a similar
position. Nevertheless, we intend to devote some space to
explain the exact relation between problem solving and thinking
because here lurks another conceptual confusion. In order to
situate problem solving in the array of cognitive processes we
will make reference to Gagn6's learning hierarchy. Gagno (1965)
distinguished eight types of learning viz. (i) signal learning,
(ii) S-R learning, (iii) chaining, (iv) verbal associations,
(v) multiple discriminations, (vi) concept learning, (vii) rule
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learning and (viii) problem solving. Gagnd further explains that
these eight different learning types produce a different class

of capabilities and that the higher or more complex learning

types require as prerequisites the lower types of learning (cf.

figure 46).

PROBLEM SOLVING (Type e)

requires as prerequisites :

RULES (Type 7)

 

which requirea as prerequisites :

CONCEPTS (Type 6)

 

which requires " pre"quisit"

DISCRIMINATIONS (Type S)

which requires as prerequisites :

VE·BAL ASSOCIATIONS (Type 4)

or

C MINS (Type 3)

STIMULUS-RESPONSE (Type 2)
CONNECTIONS

Figure 46 : Learning hierarchy
taken from Gagn# (1965)
p. 66.

By glancing down the hierarchy we notice that problem

solving at the top of the hierarchy is based on all the other

types of learning. Put in a different way, problem solving

is based on the retrieval of stored rules and concepts. Note

in passing, however, that Gagnd's labels do not completely over-

lap with the labels we have used so far. It will be recalled

that we have made a distinction between conceptual information,

episodic information and plans (pp. 42-56 )· Gagn&'s type 5

learning, concept learning, seemingly corresponds to our category

'conceptual information' but on second consideration one observes
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that this category is narrower in that it does not include the

relations between concepts. For example, Gagnd classifies
assertions such as 'round things roll' (p. 195), 'birds fly'

(p. 199) and 'gases expand when heated' (p. 195) with learning
type 7, rule learning. Correspondingly this latter category
is broader than our 'plans'. Indeed, we have described plans
as ordered sequences of steps for executing certain tasks (e.g.

the rule of three, division rules, plans for finding the subject

of a sentence,plans for turning an active sentence into a passive

sentence etc...). The propositional information stored in these

plans is linked up with relevant conceptual information, and can

be brought into the workspace.

Apart from this difference in categorization there is

another important distinction which we would like to highlight.

It concerns the distinction between simple tasks on the one hand

and problem solving tasks on the other. Consider, for example
the following tasks set to a pupil:

(1) List these fractions in ascending order

(2) Weigh this object

(3) Make a pancake

(4) Give five examples of sentences with both a direct object

and an indirect object.

These set tasks may be called either 'simple tasks' or

'problem solving tasks' depending on the cognitive development
of the pupil and his stored knowledge. If the pupil has learned

how to perform each of these actions, he will be able to give

you the solution to the 'problem' in a minimum of time. That

is, he will be able, not only to retrieve the relevant concepts
but also to retrieve an adequate problem solving strategy or

plan. If, on the other hand, he has not learned to perform

the actions specified in the task, he will be facing a problem

which he may attempt to solve by drawing on conceptual information
and other plans.

It should be noted, then, that 'solving a problem' differs

fundamentally from performing a well known task in that the
latter does not require the learner to devise a problem solving

strategy, since he has already solved the problem before and
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he has access to the stored plan. In other words, the relevant
stimuli in the task get access to stored propositional information

which in turn gives access to the relevant plan to perform the

task swiftly.

A real problem on the other hand, does not contain enough

relevant information for the subject to execute the task swiftly.
This inability to perform the required action may be due to (i)

failure to locate the relevant plan, (ii) inadequacy of the

stored plan or (iii) lack of an appropriate plan.

As was the case with concept formation, we have to modify

and elaborate the existing labels with respect to problem solving.

Henceforth we will refer to simple tasks and to problem solving

tasks. The former label will be used for tasks in which the subject

is required to understand the problem, retrieve the appropriate

plan and execute the task; the latter will refer to tasks which

require the learner to understand the problem, retrieve relevant

concepts and plans and devise an appropriate problem solving strategy
(cf. the distinction made by Skowronek, 1970 between reproductive

simple
tasks Ire/1.-

L- «
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and productive problem solving).  The simple schematic representations
in figure 47 illustrate the difference between these two tasks.

3.2. Generating new plans

It should be apparent after inspection of figure 47
that the component 'generating new plan(s)' constitutes the most

important part of problem solving. But, how does one go about
generating new plans ? On p. 229 we have defined thinking as
'a cognitive process which refers to the operations performed

in the workspace on the output of the retrieval process'.  For

problem solving these operations may include: forming sub-goals,

formulating hypotheses, devising adequate problem solving strategies,
testing these strategies, etc...

Since, in our opinion the debate on the issue of 'generating
new plans' has had two main foci, we shall discuss each of them

in turn. The first major contribution came from Newell, Shaw

and Simon, often mentioned as the pioneers of computer simulated
studies of human problem solving. The second focus is to be
found in the work of Joseph Scandura, who mainly studied the
formation of simple rules, first higher order rules and second
higher order rules.

3.2.1. Newell and Simon's Problem Space.......................................

Newell and Simon (1972) make a distinction between the
task environment (external problem solving environment) and

the subject's internal representation of the problem. When

faced with a problem the subject not only represents the current
problem situation but he also considers in his thinking several
possible transformations of the problem. These internal processes
which include the definition of the initial problem solving
situation, the definition of the desired goal situation, the
definition of the intermediate goals, the operations to be
performed etc..., take place in some space which Newell and

Simon coined the problem space.
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rigure-19 : Hypothetical search tree where the nodes
reprelent knowledge States (A-IX) and the
branches represent operations (A,8, etc.).The heavy line is the selected solution (Al,86,K],W)
(adapted from Newill and Simon, 1972).

When a problem is understood and identified, a problem
space is constructed (or retrieved from long-term memory). This

problem space or search space may be represented in the form
of a tree graph in which the nodes represent the descriptions
of the various knowledge states (i.e. the knowledge the learner
has about the problem at any given time such as initial goal
descriptions, intermediate (sub) goal descriptions, terminal
goal descriptions). The branches of the search tree represent
the possible operations which may be performed on the knowledge
states. Figure 48 illustrates such a tree graph. In the light
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of this theoretical frame, problem solving may be defined asthe process of generating an internal representation of the
prcilem in a problem space and searching through the space to
find a solution i.e. a sequence of operations or path through
the problem space.  For the sake of completeness we have reprinted
Newell and Simcn's definition of the workspace in figure 50,
as well as a series of generalizations about the problem space
(figure El).

1   Q' D  2  QZ D  3

4   C)3 ,  5
Q16 7

Figure 49: Problem behaviour graph where:

- states of knowledge are represented by different
nodes (1-7)

- horizontal arrows represent operations performed
on a knowledge state (Ql - 03)

- a return to the same knowledge state is represen-
ted by a vertical line connecting the two nodes

- double horizontal lines represent the search of
the same knowledge states repeatedly.
(Newell and Simon, 1973)

As can be seen from item seven (figure 51) the search process
involves repetitions, i.e. some parts of the tree graph are searched
more than once. In order to make allowance for these search loops,
Newell and Simon introduced a new form of graphic representation viz.
the problem behaviour' graph  (PBG) . Figure 49 depicts such a PBG which
is linearly ordered by time of generation and can incorporate
repetitions.
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A problem space consists of:

1.     A set  of elements, U, which are symbol structures, each representing a
state of knowledge about the task.

2.      A  set  of operators, Q, which  are  in formation processes, each producing
new states of knowledge from existing states of knowledge.

3.    An initial state of knowledge, uo, which is the knowledge about the task
that the problem solver has at the start of problem solving.

4.   A prob/em, which is posed by specifying a set of final, desired states G,
to be reached by applying operators from Q.

5.   The total knowledge available to a problem solver when he is in a given
knowledge state, which includes (ordered from most transient to most
stable):
(a)  Temporary dynamic 4rmation created and used exclusively with-

in a single knowledge state.
(b) The know*dge state itself-the dynamic information about the

task.

(c)   Access information to the additional symbol structures held in LTM
or EM (the extended knowledge state).

(d)  Path information about how a given knowledge state was arrived
at and what other actions were taken in this state if it has already
bccn visited on prior occasions.

(c)   Access information to other knowkdge states that have been reached Figure 50: The definition
previously and arc now held in LTM or EM.

(f)   R< erence information that is constant over the course of problem of the problem space
solving. available in LTM or EM (Newell and Simon, 1972,

p. 810)

1.    The set of knowledge states is generated from a finite set of objects, reta-
tions, properties, and so on, and can be represented as a closed space of
knowledge.

2.   The set of operators is small and finite (or at least finitely generated).
3.   The available set of alternative nodes in the space to which the problem

solver might return is very small; in fact, it usually contains only one or
two nodes.

4.   The residence time in each particular knowledge state before generation
of the next state is of the order of seconds.

5.  The problem solver remains within a given problem space for times of
the order of at least tens of minutes.

6. Problem solving takes place by search in the problem space-i.e., by
considering one knowledge state after another until (if the search is
successful) a desired knowledge state is reached. The moves from one
state to the next are mostly incremental.

7.  The search involves backup--that is, return from time to time to old
knowledge states and hence the abandonment of knowledge-state infor-
mation (although not necessarily of path information).

8.  The knowledge state is typically only moderate in size-ontaining at
most a few hundred symbols. more typically a few dozen.

Figure 51: Invariant

features about the problem

space (Newell and Simon,

1972, p. 811)
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3.2.2. Scandura's higher order rules

Elaborating on Gagnd's proposal, Scandura (1973) postulates

an innate mechanism which can identify and/or generate the rules

to be used in problem solving. The working of this mechanism

is expressed in three hypotheses viz. (i) the simple performance

hypothesis, (ii) the control shift hypothesis and (iii) the
returning to the original problem hypothesis.

Hypothesis one specifies that the subject selects a rule
awong the available rules. This rule is believed to generate

the desired response. Hypothesis two specifies that when the

subject has not stored a specific rule, or cannot retrieve one,

he has to derive an appropriate rule from other available rules,
i.e. the control mechanism shifts to a higher level. Finally,

hypothesis three specifies that a new rule derived from an old

rule will be added to the learner's available problem solving
repertory. Control then reverts back to the original problem and
the new rule can be switched in for the solution of the problem
(p. 378). These higher order rules can be of two types which

Scandura terms first and second higher order rules. The former

category refers tc rules which combine or transform simple rules,
the latter rules refer to metarules which aid the retrieval or

generation of simple rules.

Scandura (1973) illustrates the function of the mechanism

as follows: A subject is requested to convert 5 yards into inches,

but he does not have access to the specific higher order rule:
'multiply 5 by 36'. The control mechanism then automatically

switches to the higher level goal of deriving a rule: e.g. amongst
the available rules there may be relevant rules which can be combined;

in this case the subject may possess rules which specify how to

convert yards  into  feet  (A - B)  and  feet into inches  (B - C).
These two simple rules can be combined into the composite rule

A-B-C, which Scandura argues, satisfies the higher
level goal and the control mechanism switches back to the original

goal and the simple performance hypothesis (hypothesis one) is
used. Figure 52 is a schematic representation of the hypothesized

innate mechanism for problem solving.
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Yards inches.- -

A

HR

(0 SRi ,0, SR2 ,4
Figure 52: A schematic representation of the

problem solving mechanism as proposed
by Scandura (1971) SRl and SR2 repre-
sent simple rules for converting yards
into feet; and feet into inches
respectively. An higher order rule
(HR) can be generated by combining
SRl and SR2 (composite rules).

The viability of the proposed mechanism has been amply
demonstrated (Scandura, 1971, 1973). By using several objects

such as paperclips, pencils, chips, etc..., Scandura was able
to show that when subjects had been given training in the use

of simple rules such as a rule for exchanging paperclips for blue
chips (A -B), and exchanging blue chips for pencils (B-C),
but they had not been given explicit training in the higher order

rule A-C, only six out of 30 children succeeded in applying
the composite rule A - B - C. However, when subsequently
half of the 24 subjects who failed were taught the use of the

composite rule (i.e. the output of one rule serves as the input

of the other rule) and the other half was not given such training,

it was shown that only those who had been given training succeeded
in solving an A-C problem, none of the others did.
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Scandura concluded that knowledge of the elements of a

composite rule is not sufficient for the integration of these
components and that training must be given to apply higher order

rules to simple rules. This statement brings us to the problem

of transfer of training which is certainly one of the overriding

problems in education.

4.0. TEACHING PROBLEM SOLVING

On the previous pages we have made an attempt to answer

several questions viz.  'What is problem solving behaviour  ? '

and 'How does problem solving behaviour differ from performing

simple tasks ?' In the remaining part of this chapter we shall
address the question 'Is there an adequate theory about 'teaching

problem solving '?

When skimming through  the literature on teaching problem

solving the reader will observe that a lot of useful problem

solving techniques and strategies have been put forward, but at
the same time he will be struck by the scarcity of findings which

can be applied directly to a typical classroom situation. This

lack of practical implications for the teacher may stem from the

fact that this area of knowledge has been characterized by
individual effort. Indeed, some authors have investigated specific

problems and they have come up with highly specific problem solving
strategies for that type of problem. Others have subjected the

area to a philosophical analysis, while still others have provided
us with useful taxonomies, different search procedures, and

indications for developing adequate problem solving techniques. In

order to convince the reader that the resulting frameworks are either

too specific, too vague or too remote from everyday problem solving

behaviour in the classroom, we shall give a brief account of
the main findings.

4.1. Different problem solving techniques

Many authors such as Kohnstamm, 1948; polya 1957;

Klausmeier, 1964; Riedesel, 1964; De Block, 1965; Ausubel, 1969 ;

Sekeyra, 1969; etc... have suggested that a pupil's problem
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solving ability depends to a large extent on problem solving
techniques which are general enough to constitute an effective

problem solving approach. Such techniques include: (1) drawing

a diagram of the data, (2) determining what is wanted/given,

(3) consulting model problems, (4) giving pupils adequate training

in devising their own problems, (5) giving ample feed back, (6)

proceeding from simple problems to more complex ones, etc...

Gagnd (1965) has argued in this respect that in order
to teach pupils 'how to think' the teacher must provide them
with adequate problem solving strategies. These are content-

free rules which govern a pupil's approach to cognitive activities

such as attention, perception, storage of information, retrieval

of information, hypothesis formation etc..., and which are

in turn applied to content-specific rules

4.2. Algorithmic search procedures vs. heuristics

Nilsson (1971) and Newell and Simon (1972) have argued
that there may be several alterantive paths leading from each

node in a search tree. Each of these alternative branches

represents a specific operation which leads to a new and different

knowledge state (node). Hence, it becomes clear that in order

to solve a problem the learner must make several consecutive

decisions at the choice points (cf. figure 48).  These decision,

Newell and Simon argue, can be based on any of four exploration

methods viz. (i) algorithmic search (ii) heuristic search, (iii)

generate-and-test methods and (iv) trial-and-error.

The first method refers to a tailored prescription in

which the decisions to be taken at the various choice points
are explicitly stated. As such algorithmic procedures are

adequate paths through a problem space which have been discovered

by researchers in the field (cf. the standard procedure for doing

a rule of three, calculating the square root, the standard
deviation etc...). When carried out carefully an algorithmic

prescription always guarantees the correct solution. Precisely
because of this 'no' error rate, algorithms are communicated

to pupils rather than have them work through the problem each
time they need to find the solution. Emphasizing the mechanical

nature of algorithmic procedures, Newell and Simon (1972) argue,
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however, that once they are learned, algorithms should best be
considered as 'non-problematic, programmed activities' (cf.
simple tasks: a plan is available and can be retrieved from
LTM).

Heuristic procedures, on the other hand, refer to selection
methods. The path through th: problem solving space is not
pre-programmed but the subject possesses information (general
plans) which helps him to limit down the choice of possible
paths i.e. only the most plausible branches are investigated.
Unlike algorithmic procedures, heuristic procedures do not
guarantee the correct solution to the problem. As such they
are less mechanical and provide a more flexible approach tc
tackling complex problems. We may refer here to Gagnd's content-
free rules and to the problem solving techniques mentioned
on p. 242 .

Apart from the two main distinctions viz. algorithmic
procedures and heuristic procedures Newell and Simon (1972)
distinguished two other search methods viz. the generate-
and-test method and the trial-and-error search procedure. The

former search method makes use of information present in the
problem situation in order to generate sclutions. Each of
these selected paths is investigated till an appropriate solution
is found.

Finally, trial-and-error refers to a search procedure
in which a number of branches are investigated. However,
the selection of a particular branch leading from a choice
point to the next knowledge state is not determined by prior
knowledge. The subject attempts one branch and fails, attempts
another one etc... till he hits an adequate node. Obviously
such a search procedure is lengthy and time consuming and should
be avoided when either algorithmic or heuristic procedures exist.

4.3. Transfer of training

Transfer of training can best be defined by referring
to the following question: 'Why do so many children fail to
devise an adequate new plan when faced with a new related
problem ?  Do they have difficulties in retrieving relevant



24 5

stored plans (i.e. no adequate links between a particular type

of problem and stored plans for solving similar problems) or do
they fail to perform the cognitive operations on the retrieved

plans ?'

Addressing the question: 'Shall we teach pupils rather
general problem solving procedures (heuristics) which can

be adapted to a wide range of problems, or shall we stick

to specific problem solving procedures (algorithms) which

guarantee success but are restricted to a limited range of

specific problems, Van Parreren (1972) and Maes (1976) proposed
to use a functional criterion. If a specific problem (rule)
constitutes a vital aspect of the pupils' rule governed behaviour,
the choice should be made in favour of a procedure which
guarantees success, i.e. no form of trial-and-error behaviour

should be tolerated. If, on the other hand, an adequate

algorithm is lacking or if it is more relevant for the pupils
to adopt a general approach to the problem area, heuristic

procedures are to be preferred. For the sake of completeness
we want to give Maes' description of algorithmic procedures
which differs in some respects from Newell and Simon's and
Landa's  (1969, 1975 ). Algorithms are prescriptions which contain
a complete and finite set of operations. These operations are
stated in a clear, precise and systematic way, and when executed
properly they guarantee the identification or transformation of

a problem. Figure 53 illustrates an algorithmic procedure for
adding and subtracting integers.

Transfer of algorithms, Maes claims, could easily be
resolved if teachers made an effort to present the new material
in such a way that related algorithms (specific problem solving
procedures) can be combined and compared in order to synthesize
a higher order rule which can be applied to various specific
problems.  This higher order rule, which he terms 'rule of
synthesis' could then be retrieved whenever a related problem
is presented and a specific problem procedure (algorithm)
could be generated on the basis of the rule of synthesis
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         examine the .igns

are both signs positive ?

4- \.9/ \
212 the numbers                    are both

signs negative ?      

... the    I. .11'Iin. of
and put a -sign    ·the larger integer
in front of the/ result

subtract the smaller subtract the

integer and put a smaller integer

+sign in front of and put a -sign in
the result front of the resuli

F:Fure 55 : Algorithm for adding and subtracting positive
and repative integers.

Following Newell and Simon (1972), Scandura (1970) and
Maes (1976) we are of the opinion that it is certainly worthwhile

to give pupils training in tackling specific problems and that

algorithmic procedures are best suited for teaching simple,
highly relevant plans. However, we should bear in mind that

once a pupil has mastered the complete and finite set of

operations, he has acquired a 'rule' which can be retrieved
on a later occasion. At this point applying an algorithmic

procedure moves outsiae the rehlm of problem solving per se,
it then constitutes a simple task (cf. p. 234 ).
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What we would like to emphasize, is that in order to

train pupils in real problem solving behaviour we have to

provide them with learning experiences which will allow them

to (i) understand the problem (ii) construct a problem space
(various subgeals, the terminal goal and the possible operations

performed on these knowledge states) (iii) decide on a path through
this problem space (solution)  and (iv) evaluate  it.  (cf.  p. 238 ).

For, it would be erroneous to assume that by teaching pupils
a set of discrete rules (plan), they would automatically be

able to apply these rules to relevant everyday situations. Put

in a different way: prerequisite concepts and simple rules may

form the basis of problem solving behaviour (cf. Gagnd, 1965)

but higher order rules operating on simple rules and meta-rules

specifying how simple rules can be located and generated form
the essence of problem solving behaviour.

5.0. TEACHING PROBLEMS SOLVING: A NEW APPROACH

The reader will have noticed that although there are

many interesting findings reported in this area, the discussions

on problem solving tend to be confounded. The reason for this

confused picture is that the field has never been subjected to

a logical analysis of either the different types of problems
or the different types of problem solving contexts. In order

to structure the present discussion and also to integrate existing
information and elaborate on it, we shall divide this section

into three main parts.

Firstly, we want to divide the enormous range of problems

which can be set to a pupil into mutually exclusive categories.
These categories should be based on the type of plan which the

pupil has to retrieve/ generate from memory. Secondly, we want
to put forward a new classification of Droblems which can be used

by the teacher and curriculum constructor to plan the teaching-

learning process and to devise adequate learning experiences.
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Finally, we want to disentangle different types of problem

environments. Indeed, a learner can be faced with a problem in
three contexts viz. (i) learning an existing plan to solve a

particular type of problem, (ii) retrieving (or failing to
retrieve) a stored plan in order to solve a problem and (iii)
generating a new plan. Each of these three problem environments
poses its own difficulties to the learner and should be met with

appropriate teaching strategies.

5.1. Classification of different types of problems

5:1:1;Acritique.on.Guilford:s.tax?09my

Some researchers (Dunkin and Biddle, 1974; Elshout, 1975;

Frijda, 1976) have argued in favour of Guilford's (1959 and 1967)

and Guilford and Hoepfer's (1966) taxonomy to characterize different

types of problem situations (see figure 54). We feel reluctant
to make use of this classification system, which is based on the

assumption that any ability can be considered as the union between

a content, an operation and a product. The reason for this
reluctance is threefold.

First, we believe that the resulting 120 cells of the

Guilford cube (marked by trigrams such as DMU: divergent
production of semantic units) may be useful in testing specific
intellectual abilities and in making an inventory of curriculum

objectives but that the activity characterized by most of these
trigrams are rather artificial in nature and that they do not occur

independently in everyday activities. For  example,    CMU Or

'cognition of semantic units' (memory for simple words) is a

learning activity which does not have a problem character. The

same holds for MMU , DMU , NMU, EMU. Another example of activities
which may be isolated for classroom or laboratory use, but which
are usually embedded in more complex problems are CFU, MFU, DFU,
NFU, EFU; CSU, MSU, DSU, NSU and ESU. Consequently, these cells

are less useful for characterizing problem solving behaviour per se.

The second objection centres round the notion that Guilford's

five cognitive operations viz. (1) cognition, (2) memory, (3)
divergent production, (4) convergent production and (5) evaluation
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Products
DFU
cell  Forms that information takes in the

Conlents -Illil& -I-.Ag ,    organism's processing of it
U-Units. Relatively segregated orFigural F

El'" circumscribed items of information

S'.„bolic S        -           . ---  j  2: :'Id"I' Ii,
' close to Gestalt psychology's "figure

having "thing" character. May be
"

Semantic M

 F' s System, C-Classes. Conceptions underlying sets
on a ground.

  R Relationt    S of items of information grouped  byBehavioral [
, C Cla,Sed f virtue of their common propertiesCMDN E   UUnits        <c > -C *C C R-Relations. Connections between items

2     8     ·2  0.2   .0 of information based upon variables
  N Ul Ki i or points of contact that apply to

°58& L them. Relational connections are
Operations more meaningful and definable than

implications.
FIGURE 3.1. Model of the structure of intellect (Adapted S-Systems. Organized or structuredfrom Guilford & Hoepfner, 1966, p. 31

aggregates  of  items  of  in formation;
complexes of interrelated or inter-
acting parts.

T-Transformations. Changes of various
kinds (redefinition, shifts, or modifi-
cation) of existing information or in

Figure 55: Guilford and its function.

Hoepfer's taxonomy I-implications. Extrapolations of infor-
mation, in the form of expectancies,
predictions, known or suspected
antel·edent.. con,c,nlitant.. or wn
sequences. The ic,nneiticin between
the given information and that ektrap-
olated is more general and less
definable than a relational connection.
(Guilford & Hoepfner, 1066, p. 4)
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Operations Contents

Maior kinds of intellectual activities or Broad classes or types of information
processes; things that the organism does discriminable by the organism
with the raw materials of information, F-Figural. Information in concrete form,
information being defined as "that which as perceived or as recalled pos.iblv
the organism discriminates." in the form of image:. The term
C-Cognition Immediate discovery, "figural" minimallv implie. figure-

awareness, rediscovery, or recognition ground perceptual i,rgantiatti,n
of information in various forms; Visual spatial information is figural.
comprehension or understanding. Different sense modalities may be

M  Mrmcirv. Retention or storage, with
involved, e.g., visual, kinesthetic.

some degree of availability, of infor- S-Symbolic. Information in the form of
mation in the same form it was denotative signs, having nocommitted to storage and in response significance in and of themselves,
to the same cues in connection with such as letters, numbers, musical
which it was learned. notations, codes, and words, when

D-Divergent production. Generation of
meanings and form are notinformation from given information, considered.where the emphasis is upon variety M-Semantic. Information in the form ofand quantity of output from the same
meanings to which words commonlysource Likely to involve what has

been called transfer This operation is become attached, hence most notable
in verbal thinking and in verbalmost clearly involved in aptitudes of

creative potential.
communication but not identical with

N-Conuergent production. Generation of words. Meaningful pictures also often
information from given information, convey semantic information.
where the emphasis is upon achieving B-Behavioral. Information, essentially

unique or conventionally accepted nonverbal, involved in human inter-

best outcomes  It is likely the given actions where the attitudes, needs,
(cue) information fully determines desires, moods, intentions, percep-
the response. tions, thoughts, etc., of other people

E-Evaluation. Reaching decisions or and of ourselves are involved
making judgments concerning cri-
terion satisfaction (correctness, suit-
ability, adequacy. desirability, etc.)
of information.
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are situated along a continuum ranging from simple to complex

cognitive processes (cf. Dunkin and Biddle, 1974). We are of

the opinion that only the two first operations are separated

from the rest on the grounds that the two former operations are mere
coding and retrieval processes (cf. chapter 2) and the three latter

operations are all complex cognitive processes acting on the outcome

of these coding and retrieval processes. Consequently, only
the three latter operations can be considered when discussing

different types of problems (plans).

The final objection pertains to the different type of content.

We feel that the characterization of problem solving behaviour,

i.e. identifying the content of a problem as either figural,

symbolic, semantic or behavioural is difficult, if not impossible,
because most problem assignments are a combination of more than

one type of content. For example, we find the category 'symbolic
content' difficult to identify.  According to Guilford, it refers

to symbols which are relatively free from both meaning and form.

Yet, this category also includes words ... The 'semantic category,
on the other hand, refers to meaningful information, it may

include pictorial information as well as sentential information.

Given this definition of the category 'semantic content' we

experience some difficulty in classifying a 'pictorial problem'.
Some elements of the problem clearly relate to the figural content

category while other components are undoubtably 'semantic' in

nature.

The reader will realize the enormous complications which

one encounters in classifying the content of a problem assignment

if one can only make use of Guilfard's four categories.  For

example, consider the problem:

'Do I gain money if I buy a season ticket for the soccer season ?

This ticket costs 2.000 fr. and allows me to see the 20 home games.

Knowing that a day ticket costs 130 fr., but that I can attend

only 17 matches, is it worthwhile buying the season ticket ?'

Is the content of the problem semantic or symbolic ?  How would

it differ from a problem of the type:
'Calculate the interest of 21.000 fr. at a rate of 4 % in 48

days'
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or
'   7 8 9 7 6'         =   ?   '

The former type of problem is meaningful to the learner

and is stated in a verbal (written)  form.  The latter two problems,
on the other hand, are stated in a numerical form (symbolic) and

may be less meaningful to the learner. Hence, we can distinguish

here between verbally stated problems (written or oral) and
problems stated in a Eeta-language (code of a code).  This meta-

language uses a non-verbal code which is based on a number of

symbols such as J 9  , 72, a,  1  , A,  , f(2), V-- , % etc...
Problems stated in a meta-language can be translated into the

verbal form by applying a series of transfdrmations.

So far we have suggested that the form of presentation
of a problem can be verbal, or that it can be formulated in a meta-

language. There is yet another possible form in which a problem

can be presented to the learner viz. the perceptual form. This

content category includes (i) behavioural patterns (ii) pictorial

material and (iii) other raw sensory data such as noise, smell,
music etc... Information presented in the perceptual form can

equally be translated into the verbal form or in a meta-language
via a series of transformations. Figure 55 schematically illustrates
the three main forms of problem presentation viz. (i) verbal, (ii)

meta-language, (iii) perceptual patterns. We may conclude then, that
Guilford's taxonomy is less suited to classify different types of

problems and that we are in need of a taxonomy for classifying

problem solving patterns.

PERCEPTUAL VERBAL meta
PATTERNS - written

language- visuo-spatial 1. - oral               3,
- temporal 4 C- behavioural

A

Figure 55: classification of
problem assignments
according to the form
:hey may be presented
in.
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5.1.2. A new taxonomy

Accepting Elshout's (1975) claim that problems should be

classified according to objective characteristics which ought

to be translated into specific task requirements we are of the
opinion that reference should be made to a number of independent

variables. These variables should include (i) the content and

form of presentation of the initial knowledge state (I), (ii)

the content and form of presentation of the terminal knowledge

state or goal (G) and (iii) the nature of the required plan to
transform the pr,oblem from the I-state into the G-state via
possible subgoals or plans (P).

These three variables can vary along different dimensions

such as (i) diversification of content and (ii) degree of

specification. The former dimension which refers to the nature

of the data on which the operations are performed need not be
clarified since it has been discussed above (cf. (1) verbal (2)

meta-language and (3) perceptual form). The latter dimension

refers to the nature of the operations which must be performed.

In order to solve a problem successfully, a pupil must

be able to (i) identify the initial knowledge state (the I-state)

and the terminal knowledge state (the G-state) and (ii) to determine

whether these knowledge states are completely specified, or, partly/
not specified. This dichotomous nature of the I-state and the

G-state was proposed by Maes (1976).

When the pupil has specified/partly specified both I and

G, he must either learn, retrieve or generate a plan which will
lead to the solution of the problem. In other words he must

perform a series of operations which will lead him from the I-
state to the G-state or vice versa. This plan, Maes argued, has

also got a dichotomous nature viz. it can be complete or incomplete.

Table 13 visually represents the eight main types of plans

(A - H). The right hand columns contain all the problems for which
no complete plan exists: the (unframed) P-plans or heuristics.

The left hand column refers to problems for which a complete
plan exists : the (framed) -problems or algorithms.  It

is important to note, however that it is not relevant to the
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the present classification of problems whether a specific
pupil (or group of pupils) has mastered the complete plan yet.

TABLE  13

CLASSIFICATION OF THE TWO MAIN TYPES OF PLANS

A·     B-B-1 3]      E·     F l-   p   -E]
8.       I   -0-B F. I-P - El

'·     171 -El -   ,        ,·     131 - -G

D.              I      - 8-1 -G H. I-P -G

In order to familiarize the reader with the symbols used

in this taxonomy we shall explain each of them in turn. As

discussed above, problems can be classified along two main

dimensions viz. (i) the nature of the operations and (ii) the

nature of the objects on which the operations are performed.  If

we turn to the first dimension there are three questions we should

ask when faced with the classification of a problem:

(1) does a complete plan exist to solve the problem ?  For

example, '144 x 5= ? 'i s a    - type plan because
a complete plan exists, whereas 'find a suitable title
for these five paintings' is a P-type plan because no

complete plan exists to solve this problem

(2) is the initial knowledge state (I) specified ?  In
both our examples (I) is specified, because the learner

is provided with the data. Hence we indicate this fact

as   . (framed capital I)  If we alter the examples
to '144 x. = 2160' and 'Take any painting and find a
suitable title' we have problems with an unspecified/

partly specified initial state symbolized as an unframed
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capital I.

(3) is the goal (G) specified ?  An example of a problem

with a specified goal symbolized by   could be the
following:  '  VP = 4' or 'Can you write the initial
paragraph for this incomplete text ?'.  An example

of a problem with an unspecified G-state could be
'What is your opinion of texts on 'gardening' or 'solve

this division problem 78953 :5= ? ' In other words

an unspecified goal state signifies that the pupil

does not know the answer at the time he receives the

problem.

In relation to the second dimension viz. the nature of the

objects on which the operations are performed, there are but two

questions which we should ask:
(4) What is the nature of the data provided in the initial

state ? For both '144 x 5= . ' and ' . =4' the

data in the initial state are formulated·in a meta-

language (M). In the example 'What is your opinion

of the texts in this book ?' the data are formulated
in a verbal form (V). As an illustration of the
perceptual form (P) we will make reference to the

following example:

36/ /*Cri*imifi)(EZEif

Which definitions can you match to the following

visual data ?

(5) What is the nature of the data provided in the goal
state ? In the last example mentioned under (4)

the goal state is unspecified and requires data in
a meta-language. This type of problem can be classified
as:  IPP*GM because (a) a complete plan
exists ( framed  [El  -plan),  (b) the initial state  is
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specified, and (c) the data in the initial state are formulated
in a visual form, (d) the goal is not specified and (e) the

solution is required in a meta-language.

Figure 56 schematically illustrates the resulting matrix.
In order to show that each of the 8 x 9=7 2 cells can be filled

and also to illustrate the practical function of this classification

system, we have composed an example-problem for each of the 72
cells. These examples have been taken from the primary and

secondary school curriculum. A few examples from the teacher-

training course have also been incorporated. While reading
through the various examples, the reader will notice that many

problems can be set to the pupils under a variety of forms. Indeed,

one of the advantages of the proposed classificaticn system is
that it helps the teacher, or the curriculum constructor to select

problems which have functional relevance for the learner and are

at his own level of difficulty. As such, one of the most important

aspects of effective problem solving can be met viz. setting
challenging assignments.
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A:. ED 01              A'. FRI-ID-fl
Pead this text aloud. Check whether John's visual scheme of the aigreren•  :s  v:--- -

5 and 3  - 15
2 and 10 - 2C (5,3)               15
4 and S - 20
a and b - ab

C c'.,0, <»-=A ,     \A2.      17             -  -B (4,5)  /
Put this task in mathematical form: 'John has 72 marbles and
he war,ts to give an equal number of them to each of his three ...

-     -                -              I   .   I
nephews. Hok· many do they get each ?

 A,b) 47 » at     /
I-/ .-/

Al. B , el[3
Read this text and check whether all the geographical data have
been indicated on the map. „·   [3-El

Label each of the following objects in correct German.

A. . el El--E] AS.   
Indicate which of these drawings represents C 521004

Explain this definition in your own words (deoxyribose):

a:t  =  q < ===t> q.b  =  a
5 CH2OH OH 5 CH2OH :H

91-'\91, 1.-0-,1,
A.. El El-El

 e--trrar.ge the cubic measures in ascending order : ml, dm 3, cm3, km
3

1 \,1.-4/1    1.0      1/1
OH H OH 0.

Age G . B--ED
Cut a square and a rhombus out of this sheet of parer.

rigure 57: problems of the type0-0-0



'6 El--13]-9,
Visually represent this definition:

Lib  I   (*    61' and   * 4F:  {El-GV

In a crossword puzzle one has to fill in an anagram of 'poster'.Which combinations are possible ?

87 BP -GV, 2 - -«„ What can you say about
the following rela tionIf you need 2 2/3 bags of flour to bake a cake and you notice that

y)u have 1 1/4 bag left. How much flour will J·ou still have to buy ?

.'.v·-EJ- G, 88 E3--13--GM
-Alch definztion(s) can you match to the following visual data -

You will hear a story about a car accident. Visually represent the
situation at the time of the accident.                                                                 A

A --- '10
0. P

B                       ...

"  -E] .,
: p:;ism   ,I  ornown word;e h t you must do in order to find the answer

85 B--I  OM
Re-arrange these fractions ir. ascending order. 89BP . Gp

4;4; ;  Given the f lowing situation, construct the Venn-diarrar.
tC

A |a        A
-

B  b       1It

riiure 58: Droblems of the type                                                                                       01-0-6
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00
('· 'v-El--El C6. IM-B-Q

Solve this problem:
Find the chemical bruto formula for this struc-·.*·al f-y·.1 -:What is the price of this cloth per yard if you know that Ipaid I 17 for 3 1/4 yard.

H

H & F(2.   u I ords'p   uin'. 'duck'. 'bird' and 'bat' construct                           |I   Hthree statements and give their formalization in logic.                             Il      C      H

H
C 3. IV-El --El            C 7. I»-171- The ten photographs pinned on the wall have been taken from

Can you construct a rebus for the sentence: ".·'e war.t MU-c
various stories. Can you match each of these photographs toa specific story ? the Ardennes this week-end' ?

·· r.-·El-El (8.  IP- P -13We have just discussed that there is a.78 correlation betweenthe origir.al rest and the parallel test.  Check the computation Select from the equipment in this laboratory the arp··-:.'. 3·e
r.derly'np this statement.

equipment for having the pupils discover the law:
T = G  Mm.F:30-El 7-·

V.'.
£9. IP---tGl--El

Use your atlas to draw a map of Belgium ir.cor re•·:geographical and political data.

Figure 59: problems of the type
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DS.   IM-B- GMDl. IV- -GV Give an example illustrating how you calculate the standard dev a+ rr.

Construct a completion exercise.

DE.   IM-B- GPDl. IV-Fl-GM
Make a film or a slide assembly which illustrates five chemical reac *

How can you formalize linguistic data ?

D7. IP-
 -*I GV

Dl. IV--[I]-GP Give an example of a tree-diagram and its underlying sentence.

Take any text in your history book and indicate the countries
discussed in the text on the map.

24. IM- -GV DB. IP--E]--.-GM
Draw a few Venn diagramms with their respective formalization..Take any chemical bruto formula and explain in your own wordshow it is structured.

D9. IP-B-GP
Demonstrate how you can visually represent the rerfor-arce /' ·hese
pupils at playing darts.

Figure 60: problems of the type
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E,·        8-'-El rs B-P- 
A doctor has diagnosed terminal car.cer in a patient and he Do you think that this mathe,matical curriculu- un,ir car. be -augh 
discusses possible means of informing him and his wife about more efficiently using another instruction ":etf.01 t,an this programmed

it, with a senior colleague. Tive possible solutions emerge instruction ?
Viz.

(1) directly telling the patier.t's wife but asking her to      E6 El-P- Elkeep it away from her husband.
We want to teach the pupils rlanders' interaction analysis iechnique.

(2) directly telling the patient's wife but asking her to The videofilm we use for this purpose is defic:ent in a r.u.ber of ways.
inform her husband. Can you suggest alternative ways to improve it ?

(3) not telling either.

(4) indirectly suggesting it to th2 patient.

(S) indirectly suggesting it to the patient's wife.
El  -p-  

Discuss in groups each of the five possibilities, and come
to a consensus on one solution. What is your opinion of the illustrations in this magazine ?  Do they

fit in the text ?

'2· 1.,1- p-El
R yo·, ..4/1 that using a IFF31 design is the best experimental ES B-P-El
ier:gr for this experime/t i

What are the advantages and disadvantages of using the Cuisenaire rods
for teaching the four main counting operations (+, -, x; :) ?

El | IV-P ---El Go through each of the four operations to prove your point.

Remember  that  in the previous lesson each group of rup  's ,·rite
a short play.  Go to your grouns and prepare a poss:t:e Ferfc,-arce
of the play. This performance struld ir.clude all ' w ch.,rac-ers ar.€ ES  IPP  

12£]the narrator. The total perfo ·n-,nce should not exceed •en rir.stec.
Do you think that this extract of Vivaldi's 'Four Seasons' is suitafli
background music for the film 'It happened on the 4th of December' ?

:' [3--,-El
The pupils have just finished a problem dealin, with t calculation.
They find it difficult to perform the different orerations.ions. A/alyse
their calculations and suigest 005;ible ways of vi,ually renresenting
the different steps in the resrective rlan, so •tat r.stakes you b.ve
detected can be avoided.

Figure 61: problems of the type
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FI -F - GM

ri 1771------ P.------Gv
6-J Use these figures and symbols (x, 135, y, 17, 38, =, -, *, x, :) -s

construct any mathematical problem.
Construct five humoristic sentences.
The four initial letters of the four-letterwords are:

w... m... t... b...

F6
21

P        GP

Invent a card game in which pupils can practise the following calc;19• :r -
1 0+ . = .

F,
El

- r -GM 1 0- . = .

You are interested in the type of utterances used by a group
of native speakers· You do not have access to a tape recorder
but you want to have a record of certain features such as the
number of questions used, the type of questions, negations, etc...
Find a system to quickly code the pattern of their verbal

utterances.  r7  FF          - r . CV

Write a parody on the film you have seen.

0 :- GP

' :·   . re. : : To serve as tackground mIs:c for this short story.

re lip .P GM

Find a non-verbal system to code the interaction processe- d...rli··e ')3 -==- E
· GV on this videofilm.

rorm ar opinion on the soluticn of this ma*teratical -· ' le-.

r 9 0 -P - GP

Improve the cover of this magazine.

Figure 97: protlers of the type
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Gl.    IV       , r         -B                                         GS.         IM-P- 
Can you write the initial paragraphs for this incomplete story ?

In how many ways can you get 4 ?

G2.   IV    . P       68                           66.      IM      P -E]
Construct at least three verbal problems that will elicit the Can you indicate which of these media are suitable to demonstrat,calculation which we have studied. statistical techniques ?

b=2 c
a.b+c.3 6
a=b-4

07.                  IP             -  P -Gij
G3.   IV      .P      -   Discuss the attitudes of the main character in the film.

Construct a test question which will elicit the following Pay special attention to his behaviour towards his father.
chronological line:

House of Hannover

GB. IP P- 
George I George II George III George IV William IV

Which equipment would be suitable for demonstrating to a
                          naive subject that
1714 1837 sini =t?sin r

64. IM-P-B
89.      IP     r P- Take any algebraic exercise in your neighbour's copybook and

critically analyse it so that you can ask him a series of
This pupil has difficulties with drawing graphs. Devise aquestions on how and why he solved it the way he did. way to remedy this situation so that he will succeed on
next month's summative test.

Figure 63: problems of the type
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H6. IM- P-GP
Hl. IV ----P -*GV

Find a number of relations for which the pupils can constr., 1  ·'*-,  

Take any text and compose a set of questions on it. than one visual representation.
In order to understand the instruction, the following example ..5,
help you:

(1) /a R2B
R =   (a,1) (b,1) (c,2) 

.R C A x B can be repre.er *ed as

I b a-   1       -1-/      1H 2. IV -----P ----GM
\ c i  7-  \ _-•2  /\-Z><---0-'r--/

Devise soms sort of shorthand to take down notes.

2 1 :
H3. IV       r       CP

(2)1  1---1--
Indicate on a time line all the events which you think are vital                |
in understanding a text about the Roman Period. ·

a              ·b            d

H+. IM--.-oP-.-.GV 2'

(3) 11«fTake any physical law and compose a multiple choice item on it.

C

H7. IP---oP -4 GV
HS. IM--*P-GM

Select or construct a number of problem statements which youInvint a secret code to communicate messages to your fellow think are helpful in understanding graphs.
students.

HB. IP-P- GM

Select equipment which you can use in your classroom for explaini-F
a number of physical laws.

H9. IP----P-.-- GP

These three pupils are ill-motivated for chemistry.  Find a 29to improve their motivation.

Figure 64: problems 01 rhe [ype

I--P-
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In concluding, we may say that the teacher who has mastered

this classification system, can immediately identify a problem as a

member of the   -type set or the P-type set.  As we shall see in

the next section on different problem environments, these two main

types df problems require a different instruction strategy as well as
different evaluation procedures. The two other variables on which our

taxonomy is based  viz.   (i) the degree of specification of the I-state
and the G-state and  (ii) the diversification of content also contributes

to the organization of adequate teaching-learning processes, as the

following examples will illustrate:
- Construct a completion exercise on the dative in German.

If the pupils fail to solve this (IV        P GV) problem, the
teacher can alter the degree of specification by introducing one or

more of the following problems:
- Read this text paying special attention to the prepositions which

have been put between brackets (  3---*CE}---·-,8 )- Turn this text into a completion exercise, deleting the prepositions
indicating the dative ( CIR]----·[ID    , GV)

- Construct a completion exercise on the dative using this text
C   IVP•. Gv )

Similarly, if a pupil fails to solve a problem of the type

IM          P GV (I-state formulated  in a meta-language)  or
IV [p--I GM (G-state formulated in a meta-language) the teacher
can help the pupil by making the I-state or the G-state less abstract

For example the problem:

- Re-arrange these linear measures in ascending order (3 m, 1 inch,0,5 m, 95 cm, 2 yd, 15 dm, 2 ft) C [IE      P --- GM)
can be re-formulated as:

- Measure each of these objects, print their length on them and
arrange them in order of size. ( [IEP-- GP)

In short, the proposed taxonomy not only aids the teacher in

constructing a variety of different problems, thus minimalizing the
chance that some types of problems are totally neglected, but it also

allows the teacher to cater for individual differences in information
processing as the next section will amply demonstrate.

5.2. Different problem environments

At this point we would like to differentiate between three
different types of problem environments which have been used either

interchangeably or have suffered from a lack of clarity viz. (i)
learning a new plan, (ii) retrieving a stored plan and (iii) generati]:3

a new plan.
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Presentation CODING
....e -[351 execwof problem ' of problem

Presentation RECOGNITION
- I  Plan- of problem search of type of retrieve L ·  execute

problem

Presentation FL -1 DEVISE
IGenerated Iof problem chavailable --* plan store

.1 -1-1.. 1

execute
L-1 r

Figure 65  : illustration of three types of problem
environments in the classroom viz. (i)
(i) learning a new plan
(ii)the execute stored plan problems
(iii)the execute generated plan problems

Figure 65 schematically illustrates the three different
problem environments. As can be seen from these schematic
representations pupils may be confronted with a problem under
three different conditions. The first condition refers to learning
a new plan via various teaching methods such as explanation,
demonstration, guided discovery, self-discovery, group work, etc...
Examples are: 'how to calculate the interest on a given bank
account', 'how to calculate the exchange rate from one currency
into another', 'how to transfer °C into oF'; 'miles into kilometers
'how to put a foreign language sentence from the passive into the
active' etc... The characteristic features of the first type
of problem environment are: (i) a specific plan exists to solve
that type of problem, (ii) the pupils do not possess the sequence
of steps (algorithm) and (iii) they must be taught this plan.

The second type of problem environment is an extension of
the first i.e. the pupils are presented with a problem for which
a specific plan exists. This plan should be known by the pupils.
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Hence it is their task to recognize the problem (or a subpart
of the problem) retrieve the appropriate stored plan and execute
it flawlessly. In other words, the emphasis lies on recognizing

the problem and locating the plan rather than on learning the

plan.

The third type of problem environment differs from the
two former ones in that a problem is presented to the learner

for which no specific plan exists. Hence, the pupils must learn
to devise a heuristic plan on the basis of stored or consulted

information. It is easy to see that these three types of problem

environments generate specific difficulties in the classroom

and should yield a different teaching approach. We shall discuss
each of them in turn.

5;2:1. Problem environment Ii.learning a. ew plan

It is to be regretted that most plans are still taught
by demonstration and explanation rather than by self-discovery
or guided self-discovery  ( cf. Bruner  (1962) ; Shulman and
Kaislar (1966); Shulman and Elstein (1975); Travers  (1972).

Nevertheless, we must admit that it would be time consuming to
teach every new rule or plan by the self-discovery method.  More-
over, quite a few plans (mostly algorithms) would be impossible
to discover by the pupils themselves (mathematical rules, some

scientific proofs, etc...). But whatever teaching method is selected
it is the teachers task to teach, and/or guide the pupils to
discover, the sequence of steps which constitute a specific   -type
plan.

But how ? Is there a single best way which should be
followed for teaching these plans or is the approach plan specific
and/or age specific ? This question should be answered in favour

of plan specificity and age specificity. Nonetheless, we want
to modify our answer and add that, we believe that the teaching

method adopted to teach a particular type of problem should be

learning-style specific rather than age specific. For, it would
be conceivable, that a 14-year-old pupil would be unable to solve

a problem because he does not approach it with an analytic-reflective

cognitive style and that the same problem could be solved quickly
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by a 11-year-old, who displays a more suited cognitive style.

Similarly, a primary school teacher devising some problem

assignments for pupils in the first few forms of primary education
ought to remember that these pupils are still in the stage of

'concrete operations' (cf. Piaget, 1968).  In other words, these
pupils are able to comprehend, store and retrieve new plans

(sequences of abstract operations) provided that the objects

on which these plans must be executed are concrete. As stated

before, the data on which abstract operations are performed may

be concrete or less concrete in nature. (cf. diversification

of content). In our classification system, for example problems

which have both   and   expressed in a perceptual form are
the most concrete problems; problems which have both their

initial state and their goal state formulated in a meta-language

are examples of problems with 'abstract objects'.  Verbal

problems, on the other hand, may vary along a continuum of
abstractness/concreteness depending on the content of the

problem and the form it has been expressed in. Hence, a teacher

who is aware of this'so-called developmental gap' at the start

of systematic education will pay special attention to (1) the
types of problems which are presented to the pupils and (2) to

the method of instruction.

Next, we shall discuss a method of instruction which

was proposed by Gal'perin (1957, 1967, 1972). This approach

which leads the pupils through five successive stages of inter-
nalization,has attracted many followers in the USSR and has

currently also conquered the educational scene in the West.

Nevertheless some severe criticisms are beginning to be heard

(Samarin, 1959; Ljublinskaja, 1960; quoted by Van Parreren and

Carpay, 1972). Before we give a brief description of Gal'perins'

approach, we shall level a few general criticisms at the five

successive stages approach. More detailed criticism will be

given afterwards.

First we believe that this method - if used - should be

restricted to the nursery school and the first form of primary
education. This restriction stems from the very nature of the

method itself i.e. after the transition from pre-operational to
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operational thought has been completed pupils can perform abstract

operations and this lenghty method of progressive internalization
would be superflous.

Second, this method may give the teacher the impression
that individual differences are taken into account. However,

we would like to warn against this seeming-advantage. For this

method is based on the average pupil i.e. a pupil who benefits
just as much from visualization as from verbalization. No

allowance is made for preferential coding and retrieval processes.
In addition, the pupil is not allowed to discover new plans.

The teacher demonstrates (cf. p. 271 ) the plan which he has
devised or selected himself, and enforces it as an absolute
norm.  This approach to the teaching-learning process is diametrically

opposed to our own view on learning, which specifies that learning

is the modification of the learner's cognitive structure, making

use of the learner's preferential learning style.

5.2.1.1. Gal'perin's successive stages approach.

Gal'perin (1957, 1967, 1972) has argued that in order

to achieve successful teaching the teacher must gain understanding
of the concrete structure of the 'mental actions' he is going to

teach. In other words, Gal'perin views mental actions or abstract
mental operations as the result of progressive internalization.

In order to demonstrate the implications of his theory,

Gal'perin devised a number of educational experiments (1957, 1967,
1972). His first experiments consisted of presenting the pupils

with a specific task and observing which methods they used to
solve the problem. Several questions were asked so as to form

an idea how different pupils carried out the task. As such,

different stages were isolated. Each of these links in the

formation of the 'mental chain' was then investigated systematically.

The main conclusion drawn from this systematic analysis was

that, during the learning process an action may change simultaneously

along four dimensions viz. (i) generalization to different stimuli,
(ii) completeness of the set of operations (or abbreviation of the

sequence of operations) (iii) degree of mastery of the sequence of

operations, and (iv) assimilation or the qualitative changes in the

level of mastery.
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These four relatively independent parameters can be measured

in the course of the learning process which according to Gal'perin

passes through five successive stages. The five basic stages

are labelled after the specific activity which characterizes

them: (1) Creating a preliminary conception of the task, (2)

Mastering the action using objects, (3) Mastering the action
on the level of audible speech, (4) Transferring the action to

the mental level and (5) Consolidating the mental action. We

shall describe the main aspects of each of these stages below.

(1) Creating a preliminary conception of the task.

During this stage the pupils familiarize themselves with
the new task. In other words each pupil forms some conception
of the external aspects of the new activity while the teacher

is demonstrating it.  This orienting activity brings the learner
in the right learning condition i.e. his attention is drawn,

and he is motivated to learn the new activity. This orienting

activity does neither include knowledge of the properties of
the material nor the ability to perform the task. This practical
activity is postponed till the second stage.

(2) Mastery of the action using objects
As hardly any task can be learnt through a simple observation,

the pupils must be given the opportunity to get acquainted with

the successive steps of the new activity. The best way to do
this is through the material or external action. At first,
the pupils performance is guided extensively by the teacher

i.e. the teacher demonstrates the successive moves, observes
the pupils' performance, and remedies false moves. It is important

to note that the action can only be performed with actual objects

(cf. adding up smarties, pens, books etc...). Consequently,
the action remains external and material-based.

However, if the pupils are old enough, the use of concrete

objects may be replaced by symbols (materialized action). Hence,
the action may be based on, and guided by a scheme. This visual

representation may take the form of a diagram, a drawing, some

written notes etc... For example, a tree graph representing
various architectural styles  may be drawn  on an index card. The

card can be used to identify the style of a church, a townhall, etc...
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In concluding, the action based on objects or symbols is

an intermediate stage which must be incorporated into the

acquisition of a new mental action because it gives the teacher
some guarantee that the learner understands the sequence of

actions to be performed on conceptual material. By observing
their concrete performance, the teacher not only gains knowledge

of the different parameters (i.e. generalization, completeness,

mastery and assimilation) but he can also detect where the

learner has gone astray and initiate immediate correction of the

incorrect or incomplete operations.

(3) Mastery of the action using audible speech
Whereas in the previous stage the function of language

was restricted to the instructions given by the teacher, the

verbal channel plays a major role in the 'audible speech' stage.
This stage frees the action from the constant necessity to manipulate

objects. The pupils are required to state in their own words

how the action is performed (e.g. counting aloud, finding the
ending of a verb form etc...)

Gal'perin has claimed that during the stage of actions
using objects, verbal labels refer to concrete objects, they

do not represent the abstract information present in the concept.

For example, when asked to add 5 to 8, the word 'five' signifies
the end of a counting sequence from 1 - 5. This conception can

be observed directly when a pupil takes the five objects, adds
them to the pile of eight and start counting from 1 - 13. How-

ever, once the numeral represents a fully developed concept the

pupil treats it as a sign for a specific quantity and does not
need to re-count it every time again. This transition from the

concrete to the conceptual level is achieved via overt verbalization.
This further internalization process can be amply demonstrated

by investigating the child's ability to give a detailed verbal
account of his action.

(4) Transfer to the mental plane

After the action has been fully practised at the level
of 'audible speech', the pupil is asked to restrict his verbal

utterances to whispering, then to silently speaking. The only
control the teacher has at this stage is the intermediate or substage
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solutions which may be spoken aloud. This method of transfer is

initially based on the silent performance of the action reported
in the previous stage, but it progressively gets more abstract.

(5) Consolidating the mental action

The fundamental changes which have occurred to the nature
of the mental action in the previousous stage, continue in this
stage. However, introspection of the intermediate operations

or steps becomes increasingly difficult, if not impossible.

Finally, only the learner's verbal report of the end product
of his thought process can be evaluated. We should not forget,

however, that the mental action can be transformed into practical

actions whenever this seems necessary and the pupil can also
be asked to give an accurate account of his activities.

As mentioned above, a major disadvantage of the Gal'perin

approach is that it does not make differential use of the imagery
code and the verbal code. We have argued extensively in chapter
two that it is vitally important to give primary school pupils

training in developing their dual coding system i.e. the imagery

processing route and the verbal processing route.  Although the

Gal'perin approach provides training in both aspects of cognitive

functioning, one processing route is - intentionally or not -

given preference over the other, i.e. training to transfer

information is given in the sequence materialized action ---- -/-

audible speech, and the pupil is urged to 'abandon' the visual
code in favour of the verbal code. We believe that it is exactly
this aspect of the method which makes it a deceptive tool in the

first few forms of primary education: the most labile, most

sensitive period as far as cognitive processes are concerned

(cf. expt. II p. 222 ).

In concluding, we would like to refer to two pluspoints
of Gal'perin's approach viz. (i) the material support necessary

for the familiarization process may be gradually withdrawn and (ii)
the teacher has diagnostic information about the progressive
internalization process through overt verbalizations of the plan.

Nevertheless, the 'five successive stages' approach is deficient

on a number of grounds, and we would like to suggest a new approach
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to plan learning which takes into account: (1) the type of problem

being studied and (2) the learner's preferential learning style.

5.2.1.2.  The analyse - visualize/verbalize - execute approach (A.V/V.E)

As we have already explained (cf. p. 266 ) the teacher who

makes use of our classification system can cater for individual

differences in information processing by adapting the problem

to the learning style of groups of learners. In other words,

by grading the degree of diversification and the degree of

specification of I and G, the teacher can present the pupils with

problems which are at their own level of difficulty. He then leads

them through three successive stages of problem solving :viz analysing

the problem, visualizing and/or verbalizing the plan and executing

the plan. The general outline of this method has been followed

in experiment III of this dissertation.

(1) the analysis stage
The reader is reminded that we are still discussing   -type

problems; i.e. problems for which efficient plans exist. Hence

the pupils are not requested to retrieve or generate a plan, but

they are asked to analyse the problem statement so as to determine

both the I-state and the G-state. It is important to note that

pupils who can analyse the problem to the extent that they can
specify the I-state and the G-state are able to transform the

problem into a 'solvable problem' for which they can try and find
a solution.

However, for some   -type problems it is not advisable
to have the pupils slave over the solution which they cannot

possibly find themselves. Think in this respect of algorithms

such as 'finding the square root of a given number', 'finding the

different steps for doing a division problem', etc... In such

cases the teacher must demonstrate the plan himself. Nevertheless,

it is still advisable to devote a few minutes to the analysis

of the problem, because these few minutes will allow the pupils
to familiarize themselves with the problem and create a problem

set, i.e. the pupils will be motivated to learn the teacher-

supplied plan.
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In other cases, the teacher may decide that it is a
worthwhile exercise to ask the pupils to find a solution for

a   -type problem. He can devote more time to the 'plan

discovery stage' and he can assist them in their effort by

making analogies to previously solved problems or by providing
some hints. When all the pupils have found some sort of solution

(or have given up) the teacher can ask a few pupils to put their
solution on the blackboard and present it to the group. It is

the aim of the discussion which should follow this presentation

of possible solutions, to have the pupils discover that (i)
several alternative plans are possible and (ii) that some plans

are more economical than others. But nonetheless, it remains
the pupil's privilege to select out of the suggested plans the

one which he thinks is the best. The teacher may assist him

in developing adequate decision criteria such as the error rate,
the time spent to solve it, the number of steps required, the

chance to remember it, etc...

(2) The visualize/verbalize stage
Since pupils are required to remember plans or regenerate

them, it is advisable to spend some time over finding a good way

to represent the plan. For, we believe, that it is the lack of
efficient organization at the time of encoding which accounts

for the pupil's failure to locate and retrieve information on a
later occasion. Whether the plan has been proposed by the teacher

or has been devised by the pupils themselves, it is always important

that each individual pupil decides for himself which memory aid

will help him most.

There are several alternative ways of representing the

various steps of a plan such as (1) drawing a diagram, (2) a flow

chart, (3) a decision tree, (4) finding symbols for the various

steps, (5) constructing a list representation, (6) making a list

of associative sentences, (7) devising a mnemonic technique, (8)

learning a model example, (9) constructing a rule, etc... But,

as we have argued extensively in chapter two, the form of plan

representation should be in accordance with the pupil's preferred

learning style (see also p.171) i.e. teachers should refrain
from enforcing so-called 'best' forms of plan representations on
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the learner. Rather, they must assist the pupils in finding a

suitable form of representation and discuss several alternative
forms with them.

Indeed, teachers should bear in mind that any representation

is but an external form of the plan, a shorthand representation

or memory aid which the pupil can write on an index card or in
his copy book in order to consult it on a later occasion. Research

in this area has indicated that there is no single best form of

representation which ensures that the pupil (a) understands a
new  plan  and  (b ) stores it adequately  so  that  he can retrieve
it on a later occasion. We shall quickly review the relevant

studies which can be classified under three main headings: viz.

(i) comparisons between logical-tree representations and verbal

representations; (ii) comparisons between graphical representations

and verbal representations and (iii) comparisons between logical-

tree representations and visual representations.

All the experiments investigating the effect of logical-

tree representations (cf. decision trees, algorithms) and verbal
representations (cf. prose texts, a series of statements, lists

of associative sentences, etc. ..) on the learner, showed a logical-

tree supdriority effect in the acquisition stage (cf. Davies, 1970;

Jones, 1968; Landa, 1963; Olton, 1969). But, these studies did
not investigate whether there was a concommitant superiority effect

after a retention period.

The second line of attack contrasted graphical representations
and list representations. (cf.Deffenbacher et al., 1974; Nelson
and Smith, 1972). They found that graphical representations such
as:

Salmonid : Family

Char-Tr| almon : Genus

...
Brown Rainbow : Species

were superior to list representation which contained the

same information:
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(GENUS) Char = Salmonid (FAMILY)

(GENUS) Trout = Salmonid (FAMILY)

(GENUS) Salmon :    Salmon id (FAMILY)

(SPECIES) Brown D- Salmonid (FAMILY)

(SPECIES) Rainbow 1- Salmonid (FAMILY)

(SPECIES) Brown - Trout (GENUS)

(SPECIES) Rainbow - Trout (GENUS)

They concluded that graphic representations are powerful

facilitators during the pcquisition stage but that they lose
their advantage after a three-weeks' retention period.

This phenomenon can be explained by reference to the

structure of human long-term memory. The reader will remember

that we have made the assumption that LTM is divided in domains

and that each domain is hierarchically structured (cf. Collins

and Quillian, see chapter one, p. 25 ). When the learner is

presented with new information which is already structured in
an hierarchical, spatially presented network, not much recoding
or re-organizing needs to be done. However, the learner who

did not have the benefit of a graphical representation has to
order the data himself i.e. he has to store the new information

in the relevant domain. After a three-week-retention period
this process has long been completed and the disadvantage vis-

a-vis the other group has disappeared (see also Bower et al,

1969; Attnaeve, 1974; Wittrock, 1977).

Yet another line of attack compared visual representations

with logical-tree representations (cf. Kuljutkin and Suchobskaja,
1967; Bouwmeester, 1974). It was demonstrated that pupils benefit
more from the visual representation than from the algorithmic tree.

However, Greeno (1973) has urged to make a distinction between

understanding new information, and skill in applying the new
information. Apparently, the former type of cognitive process
should benefit from a visual representation whereas the algorithmic

trees should facilitate the latter process.

All the above cited studies were insensitive to individual

differences in learning style. They randomly divided their subjects
into two groups and presented them with either form of representation,
i.e. the pupils were neither allowed to select the mode of presentation
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nor were they offered the choice between alternative ways of
representing the plan. Consequently, the average pupil was
studied and high and low scores obscured the picture. In the

light of our own findings that there is code specificity in the
final stages of the coding and retrieval process, we wculd predict
more conclusive results if the groups were based on diagnosed

individual differences in imagery and verbal organizational
strategies.

In order to illustrate that pupils may resort to various
memory aids we shall make reference tc an anecdote.  This example
features a primary school teacher teaching in the first form,
but the conclusions one can draw from this example can easily
be generalized to other levels of education: Towards the end
of the first term Mister Jansen experienced that his pupils
encountered major difficulties in adding figures across the
ten. Even  though they seemed to understand the various steps
required to solve problems of the type '9 +8= . ' ; '19 +8= . ' ,
they were not able to write down the correct answer. In order
to facilitate the various operations the teacher devised a visual
memory aid which he believed would help the pupils in performing
the various steps, viz: (1) look how many groups of 10 you can
make, (2) write that number down and (3) write the remaining
numbers next to it. This teacher-based memory aid looked as
follows :

T  U

However, before introducing this memory aid to the pupils
the teacher enquired how they would symbolize (1) the tens and
(2) the units. All pupils could propose symbols and general
consensus was reached on two symbols viz. '0' for the tens
because it is the second element of any ten, and '...' for the
units because this column refer to the 'items which have been
left on their own':

0   ....
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Most pupils found this an easy way to add up figures and

after a while they did not find it necessary to draw the table

and the symbols each time they had to add two figures. However,

some pupils devised their own memory aid. One pupil made reference

to a verbal rhyme: 'Maak groepen van tien, en schrijf ddn, of twee

en daarnaast wat blijft alleen'. (Make groups of ten and write one

or two, and next to it what remains on its own). Another pupil

used the memory aid depicted in figure 66. He explained the teacher
that he found it difficult to write down the correct number of units

and that his father had advised him to use a slide. As can be

seen in figure 66, all the operations required to solve the

'19 +8= . ' problem are visually represented. First, one unit

is deducted from 8 and put on top of the slide and it is drawn

again when it arrives at the bottom. Hence both the 'adding'

operation and the 'subtracting' operation are visually represented

and the pupil can now add 19 +1=2. and substract 8-1=7.

19     +      8

1 7

Figure 66: Memory aid for adding
across the ten.

This example may illustrate that pupils may accept or

reject memory aids proposed by the teacher. Is it important
that the teacher has knowledge of his decision ?  We think it

is for three main reasons. First, the teacher must detect
inefficient plans early so that he can devise the pupils to

correct them. Second, the teacher must be able to make reference
to it on a later occasion. Imagine, for example that a pupil who

used the '  0   .... ' memory aid for doing additions, fails to

add up, say after the Christmas holidays.  At this point the
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teacher can refresh the pupil's memory and refer back to the memory
aid as well as work through an example with him. We may refer
in this respect to the difficult period a child may have in the
beginning of a new school year when the new teacher does familiar
things but uses a different technique.

Thirdly, the teacher can bring into play and enhance the
pupils preferred learning style. For example, the teacher can
insist that visualizers use their visualizing capacity when
solving a problem (i.e. they should be able to do exercises
without reference to the concrete visual aid; their copybook
or the blackboard) since they can draw information from the
generated image. (in our example, they need not actually draw
the slide and the sliding units, but they can generate an image
and read the result off from their 'mind's screen'.)

By contrast, the teacher should refrain from forcing
the weak-visualizers to 'try and remember' the plan in the initial
stages of application. These pupils should be allowed to open
their book or copybook, to look at the index card, or the blackboard
etc..., so as to use the visual aid as a frame of reference.
Gradually, when the plan gets practised they will stop relying
on the concrete visual aid and generate the plan itself.

Weak-visualizers could also be given additional practice
in verbal techniques such as rules, rhymes and especially in
re-formulating the plan in their own words. This re-formulation
technique has the double advantage that the teacher gains knowledge
of how the pupils have stored the sequence of steps, and, that
the other pupils can base their propositions on verbal statements
at their own level of difficulty.

(3) Execute the problem
This stage refers to the independent solution of problems.

The teacher mostly evaluates only the solution of the problems,
but if it turns out to be incorrect he takes the learner back
to the previous stage(s). For example, he may ask the pupil
to verbalize the problem. Failure to produce an overt reflection
of the path through the problem space may take the learner back
to the analysis stage and it may even be necessary to modify or
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extend the visual aid and/or the verbal statements which
constitute the memory aid.

5.2.2. Problem environment II: retrievinga 9 ored plan

Unlike the former problem environment where the teacher

must actually 'teach' the pupils a new   -plan, the presentproblem environment calls for the retrieval of stored   -plans.
It is a logical extension of the first problem environment. Fcr

example, the pupils may be presented with a problem which (i)

they learned to solve a long time ago, (ii) is ambiguously

worded, (iii) slightly differs from perviously solved problems
or (iv) is embedded in a larger problem. Because of these

confounding factors the pupil may encounter plan retrieval
difficulties, which he experiences as forgetting or partial
forgetting.

Failure to retrieve a specific plan can be due to two
main reasons viz. (i) the plan has been inadequately stored and
(ii) the plan has been stored adequately but cannot be located.
In the former case we speak of inadequate storage in the latter
case we refer to location difficulties. Inadequate storage
calls for re-teaching i.e. the teacher has to remediate the
detected shortcomings. Consequently, he should conduct a whole-
class discussion based on the Socratic method in order to find
out what the pupils have stored and build onto this foundation.
If necessary he has to go through the three stages again viz.
(1) analyse, (2) visualize/verbalize and (3) execute.

Location difficulties, on the other hand, call for a
different teaching strategy. In this case the pupils have stored
a more or less adequate plan which they may be able to execute
when the teacher supplies some hints. In other words, what is
lacking is an explicit link between the key concepts in the problem
assignment and the plan to solve this type of problem. In other
words, the pupils are unable to (1) analyse the problem assignments
and determine the I-state and the G-state and (2) to retridve the
appropriate plan. What the teacher does by asking directed questions
or by giving hints is to make the link explicit; a cognitive process
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which the learner should be able to perform himself. For example,
primary school pupils may encounter difficulties in solving
disguised mathematical problems such as the following: 'A farmer
has 25 cows, 5 horses, 200 chickens and 20 pigs. He goes to
market and sells 5 cows, 1 horse and 3 pigs. He also buys
85 chickens and 25 ducks. How many specimen of each type does

he possess now ?'  When pupils fail to recognize this problem
as a disguised (a +b=x;a-b=x) problem the teacher asks
'What does the farmer sell ? What does 'to sell' mean'? etc...

Alternatively, the teacher may supply the pupils with
a metarule which will help them to locate and/or generate the
plan on a later occasion. For our example, the metarule could
be the following: 'keywords which can be substituted by 'deduct'
refer to a substraction problem; keywords which can be replaced
by 'add' require an addition plan; keywords which can be replaced
by 'divided by' require a division plan and keywords which can
be substituted by 'multiply' refer to a multiplication plan'.
(see experiment III for a more elaborate treatment of the problem).

Another example of a metarule which may help  pupils to
locate a set of simple rules (plan) can be taken from the secondary
school curriculum. In the physics curriculum pupils have to
retrieve laws such as the 'law of Coulomb'. When pupils fail
to retrieve this law the teacher can teach them the following
metarule: 'reconstruct a partly forgotten law by analogy to a
known law' in this case the law of gravitation. Figure 67 illustrates
this metarule. The reader will notice that the two laws are
constructed on a similar basis. The pupil only has to substitute

'mass' by 'charge'.

Conoluding the second type of problem environment we may
say that it is a logical extension of the first type of problem

environment.  When pupils have learned a new   -type plan they

should be given the opportunity to apply this plan to new, related
problems. If the plan has been stored adequately the pupils should
not encounter difficulties and transfer of training - or the
ability to locate and use the plan without drawing the pupil's
attention to the plan - should be demonstrated. If, on the other
hand, the pupils fail to demonstrate transfer of training, additional
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training must be given. This training can take the form of re-

learning the plan via the A.V/V.E. approach (inadequate storage)

or learning a meta-rule (location difficulties).

law of gravitation law of Coulomb

F       c-\37         m 1 F C\-3 q 1

F         r\-J           m
2 F    r\-2    2

F C\-3 1 F           r _           1

r2                                  r 2

F = constant , mlxm7 F = constant , q1x 2
rl                          Pl

Figure 67: Illustration of the meta-rule 'reconstruct a
(partly) forgotten law by analogy to a known law'.  The
law of Coulomb is retrieved by analogy to the law of
gravitation.
F  =  force,  m  =  mass,  q = charge,  r = distance between
two charges.

5.2.3. Problem environment III: generating new plans

This type of problem environment differs fundamentally
from the two problem environments discussed above in that it

relates to unframed P-problems (cf. table 65). In other words,

a complete plan is not available and the pupil must devise

a problem solving strategy on the basis of retrieved conceptual
information and plans. Starting from the concepts in the

problem statement the learner must search his long-term memory
and activate relevant propositions. These are brought into the
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workspace and they are allocated to the appropriate knowledge

state (I, G, S). But in order to run from one knowledge state

to the next a number of operations must be performed (cf. figure

48). If the pupil can retrieve plans or fragmentary plans which

fit these various knowledge states he can label the proposed branches
of the solution tree. If he does not possess such plans, he must
generate new plans on the basis of activated propositions, or consult

other sources. The teacher can assist the learners in accumulating

evidence from other sources such as their textbooks, the library,

direct observation, authorities in the field, reference sheets or

articles, etc... It goes without saying that training pupils to

generate solutions to novel problems, requires a skilful teacher.
For, it will be difficult to (i) accumulate sufficient information
and (ii) to narrow down the wealth of generated or consulted

information.

Problem environment III, or the generation of new plans,
requires a totally different approach than the two problem

environments discussed so far. Indeed, the teacher can organize

(i) a whole-class discussion based on the Scoratic method, (ii)

small-group discussions or (iii) elicit individual effort. But

whatever .the instruction method  may  be, the teacher  must  make  sure
that each pupil actively participates in this generating process

i.e. all pupils should search their long-term memory structure

for solution strategies and construct a problem space specifying
I, G and P.  The reason for this active pupil participation should

be self-evident. Indeed, if pupils have not actively taken part
in the generation process, they will encounter difficulties when

solving similar problems on later occasions, since they have

neither generated a problem space, nor selected solution paths
through it. As such, they have not stored a heuristic plan;
the only thing they have stored are 'discrete' chunks of information.

The previous remark suggests the question: Can the teacher
evaluate the pupil's efforts to find a solution ?  There are a few

techniques which will achieve this end: (i) pupils can think

aloud while they are solving a problem (protocol analysis), (ii)
they can tell how they solved the problem afterwards, (iii) they
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can write down the various components constituting the problem
space as they go along, or (iv) they can visually present the

various selected solution paths. These techniques have the

advantage that the other pupils in class, or in the group,

can point out why a proposed route through the problem space fails

to supply the solution, or is less suited for solving the problem.

We want to emphasize that this diagnostic process can and should

be done with the aid of the pupils. For, it will train them to

evaluate their own solutions as well as the efforts of others.

So far, we have discussed three major components of the
'generating a new plan approach'  viz.  ( i) inalysing the problem,
(ii) Sonstructing a problem space and (iii) ieciding on a solution

path (or paths) through the problem space. The fourth component

of this ACDE sequence constitutes the evaluation process. The

pupil must evaluate whether the selected solution is the correct

one, or alternatively when the problem calls for more than one

solution, he must judge as to which of the proposed solutions is
the most efficient, the most economical, the most satisfactory,

the most desirable, etc... for solving that specific problem.

In the former case, we are dealing with convergent problems,
in the latter case with divergent problems. The distinction

between convergent thinking and divergent thinking has been widely

accepted. It was first made by Guilford and Hoepfner (1966) and
their definition runs as follows: convergent thinking is the

'generation of information from given information, where the

emphasis is upon achieving unique or conventionally accepted best
outcomes'. Divergent thinking on the other hand, is defined as:

'Generation of information from given information, where the
emphasis is upon variety and quantity of output from the same

source' (p.4 ).

The most important feature of convergent problems is that
they call for a single correct solution, they are conventially

evaluated with a single score. Nevertheless, pupils should be
aware that it is a poor strategy to evaluate only the product of

the processes. It may indeed be more rewarding to evaluate the

executed plan as well, i.e. how the problem has been defined (I

and G) and whether a logical sequence of steps was followed to
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reach the solution.  Another interesting way to evaluate whether
pupils are able to construct a problem space and select a solution
path through it is to ask them to construct their own problems.

Hence, they can use the teacher - supplied problem assignment
as a model and construct a similar assignment which will require

other problem solvers to construct a similar problem space. These

pupil-supplied problems (individual or group efforts) can then be

tested and solved in a game-like atmosphere on a later occasion

Divergent production has been used interchangeably with
the term creativity and one of the most important features of

divergent problem solving or creative problem solving is that

a proposed solution is not judged in terms of being correct
or incorrect. Rather, the learner's problem solving behaviour

is evaluated on the basis of (1) the number or fluency of generating

problem solving paths, (2) the flexibility of his approach and
(3) the originality of the solutions.

Emphasis on fluency, flexibility and originality implies

that the pupils should move away from the customary attitude

of being afraid to present an incorrect or 'ridicule' solution.

Hence, divergent or creative problem solving differs from convergent

problem solving mainly on the grounds that in the latter the stress

lies on basic problem solving ability (i.e. generating an

'acceptable' path through the problem space) whereas in the former
the emphasis shifts to developing a positive attitude to generating

and presenting novel solution paths.

Developing a positive attitude towards divergent production
and to promote creative thinking in general should be a major aim

in education. In order to assist the teacher in overcoming the

pupil's major objections and handicaps to adopt this alternative
approach to problem solving, we shall refer to Simberg's (1971)

research. Simberg investigated divergent problem solving and
extracted a number of 'blocks' towards this type of problem solving.
This list is subdivided into (i) perceptual blocks and (ii) emotional

barriers. The former list includes: (a) difficulty in using different

sensory modalities, (b) difficulty in investigating other information
than the obvious, (c) tendency to narrow down the problem too much,
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(d) inability to differentiaze between cause and effect. The

list of emotional blocks, on the other hand, contains (a) fear

of ridicule, (b) need to find a solution quickly, (c) satisfaction

with any solution rather than with vague indication which might
lead to more solutions, (d) need to provide a socially accepted

solution,  (e) over -appreciation  of the value judgement  of  the
teacher and reluctance to trust the opinion of fellow-students.

If it is true that these 'blocks' exist, how can we

promote an unqualified positive attitude towards creative

problem solving ? In other words, how can we get the 'that's

silly' approach out of their heads ? First of all the teacher

should make the pupils aware that there are problems which should
be attacked with convergent problem set while others require a

creative or divergent problem set. Nevertheless, the teacher

cannot expect his pupils to be creative just because they now
realize that there are divergent and convergent problems. Their

attitude should not be expected to change drastically. Rather,

their attitude will gradually change when they themselves experience,

that this alternative form of problem solving behaviour is evaluated

on a totally different basis.

Inspection of the model examples on pages 258 through 265

will show that quite a few problems of the P-type (unframed)

problems require a divergent problem solving set. For example:

- Invent a card game in which pupils can practise the following
calculations 10 + . = . /1 0- . = .

- Improve the cover of this magazine
- Can you write the initial paragraphs for this incomplete short

story ?
- Devise some sort of shorthand to take down notes.

The reader will be aware that these problems do not call

for a single correct solutien. Consequently, there are a number

of ways in which the evaluation procedure should differ from the

procedure used for convergent problem solving. Firstly, the

proposed solutions cannot be evaluated by a single score. This

correct/incorrect approach should be replaced by value judgements
such as 'that is an original approach to the problem' ;  'You have

used a great deal of imagination, but don't you think that ...';
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'You have fostered a personal approach to the problem'; 'You have
not made an effort to 'live into' the text'; 'Your approach to
the problem is positive but you have not taken into account ...'.
Hence, the 'evaluator( s) ' should not condemn, and neither should
they accept solutions too easily. Rather, they should guide the
creative process, stimulating the learner to get rid of rigidity
in trains of thought.

Secondly, the teacher should refrain from evaluating
continuously. Creative processes may take time to get underway
and premature criticism may cause emotional blocks even in the
motivated learner. In short, a general approving, positive attitude
will be more rewarding than a criticising negative attitude.
Obviously, 'general approval' is not synonymous with 'having a
low expectancy pattern', but it is a means of ensuring that a
pupil will gain confidence in his own creative problem solving
potentialities.

Thirdly, the other component of the conventional time/
accuracy trade off viz. the time limit set to solve a problem
should be abandoned since it generates anxiety and deteriorates
creative problem solving. For example, it is ridiculous to give
the pupils the instruction to 'write a limerick, a poem, or
short story and add that this creative task should be accomplished
in twenty minutes, because more things ought to be done ...'. This
reminds me of a remark made by a pupil during one of the teacher
training lessons: 'I don't want to engage into this task (finding
suitable subtitles in English to a cartoon) because there are
only 5 minutes left before the bell rings and nobody will ever
show any interest in whatever we produce now'. This remark
reflects the attitude of quite a number of disappointed pupils
who have realized that one of the major aims of 'some' teachers
is still to get through the curriculum rather than to provide
adequate learning experiences to realize the selected objectives.

Finally, a fourth proposed change to the conventional
evaluation procedure is that it is not the unique task of the
teacher to evaluate the products of divergent thinking. Rather,
this evaluation process should concern all the pupils in class
(or in the respective group).  Criteria should be set up by the
teacher con-jointly with the pupils.'In the same vein, the pupils should
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have a major say in the selection of the c- eative activities
they want to do. For, we believe that nobody can create something

unless he is interested in the creation process itself. Teachers

who want to get ideas can consult excellent resource books such

as: Meyers and Torrace (1965); Schulz (1967); Lewis and Streitfeld

(1970); Davis (1973); Dijkstra et al. (1973); Het beste uit Moer

(1975). In concluding, we want to argue in favour of more creative

problem solving in the classroom. Nevertheless, we want to stress
that, divergent problem solving should neither replace nor should

it supersede convergent problem solving.  They are alternative forms

of problem solving which each deserve their place on the curriculum
at all levels of education.

6.0. RECAPITULATION

In the beginning of section 4.0. 'Teaching problem solving'

we have posed the question 'Is there an adequate theory about

teaching problem solving behaviour ?' We have attempted to answer
this question and we have concluded that although plenty of

researchers have supplied the field on human problem solving

with useful taxonomies, techniques and strategies, the resulting

frameworks were either too vague or too remote from everyday
problem solving behaviour in the classroom. Hence, we decided

to undertake the venture of integrating existing information

and extending and elaborating on this dispersion of effort.

Firstly, we divided the enormous range of problems into

two main types viz. the   -type problems and the P-type
problems. The former category refers to problems for which

a specific complete plan exists, the latter type refers to

problems for which no complete plan exists. Next, we ordered

and classified different types of subproblems. In order to provide

the teacher and curriculum constructor with a classification system

for different types of subplans we made use of three independent

variables viz. the initial knowledge state (I), the terminal

knowledge state or goal (G) and the plan (P). Both the I-state

and the G-state can vary along two independent dimensions viz.

(i> diversity of content and (ii) degree of specification.  The
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plan can be either complete or incomplete. Consequently, a matrix
of 8 x 9=7 2 subplans emerged. An example of each subplan was

given and the functional relevance of the new taxonomy was also

discussed.

Secondly we thought it useful to distinguish between

three different types of problem environments viz. (i) learning

a new plan, (ii) retrieving a stored plan and (iii) generating

a new plan.  Each of these three problem environments poses its
own difficulties to the learner. These characteristic difficulties

should be met with appropriate teaching strategies.

Finally, we want to devote the last section of this

chapter to the question 'Is problem solving by groups superior

to individual problem solving'?

7.0. INDIVIDUAL PROBLEM SOLVING VS. GROUP PROBLEM SOLVING

When talking about problem solving behaviour in a school

setting we must inevitably talk about the efficiency of learning

to solve problems in a large (whole-class)group. Indeed, if

we reflect about the present school system, we must admit that

most problems are still being presented, learned and solved
in whole-class groups. The teacher poses a problem, all the

pupils are required to think about the problem and via the Socratic
method the teacher guides them to the solution. We would like

to raise a few questions concerning the efficiency of this method

for teaching problem solving behaviour. Especially, slow learners
who are not ready to supply an answer immediately may be let down

by this all-accepted teaching method.

Let us take each of the three problem environments in turn
starting with problem environment I: learning a new plan. It is

self-evident that in order to go through the sequence A.V./V.E

which we proposed in section S.2.1.2 the teacher must engage each
and every learner in the problem solving act. That is, they are

required to analyse the problem and devise their own, idiosyncratic

visual/verbal representation for it. Each pupil should also execute
a few similar problems. Hence, the emphasis lies on the active
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participation of each pupil.

The second problem environment i.e. retrieving a stored

plan equally calls for individual effort since the pupils must
locate and retrieve their own plan. Finally, the third type of

problem environment: generating a new plan, undoubtedly requires
the pupils to actively take part in the problem solving act i.e.

they have to construct their own problem space and select a

solution path through it. Concluding this short overview of
the three types of problem environments, we may safely say that

the overall assumption held by the structural organizers of the

present educational system - that individuals learn in whole-
class groups and transfer this knowledge and skill to individual

problem solving behaviour on later occasions - seems doubtful,

to say the least.

Is there evidence from classroom research about the

inferiority of whole-class learning vis-a-vis individual learning

or learning in small groups ? Lorge and Solomon (1960), Fox and

Lorge (1962), Hall, Mouton and Blake (1963), Klausmdier et al. (1975)

all report that initial group problem solving in small groups is
Superior to problem solving by individuals. However, Duncan (1959)

had already argued that the group's problem solving score is based
on the problem solving ability  of the brightest pupil(s)  in the group.

This conclusion seems warranted if, the transfer score
of each group member to a new similar problem solving situation

is investigated. Research conducted by Klausmeier et al. (1969),

Lemke and Rand (1969), Beane and Lemke (1971) shows that not all

group members are successful in solving subsequent problems individual-

ly. For the sake of completeness we want to refer to a more recent

investigation conducted by Laughlin and Sweeney (1977) who compared
individual acquisition to group transfer (IG), group-to-individual

(GI), individual-to-individual (II) and group-to-group (GG)transfer.

Although these investigators reported that in the acquisition stage
of  learning a problem (our problem environment one)small groups  were

superior to individuals, they did not find the concommitant
superiority effect for the (II kondition on the transfer tasks (our
problem environment two) . In other words individuals who had previous-
ly learned to solve a problem in a small group, showed the same
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amount of transfer to new similar problems than individuals
who had solved the problem on their own.

Even though these results give a nuance to the proposed
superiority effect in transfer tasks for condition( IIJ  we want
to warn the reader against being too optimistic.  These results
were obtained in a test situation which was remote from normal
classroom practice, i.e. the subjects were psycholggy students
who were engaged in conceptual rule learning, the experiment was
conducted in the psychological laboratory, and the groups were
three-person-groups.

Clearly, further research is warranted in this important -
but neglected - area of psychology. Until then we hold the view
that individual training in both problem environment one (learning
a  new  plan) and problem environment three(generating  a  new  plan)  is
still the most efficient problem solving condition. However,
we would like to argue that 'group learning' a form of group problem
solving - which has not been investigated as far as we could see -
might prove to be the most efficient form of problem solving. For
a full discussion of group learning we refer the reader to chapter 4.



293

R E F E R E N C E S

Attnaeve, F., How do you know ?, American psychologist, 1974,
29, 493-499.

Ausubel, D.P., School learning, 1969, Holt, Rinehart and Winston
Beane, W.E. and Lemke , E.A. , 'Group variables influencing the
transfer of conceptual behaviour', Journal of Educational
Psychology, 1976, 62, 215-218.

Bouwmeester, E., 'Wat is een algoritme waard ?', 1974, Psycholo-
gisch laboratorium, Utrecht.

Bower, G., Clark, M., Lesgold, A. and Winzenz, D., 'Hierarchical
retrieval schemes in recall of categorized word lists', Journal
of verbal learning and verbal behaviour, 1969, 8, 323-343.

Bruner, J.S., On knowing, 1962, Cambridge Mass.

Bruner, J.S., Towards a theory of instruction, 1967, Harvard
University Press.

Cunningham,  B.F. and Torrance, E.P., Imagi/Crafts materials,
1965, Ginn Books.

Davies, I.K., 'Get immediate relief with an algorithm', Psychology
today, 1970, 55-55.

Davis, G.A., Psychology of problem solving, 1973, Basic Books.

Davis, G.A., Imagination express : 1973, Saturday subway ride,
D.O.I.K. Publishers.

De Block, A., Algemene didaktiek, 1965, Standaard uitgeverij.

Deffenbacher, K.A., Miscik, J.G. and Javombek, J., 'Acquisition
and forgetting of information in long-term memory as a function
of certain hierarchical structure variables, Bulletin of the
psychonomic society, 1974, 6, 590-592.

Dijkstra, F., Hageman and Bolle, Creatief taalonderwijs, 1973,
(Warbook 1).

Duncan, C.P., 'Recent research on human problem solving',
psychological bulletin , 1959, 56, 397-429.

Dunkin, M.J. and Biddle, B.J., The study of teaching, 1974, Holt,
Rinehart and Winston.

Elshout, J.J., 'Instructie in probleemoplossen en de moeilijk-
heden in het denken', Pedagogische studidn, 1975, 52, 370-376.

Farnham-Diggery, S., Cognitive processes in education : A
psychological preparation for teaching and curriculum
development, 1972, Harper and Row, New York.

Fox, D.J. and Lorge, I., 'The relative quality of decisions
written by individuals and by groups as the available time
for problem solving is increased', Journal of Social psychology,
1962, 57, 227-242.



294

Frijda, N.H., 'Probleemoplossen en denken', in Michon, J.A.
and Eijkman. E.G.S.and De Klerk, L.F.W. (eds.), Handboek der
psychonomie, 1976, Van Loghum-Slaterus.

Furth, H.G. and Wachs, H., Thinking goes to school, 1975, Oxford
University Press.

Gagne, The conditions of learning, 1965, Holt, Rinehart and Winston.

Gal'perin, P.I., 'An experimental study in the formation of mental
actions', in Stones, E. (ed.), Readings in Educational psychology,
1957, Methuen.

Gal'perin, P.I., 'Die Entwicklung der Untersuchungen Gber die
Bildung geistiger Operationen', in Ergebnisse der Sowjetischen
Psychologie, 1967, Academie Berlin.

Galperin, P.J., Probleme der Ausbildung geistiger Handlungen, 1972,
Volk und Wissen.

Greeno, J.G., 'Theory and Practice regarding acquired cognitive
structures', American Psychologist, 1973, 3, 117-122.

Guilford, J.P., Three faces of intellect, American psychologist,
1959, 14, 469-479.

Guilford, J.P., The nature of human intelligence, 1967, Mc Graw
Hill.

Guilford, J.P. and Hoepfner, R., 'Structure-of-intellect factors
and their tests', 1966, Report of UCLA, 36.

Hall, E.J., Mouton, J.S. and Blake, R.R., 'Group problem solving
effectiveness under conditions of pooling vs. interaction',
Journal of social psychology, 1963, 59, 147-157.

Harlow, H.F., The formation of learning sets, Psychology Review,
1949, 56, 51-65.

Het beste uit Moer, 1969-1973 , Vereniging Onderwijs Nederland, 1975

Humphrey, G., Thinking : an introduction to experimental psychology,
1951, Wiley.

Jones, S., Design and Instruction,  1968, Her Majesty's Stationary
Office.

Klausmeier, H.J., 'Using research : Improving problem solving',
Wisconsin Journal of Education, 1964, 96, 8, 15-16.

Klausmeier, S.H. and Goodwin, W., Learning and human abilities :
educational psychology, 1975, Harper and Row.

Klausmeier, H.J., Wiersma, W. and Harris, C.W., 'Efficiency of
initial learning and transfer by individuals pairs and Quads',
Journal of Educational Psychology, 1969, 54, 160-164.

Kohnstamm, Ph., Keur uit het didaktisch werk, 1948, Wolters.

Kuljutkin, U.N. and Suchobskaja, G.S., Visual schemes in order
to train grammatical skills, 1967, Voprosy Psichologie.



7.95

Landa, Die Ausbildung der Schuler in den Methoden des rationellen
Denkens und das Problem der Algorithmen, in Kybernetische
Probleme in Pddagogik und Psychologie, 1963, Volk und Wissen.

Landa, L.N., Algoritmierung im Unterricht, 1969, Volk und Wissen.

Landa, L.N., Some problems in algoritmization and heuristics in
instruction, Instructional Science, 1975, 2, 99-112.

Laughlin, P.R. and Sweeney, J.D., 'Individual-to-group and group-
to-individual transfer in problem solving', Journal of experimental
psychology, 1977, Vol. 3, 2, 246-254.

Lemke, E.A., Randle, K. and Robertshaws, 'Effects of degree of
initial acquisition, group size and general mental ability on
concept learning and transfer', Journal of Educational
Psychology, 1969, 69, 75-78.

Lewis, H.R. and Streitfeld, H. S., Speel je vrij, 1970, De Toorts.

Linsay, P.H. and Norman, D.A., Human Information Processing, 1973,
Academic Press.

Lorge, F. and Solomon, H., 'Group and individual performance in
problem solving related to previous exposure to problems, level
of aspiration, and group size', Behavioural Science, 1960, 5,
28-38.

Maes, C., Quasi-algoritmen en onderwijs, een proeve van hypothese-
vorming m.b.t. probleemidentificatie en probleemtransformatie
in het onderwijs, 1976, Doctoral dissertation, Ghent.

Melton, A.W., Implications of short-term memory for a general
theory of memory 'Journal of verbal learning and verbal
behaviour', 1963, 2, 1-21.

Melton, A.W., Categories of human learning, 1964, Academic Press.

Meyers, R.E. and Torrance, E.P., Invitations to speaking and
writing creatively, 1965, Ginn books.

Meyers, R.E. and Torrance, E.P., Can you imagine ? A book of
ideas for children, 1965, Ginn Books.

Nelson, T. and Smith, R.E., 'Acquisition and forgetting of
hierarchically organized information in long-term memory',
Journal of experimental Psychology, 1972, 95, 388-396.

Newell, U., 'Judgement and its representation : An introduction'
in B. Kleinmuntz (ed.), Formal representation of human
judgement, 1968, Wiley.

Newell, A. and Simon, H., Human Problem Solving, 1972, Prentice
Hall, Englewood Cliffs.

Nilsson, N., Problem Solving Methods in articicial intelligence,
1971, Mc Graw Hill, New York.

Olton, R., 'The effect of a mnemonic technique upon the retention
of paired-associate verbal material', Journal of verbal
learning and verbal behaviour, 1969, 8, 43-48.



296

Piaget, J., 'The stages of the Intellectual development in thechild', in Wason and Johnson-Lairol (eds.), Thinking andReasoning, 1968, Penguin.
Polya, G., How to solve it ?, 1957, Garden City, Double day Anchor.
Radford, J. and Burton, A., Thinking : its nature and development,1975, J. Wiley.

Riedesel, S., Verbal P.S. : suggestions for improving instruction,The Arithmetic teacher, 1964, 11, 311-316.
Scandura, J., 'Role of rules in behaviour : toward an operationaldefinition of what  (rule) is learned', Psychological Review,1970, 77, 6, 516-533.
Scandura, J., 'Deterministic theorizing in structural learning :Three levels of empiricism', Journal of structural learning,

1971, 3, 21-53.

Scandura, J., 'On higher order rules', Educational psychologist,1973, 10, 3, 159-160.

Scandura, J., 'The structure of memory : fixed or flexible',
Structural learning Series, 1973, University of Pennsylvania.

Sekeyra, F., 'The effect of taped instruction on problem solving
skills of seventh grade children', Dissertation Abstracts, 1969,
29, 3473 A - 3474 A.

Schutz, W.C., Joy, expanding human awareness, 1967, Pelican Books.
Selz, 0., Zur Psychologie des produktiven Denkens und des Irrtums,1922, Friedrich Cohen, Bonn.

Schulman, L. S. and Kaislar, E., Learning by discovery, 1966,
Rand McNally

Schulman, L. S., and Elstein, A.S., Studies of problem solving,
judgement and decision making : implications for educational
research, Review of Research in education, 1975, 3, 3-42.

Simberg, A.Z., 'Obstacles to creative thinking', in Davis, G.A.,
and Scott, J.A., (eds.), Training creative thinking, 1971,
Holt, Rinehart and Winston.

Skowronek, H., Psychologischen Grundlagen einer Didaktik der
Denkerziehung, 1970, Schroedel.

Travers, R.M.W., Second handbook of research on teaching, 1973,Rand McNally.

Van Parreren, C.F., Sovjetpsychologen aan het woord, 1972,
Wolters, Groningen.

Van Parreren, C.F. and Carpay, J.A., Sovjetpsychologen aan het
woord, 1972, Wolters-Noordhoff.

Wittrock, M.C., 'A model of human generative learning', 1977,
paper presented at the annual meeting, New York.

Woodworth, R.S. and Schlosberg, H., Experimental psychology,1959 Holt, Rinehart and Winston.
Wright, D.S., Taylor, A., Davies, D.R., Sluckin, W., Lee, S.G.M.
and Reason, J.T., Introducing psychology : an experimental
approach, 1973, Penguin.



297

EXPERIMENT III



298

JUST HOW GOOD IS THE A.V/V.E. APPROACH WHEN SOLVING PROBLEMS ?

The present study was set up
to investigate whether giving
primary school pupils special
training in the scanning -
analytic anproach to Droblem
solving would improve their
ability to solve disguised
arithmetical calculations.
It was found that pupils who
learned the plan via the analyse -
visualize/verbalize - execute
approach performed significantly
better than pupils who did not
get such specific training.

The present study was undertaken to explore whether the

analyse - visualize/verbalize - execute approach to problem

solving would improve a pupil's problem solving capacity. In

order to test this hypothesis we selected a topic taught in the

second form of primary education i.e. solving problems which

contain disguised arithmetical calculations. Pupils of this

age are able to do simple calculations of the type a+b=x;
a-b=x;a x b=x and a:b=x when they are stated in a
mathematical form (cf. IMP---  GM.   But they need some
extra training in order to be able to apply these simple rules

(algorithms) to verbally presented problems in which these

calculations are not explicitly stated (cf. IV      P      GVEl---IE»+
For example, the problem: 'John had 24 marbles. But he lost 7

marbles. How many has he got left ?' contains enough information

to decide that this problem can be re-stated as a substraction
(24 -7= 17), but most pupils are not successful in solving

this type of problem simply because they do not recognize
this problem as a member of the 'a -b=x' set.

Although they are able to semantically decode verbs

such as: to lose, to sell, to give away, to dminish, to reduce,

to decrease, to deduct, etc... they do not recognize these

verbs as the key concepts of the problem. For example, a seven-
year-old-boy, sat puzzled in front of a disguised a-b=x

problem. The teacher assisted him in solving the problem by
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re-stating the  problem  as  follos·,r:

John his 24 martlrs

somebodv takes avav 7 marbles

how many marbles has he got left ?

When the pupil still failed to recognize the problem as a

member of the 'a -b=x' class, the teacher asked additional
questions such as "What does 'take away' mean ?" and "Which sign
do I have to put in front of the seven ?"

Unfortunately for the pupil this momentarily help from
the teacher does not turn him into a competent Drablem solver.

In order to be Ruccessful in solvir.: verballv stated nroblens

of  :he  zy-,e  a  -  1   =x;  d  +  t  =  x;  a  x  b  =x;  a      b  =  x  the

learner must be able to analyse the problem statement i.e. he
must recognize the key words, and re-state the problem either

verbally or visually specifying both I and G . He must also

be able to retrieve the plan (algorithm) to solve the problem.

In other words, the learner must possess an explic it  1 ink between

the recognized key concept (conce">tual level) and th·, al-oy-,ithm

(plan level). Fizjre 71 -7he:·7:icallv illustrates the secuences

involved in solving this type of problems.

VERBALLY STATED

FROBLEMS -It Ep. C -
parsing

CL;.Li:.iTUAL
level times 9,ive    add hal reduce make

togethe mor                              upawa equal

link iles

add .:..raC. divide multiply

4--ri

PLAil                b             b :b= C:-Phlevel

Figure 70  : schematic illustration of the
sequences involved in re-statir.g
a verbally presented proolem In irs
familiar mathematical  ecuivalent.
The learned metarule 'keywords which car
be substituted by 'add' refer to an
addition problem...' is integrated :rthis cognitive domain.
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The hypothesis put forward in this experiment is that

the pupils in the experimental group who received training in

accordance to the A.V/V.E. approach to problem solving will

perform significantly better than pupils who do not get explicit
training (1) in e.tablishing an exnlicit lin, be-veen z'-e concer:u

level Eni  he plan 1.·vel ani (2) 1: selecting an adenuate memory aid.

M E T H O D

Two primary school teachers teaching in the second form
of primary education in the Brussels area offered to function

as experimenter in their own classroom. Both teachers were kept

naive about the aim of the experiment so as to prevent experimenter

bias in both the experimental group and the control group. The

experimental group consisted of 20 male and female pupils and
the control group included 19 pupils of both sexes. Both teachers

were highly motivated to take part in the experiment which they

fulfilled as part of a course requirement (in-service program).

Design

1.0. Pre-training stage
The teachers were asked to train their pupils in the use

of mathematical calculations of the type (a - b; a + b; a x b;
a : b). When they judged the class to be ready for solving verbally
stated problems they were asked to administer a Derformance test.

The scores on this test were used as a selection criterion i.e.

only those pupils who scored more than 70 % were taken into

consideration for the experimental program. Both teachers were

unaware of this selection criterion and the class was kept together

for instruction.

2.0. Training stage

One teacher was asked to go on training according to his
normal procedure for ten more hours, paying special attention

to verbally stated, disguised mathematical calculations. He

knew that a test was to follow, but he did not know the test

items in advance.  He described his teaching method as follows:
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'I present the pupils with a number of problems, one at the time

and we solve them together on the blackboard. The teaching method

used is the Socratic method followed by individual problem solving

(doing exercises). These individual efforts are handed in

and corrected. The next period I devote as much time as necessary

to the correction of the exercises, we solve a few more problems

collectively and do a few more exercises. This cycle is continued

until the 10 allotted hours are over'.

The experimental group equally received ten more hours of

training in disguised mathematical calculations but their

teacher followed the A.V/V.E. approach to problem environment I'

described on p. 274.

1. analysis stage: - recognition of key concepts, specification

of the I-state and the G-state, classifying

key concepts in 4 different columns (+, -,
x, :) according to the plan acquired.

2. visualize: - symbols are found for every column
- pupils copy the list of key concepts and their symbol

on a separate index card (see figures 68 and 69)

- recognition games using index cards

(a) teacher states key concept (afterwards: a complete

problem) and pupils put up the appropriate index

card. This game can also be played with 2

competitive groups or two-by-twos.

(b) the class is divided into groups and each group

finds as many key words as possible for a

particular symbol
3. verbalize: - pupils who prefer to learn a metarule are given the

following rule: 'keywords which can be substituted

by 'deduct' refer to a substraction problem; keywords

which can be replaced by 'add' require an addition

plan; keyworks which can be replaced by 'divided by'

require a division plan and keywords which can be

substituted by 'multiply' refer to a multiplication

plan'
- they re-formulate this rule in their own words and

write it down on an index card either in its complete
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form or abbreviated

add  -   +
deduct - -
divide in/by - :
multiply --I. X

- recognition games using meta-rule

(a) each group makes sentences with each keyword

or construct minor problems which are modelled
on the teacher-supplied examples.

4. execute: Pupils solve problems individually and are advised

to use either one of the memory aids. When mistakes

are made, the teacher asks them which memory aid they

used and works through the example with them. When

the pupils get more proficient the teacher suggests

that they try to solve the problems without reference

to the concrete memory aid (index cards).

3.0. Test stage

A set of ten problems matched to the items on the pretest
were presented to both the experimental group and the control

group after a 2 weeks'retention period (holidays).

RESULTS AND DISCUSSION

The experimental group produced the following four symbols

and index cards:
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1
+                                                                                                                                                                                                                                                                                                                 -

-
-

1. el 1·  Zi-2
2. plus 2. 11/!der
3- kit kilt•llen, kilkrijger. 3. vorminderen

 doen.  komen.  gever 4 · 1  (2Lrrekken, 1[doer,  r:enen)kilkopen . S. x./ 4/dV-.en. 1.elen, ....aar, 2/ .: P)
4. sa/.en  11/DEdoen, leitteller, 6. "er (2'"blilve•, 2'/rhell",

........gen. .......elte.,

......ape. 8. ver'.pen
5. 1.../ Ilmilvinden, 15£28komen 9. opeter
6. "er
7.  verm•erd""
B. opt'llen

9. ver•enipn
10. kop"
11· wirtn n
12. Keven
13. vindir

figure 4%  collectively cons':ructed index cards
for the four main symbols.

X                                       •

YS>r
1:Ilk

1. maal 1. delen
2. keer 2. verielen
3.  ... voud 3. uitdeler
4. dubbel 4.  het  ···deel  van
5. verdubbelen 5. Raat Reer in
6. dozen 6. halveren

kisten met elk stuks 7. de helft van
vaten 8. op gelilke hoopjes legger,

riz re 0  : Index cards constructed for the fc_·main  symbols.
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TABLE 13

Experimental group Control group

E-test P -test E-tel. P -test

10           10             10             8
10            9             10             7
10             10                9              7

8,5          8             10             8
8,5          8             10             7
9             9              9,5           6
10            9             10             8
9,5          10                8,5            5
9                      8                         9                       7

8,5          9              8,5           7
10             9              8             8
1 C             9             10             6
9            9              9,5           7
8,5          7              9             8
9             9             10             9
9             9             10             8

10             7              9,5           0
9,5 10 8,5           7
8                   9                      9                    6

10              9

On the jntry test, each correct solution got 1 point, an
incorrect solution received 0.5 point if the pupil had used the

right operations but made a mistake somewhere down the line. The
2erformance test was marked on a total of 10 points, one point
for each correct solution. A Mann-Whitney performed on both entry
tests showed no significance.  A Mann-Whitney performend on both
performance tests showed a significant difference  (p<.04) .

DISCUSSION

As noted in the introduction to this experiment, we assumed
that giving pupils training in disguised mathematical problems
with the A.V/V.E. approach would improve their ability to solve
this type of problem.

The results of this experiment show that the pupils in
the experimental group who were trained using the analyse-visualize/
verbalize-execute approach, performed significantly better than the
control group which did not get such training. Because the results
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on the entry-test had indicated that the pupils in both groups

did not differ significantly; i.e. they could all add, subtract

multiply and divide well when the problem was presented in a
meta-language, we concluded that all pupils were ready to start

solving disguised mathematical problem. In other words, the

pupils in both groups had a comparable starting level.

Since we wanted to study the effect of the independent

variable i.e. giving specific training in (i) analysing the

problem and (ii) devising an adequate memory aid (cf. the A.V/V.E.
approach) we kept the experimenters naive as to the exact nature

of the study.  Thus, we wanted to avoid incorporating 'uncontrolable'
variables such as 'the teacher preparing the pupils to sit a
specific test' etc... This attempt to match the two learning

situations, together with the fact that both teachers were highly
motivated to do well, made us conclude that the significantly

better performance of the experimental group on the post-test
after a two-week holiday period could be attributed to the effect
of the independent variable.

We conclude that the A.V/V.E. approach is superior to the
usual sequence of teaching disguised mathematical problems (e.g.
presentation/collective·examples/individual exercises/correction)
on the grounds that (i) an explicit link between the four algorithmic
plans (+, -, x, :) and the conceptual level is made and (ii) the
pupil is assisted in the selection of a memory aid (visual and/or
verbal).

Perhaps the major conclusion which we may draw from this
experiment is that failure of pupils to solve some problems may
stem from their inability to (i) turn the problem into a solvable
problem (i.e. specify both the I-state and the G-state) and (ii)
devise an appropriate memory aid. These two limitations call for
intensive training: the teacher must pay special care that the
problems are presented at the right level of abstraction so that
the pupils can easily determine what is given and what is wanted.
In addition the teacher must provide training in organizing and
structuring the various steps of a problem solving plan so that
they can easily be remembered and retrieved on a later occasion.
Capitalizing on the learner's visualizing and verbalizing capacity,
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the teacher can suggest possible memory aids and check whether

the pupils' modified version of these memory aids are still

adequate means of representing the plan.

The results of this study are quite tentative and

it is not our intention to generalize these results beyond
the age group studied. Nevertheless, we believe that the
results are sufficiently encouraging to recommend further

investigations with the A.V/V.E approach.
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SECTION III

PUTTING IT ALL TOGETHER
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1.0. Introduction

2.0. Recapitulation of the main results
3.0. Indications for the organization of teaching-learning processes.

3.1. Is there a single best teaching method ?
3.2. Selecting adequate learning experiences
3.3. Developing adequate storage techniques
3.4. Whole-class groups vs. changing subgroups
3.5. Effective questioning

4.0. Recapitulation
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1.0. INTRODUCTION

Morrison and Mc Intyre (1973) have argued 'that teaching

is a unique personal activity, about which no useful generalizations

can be made, mysterious in its successes and failures, and so

subtle that current techniques of study are quite inadequate to

explain it'. (p. 13) This statement clearly illustrates the fact

that much of the research on effective teaching behaviour has not

been conducted yet. The reason for this shortage of information

stems largely from the biased research orientation which both

educational scientists and psychologists have fostered. For decades,

learning theorists have painfully avoided normal classroom research.
Hiding behind the belief that normal classrooms are too complex

environments, they extrapolated minute variables which they studied

under strikingly different learning conditions.

Fortunately, in the last few years we have noticed a shift

in emphasis: Ausubel (1963) introduced his meaningful learning

paradigm, Cronbach (1971) drew attention to individual differences,

Soviet psychologists such as Gal'perin (1957), Talyzina (1968),

Landa (1969) conducted longitudinal studies in a classroom setting
Bloom et al (1956), Gagn6 (1965), Guilford (1967) provided useful

taxonomies for making an inventory of objectives etc... We could

go on putting down names, but we fear we would do injustice to

so many other contributors to the new approach to school learning

i.e. systematic observation of classroom behaviour with special

attention to teacher-pupil interaction processes.

It would also take us too far to refer to the wide array

of didactic models which served as a basis both for studying

various aspects of classroom behaviour and planning the teaching-
learning process. We quickly name the basic components of these

models vis. (1) the analysis of entering behaviour, (2) the

formulation of objectives, (3) the selection of adequate learning
experiences, (4) the selection of content, (5) the selection of

teaching methods and (6) the selection of evaluation procedures

(cf. Glaser, 1962; Wheeler, 1967; Meuwese, 1970; De Corte et al.,
1973).
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Although each of these components warrant a thorough

discussion from the point of individual differences we shall
not engage into such a didactic tour, but we shall  use the

model as a guideline of our  discussion.

the selection of aims,

goals and objectives

6</8 2

Analysing the
Evaluation pupils entering

behaviour

5 3

Selection of teaching Selecting ade-
ouate.learningmethods and media
experiences

Figure 71: The six components

of the didactic model (adapted
Selection of content

from Wheeler, 1967)

4

2.0. RECAPITULATION OF THE MAIN RESULTS

In the introduction, the reader was informed that the main

educational implications would be bundled in a special section. We

have now arrived at this 'putting it all together' point, but,

before we engage into the discussion, we will assist the reader in
recollecting the educational implications which we have already

dicussed throughout the text. Hence we shall now give a brief run

down of the main educational consequences of (i) the domain-based

memory model, (ii) the multi-stage coding and retrieval model,
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(iii) the taxonomy of different types of problems and (iv) the

three types of problem environments.

At the end of chapter one, we have formulated a number of

educational implications for the teacher. These pedagogical

consequences were centered round the main theme that learning is

the elaboration and modification of part of a learner's domain-

based semantic network. The obvious conclusions which a teacher

must draw from this statement are:

(1) that after he has specified the goals for a lesson or series of

lessons, he should diagnose what the learner already knows about

the specific domain(s) which build the pre-requisite knowledge

for attaining the objectives.
(2) that diagnostic information about these specific domains can be

accumulated via (i) a set of diagnostic questions. These

questions include:

(a) questions testing for adequately stored concepts,
(b) questions testing for the relation between concepts,

(c) questions testing for adequately stored plabs or
(ii) via the domain-test described in experiment I

(3) that on the basis of the diagnostic information about the pre-

requisite domains he can divide his class into a number of groups
and formulate individualized objectives for each group.

(4) that he should encourage meaningful storage i.e. adequate links
should be established both within a level of the domain, across
the three levels of the domain (conceptual level, episodic level

and plans) and across different domains.

(a) during the teaching-learning process the teacher should draw

the  learner' s attention to superset and subset relations (isa
relations), and check whether the pupils have established the '

'isa' links by asking class-membership questions followed by

'why' questions.

(b) the teacher must make sure that the pupils have stored all
the critical properties of a concept (has relations) and can

construct a concept identification plan on the basis of the

retrieved information.

(c) the teacher must establish links between the conceptual level
and the plan level in order to ensure that transfer of training
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may occur and that plans are made content-addressable.
(d) the teacher must make use of the vast amount of episodic

information and integrate this information into the
conceptual network. As such a stable frame of reference
can be built up and isolated chunks of information can be
reduced to a minimum

(5) that he should not enforce his own ordering principles on the
learner, but reinforce the learner's own ordering criteria when
they are adequate, and modify them when they are less adequate.

In chapter two
, we have defended the view that all conscious

information is carried by a mediatory code and that all our tacit
knowledge is abstract in nature. We have also argued that individuals
rely, to a different degree, on their mediatory codes for different
material, and that their cognitive style, or the habitual way in which
they process information, and their learning style, or the habitual
way in which they tackle a problem, are at variance. The main
educational implications can be summarized as follows:
(1) Training in the dual coding system must be provided, and the

unilateral training in verbal capacities should be supplemented
by extensive training in using the imagery code.
(a) pupils who have not reached the stage of concrete operations

may learvi better from teacher- imposed images because  they are not
capable of generating their own images on the basis of relevant
fragmentary information. In order to remember associative
links they rely heavily, or exclusively, on a verbal
organizational strategy.

(b) during the stage of concrete operations, primary school
teachers should give extensive training in the use of the
imagery code and insist on using an exclusive imagery-based
organizational strategy for all tasks which require visuo-
spatial organization.

(c) pupils who have learned to use anticipatory images
(after the onset of concrete operations) benefit more from
self-discovered images than from teacher-imposed images,

or from mere pictorial material·
(d) imagery-based organizational strategies may be developed by

asking the pupils to (i) generate an image, (ii) answer
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questions on the generated image and (iii) check their
answers by reference to the text, a picture, etc...

(e) verbal-based organizational strategies can be enhanced

by specific instructions such as: 'explain this concept in

your own words; give the gist of this text; summarize this

lesson; repeat these sentences; rephrase this problem, state

inferences; devise a set of rules in order to remember this

card game, etc...
(2) Training in the various cognitive style aspects should be provided

The teacher should pay special attention to his questioning

technique and reinforement patterns.

(3) As far as the pupils' learning style is concerned, the teacher

should provide learning experiences in which different learning

styles emerge. After the assignments he can discuss the various

alternative approaches adopted by different pupils and prompt
them to check whether the learning style they foster themselves,

can be supplemented or partly replaced by a more adequate learning
style.

(4) In order to avoid over-appreciation of one learning style over

another, the teacher should have knowledge of his own learning

style and refrain from enforcing his own learning style on the

pupils.

(5) When, after such specific training a pupil still shows dominance

in one of the dual codes, the teacher should capitalize on this

preferential coding system and select learning experiences and
teaching methods which complement this preferential coding and

retrieving route.
( 6)  The teacher should also assist the pupils in coding (understanding

+ storing information). In other words, he must help the pupils
to transfer information from awareness (STM) to the permanent

memory store (LTM).

(7) In order to help the pupil in the retrieval process the teacher

should ask appropriate questions. He should make a distinction

between recognition and recall questions on the one hand, and
thought provoking questions, on the other.

Throughout chapter three and experiment three we have suggested
a number of improvements to the teacher's problem solving approach.

We have made an attempt (i) to systematize the different types of
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problem environments (cf. learning a new plan, retrieving

and executing a stored plan and executing a generated plan) and
(ii) to classify the different types of plans taking into account

(1) whether a complete plan exists, (2) the degree of specification

of both the I-state and the G-state and (3) the diversity of content.
The main conclusions which follow from this systematization and

classification attempt are:
(1) before setting a problem to his pupils the teacher should,

analyse it and classify it as a P-type problem or a     -type
problem.

(2)   -type problems, or problems for which a complete plan is
available, can be taught by the teacher or discovered by the

pupils. Before starting the teaching-learning process the
teacher should decide whether it is worthwhile to have the

pupils discover the plan or whether it is better to demonstrate
the plan himself

(a) In any case a problem-set must be created i.e. the pupils must

get time to analyse the problem and determine both the

initial state (I) and the goal (G).

(b) solutions proposed by the pupils should be discussed and the
teacher should present the pupils with adequate decision

criteria on the basis of which they can decide which are the

better solutions, and whether their proposed memory aid is

adequate or not. Decision criteria include personal

appreciation, error rate, time required, number of steps,

chance to remember it, etc...
(c) the teacher should assist the pupils in selecting a memory

aid (cf. graphical representations, visual representations,
logical trees, verbal representations, mnemonic devices, etc..)

This memory aid should be in accordance with the pupils

preferential learning style.
(i) the teacher must check the devised memory aid and advise

on its adequacy
(ii) the teacher should capitalize on, and enhance the pupil's

preferred learning style
(iii) the pupil can make reference to the memory aid during

the 'execute' stage
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(d) When a pupil fails to solve a similar problem on a later

occasion (transfer problem) the teacher should first make

reference to the pupil's own memory aid. If the pupil still

fails to solve the problem the teacher has to go back

through the three successive stages of the A.V/V.E.

approach (cf. re-learning). If, on the other hand, he can
only retrieve the plan when the teacher provides some hints

(location failure) additional training in analysing this type

of problem should be given. In other words, the link between
the conceptual level and the plan level should be made

explicit, and/or a metarule should be taught.

(3) P-type problems, or problems for which no complete plan exists,

should not be taught by the teacher but generated by the pupils,
on the basis of activated or consulted information.

(a)  a  problem-set  must be created  i.e. the pupils  must get plenty
of time to determine both the initial state, the subgoals

and the terminal goal as well as generate a solution
to the problem.

(b) teachers should promote a possitive attitude towards generating

many alternative solutions (divergent problems)

(c) teacher should adopt a different evaluation procedure for

divergent problems.

- pupils should be allowed to evaluate themselves
- the 'correct-solution-attitude' should be abandoned

- continuous evaluation should be displaced by a general

positive attitude towards novel solutions

(d) the teacher must insist on active pupil participation i.e.

each pupil must construct a problem space and select his own

solution path.
(e) the teacher should encourage the pupils to consult reference

works and assist them to narrow down the wealth of generated
and activated information.

(f) the pupils should be provided with decision criteria to

evaluate a proposed solution, i.e. he should bd able to
decide which   of the solutions    is   the   best,   the most economical,
the most efficient, the most desirable, etc...

(g) the teacher should encourage the pupils to devise their own

problems (evidence for understanding the type of problem).
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In the present chapter we will elaborate on these basic
statements, concentrating mainly on the organization of teaching-

learning processes with the cognitive set-up of the pupils in mind.
We would like to remind the reader however, that we attach great

importance to other aspects of the teaching-learning process such

as the pupil's affective set-up and the social environment within

which the teaching-learning process takes place (cf. figure 1) but
that a discussion of these non-cognitive aspects is wellbeyond the

scope of this book (see e.g. Oller et al, 1973; Eskola, 1976;
Cronbach, 1977).

3.0. INDICATIONS FOR THE ORGANIZATION OF TEACHING-LEARNING PROCESSES

3.1. Is there a single best teaching method ?

According to Knoers (1977) the term 'teaching method' suffers
from lack of clarity. It may stand for five distinguishable

interpretations: (1) a new teaching approach in a specific field

of study e.g. the new geography method, (2) a general approach
to teaching e.g. the Montessori method, (3) the overall organization

of a particular curriculum e.g. the analytic method, (4) the general
organization of a course of instruction e.g. the successive method

and (5) the planning of the pupils' learning activities in the
teaching-learning process, e.g. whole-class discussion.

When talking about 'teaching methods' in the present context
we are referring to the last meaning of teaching methods viz. the

organization of the teaching-learning process in terms of pupils'
and teacher's activities in so far as they pertain to the realization
of the specified objectives. Knoers views teaching methods as

situated along a continuum ranging from pupil-based to teacher-
based activities. Figure 72 visually represents this view.

Research concerning the efficiency of these various teaching

methods has been characterised by lack of clarity, inconsistency,

inconclusiveness and above all it has been hampered by the intention

of researchers to prove the supperiority of one method over another.

It comes as no great surprise, therefore, that research data suggest
that no teaching method can be credited with absolute superiority
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over another teaching method (cf. Kersh and Wittrock, 1962; Dubin

and Taveggia, 1968; Roth, 1971; Travers, 1973; Gage, 1976).

(4) debate (6) guided self-discovery
(2) assignments 14) problem discussion (6) supervised self-stuby

(1} lecturing (3) the Socratic (5) wholi-class (7) self-discovery
(1) domonitrating method discussion (7) programmed in-
(1) narrating struc don

TEACHER RASED -                   1                           PUPIL BASED

Figure 72.
thi teaching method

continuum, Knoers 197-

If, it is true that it makes no great difference what teaching

methods the teacher employs why do we bother with selecting adequate
teaching methods before starting the teaching-learning process ?

Is the 'selection of teaching methods' still a vital component in
the didactic model ? This question should be answered in the positive
For, we believe that most of the studies on teaching methods have

suffered from two vital illnesses: (1) the teaching methods were not
related to specific objectives and (2) they did not take into account

individual differences.

Cronbach (1971) accepting the fact that there is no single

best teaching method, emphasized that teachers should go on selecting
teaching methods which interact with pupil differences. Carroll (1971)
equally pleaded in favour of reducing individual differences by
differentiating between instructional methods. He proposed to diagnose

the position of each pupil on the learning curve of a particular task

and presented  him with the appropriate level of instruction.  This
position parallels our discussion on p.57  where we argued in favour
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of domain-based teaching. In other words, the teacher  must (1) device

a check-list of the domain-based knowledge which is a prerequisite

for attaining the objectives (2) determine each pupil's knowledge
of the required domain (3) formulate individualized objectives and

devise appropriate teaching and evaluation strategies.

Taba, Levine and Elzey (1964) have also claimed that there
is no 'right 'teaching method. The teacher - they say - car, be judged

to use an effective teaching method if he or she produces adequate
behavioural patterns in the learner. What is crucial in any teaching

method, Taba argues, is the role of teacher questions because they
circumscribe the operations and the modes of thought to be used.  We

share Taba's opinion (cf. p. 59 and 178  ) but we would like to add
that although there is no single best teaching method, the teacher

may foster a perferential teaching style based on one or more teaching
methods.

We  would  like   to  draw our short discussion on effective teaching
methods to a close by stating that any teaching method can be made

efficient and interesting to the pupils, if the teacher takes into
account four vital requirements viz. (1) selecting learning experiences
based on the episodic continuum model, (2) promoting adequate
storage techniques, (3) using subgroup teaching and group work

when appropriate and (4) regulary injecting questions which guide

and redirect the thought process.

Before we address each of these four vital requirements of the

teaching-learning process we want to draw the reader's attention

to the fact that even with the teaching methods situated  at the

extreme left of the continuum the pupils should be active. Indeed,
even though they may be passive from the point of view of motor

behaviour their minds should be processing information i.e. coding

and retrieving the information which the teacher is communicating,
and integrating the new information into their LTM. (cf. active

pupil participation, p. 284 )

3.2. Selecting adequate learning experiences

If we analyse the term 'learning experience' as introduced

by Wheeler (1967) we notice the following features: (i) learning
or a relatively permanent change in behaviour is caused by a specific
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experience, (ii) this experience is based on the interaction between

the pupil and his environment, (iii) if the teacher intends to bring

about specific behavioural changes (i.e. realize specific objectives)

he has to structure the pupils'environment so that they can profit

from an experience which will lead to the intended behavioural change.

In order to select adequate learning experiences the teacher

has to have knowledge of (i) the pupil's entering behaviour and (ii)
he has to refer back to the formulated objectives. This statement

raises the question: 'What type of learning experiences promote

learning ?' Wheeler cited seven criteria which can guide the teacher

in the selection of learning experiences viz. (i) validity, (ii)

comprehensiveness, (iii) variety, (iv) suitability, (v) relevance
to life, (vi) pattern and (vii) pupil participation. We shall not

discuss these criteria but we shall draw attention to a few important

implications for selecting adequate learning experiences.

First the teacher should be aware of the fact that there is

no one-to-one relationship between specific objectives on the one

hand, and particular learning experiences on the other. Indeed, a

particular objective such as 'The pupils must be able to write a
parody on a given text or situation; e.g. the health care system

in Belgium' can be realized  through many learning experiences such
as: (i) Watch a parody on westerns, (ii) listen to a series of

anecdotes on the Belgian health system, (iii) watch a series of

slides on peculiar situations in Belgian hospitals, (iv) listen to

a few parodies on record or read by the teacher, (v) critically
analyse a parody in class ...

Secondly, the same learning experience may lead to several
behavioural changes in the learner. For example, the Sth learning

experience: 'the analysis of a parody' may (i) encourage the pupils
to read more parodies, (ii) give the pupils a practical technique

to start writing a parody themselves, (iii) bring about an

appreciation of parodies or (iv) bring about a dislike of parodies,
(v) reinforce the idea that they will never be able to write anything
themselves.

These few examples will illustrate that it is necessary to

select »dequate learning experiences which will bring about the
required behavioural changes in the learner. But on what basis
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should one decide for or against a particular learning experience ?

In order to answer this question meaningfully we would like to
refer back to the distinction we have made between the conceptual
level of memory,  the plan level and the episodic level  (cf.  p. 42 ) .

The reader will remember that at the episodic level our
personal knowledge about unique experiences is stored. This
information is often better accessible than mere conceptual information
because the learner has been more engaged or motivated at the time
of encoding. We believe that it is expecially this active

participation and/or emotional involvement at the time of learning
which results in a more vivid encoding, and, better integration
with both the conceptual level and the plan level.

Everybody will be able to note down a few learning sessions

where he made an attempt to study lists of words, or names of towns,

rivers, chemical products, etc... These new items of information

entered via the episodic level but remained there as isolated
chunks of information. Why were they never integrated into the
conceptual level ? Probably because the learner did not make an
effort to integrate this information into the existing domain(s),

or simply because he was not really motivated to learn this informa-
tion.    '

By contrast, everybody will also remember a few personal

experiences which can be remembered as colourful as a projected
film. We shall refer to these vivid impressions as 'episodic
realities'. For example, people who have been in the war can tell

endless detailed stories of how they escaped during the war, how
the bomb attacks destroyed their friends'houses etc... Less

traumatic events such as a first flight, attempts to find the way
when lost, the first day at a new school, the first time when being
on holiday on your own, the initial period of living together, etc...

also make a deep impression on the learner and may also result in

'episodic realities'.

If we analyse these well-encoded situations we notic that

many so-called 'episodic-realities' concern events where the

learner is uncertain about what is going to happen next; about how
he should react to a new situation. In other words, he does not
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have a frame of reference (norms) which can assist him in coding

and interpreting the observed behaviour or data. Put in a different

way, we can say that the learner cannot form an adequate expectancy

pattern and he feels in need of establishing new links which will

later help him to adapt to similar situations.  As such the learner
perceives the provided learning experience as highly relevant and

he is motivated to actively engage in the learning situation.

We may conclude then that the three common denominators of

most 'episodic realities' are three interacting variables viz. (i)

perceived relevance to the learner, (ii) emotional involvement and
(iii) active participation. The reader may remark, however, that it

would be hard - if not impossible - to create learning experiences
which guarantee active participation and ego-involvement for each

and every objective. That it will be hard is a fact, but no excuse,
that it will be time consuming is no excuse either I  For far too

long educational authorities and educational administrators have been

happily living in the land of make-belief. They feel content as long

as curriculum constructors can provide them with a 'well-looking
curriculum' and they automatically assume that teachers consider it

their job to rush through the concocted, overloaded curriculum

swiftly and happily. Hence, most teachers are traumatized by the

idea that whatever happens 'they must get trough the curriculum';
they are curriculum-minded and do not concern themselves with finding
adequate learning experiences which would take up too much of their

time anyway.

But, if we assume that all new information enters our long-

term memory via personal experiences and therefore via the episodic
level we must make sure that all new information which is comnunicated
to the learner complies to one or more of the three interacting

variables viz. (1) learner perceived relevance, (2) emotional involve-
ment and (3) active participatirn. In order to clarify our position

vis-A-vis selecting adequate learning experiences we will abandon

generalities for a while and look closely at a few examples. On the

basis of these few illustrations we shall propose an episodic

continuum model which might assist the teacher in the selection

of adequate learning experiences.
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Imagine, for instance that a primary school teacher has set

the following objective: 'All pupils must be able to explain in

their own words why it is necessary to install lock-gates in a dock

or lock-canal' and (ii) 'All pupils must be able to explain how

the lock-gates operate'. In order to motivate the pupils to learn
anything at all about lock-gates the teacher must get them interested

He can use many techniques such as e.g. show a picture of a boat

which is on clearly different level of other  preceding boats in
a dock. This picture may bring up the problem of the different water

levels and the teacher can then proceed with the actual problem: 'How
can the boat in the picture proceed its course ?'. At this moment

the pupils are presented with a problem which they can think about for
a few seconds. If they have searched their long-term memory structure

for possible cues and cannot come up  with a solution they have

achieved two things viz. (1) they have located the domain in long-
term memory where the new information is to be stored, (2) they

have experienced that they are unable to solve a problem but that
the information can be learned.  In other words a problem space

has been created.

In order to present the new information (fill the various
knowledge states) the teacher can plan many learning experiences

such as (i) he can tell the pupils how the lock-gates operate, (ii)
he can draw the different positions on the blackboard, (iii) he can

show a series of slides depicting the different positions, (iv) he

can show a short film extract of the whole operation, (v) he can

arrange a visit to an actual lock. Figure 73 features the episodic

continuum for the above cited objective; the various learning

experiences are arranged along a continuum with increasing reality

aspects.

It is obvious that there are more learning experiences than

the ones featured in figure 73. For example the learning experience

'verbal description with the implicit instruction to use the imagery

code' is not featured on this episodic continuum, because a new

domain is build up and the teacher can only marginally make use of

the pupil's imagery capacities. Figure 74 illustrates the array of

hypothetical learning experiences along a continuum.
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Figure 73: Episodic continuum model for the objective
formulated on p. 322.
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It is important to note that each learning experience
situated along this continuum may be adequate provided that it
fits a specific objective for a given group of pupils. Even the
learning experiences labelled 'monotonic verbal messages'  can
comply to the variable 'pupil perceived relevance' and 'active
pupil participation' if the teacher makes it clear that the learning
activities which they find 'boring' (e.g. finding the passive
constructions in a prose text) are necessary activities to reachthe immediate objective (here: all pupils must be able to
construct passive sentences) and the long-range goal (here: all
pupils must be able to express their ideas fluently).

Hence, what we propose is that the teacher selects learningexperiences on the basis of the episodic continuum model i.e. when
he has analysed the entering behaviour and specified the objective(s)
he must draw an episodic continuum and situate the possible learningexperiences along this continuum in order of increasing reality
aspects (cf. figure 73). Next he must decide at which point the
episodic continuum can be entered. This decision should be determined
by one criterion only viz. a  utility criterion which selects those
learning experiences which are necessary and sufficient to realizethe objective for a given group of pupils. He should thereby takeinto account the three requirements which we discussed on p. 321
viz. (i) learner's perceived relevance, (ii) emotional involvement,
(iii) active pupil participation. The entry point should mark the left
boundary of the to-be-selected-learning experience. In our examplethe entry point marks off learning experience 3, 4 and 5 as relevant
and adequate to realize the objective. In order to choose the
learning experience which will be used for the group of pupils for
which the 04jective has been formulated the teacher should make use
of a number of secondary criteria such as (i) the importance of the
specified objective, (ii) time limits, (iii) expense and (iv) predictedtransfer.

Hence, the teacher should first handle a utility criterion to
limit down the choice. If the answer  to the question: 'which learning
experiences are necessary and sufficient tc realize this objective'is:   'only the learning experience situated  at the extreme right of the
episodic continuum', the teacher should not be satisfied with any
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substitution. Rather, he should modify the objective or - if

that is impossible, or irrelevant - he should abandon it altogether.

In order to illustrate and justify this rash decision we

will make reference to a vocabulary lesson in a foreign language

program. Before selecting a topic for a vocabulary lesson

(e.g. travelling by plane) the teacher must make sure that the
new words can be explained by reference to already acquired concepts

or labels in the native language. For example, 'gate' is a difficult
concept to explain verbally.  Telling the pupil that 'is is a

door through which you go when your plane is announced' does not

provide the pupils with enough critical properties about the new
concept. The same remark also holds for new concepts such as

'boarding pass', 'check-in desk', 'air-terminal', 'control-tower',
'take-off', 'to board a plane', etc... If a teacher finds it important

to include such new words in a specific lesson, he must provide the
pupils with learning experiences which allow them to acquire both the

new concept and the new foreign language label. In other words,
the teacher must provide the learner with learning experiences which

allow the pupils to form an adequate concept of the new words. (cf.

pictures, slides or a film extract).

With the next example we want to illustrate that it is sometimes
better to decide in favour of a learning experience with less reality
aspect but which does not ill-motivate the learner: A student-teacher
had prepared a lesson for the 4th class VSO (renewed secondary
education). She wanted to realize the objective 'all pupils must be
able to recognize neologisms in the text and they must be able to

replace them by other words or expressions without reference to a
dictionary'. As a learning experience the teacher had selected a
text on pop music which also featured the corruptness of the election
campaigns in the States. The pupils got emotionally involved in the

text during the first reading and they were ready to actively engage
in the discussion of the text. However the teacher had. decided
otherwise, she asked the pupils to reserve their comments on the text
for a later occasion and occupy themselves with finding the neologisms
in the text.

Needless to say that this learning experience was not suitable
to reach the specified objective because it highly motivated the
pupils for something they did not get. In this case a learning
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experience situated to the left on the episodic continuum would have
been more suitable. However, this does not mean that texts used

for grammatical or style aspects need to be boring.  On the contraryl
They need to be interesting enough to involve the pupils but should

not elicit the wrong expectancy pattern in the learner.

Finally, in order to convince the reader that learning

experiences which the pupils find enjoyable and motivating need
not always be time consuming and costly, we would like to make

reference to the BELVIA geometry project (1977). This project is

sponsored by the IOWO (Dutch research foundation). They issued

a  teacher' s handbook  and a pupil' s workbook which focuses on important

mathematical aspects such as spatial orientation, calculating area,

volume, scale, and proportion. The authors provided the pupils with

a realistic context and asked them to perform a number of mathematical

activities such as estimating and calculating areas. Figure 75

features such a task and figure 76 given the solution put forward

by a group of pupils. Such a way to teach mathematics differs from
the traditional approach mainly on the grounds that the pupils are

presented with a realistic context which may stimulate them to
actively engage in the set task. Performing the mathematical
activities which they think are relevant to every-day situations

may certainly boost their appreciation of geometry and increase

their overall participation and involvement in mathematics.

In summary we have suggested that all new information enters

our LTM via personal 'experiences' and therefore via the episodic
level. We have further argued that in order to learn, pupils must

be provided with adequate learning experiences which comply to

one or more of the following interacting variables (i) learner

perceived relevance, (ii) emotional involvement, (iii) active
participation.  The teacher planning the teaching-learning process

should draw up a continuum for each objective and determine which

learning experience would be necessary and sufficient tc realize
the objective. Hence the most important criterion should be a

utility criterion. The next decision process should be based on

a number of secondary criteria such as (1) the importance of the

specified objective, (2) time limits, (3) expense and (4) predicted

transfer.
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One last comment before we close our discussion on learning

experiences: learning experiences should  not be selected in isolation

they should be chosen in relation to the various components of the

didactic model (cf. figure 71). Each of these components guides

and restricts the selection of the learning experiences. Perhaps
the most restricting factor   is the component 'analysis   of the pupil' s
entering behaviour'. Indeed, as we have argued extensively through-
out this book, knowledge about each pupil's learning style (including

cognitive style and his preferred mediatory code) should guide the
teacher in the selection of adequate learning experiences.

We realize that we have only just begun to address all of

the aspects that need to be discussed in relation to selecting

adequate learning experiences. Our purpose here has not been to

prove rigourously one point or another, but rather, to encourage

the teacher to stop and think on how to select learning experiences,

which may lead to genuine understanding of information, and adequate
storage.

3.3. Developing adequate storage techniques

In chapter one (p. 21 ) we have made a distinction between

short-term memory and long-term memory. We defined the former as

a limite4 capacity store from which information is lost in a few

seconds unless it is re-entered through a recycling principle,

and the latter as an unlimited capacity store in which information

can be stored for an unlimited period of time.

In chapter two (p. 117 ) we have postulated that the inforndtion

in LTM is unconscious i.e. stored in an abstract propositional form
and that it is organized in domains Our conscious knowledge i.e. the

coded or activated information is available in STM in the form of

verbal or imagery mediators.

It follows from this conception of memory that ·some strategies
must be used in order to transfer the information from awareness

to a more permanent memory store. These strategies which include

organization and structuring of information, coding, symbolizing,

chunking, interlinking domains etc... can be learned and improved
(cf. Green et al., 1971). Goulet (1970) has claimed, however,
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that with increasing age it gets progressively more difficult to

adopt new strategies to aid storage, simply because we rely

heavily on already existing strategies.

Hence, it is terribly important that adequate strategies

are taught early. But how can the teacher assist the pupils in

developing adequate storage techniques ? This question can be sub-
divided into two main sub-questions(i) how can the teacher facilitate

understanding of the new information and (ii) how can he assist :he
pupil in structuring the information ?

When presenting information the teacher must make sure that

the pupil can comprehend the message (cf. linguistic and pictorial

parsing, p. 124 ). In other words he must make sure that the new

information is presented at the level and the pace of the learner.

For example, when too many new words are incorporated in a new text

or when the teacher talks at too high a level of abstraction the

learner is not able to code the information and only fragmentary
information is transferred via the mediatory codes to awareness.

In addition, the teacher can assist the learner in his

structuring process by indicating the most important aspects of
the message. When orally presenting new information a number of
techniques are available such as (i) directly pointing out what

is important, (ii) repetitions, (iii) stress, (iv) intonation, (v)

pauses, (vi) gestures, (vii) facial expressions, etc... In a

written text, paragraphs, underlinings, italics, subtitels,
repetitions, etc... serve the same function. The teacher could also

provide additional memory aids by writing the most important aspects

on the blackboard, or by asking the pupils to take them down.

Apart from focusing the learner's attention on the most
important aspects of the message, the teacher can direct the

pupils focus away from specific aspects either because they are
irrelevant or they will be dealt with later e.g. he can tell the

pupils not to read certain paragraphs, strophes, etc..., or not to

look at certain parts of a drawing, a slide, etc...

Focusing on the most important aspects will help the pupils

to bundle the information in larger units. This chunking process

forms the basis for all further structuring becaude the information
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load in STM is reduced to managable units. Indeed, we know from

research (Miller, 1956) that the capacity of STM does not exceed

7+2 items of information (e.g. when three single items such as 5,

6, and 9 are bundled into 569 they count for a single item in STM;
the same applies for: historical dates + the place where it took

place + the event which took place e.g. (1815; Waterloo, Napoleon

defeated).

Another technique which deals both with the limited

capacity of short-term memory and the efficient integration of

new information in LTM is to synthesize or summarize the infermation

at regular intervals. The teacher can assist the learner in two

ways viz. (i) by incorporating recapitulation in the teaching-

learning process and (ii) by providing intervals where the learners
are requested to summarize in their own words what they have seen

so far. The latter technique has the double advantage that the
pupils may find it easier to comprehend the summary of their peers

and that the teacher gains some idea about the degree of comprehension

If summary moments are regularly incorporated at the end

of the lesson, at the end of a unit within a lesson or at the start

of a new lesson the pupil will expect such a synthesis; hence a

'summary-set' is created and the learner may attempt to structure
the information during the pre-summary period. It goes without saying ;

that attempts at summarizing the new information should not be

restricted to verbal summaries. Seen in the light of the different

learning styles, it is advisable that the teacher also asks his pupils

to make a graphical representation, or a visual representation of the
new information. He can also teach them how information can be

represented in a flow-chart, a graph, a logical-tree, a mnemonic
device, etc...

Finally, we want to plead for a 'linking different domains'
moment. It is indeed important that the pupils link up different
domains of knowledge. An example from the secondary school curriculum

will illustrate our point. Imagine that the pupils have studied the
following topics in isolation: 'the reign of Joseph II and the

reigning spirit of the age of reason', 'the French revolution',
' 18th century painting'  and 'the romantic period in English literature'
If they have stored this mass of information in four separate domains
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it will be difficult for them to see the interrelations; or the
common thread which runs through the various events.

If the teacher wants to realize the following goal:
'The pupils must have insight in the course of history and build
up a general frame of reference against which they can interpret
and incorporate new historical information', he must point out/or
have the pupils discover a number of things:
(1) that during the 'age of reason' the mind dominated all actions

and that feelings were considered irrational and superfluous.
(2) that enlightened despotes such as Catharina II, Joseph II,

and Frederik the Great wanted to reflect this rational s$irit
in their policy. For example, they continuously attempted to
decrease the power of the church and neglected the right of
criticism and participation.

(3) that the romantic period which started at the end of the 18th
century was a reaction against (i) the undivided sway or the
reign supreme (cf. the French revolution, and the movement for
libertd, ogalitg and fraternitd) and (ii) the supremacy
of rational thought. Hence, emphasis on the expression of
feelings and emotions is the common thread which is reflected
in the works of art in this period e.g.:

painting: Blake, Delacroix

literature: Keats, Shelley, Coleridge, Byron, Victor Hugo,
Conscience, J.J. Rousseau, etc...

music: Berlioz, List, Chopin, Mendelssohn, etc...
architecture: all neo styles
philosophy: idealistic philosophy; Schleiermacher, Rousseau,

Hegel, Fichte, Schelling, etc...

The various techniques and strategies described in this
section may help the teacher to assist the pupils in developing
adequate storage techniques. But, what does this approach entail
for the teacher ? When selecting the content of a lesson (cf.
component 4 of the didactic model p. 310 ) the teacher or curriculum
constructor must (i) be able to structure the contents logically
and indicate the basics or key ideas. Wheeler (1967) refers to
conceptual frameworks which include principles, rules, laws
and which are part of the 'instrumentarium' of the discipline and
(ii) be aware of the difficulties which the pupils at that level of
development may encounter in coding and storing new information.
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Obviously, this task cannot be done by individual teachers,
it is the job of curriculum constructors who can devote time and

energy to this important aspect of the teaching-learning process.

Unfortunately, centres for the development of curricula such as

the Nuffield Schools Council project in England and the CSE (Centre

for Study of Evaluation) project in the U.S.A. are not parallelled

in many countries and we can only say at this point that we would

welcome a more scientific approach to the construction of curricula.

3.4. Whole-class groups vs. changing subgroups

The reader may have come to the conclusion that a teacher
who exclusively sticks to whole-class teaching will plan many
'suboptimal' learning experiences. Indeed, if we believe that a
domain-based approach to the teaching-learning process must be
fostered, we cannot but accept the fact that various subgroups may
emerge each time we unravel a particular domain. Consequently,
gaining information about the pupils' prerequisite knowledge of
a specific domain not only allows the teacher to cater for individual
differences; it forces him to take a number of decisions vis-a-vis
the organization of learning experiences for different groups of
learners.

In order to illustrate this decision process, we shall make
reference to an example. Imagine a teacher, Mr Bell, who wants torealize the following objective: 'All pupils must be able to construct
and repair an electric bell'. Before starting the teaching-learning
process the teacher wants to diagnose how much the pupils

know about this domain.  He specifies that the following three
objectives must be realized in order to start the new lesson:
(1) All pupils must be able to define the following concepts in

their own words: electric current, alternating current, direct
current, voltage, strength of current, resistance, electromagnet,
conducted wire.

(2) All pupils must be able to recall the law of Ohms and explain it
in their own words.

(3) All pupils must be able to construct a resistance, an electrmagnet
and a battery.
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Imagine further, that the diagnostic test has indicated that
half of the pupils (13) do not possess the prerequisite knowledge
and skills (cf. objectives 1-3). Six pupils possess the necessary
background information about electro-magnetism, but they lack the
skills specified in objective three. Finally, seven pupils know
fragmentary information but they have neither meaningfully integrated
the information nor have they acquired the necessary skills. Given
this diagnostic information, Mr Bell can take a number of decisions;
first he can decide to teach the whole lesson to the entire class.
Or, alternatively, he can divide the class into a number of homogeneous

or heterogeneous subgroups. We shall first deal with the first
alternative.

A teacher who selects whole-class teaching must accept that
the teaching-learning process will be directed at the average pupil.
In other words the teacher cannot fully take into account the
diagnostic information revealed by the domain-test. It appears in the
claim that whole-class teaching favcurs advanced and intermediate
pupils and heavily neglects the pupils who have only rudimentary
knowledge of the domain. The reason for this so-called 'favouritism'
is that the teacher plans his lesson with the average pupil in mind.
Moreover, the diagnostic questions which a teacher asks during the
teaching-learning process are traditionally answered by the top-half
of the class; a situation which leads to subgroup teaching  in a whole
class teaching environment. Only attentive and skilful teachers can

prevent the fast pupils from dominating this interaction process.

The reverse situation, teaching with the sub-average pupils
in mind equally refers to subgroup teaching in a whole-class teaching
environment.  This time the group (6 pupils in Mr Bell's class) who
proves to know least about the specific domain dominates the teaching
learning process and the two larger groups (13 +7= 20)learn next to
nothing and get bored.

Both situations result in suboptimal learning environments in
which some subgroups are favoured and other subgroups are neglected.
Consequently, the teacher can only avoid such suboptimal teaching by
altering the objectives in accordance with the diagnostic information
he has obtained. As we have stated above: gaining domain-specific
information about each pupil's prerequisite knowledge not only allows
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the teacher to cater for individual differences; it virtually

forces him to quantitatively and/or qualitatively change the

formulated objectives for each resulting subgroup.

If Mr Bell decides in favour of the second alternative viz.

dividing his class into several subgroups he must take yet another

decision. Indeed, different groupings are possible such as

homogeneous groups, heterogeneous groups, complementary groups,

parallel groups, etc... We find it useful in this respect, to make

a distinction between (i) subgroup teaching, (ii) group learning

and (iii) group work.

Subgroup teaching refers to forming homogeneous groups on the

basis of diagnostic information about the domain test. In Mr Bell's

case three groups can be formed viz. a group of six pupils who possess

the necessary background information to start the teaching-learning

process (= advanced group); a group of seven pupils who need some
revision (= intermediate group) and finally a group of thirteen
pupils who need to start from scratch (= elementary group).  Hence,

Mr  Bell must adapt the specified objective to suit ·the various

groups. Concommitantly he must adapt the teaching-learning process

for each of the three subgroups.

It is a fact that this form of teaching takes a great deal

of preparation, but it allows Mr Bell to create adequate learning

experiences for each group, moreover, this tailor-built teaching-
learning process has the tremendous advantage of setting challenging

problem assignments which are at the pupils' own level of difficulty.

It is important to note, however, that subgroups will have

to be formed and re-formed during the year. Consequently, this form

of grouping differs fundamentally from the traditional aptitude
groups. The latter groups which  are  a mere extension  of the chronolo-

gical age groups, are relatively permanent groups within a given
class. They are based on academic abilities in a particular subject

(cf. Cronbach and Snow, 1977 and our discussion on p.168 ).  By

contrast, our subgroups are more flexible in nature; i.e. pupils

may be in an advanced group in one lesson and be presented with an

interesting assignment. The next lesson, however, they may experience

that their knowledge about a specific domain is minimal and that they

are in need of an extensive revision session.
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Next, we want to contrast the terms 'group learning and
group work' with the form of teaching we have just discussed.  Group
learning, as we see it, is a particular type of group work. The

latter teaching method has been defined by Kaye and Rogers (1971) as
'a method of teaching in  which activities or tasks are carried
out by a small group of pupils, such groups, being self-directed
and self-selected' (p. 30). The main advantage of working in small
groups is that it elicits more active pupil participation and that
the pupils will more easily get emotionally involved in the discussion
of a set problem or practising a skill.  As such, two of the
conditions which we specified for the selection of adequate learning
experiences are met  (cf.  p. 324 ) . Moreover, working in small groups
calls for co-operation; discussing something and working together
to achieve the same goal. Hence, group work features a form of
learning which focuses on social attitudes (cf. learning to take
decisions as a group such as determining the working schedule,
checking the progress, selecting an appropriate form to take notes,
summarizing the findings for general class discussion etc...) as
well as on cognitive objectives and/or skills.

The fundamental difference between group work and grvup learning ,
is that ip the former casf groups are formed on a spontaneous basis,
and in the latter case on a quasi-spontaneous basis. By quasi-
spontaneous allocation we mean that the teacher can indicate a few
pupils who have advanced knowledge about a particular domain (cf.
diagnostic questions p. 59 ) and promote them to group leaders or
monitors. The other pupils can select themselves, which monitor
they want to join. With group work it is not customary that the
teacher appoints a group leader. He may ask the groups to appoint
a pupil whose task it is to report back to the plenum after the group
activities have been finished. But, each group is allowed to decide
for themselves who they want to appoint for this task. In any case,
a reporter does not guide the group-activities, he simply writes
down what is being discussed in a conscise and clear way.

By contrast, the monitor acts as a teacher-substitute.  It
is his task to see to it that the assignment set to the group is met.
However, he must pay close attention that (i) each group member takes
part in the problem solving act and (ii) that each pupil considers
it his responsability to explain new information to the other
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members of the group. In order to assist the group leader in his
task, the teacher can formulate a series of questions for each
group. These questions are not intended to direct or steer the
group but to motivate the pupils and to help them devise an adequatea
strategy to solve the problem.

From what has been said so far, it will be apparent that
in group learning each group member must be aware of the altered
focus of the learning activity. Indeed, the traditional emphasis
on 'getting good results fast' should be abandoned by all group
members in favour of learning something together. Each group member
and the group monitor in particular should make it his task to
enquire and check whether all members of the group are able to
understand the assignment, to answer the questions which emerge
and to follow the logical steps of the problem solving activity.

Hence, with both group learning and group work the social
objectives and the cognitive objectives are closely intertwined.
But, only the former teaching method specifically delegates some
of the teaching tasks to pupils who are interested in, and have
mastered a given area of the subject matter. This delegation of
'responsability for learning' gives all pupils the chance to bring
in their own experiences (episodic level).  Moreover, it may
intrinsically motivate the pupils to go and accumulate information
about announced topics for discussion. For example, the teacher
may inform the pupils, say, a fortnight in advance that a particular
topic will be discussed. Some pupils may volunteer to act as monitors
and engage themselves to find out more about the domain in question.
The teacher must take care, however, that all pupils play the part
of the group monitor at least once.

Group-work and its sub-form, group learning has yet another
advantage over whole-class teaching or subgroup teaching: pupils
who have a more or less similar learning style and have compatible
personalities, may decide to work together. We refer the reader in
this respect to our discussion on preferential learning style at the
end of chapter two

Inthe light of this discussion we strongly favour spontaneous
or quasi-spontaneous groupings in the classroom. Whenever possible
pupils should be allowed and encouraged to (i) choose whom they
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want to work with, (ii) to set the group standards and (iii) to
aceept their share of the responsability to attain the group's

goal. Seen in this light, spontaneously formed groups provide

a learning environment in which pupils can be themselves, and

Learn together with their peers. It is especially the intertwining
of the cognitive objectives and skills (i.e. learn, or perform a skill)

with the social objectives (i.e. together with) which makes the
group learning alternative the best choice which Mr Bell can make.

Nevertheless, we would like to modify this happy note

because we can see two major difficulties looming in the background
viz. (i) how to make group work (and group learning) a successful

form of co-operation, and (ii) when to use it. The first major

difficulty with group work (group learning) is that it requires
some practice time for both teacher and pupils. For example,
the teacher must learn to state unambiguously before the group

activities start (i) the exact nature of the task (instructions) (ii)

the conditions and criteria, (iii) the time limit, (iv) the follow-

up activity and (v) the teacher's role (observer, participant,
guide, evaluator). The pupils, on the other hand must learn to

determine group membership on perceived similarities in learning style
rather than on spurious characteristics. In order to assist the
pupils in selecting the learning environment which would suit them

best, the teacher can raise several questions pertaining to the

specific approach used by each group. Giving considerable emphasis
to the alternative approaches used by the various groups, the teacher

can raise the question 'What did you think was the right way to go

about it and why ?' Such discussions on the nature of the group

activities may prove to guide the pupils in a more adequate choice

of group membership on a later occasion.

The major difficulty with this approach to teaching is that it

has its limitations: it is not always the best teaching method to

reach a specific objective. First and foremost, group learning as

well as group work should only be used when it seems reasonable to

combine the effort of pupils i.e. when some interrelations can be
made between the input of the group members. Put in another way,
group effort is only recommendable when social objectives are featured
and when this teachine method makes a particular learning activity



339

more pleasant and motivating to the learner.

One final comment is in order before we draw this discussion

to a close: subgroup teaching as well as group learning and group
work should be seen as alternative teaching methods. Especially
the two first alternatives are recommended when the domain-test

or other ways of diagnosing the entering behaviour vis-a-vis a

specific domain has indicated that there are individual differences
in the mastery of the prerequisite concepts, relations between

concepts and plans. So, although it is true that a skilful teacher

should adopt a variety approach to teaching methods there are

occasions when he must decide in favour of working with subgroups.

3.5. Effective questioning

We have argued above that irrespective of the teaching method

used the teacher should insert questions which ensure active pupil

participation and involvement. But, we hasten to add that not any

old question will do. Questions should be thought provoking i.e.
pupils should be encouraged to activate stored information and

perform operations on this activated information. These processes
will allow integration of the new information into their existing

cognitive structure.

The ease with which many teacher formulate questions may

mislead us to thinking that formulating questions is an easy task

and that teachers who swiftly formulate questions possess an adequate
technique of questioning. However, analysis of a videotaped lesson

will quickly convince the teacher that many questions are formulated
at the spur of the moment and that they do not require the pupils to

use all their thinking capacity. In order to realize that different

types of questions elicit a variety of cognitive operations performed

in the working space, an investigation of the different types of

questions is in order.

Several authors have distinguished between different questions

e.g. Ascher (1961) distinguished between (i) questions that call for
one-word factual answers and (ii) questions that trigger thinking.

Gallagher (1963) made a distinction between questions that (i)  call on

cognitive memory, (ii) elicit convergent thinking, (iii) elicit
divergent thinking and (iv) call for evaluative thinking, and Sanders
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(1966) has provided questions that illustrate the different levels
of Bloom's taxonomy (Bloom, 1956). We find that Gallagher's
classification system most closely resembles our own subdivision
of cognitive processes viz. (i) questions that call for retrieval
processes, (ii) questions that elicit convergent thinking, (iii)
questions that trigger divergent thinking and (iv) evaluative questions

In order to design a good question which requires the students
to search their long-term memory structure and integrate new
information into existing domains, the teacher must analyse the
type of thought processes he want his pupils to engage in, and
formulate questions which will trigger off such activities.
Figure 772 and b describe the four different types of questions and
gives an illustration of possible formulations in different subject
matter areas.

The reader will have noticed that the verbs of the questions
ask the pupils to perform a specific activity, e.g. 'list, match,
define, outline, give an illustration' are all verbs which call for
the retrieval of stored information. By asking such questions
the teacher can direct or re-direct the thought process i.e. the
pupils activate a number of concepts or plans which are relevant

to the learning process.

The verbs 'calculate, interpret, apply, compare, contrast,
solve' etc... are clearly of a different nature. They require
the pupils to perform a number of operations on already retrieved
information. If the question calls for one or a limited set of

correct answers which are predictable in nature we classify the
question under the heading 'convergent thinking'.  If on the other
hand the question calls for many acceptable answers which are less
predictable in nature we categorize the question as ' divergent
thinking'.  Finally, the category 'evaluative questions' calls for

unpredictable answers which cannot be judged as correct or incorrect.

A   teacher   who   is made aware   of the different types of questions.
and of the cognitive processes they evoke, can improve his questionink
technique. We refer in this respect to the minicourses issued by
the Far-West laboratories at Stanford 'Effective questioning' and

Higher order questioning' (Borg et al., 1970).



Retrieval Questions Convergent Questions

Recall all the chemical symbols Calculate the % of 28
40

we have studied so far.

Indicate the chamical symbols of Interpret this graph.
each of these substances.

Recognize all the mammals in this Apply this formula to the data.

series of slides.

List, (quote, name, cite) all the Put forward an hypothesis given
states of South America with their these data.

respective capitals.
Match the rivers with the appro- Make a synthesis of this text.
priate countries.

Complete(fill in) the blanks with Predict the outcome of this ex-
the provided words. periment.
Define the term 'common denomina- Compare the gothic style to the
tor'. Norman style
Summarize the film we saw yesterday Contrast the works of Donne

Give an illustration of (draw) a and Shakespeare.

Venn diagram for quadrilaterals.

Explain in your own words what Solve the following problem
you understand by a standard
deviation.

Outline the romantic period. Rate the following fractions in
When did George V reign ? ascending order
The standard unit of measure for Prepare a timeline for the ar-

angles is a) the percent chitectural styles throughout
b) the degree history.
c) thecentimetre Describe how you would solve this

problem.

Figure 77a: Illustration of retrieval questions
and convergent questions.
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Divergent Questions Evaluative Questions

Find a record to seive as background Judge the performance of this group
music to this text.

Write a parody on this film. Criticize this text.

Make a synthesis of the panel dis- Rate each of these products.
cussion.

Describe as many alternative ways Evaluate this endproduct.
as possible to make a living when

you are a student.

Improve the cover of this magazine. Define your view on this issue.

Devise some sort of shorthand to State preference for any of the
take down notes. proposed teaching methods.

Invent a title for this painting. Decide for or against capital
How does the fact that the clock punishment.

I

is put back an hour in winter Why do so many people refrain
affer t our economy ? from smoking cigarettes ?

Give your opinion on speed limits.

Figure 77b: Illustration of divergent and

evaluative questions

Besides these guidelines for asking specific questions there
are a number of principles that would guide the teacher to improve
their questioning technique. Figure 78 describes the ten principles
proposed by Loughlin (1961). In view of our discussion on active
pupil participation (p.284 ) we want to lift principle VI out of
the list of ten principles. The so-called overhead technique:
'question-pause-name' might be familiar to most teachers but it is

still under-used. Rushing the lesson and leaving no time for pupils
to think inevitably leads to underachievement in the majority of pUpilE

who have not had the time to activate relevant concepts (location
failure) and/or construct a workspace.

In concluding we want to suggest that teachers adopt the
efficient questioning technique in order to lift the level of thought

arouse new interest, stimulate creativity etc... but also to diagnose

'pupils' difficulties in (1) locating information, (2) constructing
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PRINCIPLI S 01·' QLTESTIONING
I. Distribilte :]11:sti(ins so tli.it all, includilig tlic non,olutitcers. .ire iii-

,-01,·cd.
li. E.,lati:c f.t tit.i! ut d tliot'Klit i,rmciking qui·sti ):·s.

III. AA 1:'irli siii,1110 :lixi c.·.ict:tig qui0tic,n,, 3„ tliat tile pmrcr sti:dents
ina,· particip.lic a iicI flic lirigi,ter .ttick ,:ti. m.li' |;'. C,St<i,dc'd.

I\'. 1·'ncot:r.19.· lu::,iii, re<I„it,cs .t,id. su,t:,nic:, .11 ,5\\04. C.h t,id ·,·c.-no
qticstims. qu·.ww, oicrl.lid . ith dficrtli ,ils.liti. fr:;L·i,wit.ir·,· qu,1
tiolls, all:1 tlic:,c tliat ttig i,r encottrage gll .iiig. N.B.  If iou Latch
,·oursclf ad:,114 :1  \·cs-tio cluc5tion, add "Explain.' )

\ . Stimulate critic.11 thilikilig bi·.p.kirig: "'/0 ·4·11.lt extent?" 'Iic#·?"
"U:ider \,lial  cir·cuirlst:iticc..7" ' \\ hi·?" "Cotiip:ire  (or contrist).       "
1. Avoid: 'Doc, am·onc kiio · . 7' ,ind "\\1,0 c=i; tcli us'
2. A]jow tiinc for thortitit. \\ :lit lizitil fi,·i: or six w,1.it to speak.
3. Bc a 111(1;1 I of c..1(: pit-.:-.ma -1 ;id coherent tl·iukine

a. Pitia,c ,litolioliJ cl.·arli, ·.\,illill tlic \£:2..ljul,ir) linuts of tile
Class, 50 t',i.lt repl,r,is,119 aii,1,·or repcating „·ill not bc 11:ce·c,in·.

b. Atake carli question Viccific, sliort, and pro\·ocati\·e.c. Keep transitioils sillooth.
1.  1-1.1.Im.ig. stuck'iit. to coniment 021  the ans,ins of clissmates.

a. St,irt tlic· crcis9firc 1)) acking, "Ii-lizt's r·our opini,iii of that an-
5,ier,                          r

b. Follow up promising leads, building on contributioiis.
c. 'ractftilly' c·urb aggrcsW·c students. (No student or teacher domi-nation sliould prmail.)
d. Doii't drop to,i quicklr· a .tudc,it who secms unal,!c to AIis\·.·er.

If a student is „o,ipluvcd, inqitire "Ho, · Can wc help
out?

3. Ner,ir intcrriipt a student „·Iici is altimpting to 3115·,'c: nor toleratendicuk of m horiist effort.
\-I. U,c tlic Merlic.id tic·liziicl kic: fl ) qiMtioxi. (2.) piu,c, (31 ni,tic.\71. Ilist:rc alidibilit,·, tlicn rifii·.c to repc:t qui.tiolls cir ill):\\Crs.\'Ill. If a studirit askf .1 question, cion't o:is„·cr it until \·ou'ie asked theclass, "llow \,·citild ,·ou on, ·cr tliat qlic,tion,                 "'IX.  Pt·rsolializc quation.4  ( "Pretend  rou arc \I'li:it would

you do." j.
X. Suggest partiiership br· mquiring, "How can we               7"

Figure 78: general questioning

principles (Loughlin, 1961)
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adequate problem spaces and (3) evaluating produced efforts. The

overhead technique will surely indentify those pupils who need more
time to do (1) (2) f3) and on the basis of this diagnostic information
the teacher can set individual-based assignments. Perhaps a good
technique is to build variety into the questioning technique by
interspersing (i) retrieval questions such as 'List all the countries
of the EEC', with (2) divergent thinking questions such as:
How could the EEC countries re-organize their driving-license system.
Give as many alternative ways as possible, and (3) evaluative
questions such as 'What is your opinion of that answer'. Pupils who

have already answered question one can proceed to question two. The
teacher can supervise the class and when several pupils have finished
the second question he can instruct them to evaluate each others

answer in silence, or discuss it two-by-twos in larger groups. As

such, the 'quick' pupils are not waiting in silence till the others
are ready but can engage into a different type of activity viz.
evaluating the answers given by others.  As such they practise a
heavily neglected skill which is customarily reserved for the teacher.

In order to illustrate the functional relevance of this four-
type classification system, we shall give an example of a foreign
language lesson using the different types of questions. We would
also like to remind the reader of our discussion on pp.178through 181
where we illustrated that the teacher can elicit different cognitive
style aspects and different mediatory codes by asking the right kind
of question. We will next print a series of questions which were used
as a lesson plan for a lesson which I had recently video-taped.

ENTERING BEHAVIOUR

Sixteen fourteen-year-old pupils who can express their
ideas in fluent English.

OBJECTIVES FOR A SERIES OF TWO LESSONS

a. Listening comprehension of the text:
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miftY FROM
IT fILL
A short story by Ken Wilson
-*.-.-

'It can't be any fun living here,' said Alan
Marsh to his friend Harry Frost. 'You must
come and spend the weekend with us when
you get the time.'

Harry was delighted at the prospect. He
lived in a part of London where all he could
see from his window was an elevated motor-
way on one side, and a power station on the
other.

'Nothing but noise and dirt here,' Alan went
on. 'Come out and get a bit of real fresh air.'
Alan and his family lived in an Oxfordshire

village, surrounded by peace and calm. Alan
was a writer, and his wife, Sally, was a paint-
er. It sounded like paradise to Harry, a
struggling guitarist with an unknown pop
group.
'1'd love to. What about next weekend ?'
'Fantastic I' said Alan. 'We'll look forward to

that. It'11 do you the world of good.'
One week later, Harry was gazing admiring-

ly at the small stone cottage that was Alan's
home. It was on a hill outside the village. I
There was another cottage attached to it,
but apart from that, there was

nothing  except fields as far as the eye could see.
'1'm afraid we've got to go out tomorrow,'

said Alan. 'You don't mind being here all by
yourself, do you ?'
'That's absolutely marvellous,' said Harry.

'It'll be the best day of my life !' He went to
bed feeling relaxed and happy.

The pupils should be able to understand the text and
answer a set of retrieval questions.

b. Conversation and discussion
The pupils should be able to:

(a) make inferences about the text
(b) describe or draw the main characters
(c) situate the homes of the main characters
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(d) discuss alternative routes to take when driving from London
to Oxfordshire.

(e) write out and act out conversations between the main characters
(f) form an opinion about various situations featured in the text

c·Writing_exergise

The pupils should be able to suggest alternative endings and
to complete the story in writing

SET OF QUESTIONS

1. Which persons are featured in the text ?                 R

2. Are Alan and Harry good friends ?                            C

3. How old are they                                              C

4. What is Alan's occupation ?                              R
5. What is Harry's job ?                                    R
6. Would you like to be a writer ? Why/Why not ?                    E
7. Would you like to be guitarist ? Why/Why not ?                   E
8. Is Alan married ? Who to ? R

9. Can you draw or give a description of Alan and Harry ?         D
10. Where does Harry live ?                                   R

11. Where does Alan live ?                                    R
12. Visually represent the position of Alan's house making

use of all the information.                                  C
13. Picture the flat where Harry is living and give a

description. Use your knowledge of London flats.              D
14. Would you rather live in Alan's or in Harry's house ?

Explain.                                                            E

15. What did Alan propose to Harry one day ?                 R
16. How did Harry feel about the invitation ?                R
17. How would you feel about such an invitation ?                     E

How could you show that ?
18.  Can  you act  out a conversation between  Alan and Harry

featuring this invitation ?                                     D
19. How far are they living away from each other ?              C
20. Try to visualize the map of England. Which routes

could Harry take to drive up to Oxfordshire ?  Which
towns  does  he  pass on  the  way  up  ?                                              C
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21.  Take the map of England and indicate three alternative

routes which Harry could take
(a) a fast route

(b) a secondary  road

(c) a sight-seeing route C   D

Indicate for each route the towns Harry would pass and

the approximate time it would take him. For the

sight-seeing route indicate a few possible stops
for sight-seeing. You may work in groups

22. When did Harry arrive ?                                   R
23. Was Alan planning to stay home for the week-end ?       P

24. What would you think if your friends invited you over

for the week-end and then suddenly told you that they
had to go out ?                                                  E

25. Can you act out (or write out) a conversation between

Harry, Alan and Sally on Harry's arrival ?  Don't
forget to inform Harry that he will have to spend

Sunday on his own. You may work in groups.                    D

26. Can you be frank with your friends and tell them that

you don't like such an attitude ?                                  E
27. How did Harry feel when he went to bed ?                 R

28. What happened next?                                       R

29. What could have happened ?                                    D
30. Do you like the text ?                                             E

31. Complete the story. Use your imagination.                     D

The reader may have counted that there are 12 retrieval

questions, 6 convergent questions, 6 divergent questions and 7
evaluative questions. He may also have noted that questions 9, 12,

13 and 19 explicitly ask the pupils to use the imagery code.  We feel
confident that if a teacher uses such a classification system to draw

up a list of questions the comprehension questions (read: retrieval

questions) will not outnumber the other type of questions (thought
provoking questions). This situation will call for active pupil
participation, emotional involvement, and 1.earner perceived relevance,
and make the learning process more enjoyable and more efficient.



348

4.0. RECAPITULATION

In the beginning of this chapter we have incorporated
a section in which we gave a brief run down of the main findings
put forward in each chapter and experimental section. In doing
so we have attempted to specify the most efficient way in which
individual pupils can learn and store new information. We have
also specified how the teacher can take into account individual
differences in information processing and storage. In the remaining
part of this chapter we have elaborated on these findings and we
have put forward criteria for organizing efficient teaching-learning
processes.

The question: 'Is there a single best teaching method ?'
introduced our discussion of the factors which must be taken into
account to make the teaching-learning process more efficient and
enjoyable. We agreed with Cronbach (1971) that no single best teaching
method can be identified and that the teacher should select those
teaching methods which interact with perceived pupil characteristics.
As such any teaching method can be made efficient and interesting
to the pupils if the teacher takes into account four vital requirements
viz. (i) selecting learning experiences based on the episodic
continuum, (ii) promoting adequate storage techniques, (iii) using
subgroup  teaching and group work (group learning) when appropriate
and (iv) regularly injecting questions which guide and re-direct
the thought process.
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It is the thesis of this volume that individual
differences (i) in cognitive structure and (ii) in cognitive
processes acting on the cognitive structure should be taken
into account when planning teaching-learning processes.  This
statement does not imply that a number of cognitive style tests ,
achievement tests or aptitude tests should be set to the pupils.
Rather, the teacher or the curriculum constructor should be
familiar with a few basics about human information processing
viz. (i) that the memory structure of a pupil is idiosyncratical-
ly organized and (ii) that each pupil has developed a preferential
coding and retrieval style. Furthermore, we have argued that
the teacher must be provided with adequate and practical means
of diagnosing individual differences in the content and the

structure of specific memory domains as well as with criteria
for identifying the pupil's preferential processing strategies.
This diagnostic information will enable the teacher to make the
required adaptations to the instruction process (cf. adjust the

objectives, the organization of the subject matter, the learning
situations, the teaching methods and the evaluation procedures).
Let me summarize very briefly the most salient arguments and
conclusions presented in this book.

We have explored various models for representing
information in long-term memory and we have also discussed
various theoretical viewpoints. (cf. semantic network models,
modality specific models, modality free representations, semantic
vs. episodic models etc...). After this short review section
we came to the conclusion that the existing memory models are
marred by three main deficiencies viz. (1) they confound the
distinction between long-term memory (unconscious, tacit
knowledge structure) and the coding and retrieval processes
acting on the stored propositions (conscious knowledge carried
by mediatory codes), (2) they neglect or ignore individual
differences and (3) they cannot be handled by the teacher or
the curriculum constructor in order to diagnose individual
differences in cognitive structure or cognitive processes.  In
an attempt to remedy these three shortcomings we introduced
(i) a pupil-based tripartite memory model (cf. chapter one)
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(ii) a multi-stage coding and retrieval model   (c f . chapter
two) and (iii) a new taxonomy for teaching problem solving

(cf. chapter three). The main questions which underlie

these three pupil-based models are: (a) How does a pupil

represent information in long-term memory? (b) how does a
pupil code and retrieve information? and (c) how are more

complex learning tasks (problems) structured?  We want to
state again, that each of these three models is a personal
synthesis of the literature and should be seen as (i) an

attempt to assist the teacher and the curriculum constructor
in the organization of efficient teaching-learning processes
and (ii)a conceptual framework on the basis of which classroom

research may be generated.

The pupil-based memory model features a memory domain

and depicts the various relations which exist between conceptual

information, episodic information and plans.  This model is
based on a number of assumptions viz. (i) all information is

stored in LTM in an abstract, modality-free form, (ii) this

abstract information is hierarchically organized and divided

in a number of domains such as the food domain, the animal

domain etc..., (iii) there are three interlinked levels viz.
the conceptual level, the episodic level and the plan level,

(iv) this conceptualization of LTM combines the advantages
of the generation approach and the type-token approach i.e.

all information is content-addressable and new information

can be interpreted and learned by reference to already stored

propositions brought into the workspace.

Aspects of the model were discussed in relation to

available research and its educational implications -
especially the use of the domain-test - were considered. In

experiment I, we tested one aspect on the domain-based memory

model viz. whether information is structured in such a way
that the pupil can construct a concept identification plan

in order to determine class membership. We concluded that

most pupils are able to construct a concept identification
plan in order to identify and label 'supersets' within
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the animal domain. However, only those pupils who have a
well-differentiated cognitive structure with respect to this

domain, make use of the correct structural labels . Obviously,
further research is required in order to draw firm conclusions

with respect to other domains. In the meantime, we may advise
that on the basis of the domain-test (diagnosed pre-requisite

knowledge) the teacher can decide to divide his class into
a number of subgroups (cf. subgroup teaching, group work

and group learning), or he can stick to whole-class teaching.

But, for each of the resulting subgroups the teacher should

formulate individualized objectives and devise appropriate
teaching strategies to suit the specific needs of each subgroup.

The multi-stage coding and retrieval model on the other

hand, does not concern itself with the form of representation

in LTM but it specifies how information is decoded (understood
and stored) and retrieved from LTM. This model which can be

seen as complementary to the domain-based memory model has an

important advantage over existing memory models in that it can

account for individual differences in coding and retrieval

processes. The model which consists of various components such

as perceptual analysers, a logogen filter, a fast route and a

slow route, a workspace and two transfer routes assumes that
there is code-specificity in the final stages of both the

coding and the retrieval process. In experiment II, we tested
this assumption and we were able to demonstrate that individuals

rely to a different extent on verbal and imagery mediators in

order to process verbal and pictorial material. We concluded

from these results that the choice of the organizational strategy
used to code information determines the quality of the stored

propositions and indirectly restricts the recall process and

all other cognitive operations.

Hence, the teacher should keep in mind that the information

processing strategies of the pupils in his class, may vary
to a considerable extent. To put it differently, the teacher

should make an effort to discover each pupil's dominance pattern

in the use of the mediatory codes as well as the cognitive

style aspects which shape his learning style. How can he gain
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information about a pupil's preferential coding and retrieval

processes? We believe that an attentive teacher can accumulate

a  great deal of information about the main organizational
strategies which a pupil employs, simply by allowing some time

to discuss the memory aids which this specific pupils produces.

In addition, the teacher should make an effort to provide training
in the use of both mediatory codes, and he should keep in

mind that:

(a) pupils who have not reached the stage of concrete operations

learn better from teacher-imposed images because they are

not capable of generating their own images on the basis- of

relevant fragmentary information. In order to remember

associative links they rely heavily, or exclusively, on a

verbal organizational strategy.

(b) during the stage of concrete operations, primary school

teachers should give extensive training in the use of the

imagery code and insist on using an exclusive imagery-based

organizational strategy for all tasks which require visuo-

spatial organization.
(c) pupils who have learned to use anticipatory images (after

the onset of concrete operations) benefit more from self-

discovered images that from teacher-imposed images, or from

mere pictorial material.

It is evident that further research must be conducted

to gain information about the use, and the origin of the verbal

and the imagery mediator. I.e. different age groups could

be studied so that we would get a developmental picture of
the organizational strategies which pupils use and, even more

importantly, how, and until when they may be remedied.  Also,

correlations can be computed with various data about the pupil,

such as his school success in various subjects , and his
motivation to do well in specific subjects.

Finally, the third pupil-based model viz. the taxonomy
of different types of problems and different types of Droblem
environments allowed us to differentiate between algorithms

on the one hand: and heuristics on the other. We advised on

the basis of the problem solving taxonomy that the teacher
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should determine the nature of the assignment he is going to set(i.e. analyse the I-state, the G-state and the type of plan
involved) This analysis of the type of problem involved,
will allow the teacher to devise an adequate check-list of the
domain-based pre-requisite knowledge and it will also help
him in devising an efficient teaching strategy (cf. problem
environment I, II and III) .

We hope that this book has contributed to make
teaching-learning processes more effective. For, we believe
that the more valid information a teacher accrues about his
pupils' learning style and their pre-requisite knowledge, the
more likely it is that the learning experiences which he selects,the problems which he sets, and the questions which he asks
will promote real LEARNING.
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pandemonium model 119, 120 rehearsal 22
parallel processing 164-168 retrieval processes 138-148,
parser 122-124, 129-147, 330 198-226
pattern recognition 119-120 - strategy 97-100
perceptual analysers 119-120 right hemisphere (see hemispheric

- characteristics 39, 57 specialization)
- labels 92-108 rote learning 57-58

pictorial parser 122-124, 129-147 rules 233,240-247
330

plan 43, 57-60
- level 43-54                     S

preferential coding style 138,
150, 151

presentation (forms of) 276-279 storage techniques 329-332
problems (types of) 248-266 structural labels 92-108
problem solving 232-240 subgroups 333-339
problem solving (the teaching of) - teaching 318

242-289. subject matter 331-333
- (solving strategy) subset 25-27, 48-52

234-235, 242 superset (or superordinate)
- behaviour graph, 238 25-27, 48,52,77-107
- environment 248, surface structure 37,38,124-125,

268-289 213-214
- space 236-239 syntactic analysis 122-125

procedural rules 36, 41, 114, 118
119-130, 136, 138, 140

propositional knowledge 28, 37      T
psycho-motor component 6,7,172
pupil participation 284, 290-

291, 318-320, 326, 347 tacit knowledge structure 35

tagging theory 34
task environment 236

Q                                     teaching 6,7,224-225
- method 316

theory 8-10
questions (types of) 50, thought process 227

57-64, 142, 318 transfer 245-291
transfer routes 118,126,132,133
tripartite memory model 44-48
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type-token relation 40, 41

U

unconscious knowledge 117, 329
understanding process 119-128

V

verbal code 118-119,126,198-226
- organizational strategy

151-154, 274-280, 331
verbalizers 168,198-226
visual code (see imagery code)
visual features (see perceptual
features)
visualizers 168,198-226

W

weak-verbalizers 168,198-226
weak-visualizers 168,198-226
wide scan strategy 231
workspace 35



I

De classificatie van probleemtypen die wij voorstellen (p. 253)
kan ook als doelstellingentaxonomie gehanteerd worden.

II

Onderwijspsychologisch onderzoek i.v.m. representatievormen houdt
onvoldoende rekening met het bestaan van verschillenae leerstijlen.

III

Herhaalde fouten zijn niet toevallig: zij helpen ons de werking te
begrijpen van het systeem dat ze produceert.

IV

Formatieve toetsen zouden meer op het leerproces dan op het leer-
produkt betrokken moeten worden.

V

Het twee-fasen model van Mackay (1973) dat gebaseerd is op de sequentie
STM - LTM. is onjuist.

VI

De huidige inbreng van de gedragswetenschappen in de medische opleiding
is onvoldoende afgestemd op de reale behoeften van de medische beroepen.

VII

Het verdient voorkeur leer- en werkboekjes te vervangen door studie-
boekjes die aoor de leerlingen zelf worden samengesteld.

VIII

De vijf leerstappen van Gal'perin houden onvoldoende rekening met

individuele verschillen tussen leerlingen.

IX

Als leraren sancties kunnen nemen wanneer leerlingen zich niet aan
afspraken houden, moeten leerlingen ook sancties kunnen nemen wanneer

de leraar zich niet aan afspraken houdt.

Stellingen, behorend bij het proefschrift van Monique Boekaerts
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