iversity

The Open

Un

Open Research Online

The Open University's repository of research publications
and other research outputs

An investigation of some relationships between learning
and personality

Thesis

How to cite:

Robertson, Ivan Tony (1977). An investigation of some relationships between learning and personality. PhD
thesis The Open University.

For guidance on citations see FAQs!

(© 1976 The Author
Version: Version of Record

Link(s) to article on publisher's website:
http://dx.doi.org/doi:10.21954 /ou.ro.0000fc8e

Copyright and Moral Rights for the articles on this site are retained by the individual authors and/or other copyright
owners. For more information on Open Research Online’s data |policy on reuse of materials please consult the policies

page.

oro.open.ac.uk


http://oro.open.ac.uk/help/helpfaq.html
http://dx.doi.org/doi:10.21954/ou.ro.0000fc8e
http://oro.open.ac.uk/policies.html

D 2238978

An investigation of some relationships between -

learnihg and personality

Submitted to the Open University by Ivan Tony Robertson B Sc

for the degree of PhD

Educational psychology/technology October 1976

bdv\ 0 so Eév\w wa10. 1.
\\;LQ \ ¥ a/\fu/ks 4% '42/77’?’



ProQuest Number: 27777476

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent on the quality of the copy submitted.

in the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 27777476

Published by ProQuest LLC (2020). Copyright of the Dissertation is held by the Author.

Ail Rights Reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106 - 1346



Abstract

Title: An investigation of some relationships between learning

and personality.

This study attempted to examine relationships between,ceftain
indices of learning style and efficiency and éome aspecfs.of
personality. The methods adopted involved detailed study of a
émall sample of students (N = 14),‘learning a large and complex

~ body of subject matter.
Four main indices of learning were studied.

1) Appreciation Span: the extent to which a learner planned ahead )

2)  E§gloration: the extent to which a learner requested an
outliné of topics that he did not yet understand. - -

3) Errors: the extent to which a learner made mistakes when.
asked'to explain topics éhat he had learned about. ’

L) Route faken: the extent to which a learner chose a ﬁide range
of topics‘to work on and extended his knowledge on a brééd'front, or
confihed his learning to a narrower 'in dépth' study of one area at

a time.

_ Hypotheses concerning app:eciation span, exploration and errors

- focuged on possible interrelationshiﬁs between these vqriables,
extraversion-introversion and associated charaéteristics. The results
indicated no relationships between the distance ahead that students
plénned, the aﬁount of exploration that they engaged in and ,‘
extraversion—intrbversion. Possible explanations and implications

of the‘results are discussed.



Hypotheses derived from previous work suggesting that"extraverts
have gréeater tolerance of ambiguity than introverts and thus make
fewer errors when learning in unatructﬁred, ambigudhs gituations

were supported by the data.

A detailed theoreticﬁl discusgion of attention deployment is

presented and followed by an empirical examination of the extent to
which the studenté studied developed‘their understanding on a broad
or narrow front. Hypotheses concerning the relationships between

this learning style characteristic and atfention deployment, cognitive
cdmplexitj and flexibility in problem-solving were supported by the
-data; ‘indicating positive relationships between a.’breadth-firat'
klearning style, wide (or diffuse) attention deployment, a high level'

of cognitive complexity and a flexible approach to problem-solving.

»



- INTRODUCTION

This thesis contains six chapters.

Chapter 1 gives details of the equipment used end

the general background to the experiments.

- Chapter 6 provides a summary and discussion of the

work conducted.

It may be useful for readers to begin by looking at Chapters
1 and 6 before chapters 2-5. Chapters 2-5 pfovide ﬁore
extensive information on the work conducted and the results

obtained.



_ CONTENTS
CHAPTER ONE: BACKGROUND

Introduction
The Learning equipment (INTUITION)
. The topic map

General features of INTUITION

How the student used the equipment
Outline procedure for atudent

Summary of ﬁajor features of INTUITION
_Pefsonality |

Previous work on learning andlpeféonality
Plan of”the study -
‘General aims and overview

Tests used

Summary
CHAPTER TWO: TOLERANCE OF AMBIGUITY, EXTRAVERSION‘
‘ AND LEARNING ACTIVITY

Introduction

Appreciation span

Computational procedure for appreciafion span

" Reliability of appreciation span

Personality dimensions related to appreciation span
‘Hypotheses concerning appreciation span

.Errbrs |

Pefsohélity dimensions related to er}oré

H&potheses concerning'errofs

Anélysis of results

. Discussion of results

12
13
15
20
22

25

30
34
36

37
38
39
b3
L6
54
55
57
59
61
66



ii

Page No
Appreciation span 66
Errors *71
Summary %5
CHAPTER THREE:  EXPLORATORY BEHAVIOUR - |
‘Introduction | 77
- Exploration 77
Indices of exploratory behaviour 78
Reliability and validity of amount of exploration measures 80
Personalify dimensions related to‘exploration 84
Hypotheses concerning'explofation | 88, 93
Analysis of results 93
Discussion of results 100
General findings 100
Examination of hypotheses 101
The consistency of information collection patterns 104
Suﬁhary 105
CHAPTER'EOUR: THEORETICAL DISCUSSION OF ATTENTION
DEPLOYMENT
Introdnction 109
A histdrical perspective 109
Models of attention | 110
Division of attention 111
Common features 115
Individual differences in width of attention 119
Attention and awareness ‘124
Aftention’depioyment and creatiVit& 128
Interim summary 130
‘General‘theories of cognition 131
Demonstratiops of individual différences 133
Summary 136



iii

Page No
CHAPTER FIVE: ROUTE TAKEN DURING LEARNING, ATTENTION
DEPLOYMENT AND OTHER FACTORS .
Infroduction : : 138
Differences in route taken - 140
Reliability 143

Personality variables related to depth/breadth first learning 145

Measurement of personality dimensions ‘ 148
Hypotheses concerning route taken 157
Analyéis of results : , _ | 158
Discussion of-resﬁlts ' 169
Attention deployment and creativity : - 175
Attention depléyment, learning and other factors 178
Anelogies | | - 18
Summary “ 186

CHAPTER SIX: SUMMARY AND DISCUSSION OF WORK CONDUCTED

~Introduction » 187
Reporting on Chapters 2 and 3 189
Interpretation of findings 199
Reporting on Chapters L and 5 | , 205

- Interpretation of findings 214
General remérks S 219
Cognitive vérsué traditional personality factors 219
Stability and generality of learning indices studied v 223
Methodological implications _ | 226
‘References 229



iv
Appendices

1  Topic map for 3 modules of probability theory.
2 >Written introduction to equipment.
3 Graphical representétion of students' aiming and

exploratory behaviour.

® N o \n

Record sheets.

‘ Illustrative command sheet and check list.
‘Details of information collection test.
Students' routes through the leaming material.
»Graphigal representation of students' progress

(Depth/Breadth first). , L

9 Words used in the attention deployment test.

10 List of significant others used in the Bieri test
‘of cognitive complexity.

1l Details of problem-solving exercise.

12 Details of the self-coﬁsistency test.



1

o CHAPTER I

| BACKGROUND | - 5o
Introduction ' N

This thesis reports some investigations into the relatiohships between

personality factors and learning acfivity.

Some time ago; wheﬁ employed by an Industrial Training Board the authHE
COnduéted'a number of research projects. The aim of these projeéts was to
develop a battery of selection tests that could be used to select suitable
~school-leavers for training as printing production workers. It quickly
becaﬁe apparent that these particular studies were destined to be no more
nor less successful than a host of other studies of the same type. In other

words a multiple correlation coefficient of approximately 0.5 could be s

4 a
¢

'ranticipated. The reason for this lack of predictive power was that, like
other‘studies of'the same type, the tfsts used as predictors were exclusively
tests of ability (eg mechanical comprehension, spatial ability, ﬁerbal
ability) and a variety of other 'peréonality' factors were not beipg examined.
The reasons for this lack of coverage were complex and included many sensitive
and highly relevant political issues; however a distinct laék of useful
information ddhcerning the felationship of personality factors to learning
and achievement was a contributory factor. The work reported in this thesis |
'isbone of the results of the interest in learning and personaiity initially |

generated by the situation just described.

| Personality factors can help to e#plain performancé‘6n~a training course
in a variety.pf-ways. It has béen'shdwn, for insténcé;rthat certain
ﬁersoﬁality characteristics are relatéd to performancé onvvarious types
of-criferion tests eg Gaudry and Sbieiberger (1971). bThis shows that
pefsonality may bias final test performance‘so that the investigator does .

not get a true.pictﬁre of what the respondent has learned. It does not

shpw.that personality factors determine how much or'what people actually
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learn. It merely shows how well they are able to demonstrate their

ounderstandlng, under certain (often artificial) test conditions.

Personality does, of course, have an effect on how and'what peopie‘

learn. At a social level, personallty factors may be related to study
habits, relatlonshlps with teachers or machlnery and thus, somewhat
indirectly, to learning and achievement. A number of 1nvest1gat10ns

have been conducted to examine such interrelationships, Entwhistle (1972).
Personality may not only be related to the processes and organisation of
learning at a general 1evel as 1nd1cated above but also much more directly
at the level of cognitive processes; where certain personality factors are
associated with specifio cognitive activity. Investigation of the relationy
ships between cognitive activity and personality factors (as will.be seen
later these are not mutually exclusive- categories) is the focus of 1nterest‘ﬁ

‘

for the studies reported in this thesis.

The decision‘to focus attention oﬁ the relationship befween the oognitive~
processes involved in learning and personality characteristics raises two
major problems. First, how can the learning Erocess be examined and secondly,
what personality factors should.be examined. In pfactice solutiohvto the
fifst problem helps pfovide a frame of reference for the

vsecond, since by identifying the possible individual differences in

learning thet might be observed it is possible'to suggest related

personality characteristicsgthat may be of importance. The difficulties
involved in examining learning processes (as opposed'to products) are

substantial and will not be resolved easily.

The major difficulty is that such processes are 'internal', mental

processes, and it is not normally possible'to observerthem.

Toeaxamlne such processes a technlque for exteriorising them must be used.
Exteriorisation does not (and cannot) make unobservable processes observable.

It merely gets people to do (and say) thlngs which enable various 1nferences

-
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to be made about the possible nafure/structure of unobservable processés.

The challenge is to find methods of exteriorisation which enable worth-

while inferences to be made. i

In this thesis reference is sometimes made to studying fhe‘learning process.

To be more accurate it is an exteriorisation from which inferences can be

made that is being studied. Whenever references are made to the study of

learning prbcesses this caveat should be taken as read.

An examﬁlé bf a previous technique used in.attempts to exteriorise mental
events is introspection, which relied on the verbal reporf of the participaht;
for a deséription of what was taking place‘'internally'. For a lengthy

period introépective repo;ts have_not been regarded as feliable_evidence
inlbsyéhOlogical experiments due to their %?avdidably sﬁbjectivé nature; .
alfhough quite recentlyvsome researcher; studying the processes involved
in leérning and problem;éolfing have made_éxtensive use of ‘'protocols!,

which are in fact, introspective reports of a subject's chain of thought;

see,for example, Newell and Simon (1965) or De Groot (1965).

Many experiments in the main stream of behaviourist psychology, although

not described as such by their originators, are also attemptsatexteriorisation.

 Indeed, any study of learning not solely concerned with efficiency (learning

curves, error rates etc.), must be an attempt at exteriorisation.

Some examples will illustrate the point that, in fact, attempts at

exteriorisation are part and parcel of the behaviourist paradigm.

Wheﬁ discussing‘conflict Hilgard énd Marquis (1961) examine an experiment
by‘Kaufman and Miller (1949). They nééé that Kaufman and Miller "established
conflict", bj giving rats’i,‘Z, 9, 27 or 81 runway trials reinforced with
.food and then 3 shock trials with a styonger shock on each succeeding trial.
The results revealed a positive relati§nship between number éf positively

reinforced triais‘and the number of animals running all the way to the goal.
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This is clearly'an.attempf to exteriorise or 'operationalise! conflicte.
Similarly an experiment by J S Brown (1948) attempted to exterioriSe the
.fmotivation' of rats. He measured the strength of pull that réts_ }

}
exert on a harness and showed that this was associated with training

would

condition and distance from goal.

Osgood (1952) describes experiments where rats at the 'choice-point! in a

v'Y‘ maze will make bobbing movements with their heads, first toward one

élley - then thé other. The tintention movements! although not specifically
'deécfibed as such by the original investigators can be

construed as exteriorisations of conflict.

Other techniques for examining cognitive processes have also been developed.
A forerunnér of much recent work is the work'of B;uner,-GoodnoQ,and Austin
(1956). The essence of their technique was to display limited information <%
to the learner/brobiem—solver and issue other ihformation when requested.

By restricting access to information and observing participants patterns of
requests it was thus possible for them to make inferences about some aspects
of the concept formation processes.used by their subjects. This general |
approach, ie making the supply of infofmation bontingén£ on subject

behaviour is being used profitably to study reading engérnes and Thomas

b; (1971).‘ By restricting fhe rea&er's visual field and allowing him to select
rwhich part of the text is diSplayed in his visual field these experimenters
can obServe‘and record reading patterns. The procedure is mechaniséd and a
‘record of the student's reading pattérn is automatically taken. This
feéording throws light upon a sequence of hitherto private evehts and in a
fairly direét way exteriorises a subject's reading progress. It écts as

what Pésk, Scott and Kallikourdis (1973) have called a 'cognitive réfleptor'

and enables the observer to infer something about the internal events that

are taking place.

With any such approach'thefe is always a problem about what is ‘'really!

taking‘plage and what can be observed in the'réfleCtor;FNevertheless'such
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techniques do help to reduce (though not eliminate) an observers

uhcertainty and can, as already indicated, be put to good use.

A distinction made by Kaplan (1964) is relevant fo'this issue. K%@lén
distinguishes between 'logic-in-use'! and 'reconstructedllogic'. ’
| "Now the word 'logic' is one of those like ;physiology' and
'hiétoryf; which is used both for a certain discipline and for
its subject matter. We all have physiologies and histories,
vand some of us also thiﬁk and writé éﬁout these things.
"Similarly, scientists and philosophers use a légic -~ they have
a cognitive Stylé whichbis more or less logical - and some of
them alsq formulate it explicitly. I call thekformerkthé logic~
in-use, and the latter reconstructed logic. We can no mofe take
them to be ideﬁtical dr even assﬁme an exact correspondence 2
between them, than Qe can in the case of'the deéline of Rome and
Gibbén's account of it, a patienF's fever and his physiciah's

explanation of it'".

The distinction can be drawn more sharply, for currentkpurPOSes as:
a) the 1ogic‘th§f the subject (person being sfudied) is
actually using, and |
b) the 1ogicbthat the experimenter (outside observer) comes

to believe that the subject is using.

As Kaplan notes there is not necessarily an exact correspondence between

the two. However this does not mean the reconstructed logic is not useful;
If a particular piede of reconstructed logié can prove to have predictive
and explanatory validity it cén be a useful scientific tool and help one

to systemalize and build up a useful and coherent picture of the phenbmena
being studied. Indeed much (if not all) scientific theory is developed in a

this way. ' o ES

As the work quéted earlier has shown observational tedhniQues grounded in’

reconstructed logic can be extremely useful; but it must not be assumed
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that thé reconstructed logic and the logic in use are identicgl.
: One‘contehporary attempt to de#elop exterioriéation techhiques is the work
of Pask and'his.colleagues, eg Pask_and‘Scott (1973) and their dé%elbpment
of a teaching system that they describe as CASTE (Course Assembly System
and Tutorial Environment)._ The equipment used to examine leafning ;étivity
for this thesis is an adaptation of the CASTE system. This adaptation
was also deveioped by Pask et al and is entitled ‘INTUITION'." Using'tﬁis
_ equipmenf it is possible to observe and record certain aspects of an
individualfs learning activity and fhus investigate relationships between

these factors and personality characteristics.

The Learning Equipment (INTUITION)

The research reported in this thesis involved the use of teéhniques and .
equipment (INTUITION) thaf will £e uhfamiliar tokmqst readers. The 0
equipment uéed was developed not primarily as a teaching device.but as an

attempt to embody certain general theéries of cognition. The equibment is,

in fact, being continually remodelled and adapted; thus detail concerning

the actual equipment is only of rather transient interest.

Bearing these points in mind there follows a description of the equipment
and some underlyihg theory at a level of abstraction sufficiently non-technical

~for it to be grasped with ease.

This description does not do full justice to the equipment itself, nor
indeed ﬁo the asséciated theories, but should help the reader to maintain -
cléar sight of thé issues that are of major relevance to the research
reported here. Full details of the equipment and associated theoretical

issues are reported in the literature. Pask and Scott (op cit), Pask (1973).

B
i

-The pric Map

One of the main features of'fhe techniques embodied in CASTE and INTUITION

~ is the use of a map of the subject matter that is displayed to students.
*Footnote. Individual TUITION.




This map is an attempt to display some piece of knowledge in a way which is

understandable to the learner and which indicates to him what sﬁbject matter

7

"topics'" are covered ad how the topics are related to each other. An

example of part of a map is given in Fig. 1.

¥ oo

' ToriC . -
/p\

Toric | , | TepPIC

. £

ToPIC TofPiC ToeiC
A £ C

Fig. 1 (A mini topic map)

As Fig;'1 shows the subject matter to be displayed is broken up into six

. related topics.

A typical map will &how a collection of named topics and

“will show how the topics relate to one another, (the nature of the inter-

relationships is discussed below).

with probability theory is given in Eig. 2.

An -example of pértkof a map'cbncefned

T IRBMILITY oF TRE]

COMPLENERT OF A

__COMPOSITE RESULY

uaun.m o
RANDON RESULYS

]ﬁ—;

LIKELINOOD

PROBASILITY: WOS.

Fig. 2 (Part of a topic map)
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Theoretically it is possible for any subject-matter to be displayed in
this way with the help of a subject-matter expert. The specific topics
chosen and the way they are inter-related represent the subject-matter
expert's view of the subject-matter. Thus what is meant by 'topic* and
the definition of a topic will depend on the subject-matter expert. Any
map simply represents a thesis concerning the subject-matter; it is not

necessarily the best nor the only description of that body of knowledge.

An example of a map, as seen by the student, (showing the topics that make

up certain areas of probability theory) is shown in plate 1.

HH B H
|

Plate 1 (A topic map, as seen by a student)



Plate ! shows a map in situ with the rest of the equipment (the other
elements' of the system and how the student interacts with it will be

explained in due course).

\\\ 1 Ulni {1

«monstrations [ ] - A S #
OVEKUr CAMN.[ ‘Nertbatkjns 1
i
' 1~
amuR i.J
" TICT
Plate 2 (The INTUITION equipment)
i) The 'contents' of topics and relationships between topics

For each topic that is displayed on the concept map there is also a full
specification (not shown on the map) of what a student must be able to say
and © in order to demonstrate his understanding of the topic. This
specification, or 'task structure' is, in effect, a statement of the

behavioural objectives for that topic.

In addition to the task structure, which describes the contents of each

topic, there is also an'entailment structure' that indicates how the topics

are related to each other.
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ii) An Example
An example may help to clarify the points raised so far. Fig. 3 shows a

fvery simple map for topics A, B and C.

A B

Fig. 3 (A conjunctive organisation)
Figure 3 shows that topics A and B are pre-requisites for topic C and both
must be understood before a student can begin work on topic C (a conjunctive

rule).

Figure 4 is a slightly more complex map. )

R
A | |B

Fig. 4 (Conjunctive and Bisjuhctiﬁe Organisation)
Figure 4 shows’that,AaS before, A and B are pre—réquisites for C and must
EEEE be understood before‘é student is allowed to_beginlﬁork on C. It also
shows that when a student understands either topic D gi_topic E he can progress
to topic‘F. Thus the vertical lines indicate an ordering of topics. The.bi-b

,direbtiongl linés between topics C and F show that these topics are analogous.'

iii) Analogous relations

'Iffthé topic map in Figure L was conéerned’with 'probability theéry' (as
: ’the one used for this research was) topic C could be entitled "Ffequency
of a simple result"; Now the task structure (or beﬁavioural objectives) for
 that topic would ensure that a studeﬁt could deal with a certain aspec£ of

probability; namely that he could actually compute the long-run stable
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frequency of a real simple result, eg 'throwing a six',or tossing a coin to

land on 'heads'.

Topie F, oﬂ the ether hand, could be entitled "Probability numberé of

simple events". Whereas topic C is concerﬁed>with 'reai"occurteeees,topic,F
is concerned with mathematical or abstract models of real occunmmﬁee‘whefe
symbols are manipﬁlateavand used to model éhe 'real world'; and an abstract
brobability number is the 'model! of the actual'observed freéuency. _If the
abstract model is an accurate model then there is an analogy between the
topics -‘or‘they are analogous topics. This relation is represented by the

bi-directional horizontal line in Fig. L.

Analogy relations do not only occur between topics in probability theory,

-«

though they are particularly clear in this area. In Physics, for example,

» o
2
s

there is an analogical relationship between simple harmonic ‘oscillators
(spring , weight and friction combination oscillating uhder»an.applied
vertical fdrce, and electrical devices (such as a circuit with resietance,

inductance and capacitance, activated by an electric generator);_

People make extensive use ofvanalegy relations in learning and‘proglem

. solving and often an analogy is Ehe only way to gain insight into a novel

- or new;situatien or concept. if the next situation can be seen as analogous
to'some'other more‘familiar situation then the learner or problem—solver can
develop his understanding as he tests the vélidiﬁy of the analogy. kIn a
sense people try to understand the world around them by trylng to detect
v‘slmllarlty and stability and the detection of analogical slmllarlty between
seemlngly disparate and unconnected phenomena may often be an 1mportant and
time-saving etep,ih the learning or preblem—eolving process. For example,
if someone who is familiar with eléctrical devices perceives thé-enalogy
noted above between electrical devices and springs, weights etc,,.(ie
hafmonic oscillators) considerable learning time and effort can be saved;'
furthermore the development of a 'higher level' or more abstract,general

concept of bscillation'can occur.
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To summarize:
- A'céncept map is a succinct representation of a bod& of knowlnge
showing the topics involved and how they are related.
- The evidence that a topic has been adequateiy'learﬂed is gpecifiéd
by the task structure (behavioural objectives) (not éhown on the map).
- The relationships between‘tépics (pre;edence ordering and analogy)
are shown by the entailment structure (knowledge objectives).

General Features of INTUITION

INTUITION is an adaptation of CASTE. Before describing INTUITION in any
vmore detail an outline of the parent system (CASTE) will be given. ‘CASTE
is a computer-based system with the following major characteristics.

1 It supplies the student with a map of the subjéct matter that he is

-~

required to learn. . . e

% n

2 It exteriorises certain aspects of a student's learning activity,
acting as 'cognitive reflector'.
3 It is adaptive. The system computes various indices'relating'to

each student's progress and adjusts the teachingrstratégy to cope with

student characteristics.

There is, of course, no necessity for a'teaéhing system to be adaptive,. see,
for instance, the "telling" approach discussed by Lewis and Cook (1969).

The important diffefence between CASTE and iNTUITION concerns the extent to
which‘the systems are adaptive. As already noted, with CASTE the material
presenfed'is changed to suit students',charactefistics. The student, wdrking
“on CASTE is not Vfree learning', he interacts with the systeni and his learning

and future interactions are guided and controlled. -

N

INTUITION maintains some of the characteristics of CASTE, ie it provides the
student with a map and signposts to enable him to choose a route through the
subject matter and it acts as a cognitive reflector; however it does nbt, to

the same extent, control the student's learning.
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How the Student uses the Equipment

Theore£ically the INTUITION equipment can be adabted toiteac? an&
subject matter that can be represented in topic network formibut

for fhe work described in this thesis the subject matter covered

was probability theory. The tbpic map wés divided into three

modules.

Students work on one module at a time - progressing from 1 - 3
(each module takes from 3 to 5 hours to complete - further details

of learning sessions etc. are given later).

The topics for probability theory are grouped into three main

categories. - _ . T

These are clearly visible as the vertical divisions on the map

shown in platé 1. The three divisions are:

1 Topics concerned with activities (in the present cése,
experiments) carried out in the 'real world' (headed

'Re' on the display).

2 Topics concerned with constructing abstract models of

the real world (headed 'Ab' on the display)..

3 Topics concerned with the form of the analogy which
relates real world activities to the abstract models

(headed 'An' in the display).

Thus a student is presented with a body of subject matter clearly '

divided into three categories. One of these categories 'Re' is
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concerned with actual activities in fhe real world, such as
throwing dice. Another category 'Ab' is concerned with the
representation of these real activities in abstract terms, sd#h
as using a probability number derived from observed long-run
stable-frequencies.. The final category 'An' concerns the
analogical relations'that oﬁtain between the two other categories;
- so that, for example a list of (realj simple results is related
analogically via a theory of simple experiments to an (abstract)

event set of simple events.
The full topic map for modules 1, 2 and 3 is shown at Appendix 1.

Plate f shows the topic map fof module -1 as seen by the student.
The lower-most topics are called primitives and any student taking
the course hﬁst have prior underétanding of these primitives., They
are taught'informally before the course begins. The 3 uppermost
topics are the head topics. A student has coﬁpleted thé coursé

when he understands the 3 head topics.

INTﬁITTON does not compute the various indices of
performance that CASTE does, nor does it react adaptively to a
student's behaviour. A student working on INTUITION is essentially

in a free-learning situation where he can display his own learning

style characteristics. His eventual aim is to understand the head
topics by beginning work on a topic near the bottom of the map and

working his‘way through the topics.
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A new student is presented with an introductien® to the equipment.

Having read fhe introduction ‘the student is then given an opportunity to
familiarise himself with the appearancé of the eqﬁipment, to inspect the
 topic names and ask general questions. Also to reinforce the iﬁtroduction
already given in writing, the purpose énd.fuﬁction of various items is
explained verbally until it is apparent that the student understands the

equipment;‘ahd is ready to begin.

The steps that a student follows when working on the equipment are listed

~ below - then each one is explained in more detail.

Outline of procedure for student working on INTUITION

1 Explore topics (dptipnal facility)

2 Select a tdpic to 'aim for!

3  Select a topic to 'work on'

4 Read text and carry 6ut instructions

5 Take test(s) of understanding-when necessary |

Then, if test of understanding is passed, repeat 1-5 until the module is

completed.

Table 1 (Outline procedure)

Explore the topics

A student can request a brief explanation of what is covered by any particular
topic. He makes the request by interacting directly with the equipment - not

via any experimenter/observer.

When a student requests information in this way (when he'explores' avtopic)
he triggers a slide projector which displays-an appropriate slide on a nearby
screen. The slide gives a two or three line summary (often with an illustration)

of the subject matter for the topic in question. The information supplied

*This is given to the student in writing (see appendix 2). For the sake of
continuity the operation of the equipment is fully explalned in this current
‘ sectlon and the reader may ignore appendix 2. : Co
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always attempts to exhibit the central concept of the toﬁic. An example of

the information supplied during the explore transaction given in figure 5.

The complement of a composite event consists
of those simple events that are not members of

the composite event.

Figure 5 (Sample 'explore' slide)

Select a topic to aim for

Once he has explored as many topics as he wishes the student must sélect and

identify (again, he does this by direct interaction with the equipment) a

- topic to 'aim' for. The student's aim topic must be a topic that he does not

yet understand but hopes to understand eventually.

'The_problem of identifying a topic that is not yet completely understood by
l B

a learner, but is something that he wishes to understand, is not new and was

discussed as long'ago as Plato.

ih the sifuatibn described here the leafner is required to Qescribe the topic
tha# he wishes'to_aim at and satisfy .the expgfimehter/observer that it is not
mereiy a hephazard choice. Although he’will clearly not be in a position to
give a complete descriétion of the aim topic the learner must minimally show
"that he'understaﬁdé how the aim topic is related to other fopics on the
entailment structure‘(eg'this topic is analogdus to topic 'x' and before I

can learn about it I must understand topic 'y').

The aim topic should be an explicit indication of the learner's futﬁré 
- intentions and should indicate the most distant topic that he has given -

conSideration to and has explitit intentions of working towards.



17
Some students tend to select aims only a small distance ahead whereas
others aim at topics that are far ahead and that they will not be in a

position to work on for some time.

.It is made clear to the student that he is free to aim at any topics (that
he,does,nof already understand) as long as he‘is able to give a description
‘of the topic relative to the other ﬁopics on the map. In other words he
must demonsfrate that his aim is not just a 'stab in the dark'. Furthermore,

the student can change to a new aim whenever he wishes.

Select a topic to 'work on'

 Eventually a student must begin work on a particular topic. When he has
explored as much as he wishes and has chosen his aim, he mut select and
indicate a topic to work on (this again is done by direct interaction with .

the equipment).

The two basic rules that restrict which topic a student can aim for are that:
" a) he must understand any topics that are prerequisites fo? his choice.
b) the tbpic’chosen must either_be his aim, or be subordinate to his

aim (ie a student cannot work on a topic that is not 'en route' to his

aim - he can, of course, as noted earlier, change his aim whenever he

wishes.

Thus, to begin with he will only understand the primitives and his choice of

topics will inevitably be limited to those at the bottbm of  the map.

Read text and carry out demonstrations

" Once he has selected a 1egai'topic to work en the student is directed to the‘
main explanatory text material. As well as being directed to,thefmein text

he isvalso given fhe opporfunity to carry out practical demonstration.exereises
that will heip him to understand the topie. These exercises are conducted

with the aid of an electronic modelling facility - STATLAB - see plate 2.

* Footnote. The equipment will warn a student by rlnglng a buzzer
if he selects an illegal topic.
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(A1l of these operations are conducted without the interference of an

experimenter/observer).

The student reads the text and conducts a variety of exercises, skipping

or re-doing sections as he chooses until he feels ready to take the test of

understanding.

Counters for actual frequencies
of results ’ '

Modelling facility
for 'real' topics

Modelling facility
for 'abstract!
topics

Meters for
probability
measures and
sums of prob-
ability measures

N

Plate 3 Modified STATLAB for classroom

use.
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It is worth noting at this point that the subject matter used for the
experiments described here (probability theory) was organised into a fairly
coherent hierarchical_system and displayed to>students’a$ such. To do the
same thihg for other areaé, eg sbcial psychology, history, or any 'soft!'
disﬁipline would be a difficult task. With the assistance of a 'subject
‘mattef experf' preparéa to e#pouhd.his thesié it should theoretiéally be
'feasible -‘althougﬁ, of}éburse, the subject matter expert may not find it

possible (or sensible) to develop a simplelﬁﬂrarchiCSl structure.'

Take Test of Understanding

When he feels'ready, the student qpts to take a test of uhderstanding. At
this pointkﬁhe expefiménter does become involved (although it is possible to
éonduct‘this‘Stage without an experimenter).. The experimenter refers to a
pre~determined list of prbbléms éndva check-list to check students' solutions.
4Thé'probiems constitute aﬁﬂmmoughvtest of‘whethef or not the studént has

. achieved the behavioural objectives (task structure) for the topic.

If he passes the test the student is ready to move on and select a new topic
to work on (perhaps he will also. explore some more topics and/bf,éeleCt a

new aim).

The cycle (1-5) see table 1, continues until the head topics for each module

are understood.

Number of topics worked on

Bécausé of the correspondences and‘inter-relatiopShips between topics it is
'notAnecéssary for students to actually work on all of the topics displayed 6n
the concept~mab,.thqugh they are free”fo“db so if they wish. Studehts can
bﬁild up their understanding in variods'ways énd they do not all follow the
same route through the topics nor do they &all necéssarilj work 6n‘the same

vy

number of topics.
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Records Taken

In the sessions reported in this thesis students worked on the equipment
in a series of sessions of 11-2 hpurs; The number of students, frequency
of sessions etc., will be discussed later. During each session an
experimenter/observer recorded student activity and administered tests of

understanding. Records takeh included:

1) Topics explored

2) Topics aimed at

3) Topics worked on and the o?der in which they wére worked on
(ie the rdute taken through the material)

4) Errors made on tests of understanding.

Table 2 (Records taken)
A1l of these records are indices of learning. They can be divided into
indices of learningvachievemént (errors) and indices of learning stzle

(topics explored, topics aimed at and route taken).

Summary of major features of INTUITION

The features of INTUITION that are of major importance for this study are:
>— the student is provided with a concept map of the subject matter
area that he is going to learn about. This map presents a body of
knowledge to him in a coherent way since it indicates the topics
involved and how they inter-connect.

- the syétem can be used to specify, and devise tests for, both
knbwledge objectives (éntailment;struétﬁres) and behaviOural
objectives (task structures)

- the system‘helps to‘eXteriorise ;trategies that students use_té
find their way through a knowledge structure

- élthough, to bégin with’the system (equipment) may be strange and

. disconcerting to a étudent if has the'advantage”of minimal experimenter

involvement and all subjects interact with an unbiased machine.
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Most importantly it is a system which enables a researcher to make
inferences about the cognitive processes taking place, in particular the
learning; strategies used, and where reliable measures can be taken and

related to scores on standard personality tests.

" Thus INTUITION was used in this study as a means of 'observing' the 1earning
process as an integral part of an attempt to study relationships between

learning and personalitye.

Studies of learning

‘Before attempting to observe or conceptualise processes such as learning

fhe inveétigator must take a decision about the sort of data that he wishes

to study aﬁd the'conceftual framework within which the data is to be examined.
When learning takes place changes of various sorts take place and investigators
can examine phenoneﬁa rangingvfrom physiologiqal studies of synaptic CHanges
to'shifts in attitude and conceptual structure. These changé; can be studied
énd relatedvto a variety of different modeis such as the sfimulﬁsrresponéé'or.

artificial intelligence paradigms.
!

Much of the Qork concerned with the general area of learning does not seem
to impinge directly on the.activities, classified as learning ,taking place
every day in schools and colleges. This does not mean that such work is of
~no eventual value fof everyday learning (programmed instruction for example)
but does indicate the gap that often exists between psychological research
.and everyday learning. ‘Researchers are often forced to trade-off 'realism'
against 'scientific'rigour' and the mose objective, replicable and cléarl&
defined an experimeht becomes the less use its results are likely to be in
anj ‘real life! problem situation. On :the other hand theAmofe ciosely an“‘
experimenfal situation corresponds to 'real iife' tﬁe less likely it is that
fesults cén be unambiguously intérpreted.. The  INTUITION equipment is a
promising development since the student is piaced iq a situation where his
activities can be recorded with a high_dégree of objectivity and can be

recognised as immediately relevant to everyday learning.
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The situation is, of course, not perfect and the system may suffer from
faulté that a more microscopic iﬁvestigation of, for example, paired-
associate learning would not -~ but the compensation for this is that tﬁe

investigator can study a more complex and life-like situation.

Personality

A major area of”interesf for thié study concerns the relationship between
learniﬁg and personaliﬁy. Before cqﬂsiéering possible’relationShipsAbetween
the indices of learning achievement (errors) and learning stylé (eg
explofation) énd personality factors a brief examination of what is meant

by the term pérsonalify will be'undertaken. Interest in personaiity as an
area of study has a long history. An early attempt to identify personality
'types"was-ﬁade by Hippocrates and used later by Galen, Kant and Wundt.
This claSSification into melancholic, éholeric, phlegmatic and sanguine

has also influenced contemporary writers; seé'E&senpk(l964);»1However,‘only:
in the twentieth century have any systematic atteﬁpts to measure and study

personality been made.

Early workers in the field displayed a vafiety of different approacdhes to the
problem, for example Kretschmer (1925) and later Sheldon (1942),and an
emphasis on constitutional types, Baldwin (1897) and later Mead(1934) and
the concept of self. Contemporary‘psychology probably has almost as many
perSohality~theories as there are psychologists studying the matter..‘It is
however possible to identify certain general approachesL ?ervin (1970)
isolates five different categories - two of which are particula¥ly appropriate
in the context of the current study. These‘aré:' |
1)  The Trait/typological apbrdach
2) The cognitive approach |

Trait Theories

The two most influential figures in this field are Eyserck and Cattell.
‘Trait theorists attempt to summarise behaviour by developihg a limited number

of quantitatively varying dimensions which would be applicable to all persons._"
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Allport (1961) is critical of Trait theory by arguing that there is no
such thing as a 'tfait' that is invariant across persons, only personal
dispositions which are unique characteristios of individuals. A more
substantive and related consideration-is that of whether orknot factors
(or traits) developed by factor - analytic procedures are invariant or

replicable.

Peterson (1965) reported the résults of a series of studiés'designed to
”examine factor invariance and conoludes.that the data do not offer
impressive evidence for invariance. Other investigators Becker (1960) and
Tylor (1965) have indicated that factors derived from Cattell's thros(méaia
(L, Q and T data) do not match very well, even Hundleby, Pawlik and

Cattell (1965) do not provide unequivocal evidence.

" The demonstratiOn of the existeooe of moderator variables eg Kogan and
Wailach'(i964)'also poses great problems for the factor soalyst since the
techhique is-basod on~the assumptionlthat there are, in éffect, no modefator
variables. |

| : e
EyserX also uses factor-analytic procedures supplemented by criterion
analysis in an effort to determine -the structure of personality and as
Adcock (1965) has shown,the classifications of Eysenckand Cattell begln
‘to look very 51m11ar when one examines the second order factors of Cattell
and the factors proposed by Eysends It also soems that at this level of
specificity (ie‘type as opposed to trait) the evidence for stability of
factors is much better. For‘example,vPeterson (op cit) did.indicate
invariance for factors laoelled, Adjustment'and Extraversion - Intraversione.
Although the evidence linking personal}ty types wifh the Qarious physiolo%
gical messures proposed by Eysencls theory is not always in accord with
ktheoretical implications eg Franks (1963), Spence and Spence (1964) the
possible stability of his main personality fypes seems quite good by

comparison with evidence for Cattell's scheme eg Orpen (1972), Eysenck (1972).
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Cognitive Theories

Traditiohally personality theorists have emphasised the motivational,
emotive and biological charactéristics of individuals and only in the last

15-20 years has a consideration of thought-processes been important.

Cognitive theorists such as Kelly (1955); Bieri et al (1966); Schroeder,
" Driver and Struefort (1967); Witkin et al (1962) focus attention on the
~possible éonéistent individual differences in cognitive processes and
structure that may exist. ‘Most cognitive personality theorists have tended
t0'c§ncéptualise individual styles of thinking in the same way that tréit
‘theorists have conceptualised traits, ég Witkin and Méore (1974). Until
work such és'that mentioned above began,interest in individual differences
in the cognitive area had centred on 'intelligence' or abilities,seén very
much as differences with a positive and negative pole -~ not simply as

differéncés.

"A number of 'cognitiVe personality factorsi have been identified and evidence
for their invariance is often more impressive than that for conventional
traits. A more tharough comparison of trait and cognitiye personal&ty
theories is given in Chapter 6. For the moment it is sufficient to conclude
that to gain a coherenf picture of personality 'as a whole' both 'non-
cognitivé' and Ycognitive" factors should be included. Thus the view of

personality teken in the rest of this thesis is that the conventional
personality traits dealing with essentially non-cognitive elements of
personality must be supplemented bv an awareness of consistencies in cognitive

stvle as personality traits. This position is particularly relevant for a

consideration of possible relationships between personality and 1eérning.

'Cognitive traits' refer to consistent modes of processing and storing

information. Conventional traits refer to consistencies in response

to the situations represented and transformed by our cognitive processes.
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With personality seen in this way it is sometimes inappropriate toisearch
for relationships between personality and learning. In one’sense this.is
legitimate ie when examining relationships between conventional traits and
leérning. When cognitive personality traits are considefed however, one is
attempting to identify fundamental consistencies in cognitive style that are
manifesf in both the persoﬁality and.learning areas ie cdgnitive personality
traits and conéistencies in learning could be manifestations of the'séme

fundamental consistencies of cognitive style.

Previous work on learning and personality

This section is not intehded as an exhausti&e review of previous work on
pérsonality.and'learning. It is meant to give the 'flavour' oflfevious and
current research and make it clear that the work reported‘in'this thesis, by
approaching the problem in a different way,*éombléménts much of the previous -

work done in the same general area.

A substantial amount of time and effort has been devoted to studies attempt-
ing to examine the relationships between learning and personality. Studies
have examined the relationships of personality variables toloth teahhing

conditions and academic achievement.

: G§ldberg (1972) reviews a large number of studieé aimed at uncovering
relétionshipsvbgtﬁeén téachingvconditions and personality factors and notes

thé lack of posifive fiﬁaings. .He then éoés on to describe an extensive

‘study of his own and concludes that, "In summary thén for each of these five
criteria and each of these two major variations in experimental teaching
conditioné some 300-400 'a-priori' personality scales produced a few dozen
significant inter-action effects. All these inter-actions could have arisen by

chance alone and none of them were truly larée in magnitude'.

Most of the work concerning academic achievement has been conducted with

the personality scales of Eysenck or Cattell.
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In a series of studies by various investigators the relationship of Eyserck's
personality factoré to échievement was found to be rather complex; Furqeaux
(1957) and later Lynn (1959) found that successful students tended to-bé
iﬁtroverted. Caliard and Goodfelléw (1962) working with secondary school
1 -children found that high achievément was associated with low neurotiéism.'
Savage (1966) found that successful brimary school children were extraverted
and.not neurotic;' Further large scale’studies by En£whistle and Cunningham
(1968) [ N - 3,000/ and Eyserck and Cookson (1969) /N - 4,_0997 also produced

apparently contradictory results.

Hdwever, closer inséection and éubsequent résearchihas revealed a pattérn:see
Eﬁtwhiétie'(l972):i Successful pupils in primary school tend to be more
extraverted and less neurotic and successful students atvuniversit& or
collegé are more likely to be intfoverted.ana possiﬁly neurbtic. However,

as Entwhistle (1972) points out, results are not entirely unequivocal.

Research with Cattell's factors is even less conclusive. Cattell, Sealy'and
'SQeeney (1966) repofted a number of studies.where the correlatibns ?etween
attainment and personality factors were generally very low. Rushtdn (1966)
aiéo found low correlations, bﬁ£ did demonstrate that results for the second-
order factors, Anxiety and Extraversion were comparable with those obtained
by Savége‘(1966) for primary sChool children. Thus,‘at least the results

obtained using the two different scales appear to be compatible.

As noted above it is possible to identify a genéral pattern for the results .
‘obtained using the Eysenck scale. Establishing such a paﬁtern presents the
new problem of 'explaining' the pattérnf One explanation is that the change
in personality profiles of successful Sfﬁdenfg réfleCts differences in‘

‘ feéching_méthods and the learnef's abilitj to cope; 80 that, for exémple;
Qhenka university student is largely expected t§ rely on his own resources
an introverted disposition would prq-diSpose the student to_ehgage in good
study habité, Eysépék(l972). Other points of view have been put forward and

Anthony (1973) posifs a 'non-czusal'! one based on the aséumption that an
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individual's rate of development of general ability and extraversion is

constant, relative to his peers.

There is, however, no widely accepted general explanation of the results
described above. One reason for the lack of a comprehensive explanatory

principle may lie in the orientatiopn of the sfudies. Most of the -studies

are 'product' centred rather than 'process' centred. The products of

learning (eg examination reéults)(have been examined and attempts made to
relate them to personality dimensions. . Such an approach is understandable
since the process of learning appears‘to involve a éollection of private,
internal cognitive events not availablé for examination by an observer.
Furthermore if process différences do hot cause product differences they are
not of urgént pedagogicél significence. However, such a product-oriented
~approach does not do a great deal to help clarify any pdsSible dimensions of
learning activity that may be related to perébnality factors. A process-
oriénted approach aimed at definiﬁg stable indices of 1earning and invest-
:igating the relationship of such indices to personality factors cduld act
“as a prdfitable'complement to the product-orieﬁted approach already widely
usédband is more likely to help pfoduce an 'explanation' of the results
obtained. It would be interesting to see how the factors of most interest
(extravefsion/introversion) can be related to learning processes. One of the
few attempts to do this; Leith and Trown (1970) wili be discussed fully in

a later sectione.

Study of the existing work on learning and personality indicates that most
autpors‘séem to consider that in addition to conventional (orectic)
personality dimensions the 6n1y other significant factor that may relate to
écadeﬁic performance is 'intélligence': Cognitive factors always séém to

be viewed from an 'evaluative' viewpointénﬁ‘haVing'mdre or less' general
ability/verbal ability/intelligence is related to 'bettervbr worse" attéin—
ment. Few studies give the impregsion that 'differences! in cognitive

1

‘:activity could be related to 'differences in attainment. In other words
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differences in the way people learn bring about different - but not

necessarily better or worse - learning outcomes. -

An Eclectic Approach

VThe approach adopted for this study was an eclectic one and no single
theoretical view of personality has been adopted. It was felt that an
approach where useful tools or concepts were used freely without concern

‘for theoretical dogma would be most appropriate.

This approach is not a ﬁarticularly novel or unusual one since there is
little unity in any of tﬁe areas of psychology. 'Attgmpts; like this oney

‘to get‘to gripsﬂwith a new area usually involve an initial period where there
is :a praématic seafch for dimensions of difference, which lead to useful
results; aﬁd during which the iﬁvestigator is prepafed to cast his nét very

widely and use whatever methods and associated theory seem appropriate.

Thus,’inbthis study extraversion-introyersidn, aftention'deployﬁent and
personal construct theory and various other concepts were uéed as and when
they wefe ééen fo be useful.- However care was faken that the qse-Qf various:
cénéepts and any fheorizing was consistent with the,basic theories or View-v

points from which they have been developed.
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Plan of Study

Introduction

A dilemmavthat often confronts an expérimenter is whether‘u>collect a
‘number of easily obtainéd méasures frqm a large number of people, or
’ ﬁhether to‘fake measures that are more difficult or take longer to qbtain;’
~from a smailef'nﬁmber of people. This is a fairly cfude‘stétemeht of a
Qery difficult probiem for which there is no general answer. if is often
poiﬁted out that the use qf large sambleé will ensure that a high level
of confidence cah be placed in ‘any significant- results obtained ; eg
McCall (1970); On the other hand it has also been noted that, if a large
enough sample is takeﬁ it is possible to find;statistically significant
differencés between almdst anything, eg Morrison and Henkel'(1970). 
Although thére are, of course, techniquéé available for examining the

‘magnitudevof effects.

Small differences of relationships that are significéntffdr a large sample
size may prove to be of no value when considering individual insténces;
conversely data concerning a small sample may be unreliable and maFe little

contribution to the understanding of general issues.

Many more 'pro' and 'con' statements can be put forward and serve to
demonstrate that there is no general solution to the problem and each
‘situation must be evaluated and a course of action pursued that is appro-

 priate for that specific situation.

The study reported here Qas a réthér detailed, 'nit-picking' inquiry; One

of the aims of the studj was to examine the possibiiifyaéf making inferences
about ¢ognitive,processes'aﬁd'df relating these to scoreé.on‘standard
psychological tests of personality. Because of the'natufe of the study

which was in some ways a feésibility study andds because of the methods
usedbfor dtteﬁptipgﬂtq examine learning it waé essential that the perfbrmance 
of each individuai'studenﬁ was stﬁdied iﬁfensively and monitored. very closely.

Thus the study did not lend itself to data collection for large numbers of

~ people.
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In practice 14 learners were studied - the time ard effort inwlved in data callection
was ektensive - probably more extensive than many large sample studies
where it is possible to collect data from}large groups all in one go;
For this study something in excess of 12 man weeks was taken uﬁ purely on
observing leamers or administering tests. This figure does not include
k travelling time, preparation time,'apd s0 on; The total period of data
kcollection for this study extended over 3 school terms and'deménded the
—éervices of one experimenter/observer more or less full-time (the work was

shared 50/50 between the writer and various other experimenters).

As already noted there are no uni&ersal advantages for the intensive study
of small groups over less detailed study of larger groups but for this
particular study, which isin practice a modest pioheering study, it was
felt that the devotion of attention to individual students was the most

appropriate way to proceed.

The iﬁtensiveystudy of students only ‘applies to their learning performahce
sinéé this is the area where little is known about the héture of individual
differences. Instruments used for measuring personality factors were with
é few exééptions, sfandard psychoiogical tests that can be administered
fairly quickly (the longest must be administered on an individual basis and
takes approxiaately one hour). Although it would have been possible to make
a much more detailed and intensive stgdy of personality factors this was not
felt to be eithér necessary or justifiable bearing in mind the abundance of
existing, easily administered tests and their reliability and validify.' The
potential usefulness of any findings was also felt to be enhanced if the
personality measures were standard - thus only two measures were spéﬁially
developed for this study. |

General aims and overview of study

 As already noted the investigations conducted were essentially opportunistic.
The writer was given the opportunity to participate in studies using the

INTUITION équipment and felt that the opportunity was worth taking and would
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'provide a possible means of gefting avbettér understandingof a number of‘
areas pf_.interest. These areas of interest centred upon personality.gnd
learning. They included an interest in how_éognitive processes can bé
exteriorised and studied and Qhether stable iﬂdividual differences in
learning strategies could be identified, measurea and correlated with

personality variables. -

The general aims of the study reported here were:
1) To identify and assess the reliability of the possible indices of
leaining style that can be examined using the INTUITION equipment.
2) To generate hypotheses coﬁcerning the relatiohéhip between these
indices aqd individual differences in perspnality.
3)  To test the hypotheses‘generated at (2) above.

L) To examine relevant theoretical and methodological issues.

The‘INTUITION e@uipment has been fuily deécribed earlier. The equipment -
enables the experimenter to observe many characteristicé of student |
behaviour:

1) Errors made.

2) Time taken on each node.

3) "Aiming' behaviour.

4) ‘'Exploratory' behaviour.

'5) Route taken through material.

if woul&.perhaps have been possible‘to learnua good deal about the processes
involved in learning by examining the relationship of these various para-‘:
meters to each other and look for individual differences in the pattérn of»
relationshiﬁ between factors like errors, aiming activityVgnd;exploration.

To do this on an 'ad-hoc! basis with fiVe-meésuresvto ekamine Qould require -
larger numbers of students thahvare available for this study. Thé.alternative'
procedure would be to.engage in an investigation of the theoretical literature

relevant to such measures and make 'a-priori' predictions. This would be a

sensible épproach if the principle aim of the study was to investigate
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1earning behaviour alonee., However, the purpose of this study was to
investigate learning and ‘'personality' so that interest is not centfed‘on
learning as sﬁch. Thus no predictions concerning relationships between

- learning indices were made. The fact that no hypotheses were held

: éoncerningkrelationships bétween the various -indices of learning'style
means that each could Be considered separately and, in effect, treated as'
separate éxperimental data. In prgctice there may well be reiatiohships
betweeﬁ the various indices - and these were considered on an 'ad hoc!

" basis.

A series of separate 'sub-experiments':

In efféct»a numberbof séparate experiments were c&ndﬁcted. The central aspécts
of the experiments were attempts to validafe specific prédictions cohcerning
rglationships between personalit& factors ;nd iﬁdices éf 1earhing activity.
'HoweVer related issues such as the feasibility of studyiﬂg finternal! cognitive
~ processes and the theoretical issues undeflying the prédicted interralation-

ships have also been given extensive attention.

Four indices of learning activity have been examined:

'Aiming' activity

- Erfors

- "Expldratory' activity

- Route taken
The reliability and validity of thése‘indices have been examined and
attempts made to.validate specific predictions. ‘The investigations conduc£ed»
are reported as follows. /
Chapter 2 - Aiming, errors and»personality.'

Chapter 3% -~ Exploration and pefsonality.

Chapterns L4 and 5 - Route taken and personality.

The personality measures empldyed'can,be divided crudely into non—cognitive
(eg the Eysendxpersonélity inventory) and cognitive measures (eg cognitive

. complexity).
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The work discussed in Chapters 2 and 3 examined non-cognitive personality

factors,whﬂeasthéwork described in Chapter 4 examined cognitive personality

. measurese

‘Chapter 6 provides a summary of work carried out, conclusions and a discussion.

Students workedvoh the equipment individualiy for sessions of 14-2 hours

(ié a double or treble 40 minute period). The students were all 6th form
pupils at the Grammar School and were all (unpaid) volunteers. The learning
»équipmént was at the school from February-December 1974 (excluding holidays).
During this time a total of 15 students worked on the equipment on an .
individual basis. (There were also éome students working as groups, but

they are not discussed in this thesis).

Students using the equipment normally attended on a regular basis, either

‘ 6nce or twice‘akweek‘for'learning sessions*. Whenefer a studént wdrkgd on
the equipment an experimenter/bbseryer Qas present. This workywas‘shared
between the author (approximately 50% of the workload) and three others. As
far as possible each student was assignéd to a specific expefimeqter.for the
whole of his course. Table 3 shows the numbers of students completing the

various modules of the course.

Module 1 [Student [Module 2 Student | Module 3 | Student
No f No No
-1 -1
-2 ; -2
. -3 | | -3
Number of -4 : N et
students (] -5 G4 -5 (
completing 14( -6 - 1O( -6 2 ( -6
each ‘ -7 o -7 - -7
‘module. . ‘ : : -8 ' -3 ,
1 -9 D
=10 . . -10
-11
-12
-13
| =1
Table 3 (Students completing the 3 modules)
~* Footnote There were a number of missed sessions due to illness, school

trips, the heed to attend certain lessons etc....but frequency
rarely fell below one sessionva week per student.
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’As‘tablé 3 shéws all but one of the students completed module one. The
student'who did not complete modulé 6ne appeared to find the equipment,
: difficult to 'come to grips with' and was extremely nervous and withdrawn
during the learning sessions. Her prbgress was extremely slow.compafed to

‘the other learners.

One of the students who completed module one but not modﬁle two left school
prematurely to take up full-time employment. The others who did not compléte'
module two were still working on the equipment in December; at the end of

December the equipment was no longer available for use at Henley Grammar School.

Only two students completed all three modules in the time available.

Tests Used
Personality tests

All of the studéntérwere givén a' battery of 'personality‘test#'.  For the
moment no explanation of test éontenté or administrativé pr§cédures will be
given other than the fitle of the test, approximate time to‘administer'and
wﬁether;ﬁis given in a groﬁp or individual setting. A thorough ponsideration
of each test will take place at a later point when specific hypotthés
conéerning personality factors and learning behaviour are discussed. The

tests usedlare listed below:

Group Tests

1) EysenckPersonality Inventory. Eysenckand Eysenck (1968) (20 minutes)

2) Cognitive complexity test. Bieri et. al. (1966) (40 minutes)
'3) Tolerance of ambiguity test. Budner (1962) (15 minutes)-
4) = Test of self-consistency. Gergen and Morse (1966) (20 minutes)
5) AH5 general ability test. Heim (1968). - (4O minutes)

Individual Tests

1)  Attention deployment test. Mendelsohn and G;;iswold (1965)(30 minutes)
2) Industrial Relations (probiem-solVing)‘test. Developed specifically

for this study. _ S (50 minutes)
3) Iﬁformation collection test. 'Developed specifically for

4thiévstudy.u - o V;f(4O minuteS) f,*f
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Two group testing sessions took place in June and November. Each student
also attended an individual testing session where he was given the three

individual tests. All tests were administered by the writer.
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Summary

Main points in Chapter 1

- This study was an attempt to relate learning processes (not products)

to peréonality factors.

- It made use of a sophisticated system to sfudy students' learning activitye.
The system supplies the student with a topic map of the subject matter area
and makes use of special techniques to exteriorise the learning strategies

that students use to work throﬁgh the material.

- . The work conducted sought to complement work already done by studying
the leafning process and by making use of 'cognitive' and 'non-cognitive'

personality,factors.

- It was a study based on the intensive examination of the learning
activity of a small number of students. This represents a considerable.
investment of time and effort in the data collection phase of the study

(much more, in fact, than many studies of substantially larger sa?plés);

- The study was conducted using a small group (N-15) of students from
Henley-on-Thames Grammar School and data was collected over a period of

one academic year.

- The méjor aims of the study were to identify and aésess the reliability
. of possibie learning style indices. To develop and testvspecific hypotheseé
; relating these indices to personality characteristics. To study inter- ‘

relationahipé betwéen the indices of 1eafning aétivity on an ‘'ad-hoc' basis.

To discuss relevant theoretical issues.
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CHAPTER 2
TOLERANCE OF AMBIGUITY, EXTRAVERSION AND LEARNING ACTIVITY

Introduction

This chapter is concerned with relationships between personality
factors and specific indices of learning activity. The indicés
of iearning activity td be considered are: | |

‘»i) "Appreciation span' - ie the distance between the topic

thatva studentris working on and the topic he is aiming at.
ii) "Errors" - ie the errors made by students when attempt-
ing to demonstrate understanding. |

These indices will be discussed more fully later‘and for the moment
the general description of’what they signify, given ébove,'wiil.bé
sufficient. |
’The behéviour of a student working on the INTUITION eqﬁipment can
’be'considered on, at least, two ;evels. At the 'macro? le§e1 fhe
. way in which the student ?lans and oréanises hisilearning cén be
examined. | , K | _ e i
Measures relating-tb fhe topics chosen as. aims, the topics explored
and the route taken fhrough the topics di$played aré'all macro
variables and can be evaluaﬁed by recording how the’studéﬁt ihteracfs
with the topic-map, with no reference to what fakes place when he’
actually attempts to come to understand specific topics.
By contrast, micro variables aré.concerned with what takes place when
a student works on a particular topic and attempts to understand it.
This distinction is, to some extent, an arbitrary one and also there
are certainly levels.other than the macro and micro categories |
mentioned here; nevertheless the diétinétidn is useful.
The distinction helps to highlight the differenceé énd-siﬁilérities
between the stﬁdy_repofted here and other studies of thevlearning‘
process. :Mostyof the indices of 1éarningkto be examined here are

macro variables and relate to the way in which a student plans and
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organises his learning of a complex body of knowledge made up of

‘discrete, identifiable but interrelated topics.

Appreciation Span

The insfructions given to students and the role of the aiming trans-
action in the learning proCédnre are dealt with in Chapter 1 and |
appendix (2).

Before a student is allowed to begin work on a new topic, as he
progresses through the matefial, he ié fequired to indicate his
cﬁrrentvaim.

The topic that a student chooses as his»gig_must be one that he does
not yét understana. It is explaiped to the.student that he is at
liberty to choose an aim‘that is some distance away from his immediate
goal, or alternatively his immediate goal and aim may be the same
fopic. For example when a student begins work 6n his_first node the

board could be asvshown in Figure 1, Figure 2 or somewhere in between.

QEm. F\Nm.oe,ocm. o AgsTeacT,

Rim _ A
ToRrL.
wouaoth :
Tol\CL ©

Figure 1. (Aim topic and 'work-on' topic far apart)
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Figure 2 (Aim topic and 'work-on' topic are the same)

In figure 1 the student's 'aim' and 'work-on' topics are separated by
the largest possible distance. Whereas in figure 2 the studené is
aiming at‘fhervery topic that he is currently working on. The
'distance' between the node that a student is working.on and his aim
has’been termed the studenf‘s “appreciation_span“, Pask, Scott and
Kallikourdis (1973), because it appéafs to represent the extent to
which a student looks ahead and 'a,lr)preciatesv| topiés ahead of those he
is currently w&fking on. (Whethervthis is so or not will be diScusséd-

- later).

Pask, Scott and Kallikourdis do not go into the details of computiﬂg
an index of appreciation span and the pfocedure described below was

developed as a computational aid.

Computatibnal Procedure for Appreciation Span

A value computed to express appreciation span should reflect the

'distance' between the topic currently being worked on and the foéic



being aimed at.

ko

To illustrate the procedure adopted module 4 of the

three modules concerned with probablllty theory will be used as an-

“example figure 3 shows mo

Figure 3 (Topic map for Module 1)

To compute a value for appreciation‘span the entailment Structufe for

‘each module was divided up into a grid.

shown below in Figure 4 .

The grid for module 1 is

Re ; )qn

Ab.

Re An Ab
o - o
Re\ Anl Alb
- loe o ° o o
ﬁz;&etlh And [Ab2a Ab2b
o | o
Re 3 Av3
deuatelf vt AbLH
| Qs we | " Ahﬂh&__
o —=2
ReS AboS
o -4 [
|Reb An(o’  Abb

Figure 4. (Grid for computing appreciation span)
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~ Using the grid, a value for appreciation span was computed by
" counting the minimum number of cells that a student must pass through

to progress (legally) from his ‘'work-on' topicfto his aim.topic*;

Examples are given below:

Example 1

Aim topic = Re5
Topic being worked on = Reb
Topics already understood = None

This ié shown on the grid as in Figure 5.

%

" Figure 5 (Appreciation Span =1)

*Footnote: For computational purposes topics on the same vertical
level and in the same semantic category were counted as one cell;
‘eg Rela, Relib, Relic. The cell was only classified as understood
when g;l.member nodes were understood. This seemed to prévide a
more realistic representation of how the students perceived the
entailment structure. In practice (although absolute values are
different) there is little difference between computing in this way
and adopting an approach where each topic is considered separately,
especially when mean scores for a whole module are computed (as they
are for all statistical analysis reported in this thesis). -



ExamEle 2

Aim topic = Ab1
Topic being worked on = Re5

Topics already understood = Re6, An6, Abb.

A

L ok
AV VanVaiY

Figure 6 (Appreciation Span = 5)

In written introductory material (see appendix (2)) and in a separate
verbal introduction the student is told how to use the aim plug[ He
is informed that he may aim for any topic on the board, as long as he
does not already understand it, but that he should not aim for a topic
that is meaningless to him; The aim topic should constitute an

‘explicit indication of his future intentions.

Once a student begins work on the equipment he is given complete free-
dom to choose any aim that he wishes in theyexpedtatioh that he will
do so in accordance with instfuctioné already given. From time to
time when choosing a new aim'students are reminded of .the purpose of

the aim transaction.

When learning new material,either by INTUITION or by some more
conventional meané such as a text book, learners frequently have

opportunities to look ahead and plan their future activity by specifying




(perhaps only td themselves), aims of one sort or another. It is a
hypothesis worth considering that people differ in how much they
choose to look ahead and plan their learning‘and‘that‘this difference

represents a general and consistent disposition on the part of

individuals to plan ahead or not. On the other hahd it may be that
planning of iearning behéviour may vary greatly according to
situational factors - such as subject matter, or it may be influenced
strongly by momentary changes in mood or motivation, so that plénﬁing
activify is fluctuating and inconsistent, not dependent on geﬁeral
rtraits or dispoéitions.

Rellabllltx
" The implication of thls for ‘the present study is that the rellablllty

and consistency of aiming behav1our dlsplayed by learners should be
the first factor to be examlned. It is likely that students will
exhibit differenceé and similarities in aiming activity. Previous
studies eg Pask and Scott (1972, 1973), Deniel and Dunn (1973) suggest
that learners exhibit wide inter-individual differences together with
highly stable intrarindividual consistencies,such that pedple’éive a
wide range of appreciation span values,bﬁt each personffairly consist-
entlj chOOSes an aimifar away from or near to his immediate goal
throughoﬁt his learning. Previous results, however, have been obtained
'uSing the CASfE equipment and no data had been'gathered relating to the
INTUITION equipment used in this present stﬁdy. Although there are
many similarities betweeh>CASTE and INTUITION there are enough

differences for students to behave very differently.

As already mentioned three modules of learning materialkwere used in
the present study. ‘i vThe'reliability for appreciation span could
beexaminedtw'correlating stﬁdents values for this index écrossﬁall
vfhrée modules.‘ (In practice most students only completed two ﬁ§dﬁles
‘and it bnly p;évéd possible tp'correlate scores for two rather than

all three modiles). Secondly records may be inspected to check that
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within a module students consistently aim close to or far away from

their immediate goal (an estimate of internal consistency).

These two procedures will supply evidence on the stablity and
reliability of appreciation span as an index of learning behaviour,

in this particular learning situation.

The record sheets at appendix (4) give a record of students progress
through the learning material, showing topics worked-on and corres-
ponding aims. Appendix (3 showé graphicaliy'the chénges iﬁ
éppreéiétion spaﬁ for each Student. The ordinate represents the
distance® between current node being worked-on and aim node. Thus
the line plots each students measured appreciation span as he prog-
resses £hrough the material. ' The crosses (X) indicéteh'exploration'
énd'will be referred to later at a moré appropriate poihf. Inspecfion
of fhese graphs and‘the recording sheets in appendix (A) fevéal that
students are consistent in the appreciation span that they exhibitﬂ
Some studenﬁs, number 7 for ekample, seem to consisténtly‘set t?eir
aim some distance ahead - and'slpwl& work‘towafds it, having reached
ifvthey'then speéify é new aim, also some way aheéd, and work towards

that - .and so on. Others such as number 3 or 5 settle down to aiming

consistently at the immediate next node to be worked on. Others such

as number 2 or 10 have a series of medium distance aims.

An average value for appreciation span may be calculated for each
student on each module by dividing the sum of the student's apprecia-
tion span(ie compute a value for each node worked on - and sum) by

the number of nodes worked on.

~ Average Appreciation Span - App. Span at each node*

Total nodes worked on

* Calculated as shown earlier.
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The reliability of this measure as an index of student learning

activity méy be assessed by examining student scores on modules

1 and 2.

The mean éppreciation span for each student on Module 1 and 2 is

showﬁvbélow.

Student No Appreciation Span (Module 1) Appreciation Span
(Module 2)
1 1.43 1.93
2 0.36 1.29
3 0.79 0.0
L 1.79 k.7
5 0.3% 0.0
6 1.46 5.16
7 1.92 2.63
3 0.92 2.26
9 3.85 5.1
10~ 0.56 0.96
1 1.94 3.35
(almost complete)
12 1.11 - R
13 0.0 -
14 2.14 -

~4

Table 1 (mean values for appreciation span)
The product moment correlation coefficient for the students who

completed both modules = 0.759 (N = 10)

. . Spearman/Brown reliability coefficient
for combined scores = 0.863

Thus, mean measured appreciation span is a consistent and reliable

paramefef and the combined scores for modules 1 and 2 will be reliable.

In order to combine scores for modules 1 and 2 standard 2z scores were
computed for each module, added and divided by 2 to provide a

combined score. These scores are shown in table 2.
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Student No & Score

-0,1095
-0.5627
-0.9401
+0. 3064
~1.1441
+0.7642
+0.3206
-0.2748
. +109399
~0.7994

R .
O\ O~ O\ W S

Mod 1 + Mod 2
Table 2 (combined (&) scores 2

Thus the most reliable index of appreciation span is the combined
standard scores for modules I and II (reliability = 0.863). To check
for confirmation (or contra-indications) any statistics computed
using the combined scores will also be computed using Module I scores
only (N = 14). C '

Personality dimensions relaﬁéd to appre;iation span
-Having ésfablished that appreciation span has the property of
-reliability the next step is to consider what a high or low
appreciation span might be an indication 6f.

_ i
The most immediately attractiye point of view ié that- the greatér7é'
student's appreciation span, the furfher ahead he wés looking, so
that, for example, a student who qonsistently aimed. at the ﬁode he
was about to work on was not looking ahead'ét all. In other words a
large appreciation span meané that the student gave consideration to
fopics well in advance of his working region and understood how fhey.‘
relatéd to other topics; whereas a student with a Smail appreciation
span gave no consideration to topics ahead of his working region.
Clearly the instructions given to students are designed to ensure that

appreciation span does indicate this feature of student behaviour.

Discussions with students after they had completed the course and a
close examination of student records revealed that appreciation span

-does appear to represent the extent to which studentsilookéd ahead..

-
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More specifically, it indicetes how far ahead they made specific

plans concernihg future activity.

When questiaoned at the end of the course studehts who had displayed
‘a small appreciation span often claimed that as they worked throuéh
the course they did have some idea of what future topics were about
but’never'entertained any Speéific plans concefning the order of
 working oﬁlfuture topics. Students with large éppréciatioﬁ spans, by
coﬁtfast, often said that they had a clear idéa of the eventual route
that théy w6ﬁld-take and had an idea of the topics to be covered en

route.

Possible reasons why Appreciation Span may not indicate planning 7

i) ‘t'over-aiming'

There are two major errors that could have occurred and made apprecia-
tion span invalid as an indicator of how far ahead students made plans.
Firstly; tﬁere is the possibilit& that a student‘could’have aimed at

a topic some distance from the topic being workéd on, (ie displpyed a
high apprediation span) whén he did not, in fact, have the required
minimal understanding of his chosen aim, and thus it did'not represent
a realistic aim. Questioning and probing on. the part of-the'expéri-
menter/observer always ensured that at a very minimum each student
could give evidence of how his aim node related to the node currently
being wofked one. lIt is possible that occasionally é student‘was
unclear about the étatus of his aim in relation to other semantic
categories on the entailment structure; But it is félt that as long
as the student could relate his 'aim' to his 'work-on' node this was
sufficient to prevent aims.further ahead-than a 'true-aim"being
cﬁosen. Thus 'over—aimiﬁg' is not seen as a signifiCant~source of

errore.
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ii)_ 'Under—éiming‘

Seﬁondly, the reverse of the above may have happenad}xﬁAa student's
true: aim could haveAbeen further ahead than that indicated by his
chosen aim node. Thus, although a student had a specific aim in

mind (sbme distance ahead), for some reason he did not indicate that
this was the case. Verbal reports have alread& beén cited and indicate
that students who displayed a small appreciation span did not entertainr
Specifié aims. concerning future topics. More significant thaﬁ these

~ verbal reports is an'éxaminatibn of students' exploratory behaviour.
Rgmember that students may»'explore‘ any topics oh thevmap whenever

they wish to, and receive a brief (2-3 line) outline of the topic.

If studenté wére, iﬁ‘fact, entertaining ‘real aims' some distance
shead of their 'stated aims' it would be expected that; at least
occa51onally, they would explore toplcs beyond their stated aims. If,
however, exploratory behaviour normally took place w1th1n a- reglbn-
bounded by the stated aim node it is unlikely that a student's real-
aimvwas further ahead than his stated aim. Figs 7 (a + b) show khe

alternative situations,

xv
, : ‘ ‘ ' T 3 '
xAx S o A
o x ‘ X
Tk

X3 : ‘ o | L

Fig 7 (a) (No exploration _ Fig 7 (b) (Some exploratlon
beyond aim) beyond aim)

A = Aim node
X

QO = Work-on node

Explored node
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If the normal situation was that found in fig 7 (a) it is unlikely
that 'real aim' was beyond stated-aim. On the other hand if students

frequently explored beyond their aim node - as in fig 7 (b) it is

possible that 'real aim' was beyond 'stated aim'.

Inspection of students' records shows clearly that students hardly
ever explored topics beyond their stated aim except when exploring

to select a new aim.

Thus the available evidence indicates that appreciation span is an
~ index of the depth of specific forward plénning that students engaged

-in.

This planning activity may be relatively situation-specific and
although students show consistencies ffom one module to another, if
the subject-matter or modé of presentatinn were changed the planning
activity could also change. So that for one particular subject matter
student 'X' may plan ahead rather extensively and student 'Y' may not
plan shead at all - but for another subject matter student 'Y' may
plan ahead and student 'X' may not. Alternatively. the planning
behaviour engaged in may be influenced by genefal dispositions and
although situational changes have some effectrstudent 'X; will

consistently engage in more extensive forward planning than student 'Y'.

Which of these alternatives is the case is a question of some
importance to the study reported here. In an attempt to resolve this
problem, relationships between student behaviour on INTUITION and

theoretically relevant personality,charaéteristics will be examined.

The approach adopted will be to identify specific personality charac-
, teristics theoretically related to‘looking ahead and forward planning
and examine the relationship of these characteristics to observed

appreciation span.
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Personality Dimensions related to looking ahead and Planning

Extraversion/Introversion

Eysendthas deteloped a theory concerning the structurekof personality -
and'the evidence in support of his thebretical-viewpoint has’been
mentioned earlier. One of his major dimensions of personality is
’ Extraversion/Tntrotersion. Other writers, eg Cattell, identify
similar‘dinensions. Eysenk discusses extraversion at both the
physiological and behavioural level and has madeistrenuous, though
'ﬁbt entirely successful, efforts to identify and interrelate
individual differences at these levels of analysis. His theory is
one of the more widely discussed conceptualisations of personality and
as the discussion in an earlier section denonstrated has been much
used by 1nvest1gators studylng relationshlps between learning and .
personality. It was also noted earlier that the ma;ority of ex1st1ng
studies were product—centred To identify a relationship between a
variable,‘such as appreciation span and extraversion or introversionv
would be a significant step forward and COulddcontribute to undprstandé
ing the existing pattern of correlations between extfaversion and

academic achievement.

Eysenck(1967) describes extraverts and intro#erts and says that a

typical extravert is 'impulsive, takes chances and acts on the spur of

the moment', whereas an introvert 'tends to plan ahead , looks before
he leaps, distrusts the impulse of the moment and likes a well ordered

life'.

These statements suggest that a relationship betweenvappreoiationispan
(as an index of ﬁlanning ahead) and extranersionroan be expected.
Eysenk asserts that introverts plan ahead whereas extravefts do not,
thus it would be anticipated that extraverts would, in general,

exhibit smaller values for appreciation span, than introverts.
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A study nét mentioned earliér but of pérticular interesf here is
one conducted by Shadbolt and Leith (1967), reported in Leith and
Trown (1970). Shadbolt and Leith investigated the hypothesis that,
~ ".......teachiﬁg materials constructed so as to induce errors and

£o_arouse ambiguity aﬁd uncertainty would favour extraverts , while

carefully structured, clearly defined seQuenceslof teaching material
would give better results with introverts......". Their data

supported the hypothesis.

Leith anderown (1970) gave students 'structured! or 'unstructured'
learniﬁg méterial. The structured_material was a rules first
éondition; students weré supplied ﬁith rules to "explain or. cover the
logic of pfactiée examples'". With the unstructured material students
grédually deve10ped an undérstandiné bfvthe rules. Degfee of exfra-
version was related to the sort of material that sgudegts performéd
better with; extraverts being better with unstructured materiél; s
Leith and Trown (1970) discuss both of the studies mentioned above

: and.suggest that extréversion/introvérsion ié related to tolérénée of
ambiguity and structure, with introverts.preférring unambigubus, well
‘Structﬁred learning situations. |

Tolerance of Ambiguity

The comments of Léith and Trown introduée‘the idea that tolerance of
ambiguify, extraversion and learning preferences are interrelated.
Their suggestion that introverts prefer unambiguous sitﬁations is inl
accordance with Eysenk's description éf introverts as preferring 'a
well prdéred‘lifei and seems to fit in weil with their experimental
data; however; exfraversion/intro;ersion can certainly ﬁot be
considéred as a 'pure' test of tolerance of ambiguity’and a test
developed by Budner (1962) can be used to examine this'peréonality

dimension more.directly.
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Sfrdtegic uncertainty

When a person is working on the INTUITION equipment, or is in any
other situétion where he is given a choice of route to'take)he is
faced with an element of strategic uncertainty, Pask and Scott (1973).
This uncertaintyvis manifest every time he has to ¢hoose‘a new node

to work on.

One possible way to‘reduce uncertainty is to look ahead early on in
the exercise and plan a route. *As.with any planning, the activity of
seiecting an aim can reduce the range of possible immediate choices
énd thus reduce strategic uncertainty. By specifying an aim sbﬁé'
distance away from his current position a person éan reducg‘so@e-of

the uncertainty concerning future work.

When learners begin work on the INTUITION equipment they are faced
with a totally new learning environment and the prospect of working

through a large number of strange and unfamiliar topics.

From the student's eye view this may appear to be a highly unétructured
and ambiguous situation. Students who are unhappy with ambiguous,
uncertain, nﬁn—directive situations may well wish to make attempts to
impose direction and structure~and to reduce uncertainty. _Budnérv
(1962) has suggested that individuals who are intolerant of ambiguity
may react in different ways tQ reduce it?and has devised a scale to
measure general intolerance of ambiguity. Inﬁolerance of ambiguity'

is defined by Budner as 'the tendency to perceiﬁe (ie interpret)

ambiguous situations as sources of threat'. He suggests that the

important features of ambiguity are novelty, complekity and

insolubility.

Learners who obtain a high score ‘on Budner's scale (ie who are
intolerant of ambiguity) should, when confronted with a learning

environment such as INTUITION; characteriéed by novelty and complexity,
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perceive it as threaténing. Reaction to this threat woﬁld be
dependent on opportunitieé available fbr reduciﬁg or avoiding
ambiguify. As already noted Students may attempt to reduce ambiguity
and uncertainty by plaﬁning ahead. This implies that students with

low tolerance of ambiguity will tend to plan ahead more extensively

than students who. are tolerant of ambiguous situations.

Problematic uncertainty

Pask'ahd Scott also discuss another kind of>uncertainty known‘as
Fproblematic uncertainty'. This refers to the extent to which a
student is uncertain - ndt about the order in which he will work .
through-a set of topics, but about the topics themselves and. the
subject—hatter that they areiconcerned with. Prdblemétic uncertainty
may be réducedyin many ways. VIn a sense, learning can be seen as a
reduction of pfoblemétic uncertainty énd any student must (by
definition) be uncertain about topics that he doesAnot fuliy understand.
Thus one way td reduce problematic uncertainty is to learn about the
topic in question. However, there are many topics that people éo not
understand -~ but’this does not make them feel uncertain. For example
most people are uncertain about the origin of the universe - but this
uncertainty only becomes apparent when they give some consideration to
the incomplete knowledge that they do possess concerning the origin of

the universe. ‘Thus, for most people the uncertainty that exists about

certain topics, although statisticallj_legitimate is psychologically
meaningless‘since the uncertainty becomes apparént'dnly when
consideration is given to the tépics not understood. Thus students
may avoid or simply fail to notice éroblematié uncertainty by not

considering topics, ie they do not perceive or interpret the source

of threat.

‘Because problematic uncertainty'can be resolved in different ways, it

is often difficult to say whether particular;activity will result inf 
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an increase or decrease in uncertéinty. For ékample, when a
student‘iexplores' a node he may be searching for information to
,reduce his_uncertainty, alternatively he may be,extendiﬁg his
uncerfainty by cdnsiderihg.a previously ignored topic. More
gehérally, peoplé can come to recognise, by '"having a go" at some-

thing, that they are more ignorant than they'thought...

Similarly, when a student reduces his "strategic" uncertainty by
planning ahead he may bring to his attention previously ignored topics

and increase his problematic uncertainty.

Because of these difficulties it is not possible to derive hypotheses
involving consideration of uncertainty in general. Attention must be

confined to strategic uncértainty;v

It is hypothesised that students who are intolerant of ambiguity’will
display higher values for appreciation span than students who are more
tolerant of ambiguity. This will be done in order to reduce strategic

uncertainty. L

Hypotheses concerning Appreciation Span

Although reasons have been given for questioning the validityvof
appreciation span, it is probable that this measure is both a reliable
learning style index and a valid measufe of the extent'td which a
student plans ahead.  Data obtained have alfeady been used tobexamine
the consistenéy and reliability of appreciétionVSpan)and experimental
:hypotheses‘predicting relafionships betwéen appreciation span intro-
versién and intolerance of ambiguity are given below: |

The .following hypotheses wefe tested:

Hypotheses 1

~ Low scorers (ie introverts) on‘thé'extravérsion - introversion scale
.of the EP1 tend to exhibit hlgher values for apprec1at10n span than

high scorers (ie extraverts).
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Hypothesis 2

High scorers (ie intolerant of ambiguity) on the Tolerance of Ambiguity
scale tend to exhibit higher values for appreciation of span than low

scorers (ie people who are more tolerant of ambiguity).

Both of these hypotheses represent predictions that students with

certain personality characteristics will plan further ahead than

students who do not have, or exhibit less of, the relevant personality

characteristics.

Before considering these hyptheses in further detailg some discussion

" of errors made by students will take place.

Errors

The sequence of events involved when a student works on INTUITION has
already been describéd (Ch 1) and it was noted that before any topic
can be classified as understood the student must pass a test of his |
understanding of the content of thé topic. In the learning sessioﬁs
described in this thesis the test of understanding was adminiséered
by the appropriate experimenter/observer with the aid of *command
sheets' and 'check sheets'. The command sheets list a series'of
commands that require the student to carry out practical exercises
using the modelling,faciiity (STATLAB). The check lists describe the
STATLAB -configurations constituting a correct and complete carrying
out of the command. Typical command and check list sheets are shown.

in appendix (5).

If a student failed to carry out any of the commands correctly an
error was recorded on the record sheet. ‘When a student failed he had
the option of,feturning’to the tutorial material for revision or

attempting the test again immediately.
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The compléte set of record sheets are shown at appendix (4). Errors
were recorded on a binary basis. If a student made no errors at all
when demonsfrating his understanding an error score of 'O' was
recorded for thé'relevant topic, If on the other hand a student made
one or more errors an error score of e waé recorded for the topic.
This method for recérding erférs was as sensiti&e as conditions
allowed. Once é student had made aﬁ error on a topic the experimehter/
. observer would offer advice on what hé should do (eg go back to a
specific part of the text) 6r he would try to help thé student with a
Verbal éXplanation. To allow the student to continue completely
ﬁﬁaided and merely record subéequent erroré would probably have been
better from a measurement point of view but would probably have
resulted in a number of frustrated and annoyed students dropping out

of the experiments.

Thus, an error was recorded each time a student failed to give a
completely satisfactory response. A brief note of the exact nétﬁre
of the error was also made. The proportion of efrors made by gtudents

on modules 1 and 2 is shown below:

Student Module 1 ' Module 2

No No. errors , ' No. errors
No. topics No. topics

1 - 0.0 0.0
2 0.1 0.0
3 0.12 0.04
L 0.19 0.0

5 0.0 0.0
6 0.0 0.0
7 0.15 0.0
8 0.08" 0.0

9 0.0 ' 0.1

10 - 0125 0.15

11 0.06 -

12 0.0 -

13 0.25 -

14 0.0 -

Table 3 (Errors)
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There is a clear decrease in éfrors from module 1 to module 2 and
this probably represents students' adaptation to the equipment.
Prediétions (to be made léter inkthis‘chapter) concefning personality
correlates of errors are mostlyfconcerned‘with the effect that a
novel, unstructured and ambiguous learning environment will have on
students of different personalities. Any relationships will be much
hore likely to be visible when the students first interact with the

material, ie during module 1 rather than module 2.

Itiwould be inappropriate to attempt to combihe‘scores4forgj.and 2
in any way and any subséquent computation will tréat,data for the two

modules separately.

Personality Dimensions related to Errors
Discussion of personality correlates of learning has, so far,

concentrated on a 'macro' index of learning - appreciation span.

In a study quoted earlier Leith and Trown found that Extraverts
bpérformedvbettef than Introverts on unstructured material and h&poth—
esised that this was due to differences in tolerance of4émbigui£§:?i
The predictions made‘eaflier concernipg appréciation span assume that
students will take action and attempt to reduce or avoid ambiguify
whenever possible. Such predictions were not directly derived»from
’Leifh and Trown's work, which-is more directly relévant to activity

~at the 'micro' level.

Leith and Trown suggest that learning pérformance and degree of
étructﬁre in the learning situation.are‘related t&,tolerance of
ambiguity (and hence extraversioﬁ), the essence of their findings
being the relationshiﬁs between personality characteristics and éffbrs.
 (extraverts make less errors on unstructured complex material). At
the 'micro' level the teaching material associated with INTUITION has

-some of the characteristics of ambiguous situations aésdibedAearlier;
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ie novelty, complexity and insolubility.

When students begin work on a particular topic théy are not supplied
‘with specific instructions telling them what to do but are simply
‘givén acéess‘to ﬁain text and demonstration materials. They must
decide for theméelyes how best to make uée of this material and
decide, for example, how much, if any; of fhe demonstration material .
to use. The main text does,’in fact, supply a specific statement of
the essential rules to be learned, but invariably the student will
have to conduct cénsiderabie further investigation, pfoblem solving
and 'discovery—learﬂing' before grasping the rules well enough to
pass the tést of understanding. Thus the learning invoiveq is not»
simply a case of internalizing cléafly stated ruies by rote, or
similarr methods; the studeﬂt is forcea to develop his understanding
by an open-ended, discovery -based appréach. Thus,‘when working on

any specific topic students are in an unstructured ambiguous learning

situation.

!

In practice the ambiguity in the situation may be less threatening
than it might be because of the lack of time pressure on the students,
since ambiguity is probably much more threatening and difficult to

cope with when it has to be dealt with quickiy.

The previous work quoted has already shown that- extraverts are likely V
fo leérn more successfully than intro#erts in ambiguous situations .
and the suggestion has been raised that this is due to higher tolerance
'forvambiguity on the part of extraverts. On that basis the following
predictions could be made. ‘

1) ‘High scorers (ie extraverts) on the EPI will make leés errors

thén low scorers.

2) Low scorers (ie tolerant of ambiguity) on the Budner tolerance

of ambiguity test will make leSS‘errorsythan'high séorers,
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When working on INTUITION students decide for themselves when to
attempt tests of understanding. It might be expected that extra-
verts would behave impulsively and tend to opt to take this test
" of understanding at too early a stage, before they fully understand
the topic. Such a tendency would be reflected in the comparative
error rates of extraverts and infrovérts. Extraverts would make -

more errors than introverts.

Thié'predfctidn contrasts with the one made earlier stating that
extraverts and people who were tolérant of ambiguity would makekless
errors than introverts. Also consistent with‘this élternati&e point
of view is the expectation .that iﬁtroverts would beha&e cautiously

and thus tend to make less errorse.

Because qf>these conflicting expectationé it is not sensible to put
forward an unambiguous hypothesig concerning the-direction‘of
félationship between extraversion and errors. The null hypothesis
thét there is no relationship will be examined and any correl?tion
found will be discussed in the context of other felevant results.
This amounts to testing the validityiof the null hypothesis that

there is no relationship between extraversion and errors.

A specific hypothesis concerning the relétionship between tolerance

- of ambiguity and errors can be made.

Hypotheses concerning errors

- Thus two hypotheses will be considered.

Hypothesis 3

‘This is the null hypothesis that there is no relationship between

degree of extraversion/introversion and errors.

Hypothesis L

Low scorers (ie tolerant of ambiguity) on the Budner tolerance of

- ambiguity test will make less errors than high scorers..
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In addition a positivelrelationship between extraversion and

tolerance of ambiguity is expected.

hAbilitx

The individual differeﬁce dimension most ffequently used fo accoﬁnt‘
for or 'explain' differengeé‘in léarning-is that«of general
intelligence. Any alternative dimension must compete with 'g' as an

“explanatory concept and the most useful additional dimensions will

be ones that are ﬁnrelatedAto"g' and thus offer additional explana-
tory or predictivé power. Bearing‘this in mind the AHBbtest of

| general»ability was included in the battery of tests given to

students takihg part in the experiments described in this'thesis.

-Results from this test could be ﬁsed to estimate the degree of overlap

betwéen'ability and the various other factors considered.
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Analysis of Results

Hypothesis 1

This concerns the relationship between extraversion/introversion and
~ appreciation span. Relevant data is given below (see p39-42 for

details of how appreciation'span scores are derived).

Student No Module 1 Module (1 ; 2)(?9500re EP 1
(mean score) - Score

1 1.43 -0.1095 . 19
2 0.86 -0.5627 17
3 0.79"  -0.9401 |19
L 1.79 +0.8064 v 12
5 0.38 ~1.1441 12
6 1.46 - +0.7642 ’ 15
7 1.92 +0.3206 |7
8 0.92 © -0.2743 , 20
9 3.35 +1.93%99 : 13
10 0.56 -0.799% 1
11 194 - 12
12 - 1le11 ) - 13
1% 0.0 - 5
14 2.14 - 22

o - : I
Table 4 (Appreciation Span and Extraversion/Introversion)

The hypothesis states that extraversion will be negatively related to
appreciation span, ie extraverts will show smaller appreciation spans

than introverts;

(Mod 1 + 2) pearson product moment r = +0.005 (N = 10)

(Mod 1 only) pearson product moment r = +0.33 (N = 1l)

Thus the data do not support the hypothesis.
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Hypothesis 2
This concerns the relationship between appreciation span and

tolerance of ambiguity. Relevant data is given below.

, 1402 Tolerance
Student No Module 1 Module (—2—) (&) score | Ambiguity
| (mean score) ‘ score

-1 1.43 -0.1095 ; 38
2 0.86 -0.5627 : 56
3 0.79 - =0.9401 Lo
A 1.79 +0. 8064 L7
5 0.38 ~1.1441 37
6 1.46 +0.7642 L9
7 1.92 +0, 3206 Lo
8 0.92 -0.2748 w3
9 3.85 +1.9299 52
10 0.56 -0.7994 52
11 1.94 - !
12 1.11 - | Ll
13 0.0 - 51
14 2.1k - 3h

Table 5 (Appreciation Span and Tolerance of Ambiguity)

The hypothesis states that intolerance of ambiguity will be positively
related to appreciation span (ie a positive correlation between the
sets of soores). ‘ ' '

10) ’

14)

n
]

(Module 1 + 2) pearson r = +0.36 (N

+0.05 (N

n
1}

(Module 1) pearson r

It was felt that (although there are‘high positive correlations for
appreciation span scores on modules one and two) students may'take
some time to arrife at a stable level of appreciation span and hence
the relatiénship between tolerance of ambiguity and appreciation span
would be more visible on later modules. With this possibility in

mind data for Module Two only was also examined.

Pearson (product-moment) r = 0.40. (N = 10)
Thus the data relevant to hypothesis 2 shows differences in the
v predicted diyeétion but not at an acceptable level of statistical

significance (ie p&05).



Hypothesis 3

This concerns the relationship between tolerance of ambiguity and'v

errorse

The hypothesis states that low scorers on the tolerance of ambiguity

scale will make less errors than high scorers.

" The relevant data is shown below:

Student No ' Tolerance of Ambiguity | Error Score ie No errors
score No topics
Module 1 Module 2
1 38 0.0 0.0
2 56 0.21 0.0
3 Lo 0.14 0.0k4
L L7 0.14 0.0
5 37 Lo 0.0 0.0
6 kg 0.0 0.0
7 L2 0.15 0.0 -
8 43 0.08 0.0
9 : 52 0.0 0.1
10 52 0.125 0.15
11 51 0.06 -
12 Ly 0.0 -
- 13 ‘ - 51 0.25 -
1k : 3l 0.0 -

Table 6 (Tolerance of Ambiguity and Errors)
- Module One

Pearson (prodﬁct—momént) r = +0.46 (N = 1h4)

(p < .05) one-tail test
Module Two

Pearson (product-moment) r = +0.43 (N = 10) .

(p< +1) one-tail test
Thus, the data for module 1 supports the hypothesis and the data
for module 2 shows a trend in the predicted direction but does not

reach an acceptable level of statistical significance. _

Extraversion and Errors

The relationship between extraversion-introversion and errors was
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also examined.

The relevant data is shown below:

‘Student No EP1 Score Errors Score ie No errors
No topics
Module 1 Module 2
1 19 0.0 0.0
2 17 0.21 0.0
5 19 0.14 0.04
L 12 0.1k 0.0
5 12 - 0.0 0.0
6 15 - 0.0 0.0
7 7 0.15 . 0.0
8 20 0.08 0.0
9 18 0.0 0.1
10 1 0.125 0.15
1 12 0.06 -
12 13 0.0 -
13 5 0.25 -
1 22 0.0 -

Table 7 (Extraversion/Introversion and Errors)

Module One

Pearson (product-moment ) r =0.49 (N = 14) j

(p €0.1) 2-tailed test.
Module Two

Pearson (producf-moment) r = 40.05 (N = 10)

"Relationship between EP1 and Tolerance of Ambiguity

It was nqted earlier that a positive correlation between extraversion
and tolerance of ambiguity was expected, ie a negative correlation
between the two sets of scores. Anélysis of the appropriate data
reveals a positive correlation.

Pearson (product-moment)r = -0.35 (N = 14)

It has been noted, eg Eysends and Eysenck (1963), Farley (1970) that
 extraversion has two components; sociability and impﬁlsiveness.

Thus it could be argued that it would be the impulsiveness component

-
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of extraversion that would relate to planning ahead and the observed
lack of relationship found here is due to the contaminating influ-

ence of the inventory items.concerned with sociability.

Accbrding to this point of view a relétionship between EP1 scores
and appreciation spah should be apparenf'if only those items in the
EP1l that relate to impulsiveness_are considered. Using tﬁe source
quoted above to identify the relevant items an impulsivehess score

was. computed. The following correlations were obtained.

Appreciation Span
, T2
Module 1 - Module 2
EP1
(impulsiveness score) | +0.02 - 0.02
Errors

 Module 1 Module 2
EP1 - |
(impulsiveness score) -0.48 +0.2

Table 8 (Impulsiveness, Appreciation Span and Errors)
Ability
Relationships between the AH5 test‘and other measures were also
 examined. Student scores on the AH5 are given.below followed by a

correlation matrix.

Student No AH5 score Student No AHS score
1 38 . -8 32
2 ko -9 21
3 L6 10 38
b L8 N 45
5 Ll 12 41
6 48 13 34
7 37 b b2

Table 9 (AH5 scores)
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Appreciation Span - |Errors EP1 Tolerance of
Module 1 |Module 2 Ambiguity
AHS | -0.38 | -0.kk +0.001 | -0.06 |  -0.235

Table 10 (Correlations of AH5 with other measures)

Discussion of Results

APPRECIATION SPAN

Two predictions concerning'personality correlates of appreciation
span were made. These predictions concerned the relationships

between appreciation span, extraversion and tolerance of ambiguity.

1) Extraversion

According to theory introverts should plan ahead more than‘éxfra;erts.
The technique‘used to measure appreciation span when people work on
the INTUITIDN equipment represents‘an attempt to ‘exteriorise!
individual differences in planning ahead,and‘the available evidence
has indicated that appreciation span is an indicator of the deéree to
which individuals generate specific future aims and plans of action.
Thus a relgtionship between extraversion-introversion and size of

appreciation span was predicted. Such a relationship is not apparent

in the data for this study.

The hypothesis tested was that the distance ahead that a student
planned(ie mean value of appreciation span) would be related to
vextraversion—intro#ersion. This'hypothesis was not supported by the
data; it is however poSsible'that ah alternatife hypothesis, that fhe
intensitz rather than_distanc¢ of forwaré'planning is related to
extréversion—intfoversion, could be valid - though the data collected

here provides no opportunity to test this.

It cannot be assumed that people with a small appreciation span are
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not planning ahead at all, merely that they are net planning a long
distance shead. Indeed it is quite possible that people with a small
appreciation span are planhing ahead very cautiously and thoroughly -
but over a short distance. Thus the data obtained here can be used

to illuminate and develop Eyserck!s descriptioni.of typical extraverts

and introverts.

The results show that introverts do not plan a greater distance ahead
than extraverts. If then, as Eysenck claims, introverts do plan ahead
more than extraverts they must do so more cautiously and thoroughly

over a short distance - rather than actually planning further ahead.

The lack ofAsupport for the original hypothesis should, howévér,
| still provide a note of caution for workers‘studying personality and
learﬁing. Numerous investigations, cited earlier, have indicated
relationships between extraversiop and attainment. This study shows
how difficult it may be to explain those relationships. It demon-
'stfated that introverts and extraverts do not behave as might ?nitially ‘
be expected when a widely acceptéd>description of their behaviour is
used to generate predictions and that existing descriptions are .

perhaps a little too general and lack specificity. .

Situational Factors

There is a continuing and incomplete debate concerning the relative
importﬁnce of person versué situation variables in psychology. The
debate goes back at least as far as the work Qf Hartshorne and May
(1928) who‘demonstrated the situation specificity of fhonesty. ‘More
récently authors have been suggeséing an interactionist approach where
bofh sets of variables are considered, eg Mischel (1973), BOwers’
(1974), Argyle (1975). This debate is discussed further in Chapter 6.
It‘may be that in the current experiment situationally dependent

factors have outweighed the effect of the stable personality

-
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disposition in question. One of the potentially strongest
situational variables in any learning situation is 'difficulty' and
there is some ad-hoc eyidence to suggest that the difficulty level

of the material may have exerted moaerating influencé on appreciation

span.

AthOd analysis reveals a negative correlation between Appreciationl
Span and errorse.

Pearson (product-moment) r = -0.38 (N = 14)
| ‘ (p ¢.2) 2-tailed

This is not a strong relationship but is in accordance with the
possibility that students who experience difficulty with the material

will tend to operate with a small apprqciatidn span.

The ahalysis of students' errors (to be discussed fully in the next
section) showed that introverts made more mistakes thanAextraverts.'
Thus there could be competing, contradictory influences on students'
appreciation span scores. On the one hand students with appropfiatev
charécteristics (ie introverts)may,_as predicted, be stimulated to
plah further ahead but these same students make more mistakes and

this may tend to encourage them to limit their appreciation span.

To summarize, there is then no evidence thaf an individual's degree
 of extraversion (as measured by the EP1).bears any relationship to
 the index of learning studied (éppreciation span). This lack of
relationéhip could occur Becaﬁse the effect of underlying pérsonaiity
factors is masked by situational v§riables. Ad-hoc analysis has
suggested that when studenté experience'difficulfy'with'complex
learning material this may tend fo limit the exten£~to which théy‘
plan ahead. It appears, however that intfqverts do not necessarily
plan further ahead than extraverts and any significant‘differences

in planning may be related to the intensity or thoroughness of plann-
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ing rather than distance.

- 2) Tolerance of Ambiguity

It was hypothesised that students who were intolerant of ambiguity

WOuid exhibit high values fof appreciation span.

The results obtaihed offer little support for the hypothesis. It
was4suggeSted that it may take sbme time for a relationship between
toler§n6e20f7ambigﬁity and appreciation span to become apparent and‘
fhe resulfs do Show an apparent chahge from module one to module two,
but this seems dué to.the different‘group of students used when
results for modules one 252 two are examined, rather than the
increased influence of tolerance of ambiguity. Even when éxémined

in the most favourable Qay (ie module 2 only) the results do not
reveal a rélationship of acceptable (P .05) étatistical significance.

There are a variety of factors that may account for this.

One possibility is that the measures used lack validity or
reliability. The reliability and validity of appreciation spdn has
xalready been discussed and éppears to be satisfactory. Evidence
concerning the reliability and validiéy of Budner's scale is reported
by‘Roﬁinson and Shaver (1970). Significant correiationé'with other
tolerance of ambiguity scales and validity studies involving inter-
Jjudge -agreement on ratings of respondents intoleraﬁée of ambiguity
support the validity of the scale. Budnef (1962) reported a series

| éf reliability coefficients for 16 different samples (total N = 932).
The méan:reiiability coefficient = (0.49).Reliability coefficients
were computed using Cronbach's alpha formula (Guilford 1954) which
often produces slightly lower coefficients than fhe‘more normal
split-half‘or’test-retest technique. A 17th sample (N = 15) produced

a test-retest correlation coefficient of 0;85.
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Thus, the reliability of the'test may be a little low but is by no

means unacceptable.

It is important to notice that the hypotheeised relation between
tolerance of ambiguit& and appreciation span requires the sfudent to
actively and consciously ettempt to reduce ambiguity by planning
ahead. The control of,amhiguity may'not be a particularly strong spur
to behaviour; indeed Budner makes a remark to this effect based on
patterns of inter-correlations that he obtained. Thus students may
not make particularly strong efforts to control the degree of ambiguity
in a learning situation and its influence may be difficult to detect.
However, this is not to say that intolerance of ambigﬁity ie'unimpor-
tant in the learning situation. The relationship between errors and
intolerance of embiguity (to.be discussed in the next section] is
evidence of this. The‘potentiai influence of situationalAfactors oh
appreciation span was raised in the preceding section dealing with |
_extraversion-introversion and their significance is no less Qhen
considering appreciation spen and tolerance of ambiguity. However,
perhaps most important of all is the possibility that tolerance of
ambigqity may be related toren aspect of planning behaviour not

revealed by measﬁring appreciation span.

Appreclatlon span is an index of the distance of forward plannlng
engaged in and it was hypothesised that to reduce ambiguity students
~ would plan further and further ahead. The results have shown that
this does not seem to happen to any significent eitent. It may be
that reduction in abmiguity is related noﬁvto depth of planning (es
hypothesised) but to intensity of planning. This would mean that to
reduce amblgulty a student would not necessarlly plan further ahead -
ebut that any plannlng he did conduct would be very efficient and

conducted thh great thoroughneas to ellmlnate uncertainty.
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On this basis the hypothesis would be that students who are
intolerant of ambiguity will reduce ambiguity by planning ahead
more intensely or Carefully. The data collected in the éurrent
study are not appropriate for_testing this hypothesis and to do so;
would require a separate study and the development of é techniqﬁéy

for measuring intensity of planning.

To summarise, tolerance of ambiguity is not strongly related to the
distance'ahéad of forward planning that learners engage in. There

may be a weak relationship that could be identified by using a fairly
large sample and long learning times but the possibility may not
 warrant further study. It may be worfh iﬁvesfigatingbthe relation;
ship of tolerance of ambiguity and intensity of planning but this

wiil require iﬁVestment in tﬁe.dével&pgent of new méasuring techﬁiques.

Further discussion of the results takes place in Chapter 6.
ERRORS
Two hypotheses concerning errors were investigatede One was the null
/

‘hypothesis that there would be no relationship between extraversion/

introversion and errors.

It was also hypothesised, mainly on the basis of previbus work
reported by Leith and Trown (6p. cit;) that people who were tolerant

of ambiguity would make less errors than people who were not.

1) Extraversion

The results fof Module 1 indicate that degreevof extraversion is
negatively related to errors made 80 that extraverts made less errors
bthan introverts.' The results for Module 2 do not’indicate any

: felationship‘- butithese results must be viewed with caution since

only 3 out of:10 students made any errors at all on Module 2.

The results are most closély in accordance with the-hypothesis that
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when students are in a novél, ambiguous aﬁd uncertain leérning
situation introverts will be mofe inhibited and perform less
effectively than extraverts. As time passes the effect of novelty
and uncertainty would be expected to decrease and differences‘between
students become less apparent. The decrease in errors from Module 1
to Module 2 supports this suggestion. The alternative hypothesis
raised earlier that exfraverts will behave impulsively and opt to
take the test of understanding at too eafiy a stage is not supported
rby the data; In fact the results éoncerning the impulsiveness scores
on the E§1. parallel the results obtained for scores on the scale as
a whole, indicating that students whofare impulsive ie extraverts,
(according to the EP1) made fewer errors. A closer examination of the
conditions under which efrors were made also helps to explainxfhe

data.

A distinction can be made between,
a) informative errors, and

b) punitive errors which act as penalty boints.

Students will have realised, fairly quickly,that as far as work on
INTUITION was concerned making errors was informétive,'rather than
punitive. Thus the anticipated caution that introverts would normally
be expected to display (in comparison with extraverts impulsiveness)
may not have been so noficeable because of.the non-punitive, possibly

sometimes even positively valued nature of:error meking.

Differences in test performance

- There isa potential explanation of.the observed relationéhip'that
“'should be considered. This is fhgt the differences in errors are
due to différences,in performance in the tesf situation, rather than
in the learning attainment. It could be that extraverts and people

who are tolerant of ambiguity did not actually learn the material
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more effectively, but that when they were placed in the (possibly
stressful) test situation they were able to display their under-

standing more effectively.

On balance this explénation-seems less likely than thé alternative
that error rates were caused by differing learhing performante. As
already noted, the test situation was kept féirly infonmal and as
far as possible a non 'test~11ke' atmosphere was created, redu01ng
stress to a minimum. Students were told that’there was no 'penalty'
involved in failure and that the test was given as much for the

positive purpose of helping them as for any other reasons.

2) Tolerance of Ambiguity

It was hypothesised that students who were intolerant of ambiguity
would make more errors than students who were tolerant of ambiguity.

The results provided some support -for the‘hypothesis.

The pattern of relationships between the three measures used is of

i
i

some importance when considering and interpreting the results
obtained. ' Two possible extreme patterns underlylng the observed

correlations are shown in Flg (8).

Errors

(& | )

Figure 8 (Venn diagrams showing possible patterns of
relationship).
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The observed correlation coefficients could have been obtained
under either circumatances. The difference between the two
situations is considerable; in 8(a) ihtroversion and intolerance of
ambiguity relate to errors 'for the same reason'; whereas in 8(b)
they are independently reiated to errors. The actual state of
affairs could be in accordance with extreme‘(a), (b) or 1i; any-

where in between.

It is conjectured that the pattemof relationships is likely to be
in accordance with, or at least closer to,Fig 8 (a) than Fig 8 (b),
since fhia pattern is in agreement‘with the earlier discussion of
the relationship between introversion, tolerance of émbiguity, and
degree of stfucture in a given learning situation; ie introverts are
less tolerant of ambiguity than extravérts and in an unstructured,
ambiguous,situ&tion will tend to experience learning_difficulties»

and make less errors.

This conjectﬁre is made tentatively since, as shown, the obseffed
correlation coefficients could have been obtained with a vefy
different pattern of relatiﬁnships. The tentative hature of the
interpretation of the results should not detract from the
demoﬁstration that both extraversion-introversion and toierance'of

ambiguity are related to errors.

The‘fesults obtained show that intolerance of ambiguity may be related
to errdrs made, particularly in the early stages of learning when
situational effecta.are likely to'have their strongest influence.

This discussion of resuita Qoncefning poth extfaversion and toléraﬁée‘
of ambiguity represenfs the sort of interactionist approach advocated
by eg Boﬁera (1974) or Argyle (1975) where pefsdn, aituatiéh‘and
interaction variables are taken into account in an attempt to provide»
a cléar picture of what is taking place. kFurthgr discussion of this

approach takes place in Chapter 6 when cognitive and non-cognitive
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personality factors are compared. .
Ability
The relationships between the results for the test of ability and

the indices of learning seem somewhat counter-intuitive.

Firstly, some relationship between errors made and ability would‘
normally have been expected (in fact r = +0.001). The most likely
explanation here is that the ability range éf the students was, in
practice, quite narrow since they were all from the sixth form of
a highly selective grammar school. Differences in genéral ability
revealed by the AH5 test were probably not sufficienfly large nor
of sufficient relevance to»influenée performance on the learning
exercise studied. This feature of the results points to the value
‘of conducting studies like the one:described, where fécfbrs of
importance in the learning situatign, not related to ability, are
examinédAand.provide usefui results that increasé our understanding

of the learning processe.

The small but consistent relationship between AH5 and appreciafion
span is somewhat puzzling if it is a 'true! relationship. Tt
indicates that people of lower ability tend to plan ahead further

than people of higher ability.

The correlation coefficients are not statistically significant and

the “most likely explanation is that the results occurred by chance.
On the other hand if the relationship is a true one it may shbﬁvthaf
students of higher ability tend toAcope with abdifficult and complex
learning situation.more 'intelligently' by limiting the distance ahead
. that they plan. From the point Of‘view_ofthe experimenter/bbserver

to plan ahead only a fairly short distance certainly appeared‘to be
the 'intelligent' thing to do. ‘

. Summary

This study has shown thatextraversion-introverSidn and

tolerancé'bffambiguity are‘related to errors made by students, vhen
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they arekworking on novel, unsfructured material. These findings,

if confirmed in wider cdhtexts,are both interesting and important.’
The structured-unstructured dimension is at the heart of many ways

of conceptualising learning material ('discovery-didactic' etc..)

and the results obtained have demonstrated a relationship between
personélity characteristicé and errors made when using a particular
type of material. Many iﬁteresting additional problems, such as the
,difficulties caused by lack of unequivocal guidance and whether
individuals who are intolerant of ambiguity will show a corresponding

superiority on highly structured, linear material await resolution.

The findings also provide a line of thought to be followed by those
exploring the pattern of correlétiqns that exist between extraversion

and academic attainment.
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CHAPTER 3
EXPLORATORY BEHAVIOUR

Introduction

' The INTUITION eqﬁipment enables students'to 'explore' topics that

- they do nof yet understand. When a sfudent indicates thaf he wishes
to expldre da topic he is supplied with a two or three line written |
summary of the subject matter fgr the topic in question. A student

may explore any topic on the board whenever he wishes.

This chapter contains a detailed analysis of the exploration that
students engagedin and examines the relationship of exploratory
behaviour to personality factors and to other indices of learning

activity such as appreciation span.

Exploration

As already stéted a student may explore.any topic on the boardbwhena
ever he wishes. An example of the information supplied during the
explore transaction is given in Fig. 1. The information is presented

to students by means of 35 mm slides projected onto a screen.

The complement of a composite

event consists of those simple
events that are not members of
the composite event.

-
.

—
Fig. 1 (A sample 'explore' slide)

»
[
.
—

The informatiqﬁ supplied is not sufficient to enable the student to
understand the topic completely but does supply him with a general
statement concerning the nature of the topic. In many ways the
information suppliéd during the ekplore transaction resembles

truncated behavioural objectives forAeaCh topic, since the student is
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always given a statement exhibiting the central concept of each
topic. The explore élides also fulfil the same sort of function -

"as what Ausubel (1968) has described as 'Advance Organizers'.

 Indices of Exploratory Behaviour

It is more difficult to identify consistént indices of exploratory
behaviour than it is to identify, say, indices of aiming activity
(ie appreciation span). The exploratory behaviour exhibited by
'studénts may Be examined from different viewpoints. Firstly, it is
possible fo examine the total number of ﬁodes that a student explores.
This gives an indexof the amount of exploration engaged in but does not
give any indication of whether the exploration is limited to topics
near the working’région or whether the student explores extensively
over a wide range of topics; Tovgain'information concerning this
iatter factor, it is necéssary to examine_not only the amount of
exploration but aléo the range (ie distance between node being
worked on and node explored); thus two categories of exploratory
behaviour can Se considered. I

"~ a) Amounf of Explofation

‘b)~ Extensiveness (or range) of Exploration

a) Indices of Amount of Exploration

i) Pfé-Working Exploration

Exploratory behaviour is different from the activity involved in
specifying an aim or éhoosing which topic will be worked on next
since explorétion is not mandatory énd a student may complete the
whole learning exefcise without necessarily engaging in any exploration |
at a11, thus there may be large differqnces in the amount of
exploration that students engage iﬁ. The first point at which
vindiVidualldifferences in amount of exploratory behaviour may be .
visible is the amount ofvexplqration that a student engages in before 

beginning any work on a module, ie the number of topics that a student
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- explores before selecting his first topic to work on. This index

of amoﬁnt of exploration will be known as 'pre-working exploration!.

ii) During work Exploration

Although students may explore topics whenever they wish, in practice
they always conducted exploration 'betﬁeen~topics', that is to say
that students' behaviour followed a qycie of

Explore - work-on and pass fesfvfor tOpic -

" Explore - work-on and pass test for new

topicCeceessseetc, 7
None of the 15 students observed during these experiments ever broke
off from working on a topic to conduct exploration; students only
ever explored in thé period between completing one topic énd begin-
ning another. An'examinatioﬁ of the number of nodes explored,
compared to the number of nodes completed will be used as an index
of the amount of exploration that students conducted once work on a

module had begun.

P
This discussion has indicated two indices of a@ount'of ekploratory'
behaviour;
i) Amount of 'pre-working exploration'
= No. of nodes explored prior to selection of first topic
ii) Amount of 'during-work' exploration'

= Total No. of nodes explored
- Total No. of nodes worked on

In a sense both of fhese indices indicate the amount of information
that a student samples prior to taking action to choose a topic.
Individual consistencies in such behavidur could représent preferences
for students t§ 'look before they leap' or alternatively 'leap befofe
they look' and could be related to stable personality characteristics.
Alternatively, exploratory behaviour could be entirely situation—

specific and independent of underlying dispositions.
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Before examining the correlates of such acfivity it must be ascert-
ained that the indices chosen are reliable. measures. ' The method

for estimating reliability is the same aé that applied td fhe data
' coﬁcefning appreciation span where students scores for each module

were correlated with each other.

Reliability and validity of amount of exploration. measures

Pre-Working Exploration
Appendix (3) shows graphically the exploration conducted by each

student. The data concerning pre-wdrking exploration are given below.

Pre-working Exploration
Student No - No of topics explored
Module 1 Module 2
1 -3 3
2 0 0
3 3 0
b L L
5 2 2. |
6 3 1
7 0 0
8 0 0
9 10 L
10 3 L
11 6 -
12 -3 -
13 0] -
(L 11 -

Table 1 (Topics explored before ch0051ng a first topic
to begin work on).

The product-moment correlation coefficient for students who completed

both modules ~ = 0.70 (N = 10)

.+ Spearman/Brown reliability coefficient for combined scores .

= 0.82

These results show that the relative number of nodes that a student

explored before beginning work is copsistent from module to module.
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To increase reliability the scores for modules 1 and 2 were combined.

This was done by computing standard (2) scores and combining them.

Student No

: Mod.

2 (Z2 scores)

14+ 2

OO OOV F W=

-

+0. 365
-0.97
-0.46
+0.81
“=0.08
-0.185
-0.97
=097
+1.83
+0.64

Table 2 (combined (Z) scores Mod 1 + Mod 2)

2

Thus students consistently explored relatively few or many nodes
before beginning work and a reliable index of this act1v1ty is the
~combined scores for modules 1 and 2.

During-Work Exploration

The data in appendix (3) can also-be used to compute the during-work

exploration conducted by each student.

Relevant data are given below.

{
During-Work Exploration
St;gent No topics Explored | No topics Explored
- No topics Completed] No topics Completed
Mod 1 Mod 2.
1 0.432 0.22
2 0.14 0.0
3 0.64 0.95
i l.64 1.71
5 0.46" . 0.58
6 0.23 0.05
7 0.07 0.0
8 0.0 0.0
9 1.62 - 0426
10 1.56 - 1.00:
1 -1.19 -
12 0.83 -
13 0.38 -
14 1.09 -

~ Table 3 (During-work exploration)
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The product-moment correlation coefficient for students who

completed both modules = 0.7% - (N = 10)

.". Spearman/Brown reliability coefficient for combined

scores = 0.84

During-work exploration is also a reliablé index and, again, combined

scores will improve reliability.

Mod 1 + 2

Student No > (2 Score)

c =041
-0.82
+0.38
+1.79
-0.08

- =0.71
-0.87
-0.93
+0.52
+ .12

-
O\OOOQO\\ﬂ-P‘\NN-\

‘Table 4 (Combined (%) Scores Mod 1 + Mod 2)
2

Validity of Measures

Whenéver a student explores he is reqﬁésting, and receiving outline
information about topics that he does not yet understand.

It is possible to describe two extreme forms of behaviour that people
may engage in when involved in complex learning exercises, given

the proviso that theyvhave some, maybe - limited, choice about the
route that they will take thréugh'the topics covered;vbut.that the

. topics must be accessed in some specified order (ie as.in 'INTUITION'

when some topics are prerequisites for others).

At one extreme a student may begin by considering only information
that is immediately available (in the case of 'INTUITION' this is the
topic names) and make a choice of which topic to work on. Having

worked on his first topic he may then base his choice of next topic
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on immediately available information (in the case of 'INTUITION'
this amounts to his knowledge of the topic just completed and
future topic names). A student may follow this prbcedure all the
- way through the learning material without.gzgg_making any request
for information over and above that with wﬁich he is immediately
confroptéd.‘ Thus a student behéving in this way is taking a limitedil‘
sample of the potential information évailable to him and makes

decisions on this basis.

j At the other extreme a student may attempt to survey much more of
the available information. The measures of amount of exploration
discussed above‘aré attempts to quantify student behaviour along

this dimension of information sampling.f

b) _Indices of range of exploration |

It has already been shown that students differ in the amount of
exploratory behaviour that they engage in. Some learners may confine
their éxploratory behaviour td nearby nodes whéreas others may

explore nodes some distance away from their working region.

Relationships between Range of Exploration and other indices

i) Appreciation Span

Theirelationships between range of exploration and other indices of
learning activity are important. The relationship between apprecia-
tion span and exploratory behaviour has already been discussed inv
Chapter 2. It waé noted that students who exhibit a small
appreciation span would not engage in wide ranging exploratory
activity. If students who exhiﬂit a small éppreciation'span do
consistently engage in wide ranging'exploratipn'fhis_would cast doubt
on the validity of ‘measured" appreciation span as an indicator of
'true'! appreciation span. In pfactice inspection of the charts at

appendix (3) shows that appreciation span and range of exploratory

-
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behaviour are closely related and do not often explore beyond their
aim . .

ii) Amouﬁt.of Exploration

The rélationship between range and amoﬁht of exploration can also be
evaluated by inspection of the charts at appendix (3). Thé earlier
discussion has distinguished between range of exploration and the two
indices of amount of exploration. The concepfual distinction is

clear, but in practice it may be that people who explore most are’

‘also those who explore furthest ahéad,and amount and range of

exploration may be closely-related.

Examination of the charts at appendix (B)Vreveals that amount and
range of exploration are not closely related. ‘Some students who
explore a great deal do so over a very 1ihitedirange, Qhereas others.
show a wide'range; conversely students who explore very little

exhibit both large and small ranges of exploration.

Personality Dimensions related to exploration

The preceding discussion distinguished between measures of amodnf
and range of exploratory behaviour. In what follows attention is
concentrated on possible relationships between personality dimensions

and measures of amount of exploration.

"

Extraversion/Introversion

The»Eysenckarsonality Iﬁvéntory has already been discussed and a
typical descriptive passage relating to exfraversion and introversion
has’been quoted. For the sake of completeness part of‘this passage
will be givenvagAin. An extravert is,'"ImpulsiVe, takes chances and
“acts on the spur of the moment". An intfoverf; "tends to plan ahead,
'looks before he leaps', distrusts the impulse of the moment and likes

a well ordered life'l.

It was suggested earlier that introverts would be expected to plan
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ahead to a greater extent than extraverts and the results showed

- that introverts did not, in fact, appear to plan further ahead

in the particular situations studied; though the question of whether
or not introverts planned ghead in more detail énd with more care

" was left~unresol§ed.' The difference between extraverts and intro-
verts can also be looked at from the poiht of view of information‘

collection.

The implication of the passages quoted above and of other writing
concerning extréversion/intpoversion is that extraverts will tend to
collect very little information on which to base action and will
continue to make impulsive &ecisions based on a limited range éf
infdrmation. By contrast the 1ntrovert w111, as Eysenk puts it,
'1ook before he leaps! and collect a wider range of relevant 1nforma-»

tion before committing himself to action.

Thus it could be predicted tﬁat extraversion/introversion will be
related to amount of exploration. This prediCtion is based o? the
hypothesis that some people will consistently tend to collect a
wider range of information than others before taking action; and
that’such a tendeﬁcy is related to differences in extraversion/

introversion and will be exhibited in learning activity.

The information collection dimension suggested above is in some ways
similar to a cognitive style dimension, Impulsive-Reflective,
proposed by Kagan.%e Kidd and Rivoire (1966). Eysenck has claimed
that the reflective-impulsive diménsion can be subsumed by extravers-

ion/introversion.

However, the reflective-impulsive dimension describes the degree to
which a pefson, "reflects upon alternative classifications'of a
stlmulus or alternative solutlon hypothesis in 51tuat10ns 1n which

many are available simultaneously"; Kagan in Kidd and Rivoire (p488).
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This‘dimension may be yelated to amount of information collection but
appears to be more concérned with the tempo.of activity. The
dimension of information seeking considered_hére concerns the extent
to which an individual will collebt available information before

taking action.

Informatidn segking behaviour, referréd‘to as exploratory behaviour
has been studied extensively by Berlyne (1960), (1965). He provides
a three factor theory of motivation to seek information. The
tendency to seek ihformétion on a particular topic will ipcrease with
a) degree of uncertainty, defined in terms of the number of opti&ns
available and their equipotentiality b) importance,_defined.ih terms
of the relevance of the information for action decisions; and c)
subjecfive probability of suécess, or fheflikelihood that a reliable‘

source of information is available to shed light on the topice.

In effect these are the situational factors that determine information
seeking behaviour. The suggeétion faised earliertthat amount ?f info-
rmation seeking will be related to extraversion-introversion raises the
possilility that individual difference factors as well as situational

factors are determinants of information seeking behaviour.

An Alternative Prediction

Westcott (1968) has studied information demand directly and found

that low information demanders could be distinguiéhed from high
information demanders on the basis of ceftain personalit& character-
istics. The significant.results'he reportedAWere baSed mainly on an
item analysis of subjects' responsés to the Caiifornia Psychological
Inveﬁtory. Westcott identified disbriminating items then grouped
them into clusters that appeared psychologically coherént. He
summariied the}differences between high and low information demanders

under 6_cétegories, based on 32 discriminating items.
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1. Confidence

2e Physical Wellbeing

3 Reactions to Order and.Restraint

4. Commitment and Focus

Se Social Skill and Responsibility

6. Doubt, Introspection, Qﬁestioning.
One of Westcott's conclusions is that low information demanders were
more introverted and inner-directed than high demanders. The itgms»
on which he bases this conclusion éppear té be moré closely relaféd‘
to social extraversion than impulsiveneéé but do,’nevertheless, cast
some doubt»on»the suggestion, raised earlier, that exfraversion is

positively related to low information demand.

As Wééfcott notes his reéulté concerniﬁé personality correlates of
information demand could have been interpreted differently. They do
not provide a definitive statement of the differences betwéen*high
and low information demanders but simply attempt to give meaningful
suggesfions. It would probably have been possible fo use his findings
to generate some hypotheses reievant to the current‘sfudy, (thever,
since it is ndt possible to follow every pbssiblé avenue of

ekpldration, this has not been done.

It ié'élsd worth noting that Westcott's results cannot be attributed
great éonfidence from a purely statistical point of view since with A
a scale such as the CP1 (500 items) he could expect to fimd, by
chance, 25 items where there was a significant difference between
high end low information demanders, He, in fact, identifies 32

discriminating items.

Nevertheless the theoretical statements concerning extraversion/ ’
introversion suggest that introverts will explore more, whereas the

empirical data from Westcott suggests the reverse. This apparent'

-
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conflict might be resolved by taking the view that introverts will
_explore ﬁore in their own minds and will perhaps consider the effects
of a varietyrof possible courses of action and the importance and
relevance of inforﬁation - ie in Kagan's terhs they will be more
,'reflective'. By contrast extraverts will operate more on the
exterhal world and may actually request more information when it is
necéssary'to interact with the external world to‘do s0. As far as
students working on INTUITION are coﬁcerned they have to take action
and maké a specific request before they are given information. Intro-
~ verts may, in fact be inhibited and although they prefef to "Look
before they leap', the actual activity of requesting information may

constitute a 'leap' that they prefer not to make.

Beariné these points in mind it is rather difficult to develop
directional hypotheses conéerning the relationship between extraversimn-
intfovefsion and exploratory behaviour on INTUITION. It is more
sensible to examine the null hypothesis that there is no relation;hip
and to interpret results on an ad;hoc basis. This is the coursg of

action to be followed.

Hypotheses concerning Exploration

The following hypotheses were examined.

Hypothesis One - Degree of extraversion-introversion is not related

to amount of preéwofking exploration.

Hypothesis Two - Degree of extraversion-introversion is not related

to amount of during-work exploration.
Before examining the data relevant to these hypotheses two further
hypotheées will bevdeveloped.

The development of an instrument to measure Information Collection

It has been suggested that extraverts and introverts may exhibit
differences in information collecting activity. To increase

confidence in the eventual interprétation of results, particularly
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since no clear predictions can be formulated in advance, a test
aimed specifically at measuring information collecting behaviour

‘was constructed by the writer.

Development of information collection test

The test wé$ needed as an indicator of the amcunt of information
collected prior to decision making or action. 'As such it had to
satisfy‘a number of essential criteria.

1) Partlclpants must be required to make a decision at some time.
2) They should be glven the freedom to collect different amounts of
information prior to declslon-maklng.

3) It should be possible to measure the amount of information
collected.

A brlef outline of the test is given below cnd is followed by a more
comprehensive description of the test materials,administration and
scoring procedure. |

‘Outline of Test

Students are given 32 possible answers from which to choose the
"~ correct one. They can request items of informaticn to help them

decide which answer is correct.

Each item of information requested reduces the number of possible

correct answers by half.

Thus if students request one item they have 16 possible answers. Two

items cuts down the possible correct answers to 8 and so on as in

Fig. (2).
O items 32 possibilities
1 item 16 possibilities
2 items 8 possibilities
3 items L possibilities
L jitems -2 possibilities

Fig. (2) (Range of possibilities in Information
Collection Test).
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Students'are only ever allowed to request a maximum of 4 items so
that they always have to choose between 2 possible correct answers.
They are told that a scoring system operates so that the earlier
they guess the more points they will gain if they are correct and

the more they will loose if incprfect.

The test consists of ten different tfials. On each trial the
student requgsts 1, 2 3 or 4 items of inforﬁation and ﬂhen makeé
his response. A‘score represehting the mean amouﬁt of information
collecfed by each student over ten trials cah be calculatéd.

Test materials and administration

The test was administered to students on an individual basis during

a session that lasted 30-50 minutes per student.

Students were told that they were about to take part in an exercise
‘designed to assess their ability.to 'make accurate judgémeﬁts aboﬁt.
other peoplé'. The vefbal introduction was kept to a minimum and

students were then given the‘written intrdduction, together w%th the

two page list of 32 possible combinations, shown at appendix (6).

Scoring Procedure

On eachof the ten test sequences the student could guess at any of
fouf different points., (A, B, C or D) A - after receiving one ifem
of information plus the occupatibn ofﬁthe person in qﬁestion.
| B, after two items

C, after three items

D - after receiving
L items of information. When a studgnt guesses after having béen 
supplied with one ifem of infofmaéidn he is, in effect, ignoring
1og2 16 ie four bits of information.. The later a student guesses
the less information he has isno#éd - so that, for example, if he

does not guess until he has been given four items of informatian

(excluding occupation - which is always given after item number 1)
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- he is only 'ignoring ' log2 2 ie one bit of information.

For each of the ten sequences that constitute the test the number of
bits of information ignored by each student can be computed; and

hence an avefage score for the whole test

ie Ab (10.010)

No. of bits notfrequésfed(ievignored)

Ab (1...10)
- 10

Average No. of bits not requesfed

Discuésion of test format and context

It is clear from the description of the test that it satisfies the
 three essential criteria mentioned earlier - however the test could
have been developed in a variety of different ways and Stil1
satisfied these criteria. It was felt that when students wefe pértic-
" ipating in the test there should at noyfime be an identifiable
'correcf' answer that would énaﬁle high ability students to guess
earlier, but it was also felt that students should be able to
generate some hypotheses about possible 'corrécf' answer5~— rather
than bé expected to make ‘pure! guesses. Oniy a fairly limited
number of situations will enable ﬁoth of thése‘cfiteria;to be satis-
fied. For example, unfamiliar ébstract shapes could be used to
minimise the possibility of there being a correct response - but
without the use of training‘schemes and so on, students would have
little‘rafionél basis for choosiﬁg alternative‘solutions in the

absence of full information.

~ The situation chosen was one of only a limited number that could
have been used that would give students sufficient information to make
a choice but not so much that one answer would be unambiguously

recognised as correct.

" Reliability of the test

The rellablllty of the test can be examined by use of the split half

technique. This involves d1v1d1ng.the test into two equlvalent halves,
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correlating the two halves with each other and then applying the

Spéarman/Brown formula to obtain a reliability coefficient for the

test as a whol

€e

‘This method for estimating test reliability is sometimes criticised,

particﬁlarly in the case of personality tests when individual items

any

the test

the

T
caili ©

S 4- Tl arme =
¢ factored into halves in

position. The criticism, (see for example Garret

resulting reliability coefficient is not a unique

To minimize this problem the test was divided into halves using two

of the more normal procedures.

i) 0dd and Even numbers-

ii) First and second half

An average reliability coefficient was then computed.

" The déta are shown below.

Information Collection Test ,
Student No Total. Score
0dd | Even |1st half | 2nd half

1 0.6 | 1.1 0.8 0.9 1.7
2 1.1 ) 1.1 1.1 1.1 2.2
3 1.0 { 1.0 1.0 1.0 2.0
b 0.7 | 0.8 0.8 0.7 1.5
5 1.0 | 0.9 0.9 1.0 1.9

6 0.8 | 0.8 1.1 0.5 1.6
7 0.8 | 0.7 0.7 . 0.8 1.5

8 1.3 | 1.4 1.3 1.4 2.7
9 0.6 | 0.6 0.6 0.7 1.3
10 1.0 | 1.4 1.3 1.1 2.4
1" 1o | 1.4 1.4 1.k 2.8
12 1.7 | 1.7 1.5 1.9 3.4
13 0.8 | 0.9 0.9 . 0.8 1.7
14 1.0 | 1.1 1.1 1.0 2.1

Table (5) (Scores on Information Collection Test)

Odc

Pearson produc

ven

t-moment
correlation coefficient

= 0‘85 _‘_

1st/2nd

Pearson product moment
correlation coefficient



93

e e Speaiman/Brown reliability coefficient for whole test = 0.90
Thus the test is satisfactorily reliable.

The following hypotheses, concerning the information collection

test were examined.

Information Collection Test

Hypothesis Three
Low scorers (ie people who collect a lot of information) on the
information collection test will exhibit higher values for pre-

working exploration than high scorers.

Hypothesis Four
Low scorers (ie people who collect a lot of information) on the
information collection test will exhibit higher values for explora-

tion during work than high scorers.

In addition the relationship-between scores on the EP1 and the
information collection test will be examined. A significant rFlation-
ship would support the notion that the two tests tap a general
characteristic associated with the degree of infoimation collected

prior to decision making.

Adyhdc Analysis

In addition to the examination of the specific hypotheses stated

above an ad-hoc investigation of the relationships between the varioﬁs'
indices of learning activity will also be conducted. This investiga-
tioh will examine the inter-relationships bé£ween Pre-workingv

Exploration, During-Work Exploration, Appreciation Span and Errors.

Analysis of Results

- Hypothesis One

This concerns the relationship between extraversion-introversion and
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pre-working exploration. Appropriate data are given below:

Pre-Working Exploration

Student No | No of topics (&)Score ; EP1

explored scores
Module 1 Module 2

1 3 +0.365 19

2 0 -0.97 17

3 3 ~0.46 19

4 L +0.81 12

5 2 -0.08 12
6 3 -0.185 15

7 0 -0.97 4

8 -0 -0.97 20

"9 10. +1.83 18
10 3 +0. 6l 11

11 6 . 12

12 3 13

13 0 5

14 11 22

Table 6 (Pre-Waoking exploration)

Pearson product-moment r = +0.0 (N = 10)
(ie Mod 11-2)
, 2
Pearson product-moment r = +0.46 (N = 14)

(ie Mod 1 only)

Thus the results support the null hypothesis that there is no relation-

ship‘between the two sets of scores.

Hypothesis Two

. This concerns the relationship between extraversion-introversion and

exploration dﬁring work. Apprppriate data are given below.
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During Work Exploration
Student
No No of topics explored
No of topics completed (2) Score | EP1
' 142
Module 1 , Module "2
1 0.43 : -0.41 19
2 0.14 -0.82 17
3 0.64 +0.38 19
L 1.64 +1.79 12
-5 0.46 -0.08 12
6 0.253 -0.71 - 15
7 0.07 . =0.87 7
8 0.0 ~0.93 20
9 , 1.62 +0.52 18
10 1.56 - +1.12 11
1M » 1.19 ‘ 12
12 0.83 4 13
13 0.38 , ‘ 1 5
14 ' 1.09 ‘ . | 22

Table 7 (During Work Exploration)

Pearson product-moment . r = -0.02 (N = 10)
(ie Modnle 13-2)
Pearson product-moment r = +0,02 (N = 14) !

- (ie Module 1 only)

Thus the results support the null hypothesls that there is no
relationship. : :
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Hypothesis Three

This concerns the relationship between pre-working exploration and

the information’collection test. Appropriate data are gi&en below.

Pre-Working Exploration
Student No of topics explored (2) Score IC
No ' 1+2 test
Module 1 Module 2 scores
1 3 +0. 365 1.7.
2 0 -0.97 262
3 3 -0.46 2.0
4 K +0.81 1.5
5 2 -0.08 1.9
6 3 -0.185 1.6 .
7 © 0 -0.97 1.5
8 0] -0.97 2.7
-9 10 +1.83 ~1le3
10 3 +0.64 2.4
11 6 - 2.8
12 3 - 3.4
13 o) - 1.7
14 11 - 2.1

Table 8 (Pre-Working Exploration and Information test scores)

i
t

The hypothesis states that people who collect large amounts of

information in the IC test (ie low scorers) will explore many nodes

before starting work and a negative relationship between the two sets

of scores wauld be expected.

- Pearson product-moment. 1 =
(ie

Pearson product-moment r =
(ie

Thus the data do not support

-0.49 (N = 10)
Module 1 ; 2)

-0.10 (N = 14)

Module 1 only)

the hypothesis.
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’:Hypothesis Four

This concerns the relationship between During-Work exploration and

the information collection test. Appropriate data are given below.

During Work Exploration
“No topics explored (2) Scores
Student No topics completed IC
No 1+ 2 test
Module 1 Module 2 scores
1 0.43 =-0.41 1.7
2 0.14 -0.82 2.2
3 0164 +0.38 2.0
L 1.64 “+1.79 1.5
5 0.46 -0.08 1.9
6 0.23 -0.71 1.6
7 0.07 -0.87 1.5
8 0.0 -0.93 2.7
9 1.62 +0.52 1.3
10 1.56 +1l.12 2.4
117 1.19 - 2.8
12 - 0.83 - 3h
13 0.38 - 1.7
14 1.09 - 2.1

Table 9 (During Work Exploration and Information Collection

test scores)

i
'

The hypothesis states that people who collect largé amount of

information in the IC test (ie low scorers) will explore many nodes

before starting work and a negative relationship between the two sets

of scores yould‘be expected.

Pearson product-moment r = +0.21 (N = 10)
(ie Module 1 + 2)
.2
Pearson product-moment' r = -0.02 (N = 14)

(ie Module 1 only)

.~ Thus, the data do not support the hypothesis.
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Ad-Hoc Analyses

In addition to an examination of the various hypotheses an examina-

tion of the inter—relationships between the four indices of learning

- activity was‘conducted.

The relevant correlation matrices are given below.

N =10 Modules 1 and 2 combined.
“App. Span Pre~-Working During Work
Explore Explore
App. Span X +0.57 40,02
Pre-Working
Explore +0.71
During Work |
Explore X

Table 10 (Correlation matrix médule 1 and 2 combined)
N = 14 Mod 1 only

3

o
App. Span | Pre-Working | During Work

. Explore Explore Errors
App. Span X +0.73 +0.47 -0.38
Pre-Working
Explore X +0.42 -0.54
During Work X ~0.11
Explore ‘
Errors X

Table 11 (Correlation matrix Module 1 only)

The relationship between scores on the Information Collection test
and the EP1 was also examined.

Pearson r =v+0.09



29

The-inter-correlations between the two indices of amount of
exploration are spuriousiy high since the score for during-work
exploration is, to some extent, dependent on the score for pre-
working exploration. When this is taken account of and pre-working
exploration:b correlated with a score for exploration conducted
during work that e#cludes pre-working exploration, the resulting

coefficients reduce to + 0.56 (N = 10) and + 0.37 (N = 14).

Impulsiveness

As noted in Chapter 2 it has been.éhown that extraversion has an
impulsiveness component and a sociability component. Again it could
be argued that impulsiveness,rather than sociability would.relate to
information collecting activity. The EP1 impulsiveness scores given
earlier (Chapter 2) were uséd to examiﬁe the interrelationships between
éxploratory activity (onINTUITION‘), impulsiveness and scores én the

information collection test.

The following correlations were obtained.

N
Exploratory Behaviour
Pre-Work | During-Work Information Collection
Test
Mod | Mod | Mod Mod
1 142 1 1+2
EP1
Impulsivenesd
Score . +0.28|~0.01| +0.005| -0.01 +0. 4k

Table 12 (Correlation matrix-Impulsiveness)

Ability

As in Chapter 2 students scores on AH5 were included in the analysis.



100

The following correlations were obtained.

Exploratory Behaviour

Pre-Work | During-Work

Mod | Mod | Mod Mod
1 142 | 1 142

AHS5 ~0.2 | =0.35 | +0.07 | +0.12

Table 13 (Correlation matrix-ability)

Discussion of results

General Findings

The experiments have proﬁided an opportunity to examine studgnts'
reactions when bonfronted with a fresh bodyfof subject matter. The
students studied displayed dohsiderablevindividual differences in.the
extent to which they exploréa the subject matter before beginning work
on it.. Some students blﬁnged in almost'immedi&tely, taking very little
opfortunity to survey what was to come;. othexs appeared to try to get a
general picture of the ﬁhole area before beginning work on any éne
particular part. Having begun work students displayed consistent
individual differences in exploration. Some explored many of the
areas to come whereas others explored little or not at all. Differ-
ences in the amount of exploration conducted after work had begun were
'related to differences in the amount of explor ation conducted before

beginning to learn (r = +0.37, +0.56).

‘The datg analysis showed that people exhibit gréat consistency in fhe
relative amount of exploration thét‘they.engage in both before and
after beginniﬁg work. Range of exploration was not closely related to
amount of exploration thﬁs indicating that people who explored most
did not necessarily explore furthest ahead. This finding is
interesting in itself and raises the possibility that when people are

offered previews of material that they are about to 1earn,intere§t~inf
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the details of what is to come may be independent of interest in

looking a long way ahead into the material.

Student behaviour on this equipment has demonstrated that there afe wide
individual differences in the information collection approaches that
learners adopt. In fact student behaviour was both highly intefnally

consistent and highly idiosyncratic with common factors somewhat elusive.

Examination of Hypotheses

The nature of the results obtainéd.mékes it hnnecessary to discuss

each hypotheéis separately. The basis for the experiments conducted
was a hypothesis that information ‘collection was influenced consist-
ently by stable underlying dispositions.and that people would
con51stently collect large or small amounts of available 1nformat10n

on which to.base actlon. The data revealed no con51stent nor
statistically significant pattern Qf relationships between extraversion-
“and introversion and explqratofy behaviour on INTUITION. The
1mp11catlon of this flnding is that students' information collegtlng
behav1our on INTUITION is not related to the underlying dlsp051tlon of

extraver51on-1ntrover51on.

Impulsivéness

It is possible to obtain separate impulsiveness scores by examining
‘selected items from the EP1. The data reveal no significant.relation-
ships between this impulsiveness score and exploratory behaviour on

INTUITION.

IntroverSion—exfraversion is not a puré measure of a person's tendency
- to collect information prior to acting. 'Because of this, it was felt
advisable to take a second measure deslgned to assess this character—
istic more directly and an instrument was constructed spec1flcally |

for this.study.‘ The results concerning this test are important.
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There is again no statistically s&miﬁsant relationship between scores

on this test and extravefsion—introversion; however when the
relationship between impulsiveness scores and the information collection
test is examined a correlation coefficient of O.44 indicates that
perhaps the ﬁwo tests do relate to a common factor.

Furfhérmore it suggéstsithat information collecting activity is not
entirely situation-specific and may; to some extent, be related to

underlying dispositions relating to extraversion-introversion, ie
impulsiveness. ’

The implication is that = impulsiveness and the amount of infqrmay
tion that people collect before decisiOFQmakihg afe related. What
then is thevéxplanation of the lack of relationship between’either df
these measures and exploratory behaviour on INTUITION? The basis for
.an explanation lies inthe comﬁlexity of the situations studied. The
information collectioh test was designed specifically as a test of
informatidn collection and in the design of the test attempts were
made to minimise the pdssible contaﬁinating effects of other variables
or situational féctors. Any influence due to underlying impulsivénéss
'would'have maximumvbpportnniﬁy to have an effect on fhé behaviour of

the participant in this test.

The INTUITION situation is much more complex, and there are many
possible contaminating effects that could mark the influence of
extraversion-introversion or impulsiveness.

Differences between information collecting on INTUITION and during
the information collection test.

- The two situations differ from each.other in what may be a crucial way.

When a student is working on INTUITION he must actually take action to-
obtain information; with the information collection test the reverse
is the case and a student must take action (ie guess at.the correct

answer) in order to avoid being given further information.

—
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It was suggested earlier that extraverts would tend to interact more
with the external world than introverts. It is possible that the
lack of differences in exploratory behaviour observed when students
worked on INTUITIONﬂmay be due-to this complicating factor.
Extraverts are more inclined to interact with the external world
and their actual amount of exploration an INTUITION h;inflated;int;overts,by
contrast, although they prefer to 'look before they leap', are inhibited
and their actual amount of exploration is constrained: thus no

differences in amount of exploratioh are detectable.

With the information coliéction test the situation is different‘and
the tendenéy to 'prefer action to thoﬁght‘_or more specificallyAto
behave impulsively will bring about different results. The reflective
introvert who p;efers to collect information and reflect on it without
having to interact with the external world caﬁ do so simply by not
taking a decisibn (ie not gueésing at the answer). The impulsive
individual who wants to 'do something' will guess at an early stage
on the bésis of rela?ively little information. ihe results obééined

are in accordance with this point of view.

Situational Factors.

This discussion has indicated the probable importance of
situational factors in the exploratory or information collecting

“behaviour displayed by learners.

Data provided by Westcott also supports the conclusion that information
collection exhibits high reliabilit& within a situation but is likely
to differ from situation to situation; aithough’as noted earlier, he
also providesisdme tentative evidénce that information demand may be

consistently related to personality factors.:



l04

Consideration of individual cases further supports the point of view that
information collecting behaviour is‘situation-Specific.Fer example,student
No 7 scores as an introvert on the EP1 and collected large amounts

of information.on the'information collection test (score = 1.5) yet

he only explored-one topic-throughouf the whole of his’work on modules
1 and 2. A mofe detailed examination of this student's records shows
that he frequently did not examine any of the demonstration materials
and that he worked‘through,the material extremely quickly, only ever
completing the minimum number of nodes. It became apparent as early

es the first seesion that this student was particularly keen to
complete the learning exercise before any of his fellow pupils did.

At each session he invariably enquired ebout the progress of other
students and always worked as quickly as possible. Reminders from the
experimenter that speed was-unimportant had no effect on his rate of
progress. This particular student clearly felt that any activity

such as exploration that was not mandatorj was not worth doing, eelit
would slow his progrese. Exploratory behaviour and demonstratipns

not absolutely essential te understanding were not conducted in the
hope of keeping up his very rapid rate of progression. Close study of
other students"records reveal similar idiosyncracies confirming the
importancevof situational faetofs in determining inforﬁation collecting

behaviour.

The oonsistency of information collection patterns

Although information collecting behaviour seems to be situation-
specific the extremely high reliability of people's information
collection behaviour under various eonditions is interesting. For
example the infermation collection test preduced a reliability
coefficient of 0.9 and the indices’of amount. of exploration produced
coefficients in excess of'O.B; yet there‘were no consistent relation-

ships between these indices of information collection. It seems that
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~ information collecting activity is highly situation-specific and that
people behave extremely consistently in similar situations and display
stable levels of information collection; when circumstances change

they will establish new, probably different, but equally consistent

patterns of information collection.

Advance Organisers

This study has shown that, in practice,'many sfﬁdenﬁs do not abpear to
"advance organisers' when they arefavailabie. This may be for severel
possible reasons; the organisers may not be ‘good enough or students
simply do not know what is in thelr'best interest, for example. It
could, however, be that advance organisers are not appropriate for all
students in all situations and they will not”aiweys'facilitate learning.
Ausubel (1968) has said that "...the principal function of the organiser
yls to brldge the gap between what the learner already knows and what he
needs to know before he can successfully learn the task at hand". It
seems, at the very leest. that some students feel that they need to
know very llttle in the way of organising 1nformat10n before théy begin

learning, whereas others prefer to find out a great deal.

Summary

The work reported in this chapter was an attempt to examine an aspect
of 1earnihg strategy concerned with getting an overview of the subject

to_be‘learned.

This feature of learning etrategy could be quite important from a
pedagogical point of view since it can be clearly related to many
existing learnihg situations. The»étudies reported in this chaptef
have shown that there does not appeer to be a stable information
collection disposition influehcing behaviour,consisteﬁtiy in a variety

of situations.
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The indication is that people quite rapidly adapt to a situation
and begin'to exhibit stable patterns of information collection but,
though different indices of information collection exhibit high

internal consistency, they are not closely related to each other.

The available evidence shows that the extent to which students will
look ahead and explore learning material in advance is not related

to extraversion—intro?ersion in any straightforward fashion. There

'is no apparent relationship between'the amount of information collected
by students working on INTUITION and extraversion-introversion. It

has been suggested that this may be due to the fact that INTUITION
requifes students to take action and interact with the e#ternal world
to obtain infor@gtion. This may, in practice, inhibit the information

seeking behaviour of introverts and enhance that of extraverts.

The analysis of inter-relationships between the various indices of
learning style does show a consistent pattérn indicating that people
who planned furthest aﬁead (Ch. 2) tended to explore more topics
befére béginning any work. The coefficients, however, are mnot
statistically significant and the nature of.the inter—relationships
‘between appreciation span, range and amount of exploration remains

unclear.

The two indices of amount of exploration and appreciation span are

all negatively related to errors:suggesting the (intuitively reason= -
" able) conclusion that people wﬁo proceed less impetuouSly by exploring
future topics apd planning ahead make less errors; however, the
relationships are‘agéin not c§nsi$tent_enough for any firm cdnclusions
to be drawn. Both of these are interesting possibilities and could

perhapé be useful subjects of further study.
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Future Work

- The results obtained indicate that fﬁtﬁre work seeking to establish
relationships between underlying personality dispositions and amount
of ihfonnation collected wili need to.take account of‘situational
factors that may be>of importance and, for example, the sort of
iﬁteraction discussed earlier that may exist between situational

-factors and the influence of extraversion-introversion.

Another possible direction for future work is to examine exploratory
behaviour itself more closely, or, as suggested above; to examine the
inter-relationships that exist (within a specific situation) between
the indices of learning. The experience gained from the current
study has revealed a number of ways of improving the efficiency'éf’
such investigétions. The equipment used here was designed with
multiple aims in mind and not specifically to examine learning'style
. variables, thus expérience has indicated some possible design chéngeé‘
for future learning environments aimed specifically at examining
' learning styles. f
The modifications occur in 2 areas.

i ‘ Information supplied.without réquest

ii Type of information available

INTUITION ensures that students are supplied with a concept (or.
topic) map together with topic names representing the subject matter

that they are about to learn.

All students are confronted with this display and can study as little
or as much as they wish. It is difficuit to tell how much attention
students gi&e to this display or when they are making use of it. This
fact is a possible source of error when attempts are made to measure

Exploratory behaviour. Thisvpfoblem could be partly remedied by not
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supplying students with any unrequested information - other than
perhaps an indication of the general area of the subject matter.
Wetherick and Dominowski'(lé76) have recently descfibed a procedure
for conducting simple céncept attainment experiments in this way.
Further information would only Be available on request. This
procedure'would, of course, present new problems, such as whether
the information should be supplied and then removed,or should it

remain visible to the student once it has been requested.

The suggestion of making all information contingent on student
requests draws attention to a second possible change. On the
INTUITION equipment when a student explores a topic he is given

certain, pre-specified, information. He is not given any choice of

the sort of information he wishes to be given.

With a modified sjstem students could be given at least three
alternatives;
~ (a) Topic name
i(b) Relationship to other topics

(c) Details of topic, similar to existing information

This modification would help to prbvide data about the category of

~jnf6rmation that students were interested in.

The mddification meﬁtiéned above simply repfesents an extension of
the'existing set-up and the categories of information are dictated

by the éxisting pattérn.. A mofe radical élfernative'would involve
pfeparing a taxonomy of 'types of information' and provide oppdrtunit-
-ies for students to request and obtain inforﬁation belonging to the 1
different categories. The methodological implications of this study

are pursued further in Chapter 6.
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CHAPTER 4

THEORETICAL DISCUSSION OF ATTENTION DEPLOYMENT

Introduction

When students work on the INTUITION equipment they-have to choose a
route through the topics‘that make up the Subject mafter. Chap-

ter 5 is concerned with the identification of individual consist-
encies in typé of route taken and examines‘the relationship between

certain categories of route and various personality factors.

When working on INTUITION students are présented with a body of
subject matter.divided up into é collection of interrélated'topics.”
The e§entual objective for all students is to understand fhe three
héad topics. iThere‘is no single, predeterminea,route that students
must follow-.Within the constraints discussed earlier (see Chapter 1)
they may work on topics in anj order. The choices that students make

may represent consistent learning style differences.

Beforé gehefating predictions concerning the relationships between
route taken through the INTUITION material and persbnality factors

some preliminarj discussion of attention deployment will take place.

‘This discussion is essential since attentional factors will be used
as central explanatory concepts in the examination of student

characteristics that takes place in Chapter 5.

An Examination of Attention Deployment

A historical perspective

As a concept attention has undergone'mény»shifts in popularity. ’
Early psychologists such‘as William James (1890) gave it an importantk
position in their accounts of human mental processes. The folloﬁing

is illustrative of the importénoethat James allécated_to attention.
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"Millions of items of the outward order are presented to my senses
“which never properly enter into my experience. Why? Because they
have no interest for me. My experience is what I agree to attend

to. Only those items which I notice shape my mind - without

selective interest experience is an utter chaos'.

The appropriateness of these words is as clear today as it was 85
years ago, however it is only in the last 20-25 years that attempts
to approach~the problem of attention have met with any real degree

of suécess. For much’of the intervening time attention was rejected
as a mentalistic conceptes Unfortunately problems clearly related to
attention have consistently recurred as stumbling blocks in explana-
tion of human (and animal) behaviour. Any higher animal is cease-
lessly faced with a multitude of stimuli that are competing to exert
some influence over his behaviour - to function with even a moderate
degree of success the animal must have some mechanism for contrélling
the extent to which he is influeﬁced by these competing stimuli -
without such mechanisms - as James points éut‘"...fthe consciéusness
of every creature would be a gfay cﬁaotic indiscriminateness impossible

. for us even to conceive'.

Models of Attentién

The problems of éttention are essentially problems of selectivity and
ihtentionélity. It is clear that we cannot notice more than a

certain number of sfimuli at bnce nor.carry ouf more than a limited
range of activities simultaneously. Investigation of this phenomenon
.really répfééents the starting point for the systematic study of
attention; ‘Broadbent (1958) developed a theory of selective attention
which has been the majbr stimulus for much further work. He postula-~
 ted that inputs are processed simultaneously in the sensory

registration and preliminary sforagevsystems - but are then trans-

mitted via independent channels to a selective filter. The filter
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‘blocks some (irrelevant) messages and admits other (relevant)
messages to a single decision channel of limited capacity which has

access to a long-term memory store. -

< LirTr€)

; SELECLTIVE caPACYTY R Ianseg
INPUT CHAWNNGLS —>——] DGcisioN

> FILTER

‘ CHAMNEL

>

N
Long TERM
MEMORY STORE

Fig. 1 (Broadbent's theory)

The model suggests that selection is based upon the receptor at which
the information entered‘the system or upon physiéal diétinéuishing‘
charactefisticslof the.meésaée. "Apparent division ofvattehtion |
between channels is explained by suggesting that there is a limit on
the rate at which attention may be shifted and that a short-term store,
"prior to the filter, holds messages coming in on one channel while
those on the othgr are dealt with. This theory is consistent with
earlyrexperimentalbresults where it was found that humans are unable
to récall many of the features of a 'non;attended' message ,Cherry
(1953) and have little memory for any of the words, Moray (1959),
unless the shadowing of the_'attended' message is momentarily
disrupted when the second message is presented,Mowbray (19§4). These
results alone would imply a single channel of attention which
accepted the material contained in one message and rejected the
information contained in the other. Further experimental evidence

eg Moray (1959),Gray and Wedderburh (1960>,Treisman.(l960, 1964a,

1964b) has demonstrated that this is not the case.

Division of Attention

Moray's experiment amounted to an experimental demonstration of the

'cocktail party problem'. This is exhibited when we are (éupposedly)
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" completely involved in oﬁe of many conversations taking place at a
cocktail party and yet the mention of our own name in another |
conversation will be recognised. Such a finding is difficult to
explainvin the context of Broadbent's original theory. Treisman
(1960, 1964, 1969) invokes a two stage thebry - to accommodate the
experimental findings aiready mentioned and othefs. She suggests .
that at the first stage signals are analysedbfor their physical
characteristics and, théﬁ, differenfially attenuaﬁed as a function of

théir relevance to the task in hand.

In the second stage all signals Qhether attenuated or not are read
into a pattem recogniser comprising a large‘number of dictionary
units with differént, but variable, response thresholds - such that,
for,example, emotionally important units have permanently lowered
thresholds. Sﬁch'a,theory caters for the cocktail farty syndrome
since although the 'unattended' message would be attenuated the’

relevant dictionary unit for one's own name would have a low threshold.

This theoretical development represented a major departure for fiiter
theory‘since’it accepted the possibility of parallel processing. The
evidence that led‘Treisman to revise the original'filter theory ied
Deutsch and Deutsch (1963) to propose an even more radicai reformu-
lation. They suggested that a "message will reach the same perceptual
and discriminatory mechanisms whether attention is paid to it or not'.
Their theorybpostulates thaanll inputs are fully analysed in |
a pattern recogniser comparable to therhe proposed by Treisman
(dictionary units). Each structure has a preset weighting of
importance, which reflects‘momentary-inténtions and among concurrently
active structures the one.with the highest weighfing of importance is
used to control awareness and response. This system like Treisman's
ensurésyfhat iﬁportant signals embedded invan:irrelevant message

will achieve precedence over less important signals.v The distinction
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between the Deutsch and Deutsch theory and filter theory»is most
apparent in the area of divided attention. Filter theory suggests
that division of attention among concurrent stimuli is impossible
since attention can only bebdirectedfat one channel at a time - the
Deutsch theory implies that detection wiil be easy whether the
signal is on an 'attended' channei or not.\ As shown below the
balance of the evidence would seem to indicate thét both points of
view are wrong - there appears to be more division of attention
 than filter thedry would allow and less’than the Deutsch and Deutsch

or the later Norman (1968) theory would allow.

Various studies have shown that the division of attention is not easy
and sometimes leads to very poor performance. Mowbray (1953) found
that subjects could not listen to one story while reading another.
Webster and Thompson (1954) observed very poof handling of
simultaneous auditoiy messages except when these were highly redundant.
Mowbray’ (1964) (1962), Treisman and Geffen (1968) havé shown that when
subjects are shadowing one message and listening for a target'in
anothér concurrent messages shadowing is disrupted when the critical
work is presented. ~Treisman and Geffen (1967) and Treisman and Riley
(1969) have conducted other experiments indicating that attention may

not be divided as successfully as the Deutsch theory would predict.

On the other hand other studies have demonstrated that parallel
processing of concurrently presented stimuli can be conducted

successfully.

'Lindsay,.Cuddy and Tulving (1965); Tulving and Lindsay‘(1967), ’
Treismanb(l970), Treisman and Fearnley (1971);‘Levy (1971), Ninis
and Kahneman (1973) have all presented evidence (reviewed in Kahneman
19?3)’indicating that.people can and do conduét an amount of parellel

processing that would not be predicted by filter theory. Many of the

—
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terms and concepts of filter theory have been widely applied in
particular the image of filtering as an operation that opens one"
channel and closes others. Broadbent generated this image after a
study of auditory attention - in particular dichotic listening. He
defended this choice on the grounds that auditory attention can be
studied without‘the problems of movement which dominate vision. The
listenér must rely on central mechanisms to direct his attention -
this is not the case with the Qisual modality. The fundamental idea

-~ of filter theory that still survives today is that selective attention
is an inhibitory process and that some inputs are 'blocked! or

tfiltered out' in some way.

Neisser (1967) (1969) has shown that an alternative point of view is
possible. He considers along with other authors the possibility that
perception is enactive and that selective attention invol&es a
distribution of available processing éapacity. This means that when
something is not attended to, processing capacity has not been
alldcated to it. He summarises his point of view by the follgwing

ahalbgy.

"If a man. picks up a sandwich from a doZen offered to him we do
not érdinarily_say~that he haévbldcked ar attenuated thé chers;
he simply hasn't picked them up'.

He also states -~ presumably to accommodate the sort of evidence that

encouraged Treisman to revise Broadbent's theory

M. We mighi'also'ﬁhink of him keeping his fingers lightly
on the other sandwiches bothfﬁeforé and during his activities
with the one he selects, to méke sure tﬁat nothihg'untoward is
going on'.

Neisser also pointed out the relevance of pre-attentive mechanisms to.

the process of selective attention.

I
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A1l of the models of selective attention discussed so far imply that
pre-attentive processes exist to conduct analytic and decision making
processes which take orior to,and thus withouf awareness of ,the total
sensory inflow from which selection is to be made. As Moray (1969)

has remarked when discussing the Deutsch and Deutsch theory.

"Recognition by the pattern recognising mechanisms of the brain
of the precise nature of an incoming signal occurs at an earlier
stage than that at which the observer is conscious of the nature

of the signal".

Common Features

This rapid review of theories of selective attention has been presented
‘for fwo related reasons. The first is'to ensure that an appropriate
perspéﬁtive exists for the discussibn of pbssible individuél differ-
eﬁces.in attention deployment and”that'any Subsequent consideration of
diffefences in attention deployment is éompatiblévwith existing
knowledge pbncerning the nature of attention. The égcond reason is

s0 thét fundamental similarities of approach that represent the
'concensus view' on tﬁe nature of atténtion can be identified and used
to generate a conceptual platform for the more detailed study of
relationships between attentive mechanisms, general cognitive

processes and cognitive structure.

There arebabundant similarities between the theories of selective
“attention presented here (and others not conéidered) bﬁt only two are
of critical importancé for the present discussion. The first point
df agreement is made apparent by cénsideration of the theoretical
position adbptedfby Neisser. Iishort, all theoristé relate selective
attention to the allocation of prqcessing capacity. When one message
is désignated as relevant and gnother is designated irrelevant all -

theories imply that a larger amount of processing capacity is allocated
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to the relevant meésage - they only differ when it comes to the
means of ensuring that this occurs. Thus selective attention may be

equated with the selective allocation of processing capacitye.

The second point of agreement concerns the status of 'unattended'
‘messages. At one time, as indicated, filter theorists claimed that
irrelevant messages would be blocked completely. Repeated experi-
mental demonsfrations have shown that this is not the case and
revisions of the original theory have acknowledged the fact by
postulating an 'attentuation' rather than é 'blocking' mechanism.
The other theories considered also'acknowledge fhat seemingly
‘unattended messages are rarely complétely unattended-. Thus the
second point of agreement involves the idea‘that the selective
allocatioh‘of'proceSSing cépacity is not perfect and some capadity
is alloéated_to both relevant and irrelevant stimuli. Again the
theories differ considerably on the exact nature of the mechanisms
‘that are réesponsible for the observable outcome of such a distribution

of capacity ~ and also on how the capacity is distributed.

A further point of interest when one examines theories of selective
attention relates to the potential adequacy of any of the theories
considered for explaining the experimental results. It seems clear
that theories postulating Eurélz sérial processing are nbt compatible
with experimental findings? neither are theories that postulate the

extensive sort of parallel processing proposed by‘Deutsch and Deutsch.

It ié also likely to be the case thatla theory postulating purely
enactive or fécilitétive selectivi£y‘is,as unlikely to be successful
as one postulating inhibitory selectivity. It séems then that some.
sort of integration of serial and parellel processing'tdgether with
facilitative and inhibitory mechanisms may provide a theory that is

likely to be more able to explain the current experimental data.

—
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Indeed,~although it is often dangerous to relate psychology and
physiology at toovearly a stage in theorizing, there is‘some recént
phjsiological evidence thgt lateral inhibition may be thévoutcome
of attentional activity; Walley and Weiden (1973) cite evidence in
support of a theory of cognitive masking which postulates that the
processing of one stimulus interferes with the processing of another.
The interference is terméd cognitive masking énd is attributed to
recurfent lateral inhibition between neurons in the association
cortex. Shallice (1972) has developed a more general information
processing theory of consciousness and at one point makes the |
assumption that "No more than one action system may be strongly
activated (ie become dominant) at any given time. This results frqm
the activation of each action system being inhibited by every other
action s#stem by an amount which inéreases monOtonicaily with the |

others activation'.

Capacity

A somewhat different but compatible point of view has been suggested
by Kahneman (1973). He suggests thaf individuals possess a limited
amount of attentional capacity and that this capacity is distributéd
differently over focal and peripheral attention. His theory is also
able to explain many of the expériméntal findings previously

‘discussed.

Fof example, he suggests that when a person is conducting a task in
focused attention only 'spare capacit&' is allocated to irrele&ant
material and, "Cbnsequently, the pﬁrceptual interpretations that
correspond to these stimuli are impoverished; and awareness of them

is slight".

In terms of a capécity theory the reason for the demonstrable

inability of individuals to conduct a large range of activities
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simultaneously is due to a limitation of total available capacity.
The possible importance.of inhibition is not made explicit in
Kahneman's theory. However he doéé cite considerable evidence in
favour of a theory first put forward by Easterbrook (1959) concerning
the relationship bétween arousal and attention - much qf which could
be interpreted by invoking an inhibition hypothesis. Easterbrook
attempted to.explain the Yerkes Dodson Law (1908) which stated a
relationship between érousal and performance. The Yerkes-Dodson Law
indicates that the relationship between arousal and performance

corresponds to an inverted 'U' shape.

Performance
(efficiency)

Arousal t>,
(intensity)

Fig. 2 (The Yerkes-Dodson Law)

Easterbrook hypothesised that as arousal increases aftention becomes
narrower; when arousal is low attentioh is relatively non-selective
‘and many clues (including irrelevant ones) ére processed. As arousal
increases so does selectivity until at a certain point only task
relevant cues are accepted and other are rejected. Beyond this point
- when arousal increases still further some task relevant cues also
begin to be rejected and performance bégins'to deteriorate. A number
of experiments are quoted by Kahneman in support of this hypothesis
and although he notes that the evidence ig not entirely supportive

he does conclude that "...the weight of the evidence does favour the
conclusion that high arousal restricts the range of cues among which
attention may'be divided". Walleyvand Weideh suggest that such an

effect may be due to increases in inhibition that occur as arousal
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increases. "Consequently the greater the complexity of the task,
the greater would be the arousal induced and the narrower the rangé

of cue utilisation''.

Summary

By way of a summary tﬁe following points are put forward.

1 The selectivevallocation of attention is synonomous with the
selective allocation of processing capacity.

2 Processing is neithgr always serial nor always parallel.

3 The range of processing actiyities thatvmay be conducted at any
one time‘is limited both by available capacity and the inhibitory
effecté of each activity.

L  As arousal increases attention becomes increasingly selective.

Individual differences in width of attention

So far the discussion has concentrated 6n the general concept df

’ attentidn and attempted to examine it fr&m a point of view of
individual similarities. It has not béen suggested that there may

be consistent individual differences in the mechanisms of selective
attention discussed. The next part of the discussion is concerned
with this possibility. In particular an examination of one particular
possibkle‘so'urce of individual .differences in attention deployment
will‘be condgctéd - that of attentionai breadth. Terms like breadth
or exténsivéness of attention are:extremely seductive as concepts -
possibly because they can be identified cloSely with éveryday |
experiences. Day to day activity is littered with examples of events .
that can in some way be related to breadth of attention. Unfortuna-
‘tely the literature reievant to the concépt of breadth of attention

is nét always és illuminatiﬂg'és it might be. The principalbreason |
for this relates to incomplete.speéifications of what is meant by

attentional breadth. One major'soﬁrce of confusion is rooted in the



120

misconception that there is only one vériety of breadth of attention.
An examination of the literature relevant to the concept of breadth
or narrowness of attention clearly indicates that it is not

appropriate to talk about a singlé dimension of attentional breadth.

Wachtel (1967) discussed the concept'of breadth of attention and
distinguished at least two kinds. He refers to experiments bj
Schlesinger (1954) who attempfed"to demonstrate the operation of a
control principle called focussing ' a tendency to experience the
world in a narrow discriminating way'. Schlesinger's idea of narrow
attention was taken from Freud's (1926) concept of isolation. The
isolator is described by Schaffer (1948) as exhibiting a tendency to
keep ideas separate from one anothef. Freud suggested that this was
‘accomplished by narrowing and focussing the field of attention.
Shortly after Schlesinger's work Gardner et al (1959) demonstrated -
that people exhibit consistent differen§és in the extent to which
they scan a stimulus field and examine many different aspects (high |
scanners) or fixate on relatively few different areas of the field.
They (ie Gardner et al) also cite Shaffer's description af an isolator
- but refer to a different part of his déscription where he notes
that isolators have an increased‘repertoire of consciously accessible
ideas - and suggest that this is related to the kind of broad

attention exhibited by high scanners.

As Wachtel notes isolators appear ho‘display both broad and narrow
attention. He suggests that the apparent paradox is caused by the
suggestion that there is only one kiﬁd of broad or narrow attention.
To unravél the confusion he makes use of an analogy by Hernandez Peon
(1.964) who suggested that attention could be compared to é ""beam of
light in which the central brilliant part represents the focus,

surrounded by a’less intense fringe'.
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Wachtel suggests that the type of broad attention identified by
Gardner (scanning) represents the movement of the beam around the
field. High scanners move the beam freduently to sample many

aspects of the attentional field, others (low scanners) show an

oppbsite tendency.

He relates the narrowing of éttention inferred by Schlesinger from
Freud's writing to the width of the beam. When attention is narrowed
the beam width is narrowed and a limited range of cues are processed.
This sort of distinction has béen accepted by other authors. As
previously noted Kahneman (1973) states that aftention can vary from
wide to narrow; and that when attention is narrowed performance is
impaired for tasks that "require deployment of attention over a

broad range of information processing activities.'" Eriksen and
Rohrbaugh (1970) state that at certain times attentional focus is at 7»

a "low power setting with a wide field of view'.

This diﬁension of attentional.width pan also 5e related bo Neiééer's
analogy referred to earlier where scanning is associated with the
movement of the hand from one object to the next aﬁd beam width
relates to the extenf to which the person concerned receives and
processes information from his fingers concerning the ofher, non

chosen, objects.

However, these analogies are only of limited use - indeed it will bé.v'
shown fhat fo identify scanning as an index of attentional width is
probably misleading. An illuminating piﬁture of the centrai processes
involved can be gained by looking ;t the. situation from the point of:
view of control systems. Pask (1966) discusses the nature of

cognitive systems and distinguishes (at least) two levels of operation.
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Fig. 3 (A control-system representation of attention
directing mechanisms)

The box labelled (?' contains an organisétion resembling a TOTE or
céllection of TOTE UNITS as described by Miller, Galanter and

Pribam (1960). The important point for the present discussion is
that systems at ('o Operafe on and sense properties of the
environment, whereﬁs the (? box repreéénts céntrollsystems which
recognise and direct oﬁerall properties of {? pefformance. Thus
much of the actual expenditure of processing capacity referred to
earlier takes place at the:(o level whereas the allocation policy is
controlled at 61. As Pask notes, ''the ((} attention directing}
mechanism overlooks a collection of goal seeking systems operating

below the level of commitment and one above this threshold".

ie

ATrenTION MECHANISM

Fig;‘k (Goal seeking systems)

This formulation affords a better understanding of the status of

scanning control as an attention deployment mechanism.

At first sight'it may be tempting to relate écanning to changes from
one (o system to another - however this is not appropriafe. Consider

a fairly simple situation where a person is searching a stimulus
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display in the hope of finding a particular configuration (eg
searching an old school photograph for a friend). TheeLo system"does
not change but the searchgr would aimost certainly give behavioural
evidence of scanning the picture. Thus scanning may océur when the

c? system is unchanged{

Scanning represents a shift from 6ne external object of attention to
another ~ and does not represent a change from one goal directed
'sequehce to another. This demonstrates that scanning control
represehts a very specific sort of broad attention. Some authors
have assﬁciated scanning controlvwith lability of attention. In
terms of the present discgssion this would imply that high scanners
are continually re—assigniné Capacity from one goal directed sequence
‘tobanother.—bthis is clearly not necessarily the case. There is no
reason to suppose that someone engaged in extensive scanning could
not have an extremely stable allocation of capacity to a particulaf
goal directed sequence. Indeed in the case of some individuals
diagnosed by clinicians as obsessive this would seem to be the case.
.These individuals sample a Qide range of information but do so very
geleCtively and ignore anything not in accordance with their,own

point of view.

Thé stétus of the dimension of attention breadth referred to by
Wachtel as beam width (from now on calied width of attention) can
also be examined more closely. In terms of.the control syétems
formulation used above the width of attention refers to the range ahd
extensivehess of(f)procedureé operating concurrently. Thus, in
general, when arousal is high and a task is being conducted the C?
probedures'feleQant to the dominant aspects of the task will be
allocated relatively high amounts of capacity and peripheral activity
of less immediate relevance to the task will not be conducted; ~So

that, for example, in studies of incidental learning wide attention
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would be exhibited as higher recognition or recall scores for the

incidental elements.

Attention and awareness

It is now appropriate to discuss the prdblem that is a particularly
difficult one fof a.'scientific' psychology to copé with - that is
the relationship between conscious awareness énd attention. To
conduct.én adequate discussion of the Qidth of attention without

- addressing this problem is impossible. It is customary to suppose
that there is a fairly direct relationship between attention and
awareness ie stimuli that we do not become aware of have not been
processed. As already noted the theories d selective attention
discussed so far quite clearly imply that some sort of initial
Vprbcessing without awarenésé tekes place ie pre-attentive psycholo-

" gically ‘'silent' processes exist; What is not clear is the amount

of psychologicaily silent processing that can teke place éfter,sensory
registration of stimuli. Consider Treisman's theory wﬁich implies
that a combination of'stimulus characteristics and diétionérf unit
theshold determines Qhethercn‘not'a particular input will enter
consciousness. The suggestion that unconscious processing takes place
appears to be a contentious one - but nonetheless can be supported by
considerable experimental evidende., Muach of the evidence is
contained in studies relating to subliminal perception and summarised
by Dixon (1971). Although there is some criticism of the suggestidn
that subliminal pércepfion'exists the weightbof evidence in favour of
it is bverwhelming. Itvis proposed here that evidenqe for the
existénce of subliminal perceptioﬁ can_be construed as evidence of
processing without awareness. In this context subliminal perception
is assumed to have occurred when a stimulus elicits contingent
responses from a subjgct when_the stimulus is below an experimentally

determined absolute awareness threshold and the subject reports no

-
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phenomenal representation of thé stimulus. It will become apparent
léter in the disbussion that an appreciation of the possibilities

of processing without awareness or conscious control and the
‘possibility of this affecting behaviour is critically important

~ when considering the relationship between width of attention and
other‘factors. Some of the evidence for processing without'awéreness
and the conditions uﬂder which it is most likely to take place is

given below.

A series of studies by Murch (1965, 1967, 1969) indicate the effect
that subliminal stimulation can have on behaviour. In a typical
experiment he presented subjects with displays on a three field
tachistoscope; Stimuli in theifirét’field were supraliminal pres-
entations of'incomplete letters, the second field contained subliminal
possible completions of the incomplete letters, and the third field
showed supraliminal possible completions. Subjects were asked to
select letters from the third field which fepresented complete
versions of the incomplete letters shown in the first field.r The

stimuli used are shown below.

1, Supraliminal 2. Subliminal 3. Supraliminal

AR R P

Subjects exhibited a significant tendency to choose the pair of

letters in: the third field that had been presented subliminally

in the second. Murch also noted that the effect of the stimuli
"appears to require, however, a tertain receptiveness on the part of
the S. If S'5 respond without analysing the problems ( ieintuitively)v
the incidental stimuli had a greafer effect. Perhaps conscious

processes are able to override the influences of incidental stimuliM.
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This is a finding that is repeated many times in research on
subliminal perception ie that it requires a state that is
antithetical to that of selective attention - the person involved
should be in a relaxed passive,‘and non-attentive state; (Allison
1963, Fisher and Paul 1959, Murch 1969). The significance of this

finding will be referred to later.

Rather than quote the mahy other positivé findings -~ together with
criticisms of one sort or another most of which are covered by Dixon
(1971) it is sufficient to cbﬁclude that, if nothing more, the
available evidence indicatés that subliminal perception has been
shown to occur. Of more interest to the present discussion are a

number of related points.

As noted above the conditions under which subliminai pérception takes
place most easily are antithetical to thbse of sélective attention..
This is in keeping with the idea raised earlier that selective
attention exerts a restricting effect on processihg and (Eastgrbrook

and Kahneman) as arousal increases attention is progressively narrowed.

Towards the end of his discussion oflattehtion, after considering a
large number of experimental sfudies,'Kahneman concludes that

attention is divisible and that the allocation of attention is a

matter of degree. At high levels of task load it becomes more neafly
unitary. He also makes the féllowing comménts about people attempting
to cdonduct two tasks at once. '"In the recognition eXperimenté c
conducted in my laboratory, subjects appear to adopt a passive
attitude during the presentation 6f long (31 words/ear) dichotic

lists of words; The phenomenology of the situatién is suggestive;
subjects report. that they deliberatel& refrain from paying particular
attention to any wordﬂ. A quick experiment reveals the truth of this

statement. Attempt to write down the numbers from say, 1 - 20 while

repeating the alphabet at a slow, steady rate.
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Dixon actuﬁl}y gives a detailed physiological explanation
of subliminal and supraliminal processing and- claiﬁs
that they " are dependent on the activation of -
two different arousal systems. Processing associated with supralim-
'inal stimulation is influenced by the classical arousal system
whereas subliminal processing is dominated by ihe limbic arousal
system. Furthermore he associates processing of the second type with
thé psychoaﬁalytical notioﬁ of primafy process thinking and quotes
ekperimental evidence to support this view. However it is unnecessary
for fhe phrposes of the pfesent discussion to examine the'physiglogy
of the situation in any detail. Essentially it is suggested here
that attention may vary from wide to narrow in the way descfibed
earlier. When attention is wide a larger range of information
processing activities take place only some of which are represented
in consciousness and thatvit is not necessary for processingito be
phehomenally represented for it to exert an effect on behaviour.
Furthermore it is postuléted that whén attention is more nearly
unitary and focussed on the dominant aspeéts of a task the tninxiﬁg
that takes place ié 'analytic' as opposed to ‘'intuitive', Bruner
(1960) whereas when attention is wide the thinking is more likely to

be intuitive. Neisser (1963) comments on Bruner's distinction.

"Analytic thinking charaéteristically proceeds a step at a time.

Steps are explicit and usually can be adequately reported by the

thinker to another individual. Such thinking proceeds with relatively

full awareness of the information and operations involved.

Intuitive thinking characteristically does not advance in careful,
~well planned stepé, Indeed it tends to involve manoeuvres based

seemingly ‘on an impliéit perception of the total problem. The thinker

arrives at an énswer which may'be right or wrong with little if any

awareness of the process by which he reached it".
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Neisser also groups intuitive thinking with the creative process,

dreams; subliminal perception and other 'prelogical! experience as’

opposed to the logical processes of reason.

It is contended that the above formulation is not at odds with any of
the generai experimental findings related toatention and although it
may be in contrast té certain theoretical points of view it
essentially represents a synthesis of a number of slightly differing

styles of examining the same problem.

Attention deplbyment andvcreativity

A person's width of attenfion cah vary froh being highly selective
and focussed to the other éxtreme when during REM sleep, attentioq
appears to be at its leaét selective and stimuli applied during or
before sleep will’elicit compiex imagery and primary process
associations (Fiss et al) (1966). The fact that intra-individual
differences in attention deployment exist does not preclude the
possibility that there are consistént inter-individual differegces in
attention deployﬁent,> Indeed the very fact that intra-individual
differences do exist make it highly likely that inter-individual
_differences exist. The problem is whether the individual differences
are first , unitary and secondly, large enough to exert a significant

effect.

A number of investigationé have, (at least implicitly) assumed that
such differences do exist. Much of the pertinent experimeﬁtal work
has involved attempts to relate wide attention deplpyment to high
creativity - a rélationShip that sﬁould be poéitive according to the
preceding discussion. Various studies eg Mendelsohn and Griswold
(1964), (1966), Laughlin (1967). Laughlin, Doherty and Dunn (1968)
have‘examined the relationship between scores on a measure of

creativity (Remote Associates Test) and indices of wide attention such
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as incidental learning. Although there are difficulties involved in
"disentangling the confounding effects of intelligence the genéral
direction of the results in these studies indicates a positive
relationship between incidental learning andcreétivity. As Boiton
(1972) notes "It seems plausible to express tﬁe essential difference
betweeg incidental and intentional learning by saying that the one
involves learning a£.the level of subsidiarj awareness and the other

’ leafning at the level of focal awareness'.

The ideé of diffuse awareneSé accompanying creative thinking is not
new and has been‘sﬁggested by a number of ofhér authors egEhrwenzweig
(1967) Ghiselin et al (1964). The latter authors compared
‘successful'! and 'creative' scientists. They noticed a difference
’in the state of attention that the two scientists reported at the

‘culminative moment of creative activity'.

‘Both report some flexibility, wavering and ranging of activity, but
for the successful scientist this is héavily qualified by use o{ terms
like "focused" ana Usharp". As the authors note "... focus is
concentrative and preclusive. Thus the adjective 'diffused' the
 opposite of 'focused' indicates an enormous advantage for the éreative

scientist, whose experience it characterises'.

Thus a recurrent theme in the literature is that creative thinking is
associated with a state very similar to the wide attention discussed
earlier. It seems as if some of the thinkihg (processing) that takes
place during problem solving behaviour does not appear at the focus
of awareness - indeed it may not apﬁear in awareness at all until the
solutioh stage. Consider the réports of‘sciehtisté'who indicate that
frequently Qhen éngaged in less meptaliy demanding activities they'
suddenly ‘'intuit' the solﬁtién to a difficult problem. Experimeﬂfs

by Fulgosi and Guilford (1968) and Dristadt (1969) testify to the
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ﬁsefulness of‘rest periods during problem solving which allow for
'incubation' Wallas (1926) when the unconscious takes over. -De Groot
(1965) who presents one ofithe most convincing arguments for the
sérial nature of (observable) complex thought notes that on occasions
oo we are_coﬁcerned with 'calculational serendipity', that is»
during routine calculations fhere may be a coincidentally evoked
means-abstraction to the main goal'. Phelan (1965) conducted experi-
ments which sﬁggested that premature attempts to verbalise (which
presumably involﬁes bringing into fogal attention) may disrupt the
more intuitive process needed'during concept attainméht. " This
finding is interesting in itself when one considers the incréasing
use of subjective, introspective reports - 'protocols' being used

to investigate human cognifive processes eg Neweli and Simon (1965)

- and may explain why such investigations produce evidence for the

Serial nature of complex thought.

Summary
It is now appropriate to halt the discussion and to attempt to make

explicit the central points that have been made.

1. Allocation of atténtioﬁ,is synonomous with the aliocation of
processing capacity. |

2. Processing is neithér entirely seriel nor parallél.

B Attention can vary from wide to nérrow._ When attention is
narrow processing capacity is allocated almost exclusively to the
“task at hand. When attention is wide aétivity is more distributed
and cues lesg related to ongoing activity are more likely to initiate
processing activity.

L. As aroﬁsal increases attention becomes more selective.

:5. Some processing must take place without awareness or conscious

control - but may still affect behaviour and conscious thought.
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6. Individual differences in width of attention are related to

differences in creativity.

With the possible exception of the first - since it simply represents
a ﬁniversal theoretical assumption it has been shown that each of
these points can be substantiated by exﬁerimental evidence. The
points stated above are not intended to fepresent a new thgory (or
even point of view) but are merely intended té make explicit the
direct implications of recent éxperimenting and theorising relevant
to the concept of attention in general and of width of attention in
particular. This was done 80 thét-the relationship of width of
attention withban individual's learning style and cognitive structure
could be studied. The preceding discussion was presented with the
aim of supplying a theoretical perspective s0 thaf prédictions could
be made concerning the nature of such relationshibs and that any
relationships found may be interpreted.in a wider and more general

context than that of one specific experimental situation.

On a more general level it is also felt that the study of attention
and attention deployment has generatéd an ektremely large amount of ‘
theoretical aﬁd experimental work - but,much of this work has been
confined to a fairly limited area. If this work is to be valuable
in anything other than eg studies of vigilance and habituation it
must be interpreted in a mgch more general field. An attempt at

such an interpretation constitutes the next stage in this discussion.

- General theories of cognition

Before examiniﬂg the relationships’that could be expected to exist
between attention deployment and complex learning behaviourvthe
construct of wide or narrow attention will be related to more gene?al
theories of cégnition.> Many-cqrreht theories of cognition have some-

thing in common with the formulation suggested by Miller Galanter and
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Pribram (1960) who introduced the notion of TOTE Units as sub
processes or operations which may be organised into sequences of ”
goal directed activity. Others eg Newell and Simon, Pascual Leone
and Smith (1969) - in Case 1974, Pask (1971), Shallice (1972)
concern themselves with related ideas such as schemes, procedures

and action systems.

In these formulations it is suggested that huméns function through
the operation of processes which may operate serially or conéurréntly
and under the guidance of.executiyelnogmmmes or plans may be
integrated to form complex goal-directed systeﬁs. For fheipresenf
discussion the factor of central importance is the consideration
giyen to the possibilityofactivating more than one procedure at once.
In some ways this corresponds to the ability to perform two tasks
simultaneously - most people can drive a car énd talk at the same

" time - however, when a difficult traffic situation occurs the drivgr
will often interrupt his conversation, ie as noted before when the
difficulty of the focal task increases performance of periphefal
activity deteriorates. Allport, Anetonis and Reynolds (1972) have
supplied experimental evidence that peoplé can effectivély conduct
two tasks at once. ‘In the experiment subjecfs were asked to shadow
(ie repeat béck) continuous prose passages read at a raté of 150 words/
minute - while they were sight reading music and playing the piano at
the same time. The experimenters found that subjects could do this.
Sight rééding Was,as good with divided as with &ndividedvattention.
Also there was litfie or ﬂo effect under dual task conditions on the
accurac&'of speech shadowing. The& claimbthat their results are “
wholly igpompatible witﬁ a sihgle-éhénnel hypothesis though they do
add the proviso that, '"We do not wiéh to deny that the brain may,lin
certain circumstances, exhibit_'single channel' operation as a whole.

This may occur when someone concentrates on a particular task: most,
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or all, of the specialised processors are being held 'on call' to
the same message source whether they are in fact being used or not'.
The e#tent to which fhe tasks involved are routinised and teasy'! for
the subject to carry out probably has considerable bearing on how
successfully two tasks can be conducted in parallel. As already
noted Shallice (1972), in his theory, also accommodates the possibility
that thought is non sefial by allowing for the cohcurrent‘0peration

of dominant and non-dominant action systems.

In the previous discussion of attentional styles it was éuggested
that modes of operation could vary from.that of highly peaked
attention, focused on one particular aspect of experience to more
diffuse attention addréssed'to several aspects at oncevand character-
istic of creativity, dreams,’subliminal perception, intuition and
other pre-logical experiences. This constitutes instituting séveral
schemes, action systems or procedures at once. Any individusl differences
that exist (assuming that situational variables and othér factors are
‘not so obtrusive that individual differences are obscured) will be
reflected as a common factor in studies of attention deployment,
learning, problem solving and cognitive structure. Thus in problem
solving or complex learning people will tend either to limit cognitive
activity and progress through one goal directed sequence until at
some point they cease and begin.another or, at the other extreme they
will attempt to develop several sequences together. Only a limited
number of experimental situations are sufficiently rich and complex

- in terms of task requirements and prpcéss-oriented enough in terms

of data collection to aliow an exémination ofvﬁhether‘or not such

differences can be obserVed.

Demonstrations of individual differences

In complex'leérning and problem solving situations people should .

exhibit the type of broad or narray cbgnitive activity described
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above. Such differences have been observed in experimental

situations.

Bruner et al (1956) examined the strategies used by people on concept
formation tasks. These investigators began by distinguishing 'ideal!
selection strategies - and then observed how the behaviour‘of
individuals conformed to these strategies. In practice they found
thét individuals employed two forms of approach which could be
interpreted as modifications of two of the 'ideal! strategies already
identified. People could be classified as either 'focussers' or
'scanners'. The strategies that these people employed correspond
fairly well to what would be‘expected on the basis of ‘the type of
broad or narrow cognitive stylé discussed above. Consider the
description of how a focusser modifies the ideal Strategy "...the
subject ceases to attend to those attributes of the focus card that
have proved irrelevant when he makes new choices of instances to test.
In a sense, this modification of the strategy conéists'of reducing

the focus to those’féatures that still count". A scanner is described
below. "Instead of testing an hypofhesis against chosen intances
until it was found wanting and tﬁen going on to test another hypothesis
'de Novo' in thé same way, subjects tried to remember the status of

as many past instances encountered as possible so that they would not
be starting from scratch with a second hypothesis'. The authors

note that sﬁbjects classified as scanners were in fact, combining
features of iideal' strategies described as simultaneous and
successive scanning. Simultaneous scanning requires the subject to
keep tfack of every possible hypotﬁesis,and gradually eliminate them -
successive scanning involves testing one hypothesis at a time.
zf%imultaneous scanning is, of course, very difficult and usually

calls for pencil and paper aiq§7;
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Unfortunately these authors do not supply much information concerning
the §onsistency with which individuals choose different strategies-
although they do indicate that, for instance, beople‘behave consist-
ently as focussers or scanhers over a series of three similar

problems.

Newell and Simon (1965) investigated information processing during
the solutionrof a chess problem. They also began by identifying
theoretically extreme strategies described as "breadth first" or
"depth first". In a "depth first" strategy once a particular
position has beén generated all aeeper search beyond that poéition

is éarried out before that particular branch is abandoned. A breadth
first strategy completes all positions at one level before going on
to the next. To usé an example'othér than chess; a depth-first
appréach wouid be displayéd by a politician who ekamined, in detail
all the possible effects of one policy option before giving any
consideration to any other option. By contrast a breadth-first
approach would Se displayed by someone who took a quick, more‘dr less
simulténeous, look at some of the implications of several diffefent‘

options.

Newell and Simon go on to compare the 'protdcol' (ie verbal commentary
of what he is thinking) of a real subject with these extreme
strategies. This‘éomparison reveals that the reported strategy of

the subject appears to lie somewhere between a breadth and depth

first strategy. vIt can be construed, in‘fact, as é'depth first
strategy with additional short branches. Pask and Scott (1973) have
studied the strategies exhibited when people ére engaged in'A

complex learning environments. They have identified differences in
the tendency of learners to adopt various strategies. Of interest’

here is their distinction between holist and serialist strategies.



136

Serialist behavicur is characterised by the existence of only one
goal, a propensiﬁy to move step by step usually in small increments.
By contrast the.holist may access several topics at once and

developé his understanding on a broad front; As the authors note

... the serialist proceeds from certainty to certainty; the holist
also achieves certainty at the points where explanation is

required. Buf thesé points are embedded in a nexus of dimly perdeived
but often correctly perceived relations'. This description has many
similaritiés to Neisser's (1963) description of analytic and

intuitive thought - a distinction that has alréady been related to.

wide and narrow attention.

A1l of these examples correspond to the sort of differences that
would be expected on the basis of individual differences in width of

attention.

Summarz

It is suggested that theré are stable individual differences'in modes
of deploying attention; ie some people will tend to operate with
consistently narrower attention than others. Operationally this
means that they will be relatively insensitive to the influence of
peripheral information sources. It is suggested that width of
attention is an underlying, consistent aspect of an individual's
cognitive style (ie that it is useful to use this particular dimension

.as a way of describing and compréhending differences in cognition).

Differences on this dimension would be expected to be observable as
differences in learning activity. 'A person with wide attention would
be expected to behave in an 'holistic' fashion, processing and
integrating a wide range of information; wheregs a person with
narrower attention would operate in a more 'serialist' fashion and

would severely restrict the range of information used.
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An investigation of the relationships between attention deployment
learhingkactivity, and cognitive structure is the subject of the

next chapter.



138

CHAPTER 5

ROUTE TAKEN DURING LEARNING, ATTENTION
PEPLOYMENT AND CTHER FACTO RS

Introduction

As noted in Chapter 1 when students work on INTUITION they have to
choose a route through the topics that make up the subject-matter.

There is no single, pre-determined route for them to follow.

Earlier work using a leafning environment similar to INTUITION®* has .
shown that'learners exhibit some consistencies when selecting routes
through a large bodyof subject matter. As discussed in Chapter &
Pask and Scoft (1972, 1973) identified learners who behave as
'Serialists' or 'Holists'. Fuli details of the experimental methqd
and the empirical and theoretical distinction between Holists and
Serialists‘éan be found.in the papers cited. The aspect of the
distinction most relevant to the present study concerns the number of
topics that the different types of learners will work on at any one

time.

Typically serialists will work on one topic at a time and when that
is completely understood, move on to the next. The learner behaVing
as a holist will,kin contrast to the seriélist, frequently work on
more than one topic at a time. Some qualification of the statement,
‘work on more than one topic at a time', is called for, since it is .
difficult to imagine a student working on two topics at once in the
sense that he is reading material from both at the same time. This
does not, of course, happen. When a student is described as working
6n more than one topic at’once this meaﬁs that he has accessed one
tspic and hés then obtained'material for a second topic before
demonstrating his understandiﬁg of the first. Thus the sefialistv

accesses one topic at a time examines and uses the appropriate material
Footnote - * CASTE (see Chapter 1).
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until he understands it completely and then moves on to a new
topic. The holist will frequently access more than one topic at a
time and appears to develop his understanding of topics to some
extent simultaneaisly. These differences in learning behaviour have
been demonstrated on various occasions by Pask and Scott and appear
to be fairly stable modes of aétivity. The serialist/holist
distinction has been further refined, Pask, (1973), (1975) and
includes a consideration of the extent to which learners develop
their understanding on a 'lécal' or 'global' basis and distinctions
between operation and comprehensioﬁ learning. A non-technical -
discussion of these ideas is provided by Daniel (1975). Interest
here is centred on the demonstration that, in general terms, some
people conduct their learning activity in a controlled, localised
fashion and introduce minimél complexity or breadth. These people
preferito work on a single topic‘at a time, gain full understanding
of this and whenever possible continue within the same area of
subject matter using the same terminology along an orderly,
inferentiai routee.

Cdnversely there aré
learners whése activity, from an external observer's pbint of view,
appears less orderly and less predictable and who appear to extend
their undersfanding in a global fashion by ihvestigating more than

one area of work more or less simultaneously.

The work described in this thesis using the INTUITION equipment was
ﬁhe first concerted effort to use the equipment as a teaching
instrument with a complete coqfsé and a pumber of subjects. However,
" the differences described above were expected to be manifest when
students used INTUITION since in many essential ways INTU ITION is
similar to situations used earlier ie

1. Discrete named topics to be learned are displayed to the
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studeﬁt._

2. Some topic relations (specifically entailment and

analogy) are displayed.

3. Certain fundamental rules operate that restrict the order
in which students may attempt to learn topics.

L, There is an eventual aim so that the sfudent can recognise

when he has finished the exercise.

This situatibn is clearly different from others that 1earneré may’
have found themselves in, for example a lecture where topics are
presented in an order determined by the lecturer who may of'maybnot

specify various topic relations and correspondences.

Diffefences in Route Taken

The complete topic display and inferrelationships for modules 1 and

2 is shown at appendix (1). The routes taken by each student are also
shown at appendix (7); The records show that no students do, in fact,
access two nodes.at any one time, however there are large and
consistent differences in routes taken that indicate that some
students move forward in é»compartmentélised fashion within a
restricted, canalised area of the subject matter; whereas others move
forward on a much broader front, improving their understanding of a
number of different areas more 6r’1eSS simultaneously. These
differences are visible when the extent to which students adopt a
‘depth-first' or 'breadth-first' approach are examined. A depth-
first approach would be displayed by a student who, for example,
began work.on the loﬁest topic of the Real world, then progressed
through all of the other topics in the Real world withoutworking on
any topics in either the Analogical or Abstract areas until he had
completed all of the Real world. Thus a student displaying a perfect

depth~first approach would begin work on a particular area (Real or
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Abstract) and confine his activity to this area until all relevant

topics were understood. Then he would move on to a new area.

ANALOGCAL , ‘ A;:TQAFT.

Fig. 1 (Example of Depth-First Approach)
(Student No 7, part of module 2) -

Conversely a breadth-first approach wbuld bexdisplayed by a student
"who, for example, Completed one or'two nodes in the Real world,rthen
did an Analogical node followed by two nodes from the Abstract world
then another two Real world nodes and continued to move from one
universe to another as he progressed through the material. In
practice, although a number of students adopted a ‘pure' depth-first

approach (as in Figure 1) none adopted a 'pure! breadth-first approach.

Several students, like the one in Figure 2 adopted an approach that

included considerable ‘'breadth-first' activity.
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Fig (2). (Example of a Breadth~First Approach).
_(Student No 1, part of Module 2)

A student who adopts a breadth-~first approach, althoughrhe does not
actually access two nodes at once, is in effect working on more than
one thing at once. Different sets of terminology are used for topics
in the Real, Analogical and Abstract areas of the structure and on
this basis alone a student who moves through the topics on a broadr
front can be seen to be extendiﬁg his comprehension‘of three
different sets of terminology more or less concurrently, compared to
the depth-first student who confines his activity to one universe of
discourse until he has covered all éppropriate topics and then moves
6n.to a new area. It should be noted that it is irrelevant which
areas a student learns first The depth-breadth distinction relates
only to the extent to which a studeht advances on a -broad fronf or on

a narrow one.

Students! progress'can be displayed graphically to indicate the
extent to which they advanced on a depth or breadth first basis.
This is done by plotting each occasion (ie each topic worked on)

against the number of topics already understood that belong to a

different area of the subject matter. For instance if on a

particular occasion a student is working on a Real world topic the
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number of Analogicél and Abstract topics that he already understands
are plotted against the occasion number. Thus the graph for the
breadth—first approach will advance in a large number of small steps
whereas the depth‘first graph will show a smal;er number of much

higher steps.

No of topics understood No of topics unders5tood
in different universe o in different universe

P >
Fig (3) (I1lustrative graph Fig (4) (Illustrative graph
of Depth-First Approach) of Breadth-First Approach)

This technique givesa cleaf indication of the extenf to which a
student moved forward’on a narrow or broad front. It is possible
to plot two theoretical extreme approaches (ie extreme or 'perfect®
depfh and breadth firét). A complete set of graphs (ie theoretical
extremes for each module followed by graphs for each student) are

shown at appendix (8).

Reliability
Before possible personality correlates of depth/breadth learning
activity can be examined it must be shown that student performance

does not vary widely from module to module.

For module 2 the graphs can be uéed to compute a value which indicates
the extent to which a student advances in a depth or breadth fifst
fashion. - This is done by comparing the total vertical distance moVed
with the number of individual vertical jumps taken to move that |

distance.
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ie Score = Total vertical distance moved
No of vertical jumps -

Thus the higher a student's score the more he'adopted a depth-first
approach. (Scores produced in this way are only ever used in future

analyses to rank-order or dichotomise groups of students).

For module 1 it is more difficult to followkthis scoring procedure,
mainly becauée there is not an exacf correspondence of nodes in the
- Real, Analogical and Abstract areas and this produces artificial
leaps in the graphs; Howéver by inspecting the graphs aﬁd the
original record sheets it is possible to arrange studenté in a rank-
" order, though a number of tied ranks are produced yhere it is not

possible to separate groups or pairs of students.

Module 1 Module 2
Student
- Rank N = 14 | Rank N = 10 | Score | Rank
1 2 1 2.125 1
2 6 L 2.6 2
3 6 4 4.0 %z
4 6 b 4.5 k.5
5 6 L 4.5 4.5
6 6 L 6.0 6.0
7 13 9.5 9.0 8.5
8 13 9.5 9.0 8.5
9 10 7.5 9.0 8.5
10 10 7.5 _ 9.0 8.5
1M 2 - - -
12 2 - - -
13 10 - - -
14 13 - - -

Table 1 (Depth-Breadth learning strategy)
A clear relationship between performance on Modules 1 and 2 is
épparent from these data. Appropriate statistical procedures are
difficult (and perhaps even unnecessary) to find. As a safeguard

various correlation coefficients were computed (Rank Order, Biserial,

Cureton's Rank Biserial). The most conservative produced a

correlation coefficient of +0.85.
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Personality variables related'to depth/breadth first learning

The major interest of this study is how differences in learning
behaviour are related to personality. A personality trait may be
viewed as an underlying disposition or characteristic that is related
to an individual's overall behaviour pattern. As such, personaliﬁy
traits may be used to predict or explaih learning behaviour; so that,
for example, someone assessed as self-confident could be expected to
display self-confident learning behaviour. This is the sort of
relationship looked for in earlier parts of this study (Chapters 2

and 3).

?ersoﬁality theorists have exaﬁined alternative ways of 'cutting the
‘personality pie', and considering cognitive personality factors.
Whereas conventional traits are intended to be indicative of stable
predispositions to behave in certain ways, cognitive factors refér‘to
individual consistencies in methods of processing and storing informa-
"~ tion. There is evidenée to show that some aspects of an individual's
cognitive style will vary dependingon how he construes the environment
that hé is in and factqrs such as interest, abstractness, famiiiarity
and complexity may encourage ﬁariation in style from situation to
situation. On the other hand cognitive styles have been shown to
exhibit high établility across situations eg Witkin (1974). Thus
aépects of cognitive style may be more stable and more relevant to

the study of individual differences than more conventional personality -
traits. This Chapter is concerned with the relationships between what
may be described as cognitive personality traits and the extent to

which students_adopt'a depth or breadth first approach to learning.

Evidence cited earlier (Chapter 4) has shown that learners and problem-
solvers may differ .in the extent to which they attempt to conduct many

or few activities 'at the same time'. It is possible that these
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differences are manifestations>of consistent individual differences
in cognitive style. At one extreme 6f the cégnitive st&le dimension
are people who limit cognitive activity and follow through the task
at hand to a conclusion without being distracted along other lines

of enquiry or assimilating anything other than ‘'relevant' information.
At the other end of the scale aré people who seem to be engaged in
several uncompleted activities at any given fime, who appear to:
assimilate 'irrelévant' information and develop their knowledge of
available topics in a broad,global_agd to some extent unregulated

fashion.

The earlier discussion of attention deployment showed that individual
differences in width of attention may exist and demonstated how

width of attention could be related to learning and problem solving.

It is hypothesised that a learner with narrow attention deployment
will tend to exhibit a depth-first approach to learning, whereas a
student exhibiting wide attention will dispiay'a breadth-first

approach. (A method of measuring width of attention is described later).

Cognitive complexity

The gréwing interest in cognitive personality factors has produced a
number of 'new! personality dimensions one of which is the cognitive
simplicity -complexity dimension. Some authors eg Bannister and
Fransella (1971) warn about the possible lack of generality for‘this‘v~
diménsioﬁ and others eg Vannoy (1965) have demonstrated that there is
no single dimension of complexity-simplicity; nevertheless with the
exercise of suitable caution.cégniéive complexity is a profitable

area of interest.

A cognitive system is composed of a set of elements that are in vafying

degrees and kinds of relationship to one another and following Kelly
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(1955) the elements can be designated personal constructs.

As Vahndy (op ¢it) has shown cognitive complexity ié not a unitary

" dimension. Crockett (1965) has distinguished between 'difféféﬁtia—
tion' and 'hierarchical integration'. 'Differentiation refers to the
‘number of constructs in a system. The degree of hieré%hicél‘infe—
gration'reférs to-thg complexity of the relationships among constructs
and to the degree to which clusters of constructs are related by v
Superordinate integrating constructs. Hinkle‘(1965) and Makhlouf-
Norris et al (1970) have developed techniques for measuring hierarchiCa1‘

integration.

The aspect of cognitive complexity of principal interest here is that
of differentiation. Bieri (1966) describes an instrument designed to
meaéure cognitive complexity and sfates that, '"cognitive complexify
may be defined as the tendency to construe social behaviour in a
multi-dimensional way". The implication of this is that the Bieri
test is a test of differentiation. Crockett and other authors eg
Adams—Wébber (1969) classify it as sucﬁ and the factor—analytic‘study

conducted by Vannoy indicates that such a classification is appropriate.

Thus the Bieri test can be seen as an instrument for examining a
particular aspect of cogniti&e complexity-differentiation. The
developmeﬁt of a complex, multi-dimensional, cognitive system will
depend on the cognitive processes involved in extending and
elaborating the Systeﬁ (ie learning) and individual differences in
cognitive cbmpiexity wiil, presumably, be associated with individual
differences in learning and people Qho legrn in a global, breadth-
first fashion and develop their understanding of a wide range of
topics more of less simulténeously will develop a more multi-

dimensional construct system than people who use a depth-first approach.
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A specific hypothesis can now be generated.

The hypothesis states that individuals who use a breadth-first
épproaéh on INTUITIQN will exhibit a more complex interpersonal
construct system (as measured by the Bieri test) than depth-first
learners. Underlying this’hypbtheéis is-the belief that the extent
~ to which a learner adopts a depth or breadth first approach is
consistent and is not strongly influenced by situational factors

or subjecf-matter. This will bé discussed more fully when the data

has been presented.

Measurement of Personality Dimensions
The instruments used to measure the personality dimensions considered

in this study are described below.

Attention Deployment

The test was required to examine the extént to which individuals
distribute their attehtion and make use of a broad range éf cues
rather than attending exclusively to those at the focus of awareness.
A test of attention deployment.developed by Mendelsohn and Griswold

-(1965) was modified slightly and used to measure width of attention.

Students were supplied with a list of 25 words to learn*. The words
were typewritten in list form down the middle of an AL sheet of plain
paper. Students were given the following instructions:
You will be given a list of words to memorise. They can be
iearned in any order, and you may use any device jou wish to
aid you iﬁ memorisation. You will have 10 minutes to learn
the words and later on you will bévasked to write down the

words you remember.

* All words are five letter words taken from the Thorndike-Lorge list
and are approximately matched for frequency of occurrence. Full
details of all words and anagrams used are given in Appendix (9).
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There is more, however! During the time you are learning

the words, another list of words Will be played on this tape
recorder. You are asked to tfy to concentrate on the list in
front of you and to memorise it as well as you can while the
other words are being played in the background. In addition,
after your 10 miﬁutes are ub, you will be asked to solve some
problems. When the problems are over, then you will have a
chance to write down the words you remember from the list you

have memorised. Do you understand?

The problems were 30 single solution anagrams. Ten of the solution
words were drawnvfrom the memory list, tenkfrom the tape list'éndl-
ten belﬁnged to neither list. As soon as the tenvminute learning
period was completed sfudents were told that they wouid be given some
anagrams to solve and were supplied with a blank sheet of paper to
write solutions on. The anagram cards (Appendix 9) were placed in
front of the students and removed, at the rate of one every ten

seconds while students wrote down as many solutions as poésible.

- When all 20 anagram cérds had been presented the students were asked
to write down all of the words that they could remember from the
memory list. They were given a time limit of five minutes though

all of the students 'dried-up' well before this limit. Finally they
were asked fo write down all of the words that they could recall from

the tape list.

Thus students are provided with two éets of cues to help them solve
the anagrams. One set of cues, the list that they are asked to
memorise, are‘presented at the focus of attention and another set of

cues, the tape list, are presented peripherally.

The anagrams solved by each student were categorised éccording to

which list they were originally in (memory, tape or neither) and a
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score (p/c) was computed to examine the extent to which participants

‘made comparatively greater use of peripheral cues.

p/c Score = % Anagrams from tape (peripheral) list solved
correctly. : :

' % Anagrams from memory (central) list solved
correctly.

Cognitive Complexity Test

As already notgd the Bieri test of cognitive complexity was uséd to
measure the extent to which studeﬁis construe their environment in a
multi-dimensional or uni-dimensional fashion. The test iéca modifi—
cation of the Role Construct Repertory test developed by Kelly.
Students were required to llst 10 'significant others' (mother,
\father, etceso)* ensurlng that they listed ten real people, not gust
role_names. They were provided with a llst of 10 bipolar constructs
instead of constructing their own as they do with the normal version
of the RCRT. Associated with each bipolar construct is a six point

scale from +3 to -3.

Using a 10 x 10 matrix as in fig. (§) with columns to represent
significant others, rows as constructs, the student was asked to rate

each significant other on each bipolar scale

“+3 +2 +|\ -\ -2 =3
OV TGO NG ‘ sy

AP TVSTED MBLADTVSTED
_DECISWE  _npeuswE

Y _ExeivARLE
WTERESTE) wWoTHERS  3Euf ARSERRE).

—LMEERFUL T UONOUREY

Fig (5) (The Bieri test of cognitive complexity)

* A full list is given at appendix: (10).
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A cognitive complexity score was then computed by examining'dne
'column at a time. The ten cells in each column will give :ise_té L5
possible pairs - each pair is considered and a mark of +1 assigned

every timera pair shows exactly the same score on the six point scale.

¥3 43

42 ’ ’ +1
:_+i' _' -1
+3“ 71 -2
+3 : ' -1
+3 - | Lo+2
+2 -3
+3 +1
+3 | +1
3 2
Fig (6) ~ Fig (7)

Thus the column in Fig (6) would be given a score of 22 and a score

~ of 5 would be assigned to the column in Fig(7).

Thls scorlng procedure is followed for each of the 10 columns ie a

'total of 450 comparlsons - maklng a total p0551b1e score of 450. _

' .The,matching proeedure adopted for scoring fhis teéf is éiﬁiléi’té,
‘intefcorrelating all of the rows (constructs). A low scére (Low
correlatlon) indicates that the respondent is making use of the
dlscrlmlnatlng power of the 10 bipolar constructs and usging them as
relatively independent dimensions along which to'assesébother‘peqple.””
Cbnverseiy a high score indicates a high level of interrelationship,
or funétional equiﬁalenoe, between conmstructs andin lack of multi- |

dimensionality.

Thus the lower & person's score the more multi-dimensional his
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judgements of others are thought to be. To obtain a low score the
respondent must assign a wide range of scores to each person that
“he is asked to judge and not produce a large number of identical

ratings.‘

Other Measures
As well as the attention deployment and cognitive complexity tests

- two other measures were used.

Problem-Solving Test (Persistence or Flexibility)

This test was designed by the writer as an attempt to relate problem
solving activity to the indices of attention deployment, cognitive
~ complexity and 1earning»that'have already,beén discussed. The test

described below‘was'developed specifically for the present.study.

The object of the exercise was to present students with the opportunity

to attempt‘to solve a problem and to enable thevexperimenter to
obsérve fhe degree of persistence or flexibility; shown by students.
They could behave pérSistently and attempt to pursue one possible
solution route, only choosing a new route after lengthy and.copsistent
invalidation. Alternatively they could show considerable flexibility
abandoning possible routes as soon as any potentiaily‘invalidéting

evidence arises.

1It Wmshypothésiééd that individual differences in perforﬁance‘onkthis
test wmﬁd.be related to_soores on the atténtion deployment and |
~coghitive-complexity test and to depth-breadth first:learning. 'AsAfaf
as fhis pafticularrtest is concerned itwas suggested that féoplg who
do not restrict and focus their attention would be easily deflected
from ahy‘potential route to solution and ’ rthus‘show less persis-
fenf beﬁaviour. This prediction was bpased on the éxpectatioh that
students with wide attention deployment would be influenced by more

tirrelevant' factors that may incline them to consider an alternative

-
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eppfeach to the one.currently being pursued' whereas students whov
pay less attention to '1rrelevant' factorsunnﬂd show less inclination

to change their approach once they have established a p0551ble

solution route.

It is worth noting that neither of these approaches’to problem-
solving is necessarily more efficient. One approach could lead to
the error of giving up too easily on a correct solution route, the

other to persisting for too long with fruitless attempts.

Considereble developmental testing was involved before arriving at
the final form of the test - which is described below. Full details
are given in appendix (11). The problem posed was made deliberately'
insoiuble so that student behatiour~eould.be observed over a

substantial period of time.

,The~stddent was placed in a role playing situation where he Qas east as
the persennel manager of a company. He was given an industrial

relations problem to solve.

'In’the5prob1emesitﬁation he was supplied with a liet of fiQe‘sepa?ate
demands (extra wages; better facilities, etc) being ﬁade ty union - |
officials within the company, each demand cost a specified sum of
.mo;ey. The student was given an‘overali 1ihit’concerning the amount
of money that he could use in complylng‘w1th union demands. (Thie
was con31derably less then the total sum requested). The student

- was given a few minutes to consider the money available and the union
requests and to decide how he wisﬂed to set about solving the problem
(essentially'this must always involve him in offering the union less
than they have demanded for each of the five items, but it is up to

him to decide which items he will offer relatively little money for

and which items he will offer larger amounts for).
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Next the student met the union negotiator, played by the
experimenter, in a series of meetings®*. At each meeting the student
" stated the offer that he wished to make (this must always be a

specific sum of money for a specific single item). The union

negotiator stated that he accepted or rejected the offer and the

meeting was closed. No discussion whatsover took place.

The student's aim was to secure agreement after the least pbsSible
Lnumber,of‘meetings. Students were told that whenever they repeated
han offer (ie made ‘exactly the Bame offer at meetlng 'n+1'as at meetlng
'n') the unlon would either accept the offer or call'a strike. 'Any
subsequent repeated offers would have the same outcome, elther the : '
strike would eontlnue-or the union would agree to_the/offer.’ When

‘a new offer was received the union members would return to work. /

It was poiuted out to students that they were unaware of the exteut>
of the union's strike funds and it was possible that the union was
ektreme1y~wealthy.and could put up with many weeks on strike; or
relatively_peor andvouly able to support strikers for a 1imited>
periode So that,'gossiblz,'by rereeting offers the student could

force the union into agreement.

Students were also informed thatthe board of dlrectors were unconcer-“
‘ned about how many strlkes were caused as long as agreement was.

‘eventually reached.

For the first twenty meetings according to a pre-determined plan,
thebnegptiator~rejected every offer that the student made irrespective

of what the offer actually was. From meeting 21 onwards a pre-

* These do not conntltuto meetingns in the normal nonse, ie no
physical coming and going is involved. The student and oxperimonter
are always in the same room and the student aimply indicates that he
is ready to hold a meeting.
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determined sequence of rejections and acceptances was followed to
maintain the pretence and bring the exercise to an end. When
questioned afterwards students expressed surprise that the sequence
of responses was pre-determlned and without exception clalmed that
they believed that the union negotiator did, in fact, have~genqine
requirements aho if appropriate offers had been made he would have
accepted them. The point of interest is the number of repeated
offers that students made over the first 20 meetlngs. The actual
vnumber of repeated offers is taken as an 1ndex,of the;extent to which
students persisted with possible solution routes in the absence of

any validatory feedback

The test was de51gned in the way described to satlsfy several criteria
‘that were 1mportant and needed to be met before a successful
examlnatlon of 1nd1v1dual dlfferences in problem—solv1ng could be

~undertaken.

The test was an attempt to study problem solving strategiee, in

; partlcular the extent to which students tried dlfferent approaches

_or per51sted with a single approach.
1) It was designed so that problem solv1ng attempts could be
‘obServed as an 1ntegral part‘of the exer01se.’ The offers

. stated at.eachvmeeting,were eﬁAinteéral part of the exerC£Se;
but they also exteriorised the student's 1atesf.attempt at
‘f1nd1ng a solution route. |
2) The problem presented was dellberately 1nsoluble so that
no particular solutlon attempt would be encouraged or relnforced

in favour of any other (Durlng developmental testlng

consideration was given to agreeing to students' offers on a
random basis; however this gave artificialeencouregement to ’

specific attempts or procedures and had a conteminating effect
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~on students' behaviour.

3)‘ The problem was interesting to students and, although it

was in reality insoluble, students felt that they were faced

with & problem that could be solved.

L4) The problem chosen was one that eubJects would not have

had any flrst hand experience of and they would not have

developed any routinized ways of responding that could mask

of;bias any individual differehces in'flexibility or pefsistence.
' 5) An index of‘how persistent or flexible a student'hed been

could be obtained by anvobjeetive proeeddre; (In praetiCe,this

was done by cohhting the number df'repeaied offers).

Self-Consistency Test

This attempted to measure the extent to which people see their own
eheracteristics as- compatible, or aé‘incompatible and cohtradictory;
The particular test used,wasvdeveloped by Gergen‘and’Morse (1966).
Students:were supplied with fwo lists, each containing 17 trait{
names. One list contained socially deeirable frait namee, the other
undesireble trait names. (The basis for the llsts was a separate
‘study by Gergen and Morse, u51ng another group of subaects who were
asked torclasslfy the trait names es positive orknegatlve‘ln |

character.)

'Students-were asked to select five traits from each list that most
closely represented attrlbutes that they possessed The tralt names
:were then transferred to a 10 x 10 matrlx and students were asked to.
-compere each traitewith each otheretrait and state whether they are
':seen as compatible or not, using a four p01nt scale ranglng from 0
| (Entlrely compatlble) to 3 (Incompatlble and contradlctory).. Detalls

are’ glven in appendlx (12).
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A 1;«:‘] l‘-(:uu:{lnl.(m(:.y ucore was obtained by summ-ng Lhoe ratings givov'n

A student obtﬂining a high score would have marked a large number .
- of his troits as incompatible and contradictory. The hypothesis was
Lhat‘é tendency to view oneself asvposuéssinm ihcompatible,
contradictory characteristics will be a#socianéd with cognifiﬁe

complexity and thus breadth-first learning.

Hypotheses Concerning Route Taken

Hypothesis One

People who dlsplay a breadth-first approach to learnlng (on INTUITION)
will exhlblt w1der attention deployment (measured by the attention
deployment test described earlier)-than those who follow a depth-

: firét‘approach.‘

 Hypothesis Two
People who display a breadth-first épproach to learning (dn'INTUITION)
will be more cognitively complex (as measured by the Blerl test)

S than those who follow a depth-flrst approach.

Hypothesis Three

People who display a breadth-first approach to learning (on INTUiTION)

'“splay less perSistent behaviour (ie makeAfewer repeat offers .
on the problem-solving test designed by the writer) than those who

follow a depth-first approach.

gxpothesiédeur'v o .

‘People who dlsplay a breadth—flrst approach to learnlng (on INTUITION)
will exhlblt less self—conslatency (a8 measured by the Gergen-Morse

',test) than those who follow the depth-first apvroach. L

Relationships between Personality measures

In additlon to 1nvestigation of the hypothese% the results were

“nexamlned to determine the relationshlps between the various personality
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measures used. The personality testgused should, in fact, be strbngly

interrelated. - Attention deployment, in particular,‘which is viewed

as the most fundamental factor considered, should be relatqd to all

three other measures.

The predicted direction for interrelations is given in table (3) below

1. ATTENTIN DEADY MENT

‘-—Ve. .

| (FuenpE = o Scor®)

-Ve -+ Ve
_ (WARROW 8 LOW $CORE) e | +Ve
2. CLoGNITIVE CcoMPLEnITY .
(compLBy = LOW ScoR€) * +Ve | -Ve
. PROBLEM soLwviN

Y SEF- ConsisTENCY
(CONSIETENT » Low ScoRE)

Table (3) (Predicted direction of correlations)

Analysis of Results

Beforefhb’analysis is disussed a means of classifying students as

’ dépth or breadth-first learners will be described.

Classification of Students - Module 1-

For module 1 students were classified as depth‘first if and only
4 B

if‘fhey had exhibited *perfect! depth-first liehaviour, all other

students were classified as breadth-first. This gives groups of 8

(breadth) and 6 (depth).
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This was, in fact, the most sensitive method of treating the module
1 data that circumstances allowed since althoﬁgh it was eaéy to

. : : ,
identify the 'pure' depth-first students there were no 'pure' breadth

first students and as noted earlier it was impossible to even put the

students in a rank drder without-many tied ranks. To divide the

students into two falrly equal 51zed groups on the basis of 'pure '

depth~f1rst' and ’others' seemed to be the most sensxble approach for

‘the module 1 data, although it involved a possible slight loss in

sensitivity. In fact; dichotomising students in this way probabiy
decreased the likelihood of significant_diffefences being found
between the two groups on other tests used and ensured that any

hypothesis testing for the module 1 data was rather stringent.

Classification of Students - Module 2

. For module 2 the graphs at appendix (8) were used to pr roduce the

scores described earlier (see pluu)fo indicate the extent to which .
students adopted a depth or breadth first approach. On the basis of

these scores'the students were divided into two equal sized groups

N=35.

Because of the difficﬁlty'involved in combining scores on this
-dimension analysis was conducted using data for module 1 and

2 separately.

Nﬁmbers of topics worked on

As noted in Chapter 1,because of the correspondences and similarities

bptween topics it is not necessary for students to actually work on

’ all of the toplcs dlspWayed on the concept~mapa
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When roéords are cxamined very slijht diffqrences cah»bé Seen between
depth and breadth firqt students concerning number of topics worked on.
Breadth first learners tended to work on slightly more topics per
module than depth first learners. This:is pérticularly true‘on Module

3
Co-

Module 1. No of topics ‘  Module 2 No of topics
worked on - | worked on
- Depth First = |Breadth First © Depth First | Breadth
i o First
13 21 ; 19 1 2
13 14 19 - , 24
13 14 o019 o2k
6 | 14 1 21
16 13 1 22 | 19
21 16 . ==
=92 13 =103 =115
=123
Mean = 15.3 Mean = 15.4 Mean = 20.6|M¢an = 23

Table 2 (Mean Nos of Topics worked of by Students)
‘Thus, in some ways, depth first learners took a shorter, more direct
route through the material. The differences are hqt large and this
feature is not in any Qay critical to the distinction between depth

and breadthifirst learners.

Examinatioh of Hypothesés

‘Statistical techniques

Before examining the hypotheses a brief discussion of the statistical
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techniques fo be used will take place. It could Be argued thatknon-
parametric techniques would be more appropriate to the analysis’ of
data presented in this chapter,vhowever McNemar (1969) presents a
convincing argument in favour of using parametric teéhniques even
when the assumptions of normality of distribution and homogeneity
of variances are violatedf He quotes evidence from Boneau = who
calculated 1000ts for the differenéé between independent means for
'-eéchvof 20 different combinatioﬁs of conditions with regard to Ns,
shapes of distribgtidns and equality or inequality'of variances and
fouﬁd that violated assumptions had’negligible effects on the

significance of the t values obtained.

'McNemar concludes that"....the worry about violating this assumption

(of normality) is unfounded".

In the analyses reported in this chapter parametric techniques will
be used. When a t test for samples with heterogeneous  variances

is needed a technique described by McCall (1970) will be used.

Hypbthesis One : ‘ .
This concerns the relationship between attention deploymentfand

learning activity. The relevant data are given below.

Anagrams solved B .
Total No from| No from |No Peripheral| Depth or Breadth
St‘ No of Central | Periph- |No Central Classification
udent
No anagrams | memory ex_.'a]: tape
splved list list Mod 1 Mod 2
1. 12 5 5 1.0 B (2.125)B
2 1h4 N 8 2.0 B (3.6)B
3 12 6 N 0.66 B (4.0)B
b 14 L 7 1.75 B (4.5)B
5 9 N '3 0.75 B (4.5)B
6 11 6 3 0.5 B (6.0)D -
7 13 7 L 0.57 D  (9.0)D
8 14 7 5 0.71 D (9.0)D
9 13 - 5 3 0.6 D (9.0)D
- 10 12 5 L 0.8 D (9.0)D
1 14 5 5 . 1.0 B -
12 16 L 6 1.5 B -
13 13 6 i - 0.66 D P
14 9 5 L 0.8 . D -

Table &t (Scores on attention deployment test)
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An examination of scores for the attention deployment test makes

it clear that students made use of cues presented both on tape
(peripherally) and in the memory list (centrallj). This is

" demonstrated by the number of anagrams solved that belonged to
neither'list (ie students were not exposed to them during the
experiment'except as anagrams); The nu@bér df‘anagrams solfed

that belohged to either the tépe or_memofy list is very similar and‘
a 't'itest shows no significant différence. The number of solvgéf
anagrams belonging to neither memory or tape list is: much smallér ~
| aha 1ge ﬁésts“show that the number of solved anagramsithaf belong
to neither list is significantly ieés than the number éolved from
the tape list(p( -Ol, 2 tailed test) or the memory list (p_<.QOl,' 2

tailed test).
Thus students appear to make use of the cues provided.

The predictions state that students adopting a breadfh—first épproach
v :oh INTUITION should display wide attention déployment; ie they §hould‘
 make use of the‘peripheral cues to solve proportionately moré'of;fﬂé‘
anagrams from the words presented peripherally (on.the tape.list) 

and obtain a higher p/c score; where p/c = %'Anagrgms Solve¢ £rQ§ ‘
; ' : S - tape list

% Ahagrams solved from
‘ : memory list

Relevant data are given below:
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 Module 1 | | Module 2
Breadth First Depth First Breadth First Depth First
Student| p/c Student p/cb Student| p/c ‘Student] p/c
No _ No " No ‘ No
1 1.00 7 | 0.57 1 1.00 6 | 0.50
2 2.00 8 o7 2 2.00 7 | 0.57
3 | 0.66 9 1.60 3 0.66 3 0.71
Lo 11,75 10 | 1.80 n 1.75 | 9 | 0.60
5 0.75 13 0.66 5 0.7 | 10 0.80
6 0.50 14 0.80 b
11 | 1.00 o
- 12 | 1.50
;{ = - ;{ = )-{ = -X. =
1.145 0.69 1.232 0.636

Table 5 (p/c scores for attention deployment test) |

The hypothesis is that the p/c score for the breadth first group will
be =significantly larger'than that for the depth-first gfoup; ie |

breadth-first learners will exhibit wider attention deployment than

depth4firs£kleaners.' | |

Moduiev1

A ‘t‘ test for independent groups yith heterogeneous varianee;:
McCall (1970) shows a significant difference in the‘predicted
direction. |

‘t, critical = +1.982 (for .05 level)

[t

t, observed = +2.29 (p <E05, one-tailed test)

Module 2
A 't' test for independent groups with heterogeneous variances

~ shows a significént difference in the expected direction,

‘t, critical = 2.132 (for .05 level)
t, observed = 2.156 (p<.05, one-tailed test).

Thus the data for modules 1 ‘and 2 support the hypotheSis.

Further examination of the results shows that thereeare’gg
significanf differences between the depth ' and breadth-first‘greups
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in total number of anagrams solved (t, mod. 1 = 0.385; t, mod. 2 =
0.381), confirming that differences between the depth and breadth

first groups are differences in the distribution of the number of

anégrams solved from peripheral and central groups, rather than

fvdifferences in the tofal number,solved.

‘Hypothesis Two

This concerns the relationship between cognitive~06mplekity (as
measured by the Bieri test) and learning activity."Relevant data
are shown below:

Scores on Cognitive Complexity Test

‘Module 1 . ' Module 2
Breadth First Depth First Breadth First | Depth First
Sfudént- Sco;e Student | Score Student Score Student Score
1 102 7 129 | -1 102- | 6 191
2 83 8 171 ‘2 - 83 7 129
3 124 9 119 3 w24 | 8 o7l
h 107 | 10 ko | 4 107 | 9 119
.5 121 | 13 137 5 121 10 o1k
6 191 14 S 11h
11 125
12 129
X = , X = X = X =
122.75 '135.67 ' 107.4 | 150.8

Table 6 (Scores on the Bieri test of cognitive complexity)
The hypothesis is that the breadth first group will obtain lower

scores on the Bieri test (ie will be morekcoghitively complex).

Module 1
A 't' test for independent groups with'homoggneousAvariances shows
that the difference between the éféupé is not statistically significant

(= 0.99),va1though it is in the predicted direction.
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Module 2
A 't' test for independent groups with homogveneouls»v,aLriances_s,hows't
a signifiéant difference between the groups in the expected

direction (t = 2.84,;p<(.025, one-tailed test).

Thus the results for module 1 show a difference in the predicted
._direction (not statistically significant) and the results for module

2 support the hypothesisé:

Hypothesis Three

This concerns the relationship between'probleM—solving behaviour and

1earnihg.' Relevant data are shown below:

No of repeats on Problem-Solving Exercise

Module 1 ' , | Module 2
Breadth First [Depth First Breadth First| Depth First
Student|Repeats|Student| Repeats|Student|Repeats|Student Repeats
1 3 72 12 1 3 6 13
2 7 8 12 12 7 7 12
3 6 9 15 3 6 -8 12
b 6 10 5 b 6 9 15
-5 8 13- B 5 8 10 5
6 13 14 13
11 - 8 '
12, 6
% = X = o |x=6 | % =
6.875 11.5 RN R b b P

Table 7‘(Scores on the proﬁlem-solving test)

‘;The hypothe51s is that the breadth-first group w111 obtaln lower
scores, ie make fewer repeat offers than the depth—flrst group.

| Module 1 | o

A 't' test for independent groups with homogeneous variances shows _

a significantldifference‘between the graupé in the predicted directiOp,

(t = 2.49, p4,025, one-tailed test).
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Module 2

A 't' test for independent groups with homogeneous variances shows
'a significant difference between the groups in the predicted
direction (t = 2.86, p&.025, one tailed).

Thus the data for modules 1 and 2 support the hypothesis.

Hypofhesis Four

This concerns the relationship between self-consistency and learning

activity. The relevant data are given below:

Module 1 . ' Module 2

Breadth First | Depth First ||Breadth First | Depth First

Student| Score (Student ‘Score ||Student| Score [Student] Score:
1 52 7 25 1 52 -6 12
2 36 8 56 2 36 7 25
-3 L5 9 39 3 45 8 56
b 56 10 62 L 56 9 29
5 35 | 1> 16 5 35 10 62
6 12 1k 58 ‘
11 47
12 18
= _ s . ~ z = _
37.625 , L2.67 Ly.8 38.8

Table 8 (Scores on self-consistency test)
The hypothesls is that the breadth—flrst group will obtain hlgher

scores (ie be less self—consistent) than the depth~-first group.

Module 1
A 't' test for independent groups with homogeneous variances shows

that there is no significant difference between the groups (t = 0.541)

Module 2
A 't' test for independent groups with homogeneous variances shows

that there is no significant difference bétweed_thé‘groups'(t=0.586).
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Thus the results do not support the hypothesis, nor do they show a

consistent trend.

Ability
No hypotheéis qoncérning relationships between the AHS5 test and

depth/breadth first learning were offered; the relevant data is

given below:

Module 1 |  Module 2

Breadth First | Depth First [|Breadth First | Depth First

Student Séore- Student | Score Student Score |Student| Score
1 8 | .8 37 1 38 6 48
2 4o 8 32 2 Lo -7 37
3 46 | 9 21 3 46 8 | 32
b 48 10 38 L 48 9 21
s | 48 13 | 34 5 L 10 38
6 ik 14 L2
11 45
12» L
' x=43,75 X=34.0 x=43,2 X=%5,2
‘Table 9 (Scores on AHS5 test of ability)
Module.1 |

At test for independent groups with heterogeneous variances
reveals a statistically significant difference. (T critical = 2.54,

t observed = 3.01, p<.05 two-tailed test).

Module 2
~A 't!' test for independent groups with heterogeneous variances
reveals no significant difference (t critical = 2.776, t observed =

1675).

The relationship between the AH5 test ahd the other measures is given

in the table 2 below.
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Attention Cognitive Problem Self
Deployment Complexity Solving Consistency
- =0.345 +0.0131 -0.452 -0.022

Table 10(Correlation of AHS5 with other measures)

A" summary of results concerning depth/breadth learningris giveﬁ

below:
Measures on which depth/breadth
learners show s;gnificant differences
Module 1 Module 2
Attenfion Deployment o ' ’ *
Cognitiie Complexitj + e
Problem—Solving A e b
SélfAConsisféncy + +

 Table 11 (Measures on which depth-breadth learners
show significant differences)

- x5 &.025, one tailed
* p<:05, one tailed
+ no statistically significant dlfference.

Interrelationships between Personality tests

A correlation matrix showing interrelationships between the

personality measures is given below.
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1 2 3 4
AD cC PS SC
1 Attention Deployment X ~0.62%* | -0.54* | +0.13
(Narrow = Low Score) v
2 Cognitive Complexity X +C.b43 | -0.29
(Complex = Low Score)
3 Problem—Solving e _ X -0.32 .
(Flexible = Low Score)
L4 Self-Consistency. - ’ v i x
(Consistent = Low Score) .

Table 12 (Correlations between personality measures)
x> péf.Ol, one-tailed
* p¢::025, one-tailed
A1l coefficients are in the predicted direction (see table 3) and
those relating attention deployment to cognitive complexity and

problem-solving behaviour are statistically significante.

Discussion of Results

The results obtained justify further discussion of the hypotheses
involved including the developmen£ of a more detailed analysise.
Prior to this some discussion of possible errors and biaSes that may
have contaminated the results is in ordeé.

.2222. ,

. Work conducted by Rosenthal on experimentér expectancy (1966) and

" Orne on demand characteristics (1962) have shown how the results of
psychological ekperiments can be unwittingly biased by the particip—~
ants. In the experiments under discuésion there are occasions whe:e

bias may have crept ine

The 'personality' tests were given to students well "after they had begun
work in the INTUITION equipment, thus the experimenter held clear

expectancies about scores that students were expected to prodﬁce, and
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as Rosenthal (op cit) has shown experimenter expectancies may
influence experimental outcomes, théugh his findings are now under

some dispute.

Careful study of the conditioné under which the tests were adminis-
tered and of the test procedures shows that little opportunity
existed for the experimenter to inadvertantly communicate his

- expectancies to the subject during, or before either the attention

deployment test or the cognitive complexity tesf. With both of these

teéts information transfer ofba quite detailed sort would have to have
bccurred to. enable éubjects to'consciously, or otherwise, bias their .~
behaviour in favour of the experiméntai hypotheses. However, the
situation ié different when the Problem-Solving test is consiggred;
'This‘test was adminiétéred individually,to'éACh‘student’by fgél
,~experimenter,‘who at the time of testing had a-clear'idea”of the
fréS?onsgs each student would have to produce to conform to the

relevant hypothesis.
‘ /

4Under these circumstances a double-blind technique would have been a
vmo?e appropriate procedure; unfortunately due to the‘time taken to
admiﬁistervthé test, (at least an hour) and the availability of
students at a limited number of fixed times it proved impossiblé to

arrange for this.

The éxferimenter made a determined effort to behave in a compiétély
-neutrél way with each studént and students'»repqrts indicated that

at the levél of conscious awareness he was successful (fhoughbthere«'"'
| ié naturally a possibility that thesg’feports were biased too). .
‘Nevertheless fhe experiMenter was closeiy involved in the»éxperiment
and felt a diétinct preference for obtaining positiye as‘opposgd to
ﬁeutral or negative reéults and however remofé there is the poséibiiity

‘thatfhiSjexpectancies somehow influenced both individual reponses and

—
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the general pattern of each student's behaviour on this particular

test.

- of tﬁe four 'personality' tests correlated with learning behaviour
three showed stétistically significant relationships with learning
and each other. The fourth test, Self Coosistenoy, did not exhibit
a strong relationship with any of the other personality measures nor

with learning. This test will be discussed first.

”Se1f4Consistency Test

There are various- reasons why this test appeers to be the 'odd one:
out! in termS‘of results. The most llkely belng either that the
predictions made were correct - but the test does not measure‘what
it was thought to measure, or the test istvelid but predictions‘
'incorreot (also,‘of coorse the test could be inralid:éégppredictions
incorrect). |

,Test Valldlty

’Gergen and Morse (1966) report that the test was found to have,
acceptable reliability (test-retest = 0.73) and results do not seem
to be biased by socially desirable responding / no correlation with
the Marlowe-Crown (1960) social desirabiiity scale/. It is difficult
to make precise judgements about the validity of the test.‘
Examination of the test procedure and the tasks that participants
engage in indicate qulte hlgh content/face valldlty. Gergen end
»V'Morse report ‘experiments using the testmhere results obtained supported
several hypotheses derived from Mead's (1934) suggestlon that "self—
‘conception is largely the result of.lnternallsatlon of the v1ews‘of
Significant others with whom one interacts". The hypotheses tested
‘were related iﬁ various ways to self—consistency‘and while these
results alone’do not provide satisfactory evidence of cbnstruct
. valldlty they do prov1de some’ support for the acceptablllty of the

test as a valid measure.
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Thus the evidence gives no indication that the test,is'notlvalid,v
indeed what evidence there is indicates good validity.

Experimental Hypothesis

f wes predicted that a high level of inconsistency wouldvbe.related
to breadth-first learning. This prediction was made :indirectly'. |
It was felt fhat people who construed their social environment in a
multi—dimensional way would be more likely to exhibit unresolved
inconsistencies in their view of themselves (or others). Thus people
who display inconsistent views of themselves will'tend\to“£e1“ 
- cognitively complex (hulti—diménsibnal); and cognitive compléxity

should, in turn, be related to breadth-first learning.

In practice selchonsistency did not relate to complexity or breadth-
first learning. This leads to the conclusion that the hypothesis is
incorrect and self-consistency is not related to cognitive complexity

or breadth-first learning.

Closer consideratioh of the factors involved also mskes it apparent
that there is no compelling reason why a person.who.develops a compléz
(multi-dimensional) construct sysfém should display more inconsist-
‘enciés thaﬁ a person who displays a less complex system. To be
more épecific: two featufes of coﬁstrucf systems are éf varticular
.importance when discussing inconsistency,
i) the number of constructs (ie degree of differentiatién),
ii) the extent to which the constructs are integrated’and
intérreiated.'

The more differentiated a‘sjstem is the more likely it is fhat an
individual will be inconsistent, éince there are so many possible

ways to be inconsistent.

The greater a system is integrated the less likely it is that an

individual will behave inconsistently since potential inconsistencies
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will have been resolved.

The type of system that is develcoped by a breadth~first learner (to

be discussed more fully at a later stage) is complex in the sense

that 1t is made up of a 1arge number of constructs and the constructs
are highly interrelated. Thus the factors that characterise a complex
system will exert competlng influences on the tendency of the
individual to display inconsistencies and.thete is no ba51s for
suggesting that there will be any reiationship between cognitive-

complexity (as defined here) and self-consistency.

Thus the hypothesis was developed on a poor theoretical basis and its

lack.of support by the data should have been predictable.

Attention Deployment

_The basis for the experlmental hypotheses is that there are stable

1nd1v1dnal dlfferences in attention deployment, seen as the selective
allocation ofvprocessingvcapacity. It has been tentatlvely »
suggested that at thephysiological level these differences afei’

related to differences in the generation of lateral inhibition.

At the pSychologicai level differences in attention deployment may
be observed as differences in use made of a'ﬁide or narrow range of
cues.t Thus in the test of attention deployment,used in these
experiments people who solve relatively more of the anagrams that
were embedded in the peripheral material are said to display wide
attention.lfThe test mentioned above does not distinguish hetween‘:

v activity at the ‘input!' or"output‘ stagehof’processing (ie stimulus
selectlon or response selectlon). This‘means that, for;instance,
students who did not solve meny anagrams from the perlpheral list
may, at the input stage, have processed information in the same wa&

as other students, but,did not use the - information concerning,
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peripheral Cues in solving the anagram problems (the selection
stage). Thus it is possible that at some stage all gubjects process
a wide range of cues, but onli in subjects described as displaying
wide attention can evideﬁce of this be inferred from theirvsubsequent
gbeha#iour, ie only these sﬁbjects 'make usé' of the full range of
cues., - This-problem of stimulus or response seledtion~is,difficult‘

to resolve and resolution is beyond the scope of thié‘diS¢ﬁSSion.

Consideration of recall scores obtained in the attention deployment

~ test may howevér throw more iight on the problem of Seleqtion;.

The recall ‘scores are, in fact, contaminated by interference from
the anagram solution stage of the test. For example, it is possible
thaf-words that would not have been fully recalled were, in fact,

remembered because of the prompt given when an anagram was solved."

In an effort to overcome this problem of interference 'édjusted'
recall scores were computed:

7 . o
Adjusted Focal Recall = No. of words recalled from memory list
’ excluding the ten given as anagrams.

Adjusted Peripheral = No. of words recalled from tape list
Recall o excluding the ten given as anagrams.

These scores should still act as indices of the extent to which

students were able»to recall wordskfromrthe3two liSts.

The relationships between these recall scores andvanagram solution
are as follows:

Focal Recall =~ Focal Solution, r = 0.15

Peripheral - Pefipheral Solution, r = 0.32
Recall : —

' This indicates a lack of relationship between overt recall of cues

and anagram solution.

Mendelsohn and Griswold (using raw scores for recall) élgb_féund a

—_—
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lack of relationship between recall and anagram solution;

becal - Focal, r = .073 Peripheral.—vPeripheral, r = -.002

When raw recall scores from the current study are used the appropfiate
‘coefficients are;

Focal - Focal, r = -0.36 : Peripheral - Peripheral, r = +0.79

vThe sighificant, positive relationship betweenvperipheral recall ahd
peripheral anagram solution seems anomalous and is probably due to the
cdntaminating effect of anagram solution discussed above; ie anagram
solution (involving conscious, overt use of the cue word) has a
fa0111tat1ng effect on conscious recall of the word. Students"in'
reports and the much smaller correlation obtalned for adJusted recall

scores,support‘thls suggestion.

The results eetained concerning recall are‘soméwhat eQuivocal’éhd it
is difficult to draw firm conclusions; though it seems that overt,
conscious recall of peripherally presented information is not
necessarily related to the apparent use made qf:peripheral cues in

problem-solving.

Attention Deployment and Creativify

Before the specific results obtained in this study are discussed some
brief discussion of the relationships of attehtion:deployment to

creativity will take place.

,Ind1v1duals descrlbed as dlsplaylng wide attention are those who
successfully 1ntegrate peripherally presented mdterlal 1nto problem
solving attempts. Whether this ;s due to either stlmulus or responsel
seiectioh,vor both, is left open. As elready mentioned in'Chapter 4
éttempts have'been made to relate such differences to creativity .
often using 1ncldentaJ learnlng material. A‘series of studies'ha;e

shown. that one partlcular index of creat1v1ty, The Remote Assoclates
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Test is closely related to incidental leanning. In fact, Laughlin
Doherty and Dunn (1968) found that the RAT was a more sensitive
predictor than intelligence fdr incidental conéépt formulation;
while intelligence was more sensitive-than the.RAT for intentional
concept~formation. ‘This and other studies mentioned earlier
indicatgé that people who obtain high scores on 't;.he RAT are also more
inclined tn make use of stimuli existing other than at the level of

focal awareness.

The idea that creative thinking is in some way related td_unfonused
thought processes is certainly not new. Many psycho analytically
oriented theorists eg Kris (1953), Ehrenzweig (1967) have developed
'fFréud's (1915) distinction between primary and éecondary'procesSés.;
‘Kris, for exémple, elabqrated this diétinétion together with nnother
of Freud's (1905) ideas that in. humour the ego nakes‘use of pre- |
consciqué (primary) activity. Kris suggested that in all creative
thinking the‘ego exerts some measurevof control over the primary

~ process and cnined the term 'regression“in the:serviCe of the egéi

| f@ refér to the capacity of gaining access to uncOnScioué material

without being overwhelmed by it.

'Ehrenzﬂﬁg alSo considers the primary process to be important in
creétive,thinking - but in his formulation theiegov'decomposes'
itself and controls the activity of the primary process and in place
of adaptive regression there is a reciproéal interactionibetween

primary and secondary processes.

Thus the preconscious primary process is seen as the source of
creative ideas that are then shaped to the particular needs of the
situation by the more cbnventional, controlled thinking of the

secondary process.
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Unfortunately though some work has been conducted the psychoenalytic e

notions lack empirical support. Nevertheless the importance of |

somethlng like primary process thlnklng, partlcularly in the

' '1ncubat10n phase' (Wallas 1926) cannot be denied. Many of the

| reports. by creative artists and sclentlsts, see for example, Ghlselln

(1952) also suggest that this is s0.

of importence to the current discussion is the propoSal that creative
d1nd1v1duals gain access to and make use of materlal presented
tvperlpherally. The relationship between tests of attention deplo&ment
and creativity is clearly interpretable in terms of psychoanalytlc
theory and people who display wide attentlon deployment are those

who galn access to primary process thought and 1ntegrate it 1n¢o
problem-eolving activity. The more 'cognltlve' analy51s of attentlnn'
' deployment, discussed eiten51vely earller on, can also accommodate
these suggestions. Of particular importance is the proposal made
.feerlierfthat3when attention is more nearly unitery,and'focueed on
dominant aspects of the task the thinking thet takes ﬁlace'is

analytic as opposed to intuitive; and eonversely when ‘attention is
~wide ‘thinking will be more~intuitire and 'ereative'. Confirming
”evidence is found forvexample, in'the mork of Diron (1971) referred
“to in Chapter L, It is both 1nterest1ng and fruitful to discuss the
‘relatlonshlps between ‘attention deployment and creat1v1ty and there
are a w1de varlety of 1nterest1ng 1ssues awaltlng 1nvestlgat10n, the"
relatlonshlp ‘between attention deployment and humour, subllmlnal .

.'percept10n~and creativity étce .ot most interest 1n thls study is
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the evidence that ettention'deployment'relates to differences in

learning activity.

Discussion of Results concerning Learning,'Attehtion Deployment and

“other Factors

The results of this study have revealed relationships between the
 attention. deployment, breadth-first learning; cognitive complexity
and flexibility during problem solving. Correlations do'nottindiCate'

causality and any 'explan&tioné' must be viewed with this in.mind.

Analy51s of the data showed that people with w1de attentlon deploy—
ment, accordlng to the particular measuring technlque used, tended

to adopt a breadth-first approach to the learning material. :

The distinctions between people; end the implications of theee
differences can be,seen more clearly by viewing the learning process
as the development and elaboration of a (personal) construet system.
One of the hajor aspects of a developing construct system concefos 
.the inCreasing;degree of organisation of tﬁe system in tefms oﬁ
superordinacy. Educational growth is not merely the'aceumoletion of
more and more pieces of information but the development of an
increaeingly complex structure for organising and inter-relating
‘ideas, see Salmon (1970) for a more detailed diseussion of this.
According to Kelly (1955) construet syStems are elaborated by the
kA operetion of‘e loosening-tightening cycle. Following Kelly's lead
éconetruct theorists emphasise the need for construct systems to first
“be loosened, 80 that they can 1ncorporate new 1nformatlon and be
_reformulated then tightened. For" example Fransella and Joyston-
Bechal (1971) quote a study by Runkel and Damarln (1961) whlch
'indicated that'teacher—treining students progressed through a,-"

,loosening-tightening cycle as their training progressed.



179

It is suggestéd here during lesfning periods on INTUITION ﬂepth?
first':students maintain close control over their developing
construct system only considering informatlon of dlrect local
significance; they appear to concentrate on one clearly deflned area’
‘of the subject matter (eg 'real world') and elaborate this in a
series'ofthighly predictable stages; whereas students adopting a
breadth-first approach willlchooSe low probability routes through
the material selecting topics from more than one areeﬁ transforming
and elaborating large inter—related sub;systems. To be effective
the bfeadth—first learner must sotbmerely‘operate withvwide or
‘diffuse attentibn,»he must interrelate the varicﬁs diffefest:elements
‘that he is dealing with. This interrelating can often gmly' be
‘_accompllshed by developing a hlgher order, more: abstract Category
_that subsumes the elements to be interrelated. ’The implication of
’thls is that an effectlve breadth-first learner will develop a more
abstract and hleranﬂncduy 1ntegrated construct system than a depth

first learner. ;

:The‘INTUITION leerning situation will, in fact, modify the influence
of‘sﬁch differenCes of approach beceuse the msterisl is presented as
'1earnable' whole and unlike much teaching materlal ‘the essential

relations between togics are made apparent furthermore as the’
student works through the material he is forced to recognlse
analogies and Qericus'cthef_correspondences that he mayfothefwise have

ignored.
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- 'On the basis of earlier discussions.of consistent individual

: differencen in attention deployment and the relafionahip of such
differences to learning it is suggested that a'person adopting e
"depthf or 'bfeadth' first approach When working‘on ;NTUITION will
adopt an equivalent approach fo other learning,environments ie the
formal aspects of cognition are not .,situation dependent. The exact
nature of the approach will, of course; be influenced by situatiooal

factors.

‘Ihfsifuations where the constraints operative with INTUITION do not"
functlon dlfferences in cognltlve structure due to different approaches
to learnlng should be falrly apparent. Development of the inter- |
personal construct system is an area where there are few constraints
on the learning approaeh*usgd and differences iﬁ cognitive‘structure

Should‘be detectebleo

" The development of a construct system appropriate for deallng w1th
other people is an almost constraint-free learning process and,some-
one using an approach equlvalent to the 'breadth~first"approach |
observed on INTUITION should engage in con81derat10n of a w1de range
of sometimes only obliquely related 1nformat10n and develop a complex
fluid system probably not very clearly artlculared nor’rlgldly
.ordered. People adopting a depth-first'approachvwould be inclined to
develop a clearly articulated construct Sysfem dominated-by relatively
few superordinete'constructs, thus viewing others.in a relatively

uni-dimensional fashion.

To 1ncorporate the results obtalned for the flexibility test 1nto the
construct—theory approach the notion of valldatlon-lnvalldatlon,'v
Bannlster (1966) is useful. Expanding Kelly's experlence corrolary,
'A person s construction system varies as he successxvely construes

- the replication of events'., Bannister points out that, 'Constructs‘



181

are not merely ways of’labelling our universe, they are ways of
trying to understand and aﬁticipéte it'; Our constructs exﬁerience
varying validational fortunes, sﬁmetimes anticipations dr predictions
ére cérreét and we experience validation§ at other fimes or under
different circumstahcés we are invalidated. As thié varying‘
yglidational evidence comes in we tend to modify our constru¢t
‘éystem so that it can accommodate the new evidence. Bannister (1965)
. found that ﬁeople tend to fighten the relafithhips’between constructs
when they experience validation and loosen when invalidated. When

: students participated in the fiexibility tesfithej weré‘repréatedly
‘refﬁsed ﬁalidation and presumably encouragéd to loosen their~ |
construction of the sifuation, alter their construct systém’and
;hencé deﬁelop‘an’altérnative possible solution; ;Some of the partici~ )
_pants; those who‘exhibited widé’attehtion énd‘breédthefirst'learning~
~:did;this relatively quickly; others, even when .fepeatedly not given

validation, continued to attempt to extort validational evidence

-, .. from the situation and appeared reluctant to chéﬁée from one{pbssible

V solution to another.

"Students with wide attention deployment tehdito:be,influehced by a
wider range of information and react to possiblé_ihvalidatory_evidenée
more rapidly perhaps because they are more"aware' 6f alternative
approaches and have a wider range of available, pertinent sources
of_inspiration. Theirrcounterparts who diSplaj narfow attention are -
 v nof‘defefréd so easily Ey unsatisfactory»eﬁidence and will nééd-to be
confronted with relatively largejamounts of such e#idencg; this’ink
'turn,'méy;be'due to the fact that they aré less likély to be -
distracted’or influenced by 'irrelevént' factéfs and thus the& hav§' 
é more limited awareness of possible altérnativé routes:and will;tend"
’to'pérsist”with a single approach even when no validating evidence

is forthcoming.
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This tendencj to persist with a single solution attempt can often
be observed when a problqﬁ solver finds himself in a totally
unfamiliar situation, or in a situation of whiéh he has little
jprovious;experience; TFor example'someong who knows only‘a 1ittle-'
about motor.vehicle répairs and maintenance will, if his cnf will
inbt’étart, often examine the same part time after time and each time
find no fault. He will continue with the same activity_simplj‘,‘
bécausevhe is unable to generate any ideas about alternativé
solutions and although he receives no‘validation he keeps on trying

the only possible solution route he can think of.

One frequently used source of inspiration in problem solviﬁg I
situations is when the problem solver can recogniée the unfamiliar

situation as analagous to one that he is familiar,with,

Analogies -
Before concluding this discussion some ideas concerning the place of

o

‘

analbgy relations in learning will be put forward.

The results concerning atténtion déployment; learning,bproblém
sdl?ing and cognitive complexity are consistent with the suggestion
of a staﬁle individual differehce diméhsibn éoncerned with the extent
fo which cognitive activity is distributed and diffuse as opposed to

being constrained and focussed.

: 'If hés been shown that a person adbpting‘a breadth first learning
stylé also displays a more complex multidihensional.construct éysfem,
wider attention deployment and is ﬁore flexible when attempting to
“solve préblems. Someone-édopting this diffuse and péssibly' |
unregﬁlated approach to learning would be likely to Qake greater u§e 

of analogy relations.
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It has been suggested by some authoré eg Hilgard and Marquis
( 1964 ) that learning and problem solving are the same. An

alternative position is to say that learning is getting better'atb

- problem solving.

'fmuasntessful solving of ‘problems hinges on the detection of
simiiarity between the pfoblem situation and some other more familiar

situation. Often the similarity detected may be an analogy.

Ah'analogy can be seen to have four terms. The first two terms are
ihvolved in the initiai analogy where, fér example, problém 'A' is
seen to be analagous to problem 'B'. Next, to make use:of thei‘*
anaLOgy, the problem-solver reasons that if procedure 'x! wés;then
one used to solve problem 'A! then procedurev'x' may be hélpful,fér

problem 'B'.

(analogy) .
1. Problem 'A' 4 f> 2. Problem 'Bf
\
Y
1}
. A}
3. Procedure 'x!' L4, Procedure 'x!
(was used) _ . (should be used)

Fig. 8 (The four terms of an analogy)
Thus learning enriches our store of possible similarities that can
be used to gain insight into a new problemvsituafion ie learning is

getfing better at problem-solving.

A learner adopting a breadth~first approach will ha§e_access to a
‘~much'wider range of information at any one time and will thus have
‘greater opportunity for developing analogy relations and as noted

earlier, will develop a more complex and abstract construct system.

The results obtained concerning problem solving and learning are

fully cpnsisteht‘with these ideas. For instance, in the problem
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‘solving test diséunsed above breadth-first learners display flexible
' prdblem solving behaviogr due pérhapé éo the factifhat they have a
wider range of poﬁentigl sources of insight into the problem; whereas
the depth-first leérner will focus his attention on 6né possible

solution route.

As élready noted either approach could lead to inefficient problem-
| solving where either the student 'grass-hops' from‘oné épproééﬁ fo’
another or 'bashes his head against a brick wall'.

Ability
A feature of the results that has not yet been discussed is the data

.conéerning the test of ability. .

The results show a sfatistiéally significant.relationship befwéeh
depth/breadth learning and ability, with breadth fifst learners
obfainiﬁg highér ability scores. The results concerning ability énd
the problem solving test.are consistent with this finding and show
that people who made féwer repeats on the,testnobtaihedvhigﬁér'ébility '

~scores, though the results are not statiStically'significaht.'

Results for the éttention»deployment test however show a weaker:
relationship that is, if anything, in the‘opposite direction ie

people with wide attention obtained lower ability soofes.

These differences are difficult to explain and a lack of clarity
concerning Qhat it is that the ability tést measures adds to thé
‘problem of understanding the data, Examination of the specific test vf”
used reveals that many of the.itéms cgll for studentg to make
,cémparisons‘or to cohsider analogiés of‘vérious kinds;. It méf%Bé
that the sort of ability needed for these operations‘is similar'tq

~that required by someone who operates. a successful bfeédth—first",,'
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approach to learning (on INTUITION) or develops a flexible approach

to problem-solving.

This 'competence' dimension could be distinguishable from a
preference" dimension that is measured by the test of aftentiQn
"deployment; and taken together these twd dimensions deterhiﬁe the
extent to thch an individual adopts a depth or breadth—firét apprbéch
| to learnlng or is flexible or not when attemptlng problems (and is
given no validation). Thls line of argument is consistent with the
* data and has a good deal of exPlanatory and predlctlve potential, (eg
a large amount of the variance in 1earn1ng strategy can be 'explalned'
by combining the relatlonshlps between these‘two measures and

depth/breadth learning).

Earlier discussions have covered the possible relationships between

"creafiﬁity and the factors discussed in this thesis.

ngh scores on creativity tests may be dependent on both the ;
‘preference' and competence factors mentioned above. This would be
fconéisfent with thé»findings'df'somé aﬁthors'that creativity-is
related to intelligence and of others that it rélates’to attentibn

deployment.



Sumnary
The results reported in fhis Chapter supported several hypotheses

concerning relationships‘between attention deployment,vcognitive

complexity, problem solving and learning style.
.

By using a personal~construct theory approach the influence of
differences 'in attention deployment‘on cognitive processes and
structure was discussed ana the'ekperimental‘findings-were shown to
be consisfent with other related, theoretical viewpoints, experimental

results and observationse...

The interpretation given to the results is in some ways a re-
‘émergence of an old theme concefning what Freud (1915) described as
primary and secondary processes. However the theme is placed on a
new, empirically-keyed footing and attempts have been madé to measure
individual differences. Thus the significant aspect of this section
of the thesis is the demonstration of specific relationships between
" "'personality' and learning coupled with an attempt to provide a
comprehensive explanation of individual differences in cognitive
processes using attention deploymeﬁt as an eiplanatory concepts.
Further discussionvof the implications of the results takes pléce in

Chapter 6.
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CHAPTER 6

' SUMMARY AND DISCUSSION OF WORK CONDUCTED

1. Introduction

This chapter is intended to give a brief summary of all the work
Cafried out, followed by a short discussion. The details of the
work conducted, the findings and more lengthy discussions of results

" are contained in chapters 2-5.

" This chapter is divided into L sections

| 1. IntrodﬁctiOn

2. Reporting on chaptere 2 and 3
3. Reporting on chapters 4 and 5

4. * General Remarks relevant to all of the work reported.

Inevitably in a chapter of this sort, intended as a summary Or over~
"~ view, there will be some repetition of materialealready'presehted.
This is particularly true in sections 2 and 3; most ef section %,

_however, is new material not covered earlier.

Examination of Strategies |

In most learning situations it is difficult for an observer to form
any opinions about the way'in which fhe student conducts his learning;
thus llttle is known about the strategles and tactics that people
adopt when 1earn1ng a new body of subgect matter. To some extent
;,the partlcular strategy adopted will be dependeﬂt on the specific
subaect matter and the way in whlch material is made avallable to the
1earner. For ‘example, when a student is. u51ng a programmed text he
‘has littlevfreedom to organise his own learning and his stratggy is

' constrained.

In the experiments described in this thesls students were placed«in~

a situation where they did have considerable freedom to organlse
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their own learning activity. The special feature of the approach
adopted is that as well as giving students freedom to organiéé

their own learning it ensures that certain features of their

strategies are exteriorised and can be observed by the experimenter.

Indices of Learning

The specific features of student activity that were examined together
with a description of what they are thought to indicate are:given

below.

Appreciation Span : Indicates how far students looked aheéd and plan;
ned fheir future learning.

Exploration (Preéwworking): Indicates how much infofmation studenté
collected about the topics to be learned, before they chose which
tbpic they would learn first. ie'Before they had.begun any formal
learning. ' R !
EXploration (During Work): Indicates the extent to which studénts
requested outlinés of what topics were about,vbefofe‘chOOSing to
learn them. |
Depth or Breadth First learning: Indicates éhe extent to which
étudents either chose a wide range of topics and extended their
knowledge on a broad front, or confined their learning to a narrow,
'in-depth', Study of one complete area at a time.

'ﬁfrors : When they felt that they undérstood‘a topic étudents opted
v‘to:fake a test of understanding. A recora of the’number of times’
that a student did not pass the test gf ﬁndersténding was also kept;

ie ‘a record of errors.

Reliability of indices

With the exception of errors (which were almost non-existent in
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module 2) the indices éf learning proved to be extremely reliable
(ieAstrong positive correlationsvbetween scores on modﬁle one and
module 2), thus it was possible to make a meaningful test of various
hypotheses concerning relationships between the indices of learning

and measures of personality.

Consistent individual differehces

Much past and current work in ps&dhology has been focused on
‘dg}ineating dimensions of difference along which people éan be
compared and contrasted and where cohsistént individuél.differences;
‘are exhibited. Aﬁ aﬁnof such studies is to eventually be able éo
describe and predict behaviour using as few dimensions as possible. -
Stratégies displayed by 1earnérs are, in essence, no different from
other forms of behaviour and i£ should thus be possible'to identify
relationships between the actual strategies adopted and speqifié,
‘underlying diménsioné of difference, ie personality characteristicse.
The work conducted in this stuay was an attempt to examine the

existence of such relationships.

e Reporfing on Chapters 2 and 3

The major-personalitj'factor investigated in chapters two.and.three

of this study is the extraversion-introversion dimension.

‘The predictions that can be made after an examination of the empirical
and theoretical béckground to thié dimension can be crudely sorted
.into two cateéories. In one category are the more biologically-

based or genétypic predictions, relating to conditioning, vigilance,
reminiscence and éo on. In the other category are those mediated by’
environmental influehcés, the phenotypic category or behavioural
hebits such as sociability, impulsiveness eﬁc.- The situation .-is

shown diagramatically below.
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[hedonien |

| punitiveness

militarism

[ethnocentrism ™~ _——{ nationalism |

L, :observable TOUGH-MINDEDNESS
phenomena; versus
thought r ‘
habits TENDER-MINDEDNESS
(attitudes)
~L_:observable
'pgenomena; : ‘
behavioural PB = PC x E Primary traits.
habits (traits) _ l
ENVIRONMENTAL EXTRAVERSTON- ’j;czibiiity
INFLUENCES (Py) INTROVERSION - impuLS1vaty
(R —p ~ p=rhatymic
- ascendance
\\~activity
etc
L_:observable
p%enomena; conditioning
experimental
’ {
vigilance Q ' reminiscence |
after-image figural _
duration after-effects

L, : theoretical
construct

EXCITATION/INHIBITION
(PC) BALANCE

Fig. 1 (Eysenck's diagrammatic representation of his theory
of personality. From Eysentk, 1963, p. 1033)
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It is the category concerned with behavioursl habits thatis most
relevant for this study. Unfortunately this is also the category

where predictions are both less specific and less accurate.

The predicted differences between extraverts and introverts examined
in this study concern the belief that introverts will tend to plan
ahead more than extraverts and that they are less impulsive and

will 'look before they leap'.

For the purposes of the study these general expectations had to be

.translated into specific, testable predictions.

i) Planning Ahead - Firstly the expectation that extravertsA
will plan shead less than introverts was used as the basis
for the prediction that, given the Oppoftunity, introvertsi
will plan a greatér distance, ie further ahead than extra-
verts. |
By examining the learning strategies adopted by students it

was possible to infer the extenﬁ‘to which they hgd planned

ahead and thus test the accuracy of the,prediction.f

' ii) Looking Ahead - Secondly the expectation that extraverts tend

to look before they leazp was ;iamined. Thi§ was &evelo?ed iﬁto

the predictiqn that extraverts would be less inclinéd fo
' reqﬁeét a brief outline of a-topic before choosing whether or

not to work on it. - |

These two preﬁictions, though probabiy related, represent.different

predictions.b The two aspects of behaviour are pbssibly related but

can be distinguished as_séparéte charaqteristics. For example, soie—

one could plan ahead a long Qay - but do so impulsiveiy and withbut

much attempt to examine the relevant facts.
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Again, by examining students' activity it was possible to infer
the extent to which they 'looked before they leapt' and thus test -

the accuracy of the second prediction.

’Conflictiﬁg Predictions
iii) Errors - If was also poséible to make pfedictidns about
fhe relationships betwéeh number of errors that students
would make and pefsonality dimen;ions, Consideration'of
available evidehcebled, in fact, to two conflicting

predictions.concerning errors.

- é) Tolerance of Ambiguitj ~ Work conducted by Leith and Trown
, (1968)indidated a relationéhip betﬁgen students'.tqierance
of ambiguity and their success on differenf types of 1earning
méteriél.
On the basis of their resﬁlts Leith and Trown suggested fhat extra-
Qerts learned more effeétively than introverts from ambiguous‘and
unstiuctured materiéls because they have a greatér tolerance of
ambiguity. When students are learning about a topic on the iNTUITION
systeh'they.are in a noh-direCtive, relatively unstfucfured, learning
situation andvit could. therefore be predicted that:
i) Extravérts will make.less errors than introverts
ii) Students who are tolerant’ of ambiguity will make less
errors than thosé who are not
Implicit in these predictions is the hypothésis tﬁat extraversion
and»tolerahce~of ambugﬁity are related and that‘extravertskaré ﬁ6fe
tolerant of ambiguity fhan introverts. This~pointgwill be rethrned o
to later. | | o | :
é)Impulsivehess - As théy work throughbthe 1éarning material

/

students are allowed to choose for themselves when they are

ready to take a test of understanding for a topic. In
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.contrast to the prediction made above it could be
anticiééted that extraverts will tend to act on impulse and
therefore take the test too early; thus making more errors
than introverts. |

By examining the relationships between errors, tolérance

of ambiguify and extraversion-introversion the validity of

these predictions was estimated.

Abilitz

A1l students part1c1pat1ng in the experiments were given the AHS test .

of ability. Thls was done to help ensure that any findings were not
simply reflections of chance differences in ability. The test was.
not included in the hope of finding any significant relationships

between ability and the various indices of learning.

Investigation of Predictions '

i) 'Planning Ahead' - In addition to investigating the

relationship between extra%ersicn and planning ahead the
relationship between students'scores on the tclerance of
ambiguity scale and planning ahead was examined. It wés felt
that students who were intolerant of ambiguify could reduce
 the ambiguity in ﬁhe situation by.planning ahead. Also the
previous work of Leith and Trown had indicated a possible
relatidnship between extraversion, tolerance»of ambiguity and
learning preferénces. |
Results:iThe data indicated no- consistent statistically
significant reiatibnship between the measure of planning ahead
(ie appreciation span) and either personality characteristic.

/ See table (1)/

ii) 'Looking before leaping®! - A test specially designed for

this study. and aimed at measuring the smount of information
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' collected before acting was used in addition to .the tesé of
'extravefsion-infroversion.(EP1). This test was included in
the hope of facilitating the explenation of any relationship
disoovered.betweén EP1 and the appfopriate'indicos of

learning ('pre! and 'during! work exploration).

Results: The data revealed no consistent statistically

significant relationships between the personality:measures and

the indices of exploration.

vzrﬁoe‘tabiev(az7'

The data did indicate that information collecting behaviour was very
stable,in o variety of different circumstances, but appeéred to be
highly situation—dependent and'was not a consistent individual
characteristio. For example, the reliability of the information
,collectionitest was 0.90. VTHe reliasbility of the 2 indices of
"~ learning related to information collection exceeded 0.80; but'there
was no relétionéhip between scores on the information collecticn tost,
either index of information demand during learning ahd introversion
extraversion,.indicating the contoif dependence of information

collecting activity.A

iii)‘Errors - The data revealed é relationship between errors,
extraversion and tolerance of ambiguitye. Eﬁtraverts and
people who obtained high scores on the ﬁolerance of ambiguity
test made less errors than introverts and people who were
less tolerant of ambiguity. The relevant relationships »
were all in the,some direction and some were statistically
significant. | |

/[ See table (1)/



195

Ability

No statistically significant relationships were found between'SCOres
on the AHS5 test of ability and any of the indices of learning
(including errors). Neither was there any relationship between scores

on the EP1 or tolerance of ambiguity scale and AllS.

Thus the following relationships between personality characferistics

and indices of learning have been examined.

i) *Extraversion-Introversion

A . - Planning
- ppreciation Span ) Ahead
Tolerance of Ambiguity . )
ii) “Extraversion-Introversion (Pre-Working )Looking

’/,'(Exploratlon, during)

(Work Exploration ) Ahead

Informatlon Collectlon

iii) *Extravension-Introversion

N

Errors
Tolerance of Ambiguity —

The relationships between AH5 and all of the above measures were
RN !
also examined. '

Tables 1-4 summarize the findings.

* A separate impulsiveness score was also calculated and used in
the analysis ~ the intercorrelations for this are prov1ded in
. the relevant chapters.



Appreciation Span Brrors
Medule Module Module Moduie
1 1+2 1 2
Extraversisn-Introversion; +0.33 +C.005 ~0.51 +0.05
Tolerance of Ambiguity +0.05 | +0,736 A0.46% | $0.43

‘Table 1 (correlation matrix

| *1?{305'

: Appreciation Span and Errors vs

personality factors) -

‘Pre-Work During-Work

- Exploration Exploration
Md dule: | Module - Module Module

1 1+2 1 1+2
Extraver smn—Introvers:.on +0. 46 +0.04 -0.02 -0.02
Information Collection -0.1 —0.49 | -0.02 | +0.21

Table 2 (correlation matrix : Exploration vs personality factors)

Appreciation Pre-Work During-Work
Span ' Errors Exploration Exploration
Module | Module | Module Module| Module | Module| Module | Mcdule
1 1+2 1 T+2 1 1+2 1 1+2
AES | -0.38 | -0.44 | +.001 - -0.2 | -0.35 | +0.07 | +0.12

Table 3% (correlation matrix :
and efficiency)

Ability vs indices of learning style



397

E; TA Ic. AHS
1. Extravérsion—lntroversion -0.35 | +0.09 -0.06
2. Tolerance of Ambiguity +0.03 —0.235
3. Information Collection h +0.04
b ams

Table 4 (correlation mati'ix: interrelationships " between personality
characteristics and ability)

Indices of Learning

Tn addition to an examination of the various hypotheses an examination
of the interrelationships between the four indices of learning
activity was conducted.

The relevant product-moment correlation matrices are given belove.

1+ 2
N = 10 Mgd. >
Pre-Working | During Work
App.Span " Explore Explore
App. Span X +0.57* +0.02
Pre-Working
Explore X +0.71
During Work X
Explore v

Table 5 (correlation matrix 3 interrelationships between learning

indices __/__Mod 1 + 2_7)

* p{ 0.1 two-tail '



N = 14 HMod. 1 only

Pre-Working During Work

App.Span - Explore Explore Errors
App. Span X +0.73** +0.47 -0.38
Pre-Working -
Explore _ X +0. 2 ~0.54
During Work
Explore : ' X -0.11
Errors . _ : ‘ X

Table 6 (correlation matrix : interrelationships between learning
indices / Mod. /) '

** p .01 two-tail
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Interpretation of Findings

Although most of the relationships examined have‘failed to reach the
5% level of significance this does not mean that the relationships
observed,have definitely occurred by chance; merely that they may be
due tobchénce‘effects. Because-éf the small nuﬁbers involved a large
correlation coefficient is needed before the 5% level of significance
is reached and some of the relationships observed, though not
statistically significant are quite large and may be important if they

are Ytrue' relationships.

The most importan£ féatures of the data anélyéis are:
| i) the possible relationship between extraversion, tolerance of
~ ambiguity and number of érrors made by students working on
complex, ambiguous material,
ii)-thé inconsisteﬁcy'of ;elationships between extraversion-
introversion and tﬁe various indices of information demand,
iii) the lack of strong reiationships between the indices of
information demand, |
iv) the inter-relationships between the indices of learning,

The findings of this study can be consi&eredrunder two main headings:
FEducational - concerned with the signifiéance of the findings
from an-educational point of iiew and ways in which educational
practices might be influenced.

" Scientific -rconcerned with the implications of the specific
experimental-fihdings for current or future research worke

Educational |

With work of‘the sort described here it would be extremely valuable

if the implications of the fesults could be examined from an

éduéational point of vieﬁ and some indication given of how the
findings could be pﬁt to immediate use. It would, however, not‘bé

advisable to develop prescriptions for educators based on the results
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of this study since most of the results are not sufficiently
conclusive. Even for the results that are conclusive the
(presumably) complex inter-relationships are not yet well enough

understocd for the purposes of implementation.

Thus, althoﬁgh this will, hopefully, be an eventual area of 'pay-'
offt for research of this nature, no specific educational.
recommendations are forthcoming from this éspect of the study (ie
jChapters,z énd.B), Some of the results may be useful to individual. '
educators and with reiatively little transformation could form the

basis of experimental educational ventures, but the direction of

these ventures will depend on the interpretation put on the results.

TFuture work could concentrate on investigating more fully thé
relationship between tolerance of ambiguity and extraversion-intro-
version and the relationship_of the;e characteristics to specifie
types of leafning materials or procedures. It would be important to
detefmine, for instancé, whetherlstudents whé are intolerant of
ambiguity perform'betfer than more tolerant students on highlyv
structured and unambiguous material such as linear‘programmed text

bookse.

Another finding of interest concerns the exfent té which information
collectionvbeha§iour ié context-dependent. The results demonstrated
that in highly favourable conditions information colkcting behaviour
was related to impulsivénéss ie the correlation beiween the EP1
iﬁpulsiveness scores aﬁd scores on the information collection test;

" However, on INTUITION, information collecting activity Qas consistent
but not related to impulsiveness, extraversion;introversion'nor scores

on the information collection teste.
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fis hos possible implications for anyone involved in preparing
teaching‘matefials where itris possible to give learners previews
or overviews of the material. It seems unlikely that there will be
any universal rules that can be used to determine when to'présent '
such information since learners' needs for information on which to

base decisions may vary from situation to situation.

The variability of learner requirements and the important situational

‘variabies would be interesting topics for experimental study.

7Inter-relationships between indices of learning

An ad‘hoc analysis of inter-relationships between the various indices

of learning shows a éonsistent pattern.

"In particular tne resulté.show that students who carried out a
considefable amount of exploration before beginning gnz~learning
tended to exhibit high values for appreciation span.’ This is an
intuitively reasonable finding indicating that people who planned

';furthest ahead tended also to request an outline of the contents of
future toplcs before worklng on them (1e distance ahead that students

planned and an index of 'looking before leaping' were posithely

related.)

This finding only holds for the situation studied here and the
relatibnship between these factors in other learning situations

will be worth investigating.

Similarly theré were indications tnat the teoplé who made least
errorévtended tokréquest information about topics before working on
thém and alsoAplanned further ahead. This suggests the conclusion
tnat people who procee&ed less impetunusly end ldoked further aheaq

tended to make less errors. The relationships here are not
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statisticallybBignifiCant but could probably etill be more
extensively studied. It would be interesting to collect data that
‘related to the issue of whether planning and information seeking
cause fewer errors or whether people only plan further ahead ahd

expldre,freely when the subject matter is not too difficult for them.

Scientific

_ The results of this study throw some doubt on ‘the predlctlve value of
| current ideas concerning the behaviour of extraverts and 1ntroverts.
Many workers (see Chapter 1) are investigating the relatlonshlps
between extraversion/introversion and attainment and are beglnnlng
to suggest tentative reasons for the relationships observed. The
results of this study suggest that when_researchers are considering
posSible explanationa of such inter-relationships they will be ill-
advised te‘assume that extraverts and introverts behave in expected
ways. .The results obtained indicated that predictions derived from
aecepted descriptione of how extraverts and introverts behave were
not supported-when students were placed in a speeific learniag
environment. Discaseion of the results obtained (presented in
Chapters 2 and 3) will perhaps help to modify and refiné ideas

concerning the relationships between extraversion-introversion and

‘learning.

The fact that some of the results of this study do not support
hypotheses tested does not mean that the results have no sc1ent1flc

. value. |

Popper (1963) has argued that falaifiability can be’seen as the
criterion of demarcation betweeh'scieace'and non-science. The point
being that a sclentlflc theory can never hope to explain everythlng
that can p0551bly happen, rather it ignores most of what could happen

';and places itself at risk by maklng spec1f1c predlctlons about just

—~——
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a féw possible happeningé. A séiepfific,thgdry is téstable and
capablé of being refuted (or falsified) by_evénts. Tt is often
only.when a theory is falsified in the ligﬁt of gppirical evideﬁce
that progress can be méde. The results obtained here are useful
'iﬁ variousfways. They suggest'that it may not be profitable ﬁo

. ;
invoke differences in impulsiveness when examining different
attainments of extraverts and iﬁtroVerts. They suggest that itvmay
be profitablé to concentrate on differenées reléted to the inter;
action betﬁeeﬁ type.of learning materiéi,‘toléranée of ambiguity
and extfaversibn. Although not directly suggested by the data the
other; more ﬁrofitable, way to proéeed may be to cdhcentratebbn :
differences related to the sociability-component of'extraveréion—
‘introversionvand the poésible consequences of thié for study habits
in a wider context then has been studiéd here. It may be in these
'areasﬁthatfankexplanation of the correlations between extrawversion- .
inffoyersibn énd academic attainments is to be found{_rather than in =~

the more Qognitive aspects of learning studied,in this thesis.

The results aiso indicate the need for a re-assessmenﬁgof“tﬂe.ideas_'{3
coﬁcefning the -characteristics of éxtravefts.and iﬁtrpvertshﬁhat
led fo the specific pfedictiohs inVQSfigated. TOnewwéj in wﬁich théser%5
ideas may be revised fests on a consideration of‘tﬁé*relationship |
between extraversion-introversion and tolerance of amﬁiguity. It is
suggeéted that extravefts»are more tolerant of ambiguifyfihaﬁ intro-
verts and'that from“the>point.of Vieonf certain'typés of learning
activity this is of'at least- as .much relevanée as the supposed-
differences in planning ahead,vinformatioﬁ,collecting>and‘impulsive;
ness. Thﬁs'it i§ Suggeéted, on fhe»basis pf.studies carried out,“
that tolerance of ambiguity may be a component of extraversion- |
introversion that is importaﬁt at a theoretical and practical levell

in relation to learning activity.
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'Understanding Learning activities

An important original aim of this .study was to identify personality
correlates of students’ learning activities and by'doing"éo

»e better underatending of the way in which people learn. The work
conducted on extravereion-introvereion—end related bereonality'
characteristics (Chapters 2 and 3) has not been particularly
'successful in identlfylng personallty correlates of learning. This
may to some extent be due to the 1nfluence of sltuatlonal factors

‘on student behav1our.

It 1s worth noting here that because of the numbers 1nvolved the‘
studies reported here would only confldently detect very strong
relatlenshlpe. It is p0351ble that some of the,relatlonshlps
1“;examined,;thoughfinflueneed by situatienal feetors,’eouid,with a

. iarger’eemple apbear etatietically'eighifieeht;-theugh most were not

{ merely‘too smell they were also not consistent. It was never the aim

}
of thls study to teaee out small but statlstlcally slgnlflcant

flnd;ngs. It was a search for strong relatlonshlps, between !
‘underlying dlsposlt;on ahd_learnlng actlylty, that were con51stent
‘and statistically significent. Clearly any relationships of this

sort would beief“considereble theoretiealrendipraetieal significanee |

as well as being statieticelly'significent.‘

The studies invChaptere 2'and BVthough not particulariy succeeefulf
~ in identifyingrpersohality correlates ef learnihg‘havevprovided eome
1importent data'thet can help to improve our underetanding of learninge.

These are the data relatiﬁg to the indicee'of learning themselves and

" "the extent to whlch they are general characterlstlc ofestudent

1earn1ng behav1our.

N

. TheSe7date will be discussed at the end.of'the'Chepter when results

cohcerning,the‘index ofﬂlearning studied in Chapters 4 and 5 (Depth/#‘

Fl bl
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Breadth learning) have been discussed.

3., Reporting on Chapters L and 5

, Attention'Deployment

The'hajorindividual difference dimension considered in Chapters L

rand 5 was that of attention deplojmeht.r A_summarjlof previous
relevaht work and associated‘tﬁeory'Waszgifeh and anvattempt'was
ade to clarlfy the meanlng of the maln area of 1nterest - w1dth of

'attentlon.

To summarlze, 1t was malntalned that at any one tlme people are
'engaged in a range of 1nformatlon proce551ng act1v1t1es. Not all
of thls processing act1v1ty is under conscious control, nor 1s it

all 1mmed1ately relevant to the main task~at;hand.r People d;splaying

" narrow attention will, under normal conditions of arousal etc be more

1ikelj"to’confine their attention (ie processing activity) to
’ factofs perceived as task relevant. Or, at least their behaviour
will be less 1nfluenced by factors that are perlpheral to thglr

'prevalllng mental-set. S

A person dlsplaylng wlde attentlon w1ll tend to process and be
1nf1uenced by perlpheral ‘cues as well as those of 1mmed1ate relevance -

to his currentvmental set or focus of attentlon.

 The essehtial points are:
: 1) Attentlon is d1v151b1e (1e proce551ng is not entlrely serlal)V
5 11) Attentlon can vary from w1de to narrow. When attentlon is
narfow it is more nearly unltary and processing capaclty is
—allocated~almost exclusively to the task at hand. When
attentlon is w1de proce551ng actlvlty is more distributed, and
B cues less related to ongoxng act1v1ty are more llkely to

1n1t1ate processing activxty..
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' iii) Some proceSSing mey take place without conscious control
or awareness - but may stillyinfluencehbehaviOUr'and

conscious thought.

It is also suggested that when attention is more nearly unltary and
focussed on the dominant aspects of the task the thlnklng that takes
' 4place is ‘analytic' as opposed to '1ntu1t1ve', ‘Bruner (1960)‘wherees~

~ when attention is wide'thinking'isﬂmore 1ikely;to7bebintuitive;

'Consiétent Ihdividual Differences =

A person's width of attezitibn'Caxi:-;irar‘y from being highly selective
andrfecussed fhreugh more diffuse aﬁtention.te the‘bfhef extreme
when, durlng REM sleep, attentlon appears to be at 1ts least .
selectlve and stlmull applled durlng or before sleep w1ll ellClt
’complex 1magery and a55001at10ns.» Although for example, as arousal

: changes,peoples p051tion on this width of attentlon dlmen51on w111

= falso change, 1t 18 malntalned that there are stable 1nd1v1dual

' 1l5d1fferences in wldth of attentlon' ie some people w111 tend tq operate 2

: w1th con51stent1y narrower attentlon than others. Qperatlonally .
this means thatathey will be relatlvely 1nsens1t1ve fojfhe lﬂflﬁence, 2
of'peripheral information:seurces. It is suggested that w1dth of
attentlon is a con51stent aspect of an 1nd1v1dual's cognltlve style
(1e that it is usefu1~to_use thls pertlcular dlmenslon‘as a way of

describing‘and cemprehending differences in cognition).

; People differing on an underlying‘dimension of thisetype would be

o expected to. exhlblt dlfferences in their learnlng and problem solv1ng

<,~:act1v1t1es and also in. cognltlve structure.,

‘;,< leferences in Learnlng

i;The magor areas of 1nterest in thls the51s are the individual
dlfferences in learnlng strategy dlsplayed by students when worklng

on the’ INTUITIONesystem,, As noted above,ltfwas expected ni"l
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‘that dir:erencoa in width of attention would be associated with
differences in iearning activity. Briefly'a person with wide
attention_ehould behave in an fholistic' fashion, proceseing and
integrating a wide range of information, deveioping his understanding
1n a global fashlon whereas a person with narrower attention would

: operate in a more 'seriallst' fashlon and would severely restrlct
‘the range of 1nformation’used, building up his undsrstandlngu;ntan,
,'orderly step by step locallsed process.’ These differences iﬁj'r:"'

‘ 1earn1ng act1v1ty should in turn relate to dlfferences in cognltlve '

| structure and the person w1th a more ‘holistic learnlng strategy

would develop a more multldlmen51onal, construct system.

On the basls of these expected relatlonshlps varlous hypotheses were
‘developed and tested.s To test the hypotheses the theoretlcel
"1-constructs of w1dth of attentlon, cognltlve complex1ty, learnlng

strategy etc. were: operationallsed by examlnlng student performance

- on various measurlng instruments and observ1ng their behaviour on

the INTUITION system. The specific hypotheses examlned are glven

below. :

.'Hzpotheses =

A1) Attentlon Deployment and Depth/Breadth Flrst Learnlng '

The flrst hypothesls concerns the relatlonshlp dlscussed above

kbetween w1dth of. attentlon and learnlng act1v1ty.v
- The hypothesis was that learners with-wide‘attentionvdeployment
v would adopt a more hollstlc or global approach to learnlng whereas

‘;flearners wlth narrower attention deployment would follow a more

:;locallsed serlallst approach.

It was p0351b1e to estlmate the extent to whlch a student adopted

A local or global approach by examlnlng the rcute taken through ‘the

« —
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topics:in'a localised, depth-first fashion, building up their
understanding of one area at a timedin a compartmentalised way;
at the other were students who approached the material on,a breadth-
first more global basis moving throughbthe materialron a'brOader :
‘ front and~extending their understanding of a number;of'areas more or
iess sdmuitaneously. A test for-neasuring width of attention-was
also deteloped. Essentially the test examlned the extent to which -
- students made use of perlpherally and centrally presented cues 1n a
'problemfsolv1ng s;tuatlon. (The method for estlmatlng depth/breadth
,1earning‘and the;test ofrattentlonpdeployment;areﬁfully descr;bed'

in Chapter 5«

“',v The speclflc hypothe51s tested was that people ‘who dlsplay a breadth/.v

| ~f\ flrst approach to learnlng (on INTUITION) w1ll exh1b1t wlder

: attentlon deployment (measured by the test mentloned above) than

'xf‘those who follow a deptheflrst approach.

2)Cogn1t1ve Complexity and Depth/Breadth Flrst Learnlng ?7
'~fefAs noted above 1t was antlclpated that people who- adopted a breadth—

flrst approach to learnxng would develop more complex, multl-
.dlmenslonal oonstruct systems. It was hypothe81sed that the approach
totlearning displayed on INTUITION was not,slmply a response to that

: particular 51tuat10n but represented a consistent feature of an

1nd1v1dual leaxnlngfstyle° ie a person adoptlng a. depth or breadth

’b‘flrst approach on INTUITION w111 adopt a sxmllar approach to other
'd‘s1tuat10ns (eg when learnxng 1nformally about other pe0ple and thus
‘“3‘should develop a relatlvely more mult1~d1men51onal system for»

'constru;ng”others);_\,‘*frt"

:.ThevBieri test'of‘cognitiﬁe'complexity was used to assess'thev
extent -to whlch students construed other people 1n a multl-dlmensional

or more nearly unldlmenslonal fashlon.

» —



209

The specific hypothesis tested was that, '"People who display a -
: breedth-firstvapproach,to learning (on INTUITION) will be more
cognitively complex (as measured by the Bieri test) than thosefwho

| follow a'depth-first approach'.

(It cguld of course, also be hypothesised that students who adopted :
a breadth—flrst approach would develop a more complex and mult1~ o
bdlmen51onal construct system concernlng the subaect-matter ofrk 7
INTUITION (probabillty in thls~exper1ment) Iue”toltime‘constraints'
dr-and lack of sultable measurlng technlques thls hypothes1s was not

*atested in the current study.

. 3) Problem Solv1ng and Depth/Breadth Flrst Learnlng ‘

;;}fIt was hypothe51sed that, when attemptlng to solve problems, students
::wlth w1de'attentlonfdeployment would be more susceptlble to the ,

it 1nfluence of 'perlpheral' cues as well as those related to thelr o

fcurrent mental set and would be more 1nc11ned to try alternat1ve

';‘approaches to the one currently belng attempted ; - l!

fStudents with narrower attentlon‘deployment would‘ by cohtrastvtend '
to persist with one particular approach. (In01dentally it was noted
thet‘heitherbapproachrwas necessariljﬁmore efflclent). ~A_test,was .
developed that enabled the experimenterrtolobserre the degree‘of
pers).stence (ie tendency not to change from a potent1al solutlon
route) or flex1b111ty (ie the tendency to shlft from route to. route)~'

e shown by students.

‘~Dur1ng the test partlclpants played the role of personnel manager
attemptlng to solve some labour problems.g Part1c1pants were glven -
'feedback after every solutlon attempt (the 81tuat10n was 'flxed' |
'.so that this feedback was alwayd negative - 1e;1t wes 1mposslble for
vdpérticipants‘to'suggest a correct solution). :The sequence of attempts“;

was recorded. On each trial it wes;possible for participahts to .
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repeat solution attempts or to suggest new solutions. FThe extent
to which participants repeated or not was taken as anrindex of
persistence/flexibility. The test environment and procedures are,‘
rrlquite‘oomplicated and cannot be fully explained here. Full details

are given in Chapter 5.

As already noted it was anticipatedAthatvseores oa this test would
relate to differencesvin attention deployment- however the main area.
of 1nterest in this thesis concerns the relat1onsh1p between learnlng
: act1v1ty and other characterlstlcs.l Thus the speclflc hypothesls
tested ‘concerned the relationship between scores on the problem—
solvmé exercise and depth/breadth flrst learnlng, w1th another

: hypothe51s (see below) concerning the relationship between performance

‘ _on this; exerclse and attention deployment.i Conslstencles in

,fattentlon deployment are, of course, seen as part the 'reason' for
‘any relatlonshlps between depth/breadth learnlng and perslstence/

flexibility in problem-solving.
S ’ - | | .
The specific hypothesis tested was that, '"People who display a

breadth-first approach to learning (oanNTUITION) will display less
persistent behaviour (ie make fewer'repeats on the problem-solving

exercise) than those who follow a‘depth-first:approach".

L) Self—Conistency'ahd Depth/Breadth first Learning
The’fourth~h&pothesis.concerhed tbe relationshiptbetween a-measure_‘
of selféconsiStency (ie the extebttto which people;see their_oWh
oharacteristics as compatible or as inoompatible,and coatradictory)'
| aad4depth/breadth—firstvlearning.. The test of self—con51stency used
was:the GergeQQMorse'(l9675 teste The speclflc hypothe51s tested
was that "People who display a breadthpflrst approach to learnlng
A»(on INTUITION) will exhibit less self—con51stency (as measured by

the Gergen—Morse test) than those who follow a depth-flrst approach"ed

+

-
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In addition to the investigation of the hypotheses above the results
were examined to determine the relationships betweentthe various

measures used.

It was anticipated ‘that the tests would be strongly related with -
' attentlon deployment: actlng as the underlylng common factor. The
'predlcted direction for the varlous 1nter-relatlonsh1ps is glven 1n :

parentheses in table (8).

v Flnally the relatlonshlps between the AH5 test of general ablllty
and the other measures was also examlned. No spec1flc hypotheses
lwere generated concernlng relatlonshlps between ablllty and other
: factors.; The test of ablllty was 1ncluded to assess the degree ofv
'overlap between ablllty and other factors,a.factor of 1mportance
when evaluatlng the predlctlve and explanatory slgnlflcance of anyr

"relatlonshlps revealed.

Investlgatlon of predlctlons

’The hypotheses were examined by observ1ng student performance‘on
~ ‘the INTUITION eqnlpment and on the measurlng 1nstruments outllned

,above,‘_

Hypothe51s One (Attentlon Deployment)

The analy51s revealed that there. were slgnlflcant dlfferencesbetween
1earners who adopted a breadth—flrst approach and those who adopted
a depth-flrst approach. As predlcted breadth—flrst learners k g
dlsplayed wlder attentlon deployment, ie the ratlo of perlpheral cues
'used to“central cues used was 51gn1f1cantly larger for breadth-

: flrst than depth-flrst learners. See table (7). n

. Hypothesis Tw0i(Cognitive Complexity
E ~The analysis‘revealed signifieant differences between depth and

‘breadth-first learners—(results-for'modnle'oneealoneRWere in the

s T
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predicted.direction but were not statisticailybsignificant). As
predicted'breadth-first learners displayed a more multi-dimensioaal
construct system than depth—first leamers;'ie‘ they ,obtai’ned
significantly lower scores on the_Bieri‘test of cognitive compiexity.

See‘table (1):

Hypothesis Three (Problem Solving)

*The'analysis reVealed eignificantidifferehcesbetweeanepth‘andkbpeadth—;
‘flrst learners._ As predicted bpeadth-first 1earnereiwepe more |
flex1b1e in thelr approach to problem—solv1ng when faced w1th lack
tof valldatlon, ie they offered fewer repeat attempts on the problem—'

solv1ng exerc1se. See table (7).

Hypothe51s Four (Self-Con51stency)

d'The analy51s dld not reveal any . 51gn1f1cant dlfferences and the
hypothe51s was not supported An explanatlon of thls result is
1g1ven in Chapter L and proposes that the hypothe51s tested was basedl'

‘on poor theoret;caljgrounds- «See table (7)'- 3*11v L t :f7

The results are shown in table (7)._

Measures ‘on which Depth/Breadth
learners show 81gn1f10ant dlfferencesv
Module 1 ,Module 2
~ Attention Deployment | - = * 1"t .
CognitiverComplexity~_-“ o4 B R
- "Problem-Solving o L. 1 ..
1 ‘Se/‘l_f-Consdist’enoy o s +

" Table 7 (measures on which depth/breadth learners show
: . significant differences) .
“'jp<.025' b p(.OS' (one tail)  + no statlstlcally Slgnlflcant '
T R SRR dlfference :
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Intor—rolationehipa Between Other Measurca

As noted earlier it was predicted that the varioua measures taken:
would all be positively related with attention deployment acting
‘The

as the common factor. A oorrelation matrix is given below.

.predlcted directlon for the coefficient in .each cell is glven 1n

. parenthe81s. -
1 2 |3 L
AD - Jcc |Ps |sC
1. Attention Deployment 1 ox ,(—veX- (=ve)d (+ve)
+ (Narrow = Low Score) ~ | -0.62 | -0.54] +0.13
2. Cognitive Complexity Cx o x ]Gved ]| (~ve)
(Complex = Low Score) : ’ +0.43 1 -0.29
3. Problem-Solving - | x lx x| (-ve)
- (Flexible =,_,Low.seo;~e) | | N . -] -0.32
4, Self-Consistency = X X X x
-~ (Consistent = Low Score) ‘ ‘ :

”.Table 8 (correlations'hetweeh”peisonelityvmeasqres)h
e p <Ol, one-ta:Lled : R s o SRR, o
*p <:025, one tailed D Lo : !

"Abllltz

The ana1y31s revealed dlfferences between depth and breadth—flrst
' learners.‘ BreadthAflrst learners obtalned signlflcantly hlgher '

scores on the test of abillty than depth-flrst 1earners.

The relatlonships between ablllty and the other measures are shown

’1n the table of correlatlon coefflclents g1ven below.:

1 Attention [ Cognitive Problem Self
-Deployment Complexity‘ Solv1ng Consistehcy,~
| Ability 50.345/' 0,031 | -0.4s2 - -0.022

Table 9 (correlation matrlx B
,  f measures). .

P

ability,vs}other,perSonality.
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Interpretation of Findinge

";The main findingo given above show that the predicted inter-
relationehipe between attention deployment learnlng actlvity,*
cognitive complexity and problem eolving are, for the most'part,

’(j7eupported by the date. The most important features of these results i

: and thelr implicatlons will depend on the reader's viewpolnt. In L
Aan attempt to’ ensure that most issues of general 1nterest are covered
l the central flndlngs and thelr 1mp11cat10ns w1ll be examlned (as i
lylﬁpwere the results for Chapters 2 + 3) under 2 headlngs, Educatlonal

and 801ent1f1c.;‘”

Educatlonal
It would be premature to develOp firm educatlonal prescrlptrons :
iﬁhfrom the work reported 1n Chapters L 4 5 of ‘this the51s, however there
ka"il’are a number of iesues that are important from an educatlonal p01nt

The most 31gnif1cant feature of the results 15 that they suppprt the
suggestlon that there are consletent 1nd1v1dual dlfferences 1n
»learnlng style related to dlfferences in attentlon deployment and
cognltlve complex1ty. |

'The results eupport the ooncluSionithat‘people who learn using a
depth-f1ret approach will develop a relatlvely 51mp1e and leee B
multl—dlmeneional construct system.: An- 1ntereet1ng con51derat10n
:here e the effect that differencee 1n learning act1v1ty w1ll have s

'k:on cognit1ve etructure. What would be the effect of controlllng E

Vt;"fpeople‘s learnlng activity and forc1ng them 1nto a depth or breadthp'd

‘flrst mede, ie would it be poes1ble to 1nfluence the organlsat1onal l
»complexlty of a constructrsystem by controll1ng a person's 1earn1ng

;env1ronment or would fundamental dlfferences in attentlon deploymenti

‘counteract any euch attempte? The anewers to these questlons can beﬁ__.l

,', . s -
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discoverod in the context of controlled educational experiments
and will have important implications_for teaching education and -
' posstbly remedial education. There‘is,an increaaing,tendencyvfor'
teachers/trainore to be more specific about goals of‘learning
exeroise. The mouement began with statementskof.behayioural
:,lobjectlves and is continuing as attempts are. made to develop
"knowledge structures' + Ttopic maps' ‘etc. A knowledge structure
acts as a partlal map of the cogn1t1ve structure that the teacheru

1owants the student to develop.' The work reported here raises the

' T poss1b111ty that dlfferent teachlng technlques w111 be appropriate

for the development of dlfferent types of structures (dlffer1ng 1n

e terms of how they are organlsed and 1nterrelated - not in terms of

:subject-matter) eg a breadth—flrst approach sproduces a more complexf‘

i

i structure. It also seems that different types of students wzll v

‘5f7‘f1nd certaln structures easy to learn and others more dlfflcult.

" The work reported suggests correspondences between 1earn1ng i
' procedure, COgnitlve structure and 1ndiv1dual differences in
'students, that adds to our understandlng of 1mportant 1earn1ng~'
’,related varlables and 1s a further step towards the goal of hav1ng
' enough knowledge about the learnlng process for 1nstruct10n to be

both,effectivevand 1nd1viduallsed.‘ ﬁ}f?j?ﬁ@

Another 1nterest1ng area concerns the relatlonshlp between the test
j’of ablllty and depth/breadth learnlng.; P0551ble explanatlons of this .r
'T'relatlonshlp are dlscussed more fully in the next sectlon. For the *-‘
;I,Vrmoment it is suff1c1ent to note that although there is a statistlcally
Vi“signlflcant relatlonshlp between the conventlonal test of ablllty and |
: depth/breadth learnlng there is: no relatlonshlp between attention
deployment and ab1lity. Thus the lntroductlon of the 1dea that -
vdlfferences 1n attention deployment are related to dlfferences in .

‘ learnzng is valuable, slnce attentlon deployment is 1ndependent of

Lew . -
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ability and thus improves explanatory power; these two independent
factorn tnken togother must "explain' a considerable amount of the

total variance associnted with depth-breadth learning.

The results‘concerning problem-solving have implications from an
educational viewpoint.  There wers clear cut differences in terms
of the number of solution attemptsimaae by students when faced with
continual lack of validation. It seems that there may be some people
(those with narro& attentioh depieyment'who tend to adopt a depth-
_first eppreeeh to learning)‘whe will persist for long periods with a
‘iimited number of solutieh attempts - whereas other people will be
more 1ncllned to try a varlety of posslble solutlons. Clearly the
success of each type of approach will depend on many factors. The;
,simple,fact that students and teachers can be made aWare of the
:,dlfferent styles and can be encouraged to consider thelr value in
‘various situations, rather than unconsc1ously adopt a 51ngle approech

is a useful step forward.
: ‘ ?
Perhaps even more important is the possibility that students could
be trained to adopt different'approaches on different occasions.
vFor example,‘what woqld be the»effect.ef giving students ekercisesv
siﬁilar to the:attention deployﬁeht test described earlier and

encouraging them to concentrate on bothtsets‘of cues?

Exer01ses of this type could have p0551b1e repercu531ons in both
,problem-solv1ng styles and (bearlng in mind the dlscu551on in Chapter 4

on creativity).

To‘Summarize, as with the results of werk described in Chapter 3, no
firm educatidhal recommendations can be mede, but work of an
, experimental nature to investigate some of the ideas raised could be

profitably pursued.
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Scientific

The finding of importance from a scientific point.of view is the
demonstration of the possible existence 6f differences in cognitive
stjle observable as individudl differenceé in attention deployment,
léarning activity, problem-solving and cognitive structure. The
‘experimental findings have been backed up by theoretical discussion
fhaf.provided a workable and sohewhat‘novel.way of looking at the
leérning process. An attempt has been madé'to eﬁsure‘that the
thebretical ideas are consiétent aﬁd have some explanatory and
predictive powér. The work and theoretical anaiyses have built 6n
previous relevant work éﬁd attempted to ciarify the concept of
‘width pf attentiqn as the distrihﬁtion of'available'proceSéiné 
cépacity.b Thelconcept has been made explicit and operatiénéliséd

- in a test of attention deployment.  The same has been done for
dimensibhsbof difference‘felating to‘learning; cognitive cémpiexity
and prbblem-solving and inter-relationships between the various ‘

_ measures have been examined. R - f

The experimental findings in Chapter © - 5 have, by and large,
sﬁpported the predictions made and fhe important scientific
implicati&ns cannét be separated,ffom théJMOre general ideas put
forward. These ideas concern the-inter—relatidnShips between
attention deployment and,éeveral factors’inclﬁding léarning‘strategy.

The relationships are summarized below.

Figure 2 shows the inter-rélationshipssupported by data collected

.,in.this study.
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Holistic/Breadth first

Learning Style

Wide Attention
Deployment

Cognltlve
Complexity

Flexible
Approach
to problem
solv1ng

Figure 2 (Summary of inter-relationships indicated by the data)

As'thé figare indicates attention deployment is seen as the central

Aand most fundamental concept. A more detailed ékamination of these

1nter~relat10nsh1ps and the causal chains - 1nvolved 1s glven in

Chapters 4 and 5.

Further predictions made in Chapters 4 and 5 concérh‘the rélationships

'of~Subliminal perception and creativity to the factors shown above.

Essentially it is suggeSted that creativity and subliminal perception

may be positively related to wide .attention deployment and some

available supporting evidence is quoted.

H
H

The main features of the

inter-relationships (observed and predicted) are shown in Figure3.

More compléx’construct system I

‘Flexible approach

High scores
on
creativity*
tests -

to problem
solving
Hollstlc/Breadth—Flrst learnlng :
» ~ style
g

Greater susceptibility
to subliminal perception

Wide attention
deployment

Flgure 3(Iuagram showing main features of observed and

predlcted relatlonshlps)

* Footnote The relationships should be most apparent on tests of

creativity concerned with the production of novel situations or
uses etc. Where suitability or relevance are not evaluated.
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This diagram represents a partly validated statement concerning

individual differences in cognitive style.

There are some implications for further-research
i)‘Crbss-validation'of the initial findings repdrted in this
study
ii) Validation of the other hypothesised relationships
The theoretical ideas that havé‘been raiéed briéfi&'hére aré covered

_moré»fullyvin Chapters 4 and 5.

4. General Remarks

i) Cognitive versus traditional personality factors

One of the main aims of the work reported in this thesis was to attempt
to,uﬁcover relationships‘between personality factors and learning. The
‘work reported in Chapter 5 has'been most su0cessfulvih this aim. A
poésible reason for this is the nature of‘fhe pérsonality factors

considered.

Ignoring psychodynamic and phenomenologicél theories,‘which aﬁfhduéh
stimulating'and often very comprehenéive, présent litfle opportunity
for adequate formalisatiop and seem to have limited application
'outside‘thebrealms of psychotherapy and counsel1ing, three major
schools of -personality theory may be identified.»

1.F'Trait/typologica1 | |

24 Sbciai Learning Theory

3. .COghitive Theory

1. Trait/typological theories

This:approach is founded on the aésumption that differences in

i behévidur’are causedkby differences withih»iﬁdiv.imals. Prait
theérigts.beliéve that it is valuable to attempt to conceptualise
‘individual differences in behaﬁiduf as being1éetermihed, at least in

‘part by a person's position on an underlyihg disposition or dimension

—
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of difference. "These dimensions of difference are described as

traits and are sccn as being responsible for cross-situational

consistencies in behaviour.

Social Learning Theory

Cdntemporéry exponentsiof this approach, such as Bandura and
Waltefs’(l963) and Mischel (1968)‘(1969),‘have improved on' thé
typical neo Hullian learning theory approach of Doliard.and'Millef
-(1950) by ceasing to attempt a répprochement‘between'Freudian theory
énd_learning theory and also by cérr&ing out their studies ﬁsing'
human shbjects;  They have emphasisedrthe'importancé of models and
,imitation‘and‘noted that individuals‘are-affécted not only by rewards
andlpunishment that they regeive'but’also by the rewérds and

puﬂishmenté;that they observe others receiving.

Cronbach (1957) has pointed to the 'two disciplines' of scienctific
psfchology. _Cleérlf the trait theorist appfoéch, outlined above is
‘ailied to the individual differences viewpoint and as such m%niﬁises
the importahce of situational variablés. 'By contrast the leérning |
théory approach,,ﬁhere thefe is é distinction between stimulus and
response and the latter can be explained in terms of the.former,

emphasises the primacy of situational variables..

A numberA6f~stuéies have attempted to aséess the relative contribution

of situations aﬁd persons eg Endler and Hunt (1966, 1968,'1969),

; Mco$ (1968, 1969). Bowérs (1973) reVieWékafgroub of 11 studies and

;concludes that the daté’"......01eariy indicates fhaﬁ'neither'the ‘

trait nor situationist ﬁredicfioﬂs,ére;borné_out.  Fér tbo little of
the total‘vafiance (12.7%) is due to the éersoﬁ...;on the other hand

the percentage of variance due to situations is also meagre.

~ Argyle and Little (1972) also review a number of studies and provide

——
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4 possible models that clarify various points of view.

The models are:
i) Total person variability
’ThisvrepreSents the extreme trait theory view that intro-
individual differences are totally responsible for differences
'.in'behaviour;‘and differences in behavioaf will be consistent
from situation to situation. | |
ii) Total situation variance
‘This represents the extreme,situationist viewothat_behaviour is
"totally determined by~situational factors.
iii) DlSpOSltlonal |
'kAccordlng to this point of view both person and 51tuat10nal
variables contr:.bute, 50 that although :Lnd1v1duals dlffer
accordlng to the sltuatlon the rank order of dlfferent people
vwill remain the same..
iv) Interaction
Here the point of view is that both personality‘and sitéations
contribute to outcome but in sucha. way that each pers'on' changes
his score in each situation and rahk‘order is not necesearily
maintained. | |
Argyle and Little reviewed a collection of studies designed to assess
the relative contribution of personﬁand situation. -They concluded
that the idea of personality as consistent patterns of behaviour
received very little suppoft‘and emphasised the ihportance of inter—[;,'

action variance. Most .of the studies reviewsd: by both Bowers and

- Argyle and thtle were concerned w1th traditional descrlptlons of

‘personality such as leadership, persuasibility, and anx1ety. Mischel
has also summarized a considerable body of evidence and concluded
that cross-51tuat10nal generallty did not hold for variables such

as dependenca attltudes to authorlty, rlgldlty and moral behav1our -
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ie the same sort of conclusion as Bowers and Argyle aﬁd Little;

~ however Mischél also found that cross-situational generality did = -
hold for more cognitive factors such as inteliigence andkfield 
dependehce.

Cognitive Theory

Traditionally personality theorists have emphasised the motivational
emotive and biological characteristics of individuals and only in
the last 15-20 years has a consideration of thought processes been

- important.

Cognitive theorists such as Biefi et al (1966), Har&ey Hﬁnf aﬁdA§
Séhroeder(l961,)Schroeder, Driyér and Streufort(1967i,Rokea?h(1960);
witkiniet él(i962)have some features in common, in thatkindividual
styiés of tﬁinking have tended to be c6ﬁceptualiséd in much the same
way~£hat the trait"theorists have conceptualised tfaits and there
has been an emphasis on the way in’which a person processes

information and constructs his view of the world.
!

This épproach in psychology (it is not, of courée, a new'péint of
view for philosophers)fowes much to the Qorkvof Piaget’(l954) who
suggested that reality is virtuily'constructed by an ihdividual and
that this cﬁnstruction is a‘function of hié methods and‘means of :

knowing it - also Kelly (1955) and Neisser (1967).

'Demonstrétions of the invariance of-cdgnitive Styles have been some-
‘what more impressive than have the attempts to demonstrate the
invariance of some of the traditional persdnality traits eg Mischel

;(op‘cit), Witkin et al (1962).

The greater situational independence of_cognitive factors may, in

part,.eﬁbléin the results obtained in this thesis.
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The factors studied in Chapters 2 and 3 were more traditional
personality factors, whereas cognitive factors more concerned with
information processing and structure were the focus of attention

in Chapters L and 5.

It is undoubtedly trué that the situatibn is an impoftant
'detefminant of behaviour - it is also true that there are certain |
consistencies in behaviour across situations. Our‘pércepfion (or
éohstruction) of a situation is to éoﬁe’extenf a sﬁbjective and
pérSonal one;'~Thus a consideration of'man's»meéns_of 'gohstfuing‘
his eﬁVirqnment‘aﬂd the’consistencies;thatkexist in'oﬁr methods and
stylés of cogﬁition may provide a possible basis for examining
individual differences that are consistent from situation to
situatioﬁ ana may imprové;on the ékistihg'cbnventional fréit
conééption of persohality which appears to offer iittle consistency,

across situations.

ii) Stability and generality of the learning indices studied

A matter of some importance from the educational viewpoint concerns
the stabilify'of the various learning indices studied and the extent

to which they indicate 'situation-free!' léarner characteristics.

All of the indices examined with the exceptioﬁ of -errors were found
to be extremely»reliable measures. Not only were the measures
réliable but the baiancé 6f evidence suggests tha£ some were
indicators of 'real' generalisable Student‘charaCteristics énd not
mefely specific indicatofs of how learners behaved on a particulér
piece‘of equipmeht. The evidencé’conégrningyfhe learning indices

as valid measures of general characteristics is summarized below.
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Feedback from Students

When students had completed all of their sessions on the INTUITION-
equipﬁent the experimenter discussed, in detail, their reactions to
the equdpment. During the course of the dlscu551on the student was
referred to his own learning records and the extent to whlch he had
‘chosen near or dlstant topics as aims was made clear to him (ie he

was told whether he had displayed a hlgh or low 'appreclatlon span').

The student was then asked to comment on his reasons’ﬁm'choosing"

'nearby:orrdistant aim topics.

" The experimenter continued the discussion and'with asflittle prompting .
as p0551ble trled to assess whether or not for this partlcular
.student appre01at10n span was an 1ndlcator of how far ahead he had

planned.

' The same procedure was followed for depth/breadth learning and for
- the indiCes of exploratory behaviour. Discussion also took place on
whether or not each of the indices were descrlptlve of the general

1earn1ng procedures that the student adopted

" Feedback from Teachers

Four members of the teachlng staff at Henley, who between them had
taught all of the students used in the experlment were also 1nformally
presented with information about the ways in which students had

' behaved‘on the INTUITION_equipment and asked to commentwon the,l
‘hralidity‘of the‘findings from their experiehce»of the particular

'studehts inVOlved.

The evidence obtained from these sources pointed tovthe-followihg

~ conclusions.
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1 a) Appreciation Span does indicate the distance nhead that

students planned when working on INTUITION.

b) The value ior Appre01at10n Span obtained from INTUITION is
descriptive of the extent to which a student looks shead in
y learning 51tuatlon.

2  a) The value obtained for Depth/Breadth learnlng does indicate the

extent to wh1ch a student extended his knowledge in a number of
areas more or less simultaneously when working on INTUITION.

b) The extent to which a student adopted a Depth/Breadth—flrst

approach when worklng on INTUITION 1s 1ndlcat1ve of the extent

to whlch he adopts this approach in any 1earn1ng s1tuat10n.

,.It was»not possible to establish such a consistent picture of what

. the two measures of exbloration (pre and during work) were indicating.

In éeneral terms it seems that pre-working exploration was indicatite

of the extent to which a student had gathered 1nformat10n before
de01d1ng where to begln learnlng, ie the extent to whlch a student

made use of what Ausubel (1960) has described as "advance organlsers".

"Houever, during work exploretion seems to have been influenced by many
factore inoiuding for instance whether studentsvthought the
information slides were interesting or not. - One student claimed

to have explored extensivelyuat onenpefticuler point just to see if

therequipment would go- wrong and show the‘wrong slidel

’Thue it:was difficult to identify any conSietent feaeons for obsefved
differences,in'exploration. ;Furthermorei it did not seem that
. students' exploratory behaviour on INTUITION bore‘any felationship

~ to behav1our in other 51tuat10ns.A Thie‘ie»confirmed by the lack of
relatlonshlp between exploration conducted on INTUITION and the.'

xreeults of the information demand test, and by students' comments.
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These conclusions are somewhat subjective and must be viewed with
caution. They are presented mainly for the sake of completeness
since it was felt worthwhile to record the best available conclusions

‘concerning the generality of the learning indices studied.

The extent to which these conclusions are valid will be an
interesting topic for further study.

iii) Some Methodological Implications -

These experiments have shown that it is feasible and informative to
_examine certain aspects of students? leerning strategies using the
" techniques described. Two of the‘drawbacks of  the research Were the
length of time taken to gather thevdata and the unavoidable_smellness

of the sample;

It weﬁld bevof‘considerable value toiresearcﬁers ifys method wes‘.
yavailable'for celiecting'data from large numbers efgstudehts. ‘The ’
,experlence gained in this study makes it pos51ble for a descrlptlon -
of the essentials of such a method to be given, they are: Y

1) a togic map , showing how a collectlon of topics are'related

2) a task structure, or set of behavioural objectives for

investigating and learning about each topic

3) a set of instructional material for each topic

L) a Erocedure for testing students’ understanding of individual
topics.

5) a procedure for recording the order of topics worked on

This basic prescrlptlon spe01f1es the essentlallfeatures of a

y 1earn1ng environment. These essentlal features could be embodled in
various ways depending on the 1nterests, 1ngenu1ty and flnan01alf
resources of the researchers but it is by no means essehtial’to

develop sophisticated equipment.
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The basic prescription can be supplemented by various features
" depending on the aims of the research so that, for example, a
facility for recording the extent and intensity of students'

planning activity could be added.

The nein point is that it wouldvbe.possible to develop a learning
environment that could be used to collect deta fairly quickly from
large numbers of studente and could be adapted to‘etudyva variety

©of inoices of learning strategy, or to conduct Studies of various -

‘situational factors.

A few p0551b111t1es are given below:

students could be offered alternatlve types of 1nstruct10n
for the tOplcs 1nvolved eg rule followed by example or

example followed by rule

- students could be given access tob'summary' and 'review'
topiosk

the effect of material ofvvarying'degreee of diffioulty

could be studied

exten51ve studies of personallty—learnlng relatlonshlps’

could be undertaken.

Thus the description offered above could be used‘pfofitably as a
basis. for the'design of methodsyfof~studying learning, situational

variables; and personaiity oheracteristics._

' ,A flnal statement _

: In the flrst few paragraphs of Chapter 1 1t was noted that the n:
'wrlter 5 1nterest in learnlng and personallty was sparked by a
de51re to be able to provide a more comprehen51ve plcture of learnlng‘

than ablllty tests would allow. The experlments conducted in thls
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thesis hnve examined personality factors that are, for the most
part, Qnrelated to wility and in some'cuneskrclationshipn between
these factors and indices of learning atyleaand affiCiency have
been established Some of the other 1nvestlgationn have revealed
llttle in the way of relatlonshlps between 1earn1ny and personality
but have still been valuable }n clarify;ng and reflnlng areas of

interest.

It is hoped that the products of thls research, ie the results and
the theoretlcal ideas dlscussed will be of as much value to other
workers as the actual process of conducting and writing up the

work has baen to the writer.
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Topic Map for 3 Modules of Probability Theory
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Apnundix . 7
The Written Introduction Givon Lo Students

rln practice, ond porhaps not nurpfiaingly to the reader, thewoe

,written instfuctions proved to be réther diffiéuit for students to

' undérstand aﬁdbinvariably needed auppleménting by considerabie ‘

verbal explanation. This verbal explanatioh:cbvefgdbthe mainvtopics

mentioned in the written material but'in‘much‘simpler language. In’

fact, introducing theiequipmenf to the'subjectévand ensuring that

‘ fheyhﬁndersfqod'it was not a very~difficult task;rthis was prﬁbably .
idue more to the interest and ébilifies of the stﬁdents than‘the,

clarity of the written instructions presented here.

The Q;itef did not partiéipaté in fhé ﬁféparafioh of ﬁhese»instructiénsv
‘éﬁd they aré présented becauéé they wére actually gi§en to studentg;[

" as paft of the introduction - although;-as noted_abbve, theyxwére
Quickly'sﬁpplemented by vérbélyexplénétib@.‘ | .

: L : v Coan e
These instructions have since been re-written and are now far easier

“to read.



Systom Revonrcch Lbd: SSRC Projocts "Application and Development
of u Theory ol Looarning and Tonchingn

Introduclory Notos: PFor students using the INTULITION system.

~AMma of the Study:
1. To evaluate the equipment, materiuls'and procedures which
are designed to individualise instruction.

2. To gather detailedAinformation about how beople learn.

Methods:
We wishyou to go thraugh a course of instruction, using the equipment '
- and materials. The equipment is designed so that we can observe-

how you learn and how'ydu explain topics once you understand them.

Subject Matter:

The subject matter is probability.theory,'preSented in an essentially

;non-technical way which tries to make clear the basic concepts.

. Probability theory is concerned with constructing abstract modelé

for the results of experiments carried out in the real'wdrld.! ‘

. The’models represent the chance or likelihood of~occurrenée of results.
For ekample,'an'abstract model might be constructed to represent the

likelihoodvof occurrence of the result even number for a dice fhrbw.

The basic notions in probability theory are impoftant in all sciences
and in all activities involving risk—taking} and decision-making.
Theoretical discussion of the nature of chance is an important

topic in philosophy..

' The subject matter has, for convenience, been broken down<ihto three

‘modules.

Module 1 is concefned'with modelling the structure of a single

experiment.



Module 2 is concerned with modelling the random results from a

series of repeated experiments.

. Module % is concerned with modelling the random results from a
series of experiments, where each experiment has two distinct
parts or stages and where the results from one stage may or may

not influence the results from the second stage.

How the subject matter is presented:
Each module is broken down into‘tdpics. Each topic is explaihed by
written text and by demonstration. The equipment called STATLAB is

for simulating experiments and conetructing abstract models.

For each module, there is a large chart called an entailment structure

.»whlch represents how top1CS are related ‘The entailment structure,?
shows what other top1cs you need to have understood (called pre-.

regulsltes) before you can work on any partlcular toplc.

For example,

You may work on topic A only when you'have'underStood topic D OR

topics B AND C.

The lower most toplcs are called Erlmltlves. you are required to

have an- understandlng of these before using the system.

The uppermost tOpicsvarevthe head topics, you will have completed a
module when you understand the three head topics. You will have
completed the course when you come to understand the head topics on

module 3.



Mo entaitment nbrucbure showns Lhe many pormingible woyn Lthere

nre ol propreosing Lhrough tho oubjoct motber,

On ench choaot Lopicn.urc orpanined into Lhree muin groups:
(1)Htppicu concerned with experiments carried out in the renl
worid (fhese are headed, '"Re'). |
(2) £0pics concerned with constructing and manipulating absffaét
models’(these are headed "ab')
(3) topics that show how models are set up to correspond to
real wofld expefimeﬁts; These topics staté the form of tﬁe
analogies that relate the real world and the abstract world.

(These are headed "An").

The analogies are shown by the thick lines with arrow heads at each
end.

For example:

P /‘ An o -\ﬁb |

This shows that, having understood tbpic D, you may learn A, B and

3

C in several different ways:
A then B then C
C then B then A
A then C then B
C theh‘A then B‘

ALSO

There iélan important extra rﬁle for tOpics in tﬁe An‘column which
allows you to work on an An topic without having understood the
corresponding RE and AB topics, provided you work on ohe or both of
’fhe Rééand Ab topics, at the same time. So that in the example you

could vork on A and B, B and C or A and B and C.



Procedure
The bosic rule of the sydstem in that before learnlng ebout a topic,

you must understand sufficient pre-requinite topics.

Your underst&nding of a topic will be tested by asking you to carry

out practical exercices on STATLAB.

To help you in deciding what to do, lights are ﬁrovided oﬁ'fhe chart
that. show: '
(1) for each topic, what other topics 1ie on possible routes
to it (yellow lights). |
(2) at each stage in learning; what toﬁics you are permitted to

learn (red 1ights).v

In édditién, you can bring on descriEtive‘slides which briefly say

what a particular topic is about.

The procedure is as follows:

(1) You may exflore the subject matter byvbringipg dh'deécript}fek
slides. The instruction card shows how.

.(2) You choose a tOpié to aim for. This may or may not be a fbpic
you afe’permitted to work on at this stage, but it may be a topic
which you afe working towards. The instruction card tells you'how
to iﬂdicate your aim tqpic.

(3) Having chosen an aim you may choose one or more topics to work on.

Any '"work on' topic must have a yellow light on, showihg that it is
on a route to the aimed for topic or the aim topic itself, AND a red

light on, showing that you‘have_understqod the pre-requisite topics.

To étart work on a topic the flap must be opened. INSERT A "GOAL
PLUG" AS SHOWN ON THE INSTRUCTION CARD. If the work on topic is

~"Illegal" a warning tone will sound and the plug must be removed.



On the reverse side of the flap are the numbers of the main text
folder (large number) and of the demonstration text for the topice. -
(The instruction card shows how to locate the text for those topics

which have four red lights).

1(4) When the topic(s) has been established as a legal ‘'work on'" you
méy study the main text and carry out the demonstrations usiﬁg STATLAB.
Demonstrations can be omitted if you think they are unnecessary.v
" (5) When you think you are ready jou should ask to have your under-
standing of the topic(s) tested. You will be asked to carry out
exercises using STATLAB. -

(6) If‘the tesﬁ(s)‘for understanding are satisfactory, the work on
topics'are marked uﬁderstood and the procedure‘returhs to step 1.
~If the test(s) are failed, you mﬁst continue to work on the topics(s)
’in queétion: réédihg thevteXt and setting up demonétrations on

STATLAB,‘until you are again ready for testing.

NOTE

!

In all cases, the demonstration of your understanding must not be

just a copy of the demonstration given in the tutorial materials.

Having shown that you understand the topic(s) mark it (them), as
understood by inserting an "understood plug(s)" (see instruction
card). This will bring on the red lights of further topics that are

now available as possible 'work on'" topics.

The Form of Tutorial Materials

The tutorial materials are organised as .follows:
" For each topic there is a set of written materials that constitutes
the "Main Text'. The large index number on the node flap refers you

to the appropriate file.



7

For “"Abntract" topics (nodes on the rimhL hund side of the

entailment structure) just one set of demonstratiohs are provided.
For“ﬂreal world" and "analogical' topics, three sets of demonstration
materials are provided. These givé examples from different fields
of applicotion of probability theory; those éhdsén afe‘”mames of
Chanée", "behavioural science' and "plant breeding". You may, if
you wish, examine just one set or any two sets or all:three. The
rélevant sets for a given topic carry thé same-index number but are

filed in different boxes.

You may, if you wish omit demonstrations if you feel that you
understand the topic. You will still be required, of course, to
carry out practical exercises to demonstrate this understandingf and

so must be familiar with the'relevant parts of STATLAB.

STATLAB
STATLAB is-the facility for carrying out demonstrations and giving:

" explanations, in the form of practical test exercises.

4
i

The details of its operation are explaihed”in the demonstration
materials. Initially the practical exerciées may seem very simple,
as you progress through the subject matter they become more complex

~and.moré of STATLAB becomes relevant for use.

The left hand panels (A and B) are for carrying out exercises
simulating practical experiments to whibh"probabiiityvtheory;is

épplicable.

 The right hand panels (C and D) are for constructing abstréct‘models
and carrying out calculatiohs. Topics froh the* left hand side pf the
entailment structure (‘Qe") require only Panels A and B. Topics from
the right hand side of the entailment structure (”Ab"j require only

paneis C and D. Topics from the centre part ("An") require all 4 panels.



* APPENDIX 3

Graphical Representation of Students' aiming and Explorafory ‘

Behaviour



Anpendix )

Graphical representation of students' aiming and exploratory

behaviour.

i)

ii)

Aiming

The ordinate reprecents the distance (calculated as,shown_in
Chapter 2) between the current topic being worked on and

the topic being aimed at. The line of the graph plots each
student's measured appreciation span as he/she progressed

through the material.

Eleoration

Each cross (x) signifies an explored topic. The ordinate
represents the distance (calculated as Sthn in Chapter}2)
bétweeﬁ the currentbtopié Beiﬁg’worked on (or just completed)
and the topic -explored. ‘ »

Thus the number of crosses above occasion ‘o' indicate»the
amount of pre-working exploration that each student conducted
The crosses above occasibn 1! indicate the number and

position of topics explored between the first and second

. topic worked on etc.-.
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Record Sheets




Appendix ly

Record Sheets

These sheets were used to record details of student progress by

the éxperimentiy/ébaerver.

To simpiify the records each topic on the topic mép for each
module was given a code. The topic map for module 1 is given'r

below as an illustration.

Real : A Analogical | " Abstract
Re 1 : An 1 | Ab 1
' Re'2a : Re 2c ' L An 2 | va’Ea S ’ﬁAHFE
| Re 3 - : B ' o Ab 3
Re ha Re Ub Re kc . | Ab ha  Ab bb Ab’ ke
| "Re 5 | N . M5,
Re 6 | ' An 6 . Ab 6




N

Module 1 Student No 1

Topic Aimed [or | Topic Worked-On Accuracy of Topics
first Explored
kxplanation

: ' Relta,Relib,Relic

1 Rela | Re6 / |

2 Rera Ané Ve
%  Rela Ab6 v
4 Rela Ab5 V4
5 Reha Abla v
. 6 Rela Re5 v

7 Re3 Rela e

8  Re3 ' Relib Ve Re2c,Re2a,Ab2c

‘ ; ' : AbZ2a

9  Ab2a " Relic 4 :

10 Abla . Abkb /s

11 Ab2a _ Abkc S/

12 &bla - Re3 e

13 Ab2a . Ab3 v/

14  Abla Rela Ve

15 Abla An2a Ve

16 Ab2a - Ab2a. 7 Abl,Rel

17 Rel Re2c v

18 Rel Ab2c e

19 Anl 1 Rel v

20 Anl Abl v,

21 Anl Anl /

Anli, Abk  Rél

1  Ank Re’é /

2. Ank ‘ Re

3 Ank ' Re5 ‘;

b An Relt 7/

S  Ank Ab7 e

6  Anl’ ' An?7 / _

7. Ank Anb v

3 . Ank ; Ab6 v

9  Ank ‘ - AbS S

10  Ank - An5 - i

11 Ank Anl Ve Re2,An2

12 An?2 : Re3a /»

1% An? . Ablk a

14 An2 Ab3a "/

15 An2 Re3b e

16 2 Re3c v

17 An2 ‘Ab3b S

18 4An2 Ab3c i

"; 19 An2. . An3a o

20 An? V An%b /

21 An2 ‘ An3c 7

22 An2 = Re2 v

2%  An2 Ab2 4 an1

oL Anl An? v

25  Anl Rel ~

26 Anl Abl v

27 Anl , Anl v




Module 1

Student No »

Topic Aimed For

Topic Workod-On

Accurncy ol
Lirst
Iszplanalbion

Topics
Fzplored

1 abhb Ab6 X

> Abhb AbS /
% Ab% Ablic ?

" Ab3 Ablib :

5 Ab3 Ablia v

6 Aba Ab3 e

7 Abl AbZc v

8  Abl Ab2a X

9 Abl Abl v

10 An2 An6 e An2, Re2c .
11 Anl © An2 X
12 Anl Rela e
13 Anl Anl ‘

14 Rel Rel %

. .Module 2 v

1  Reb Re7 v

2 Re5 Reb Ny

3 An5 Re5 v

4 Ank Relt /

5  Ank " An? / o

6  Ank An6 e

7  Ank An5 S

8 Ank Ab5 / ;
9 Anbk Abk v '
.10 Ank Anl ?

11 ReZ2 Re3c ’ .

12 Re2 Re3b v

13 Re2 Re3a v

14 Rel Re? e

15 Rel Rel N

16  An2 AnZa P

17 An2 An3b o

18 An2 ~ Ab3b N

19 An2 Ab3c S

20 - Anl - An3c S

21 Anl " An2 =

22  Anl Anl -

23 Abl Ab2 -

24 Abl Abl o




Iy

Module 1 EEE " Student No %

\

Topie Aimod FPor Tople Worked-On hecuracy of Tapiesn

' el Brplored

lephanalion
b4, Reb, ALl

1 AbY , Reb / AnG
/' Ab% Anb v .
% Ab% - AL ReYH
4 RebH ReS .\4
5 Relic Relic X
6 Relb Reltb v
7  Relia Relta /
3 R Re? v Re’c
9 ReZc ReZc v ReZa
10 - Rela _ ‘Re2a e Rel
11 Rel S Rel X An?
12 An? | An2 v |
13 Anl B Anl S
14 - Abl : Abl. v
Module 2
1 Re7 Re?7 S |Re6
2. Reb Reb Ve - |Re5
%2 Re5 ' Re5 S Relt
4 Rek Relt i An7
5  An? An? _/ Anb o
6 Anb - Anb S An5
7 AnS An5 e AbS
3 AbS Ab5 i Abl g
9  Abk Abk i Ab3c
10  Ab3c Ab3c X Ab%b
11 Ab3b Ab3b v Ab%a
12 Ab3a Ab3a e Ab2
13  Ab2 Ab2 v Abl
14 Abl ' Abl |Re3a
15 Re3a : " Re3a 4 Re3b
16 Re3b Re3b S Re3c
17 Re3c Re3c _/ Re?
18 Re2 Re2 X Rel
19 Rel - Rel S An3b
20 An3%b - An3b 4 An%a
21 An3a ~ An3a A Y
22 An3c An3c _ An2
23 An2  An2 v
24k Anl Anl W




Module 1

Student No 4

Topic Aimed lFor

Topic Worked-On

Accuracy of
first
Explanation

Topics
Explored

Ab2c, Ab6,Relib,
Reb

NoR-EN NN IV S

1 Re5 Reb v Relta,Relib,Anl,
: Rel
2 Rel Re5 e Reka
'3 Rel Relia S Relib,Relic
L Rel Relic S An6,Ab6
5 Rel Ab6 v
6 Rel Reltb W
7  Rel Re3 X Ab%,Re2b,Rela
8 Rel Re2¢ X An2,Re2,Abl
9  Rel Re2a //, Rel; An2
10 Rel Rel v An2,Ab2
11 Anl An6 Ve
12 Anl An2 v
13 Anl Anl s
14 Abl Abl v
Module 2
Ab7,Re7,Abl,Rel
Abl Re? S -
Abl An7 ,//
Abl Re6 An6,Re5
Abl An6 j:; Ab6, Abl
Abl Re5 _,/ Relt,An5 !
Abl Rel - Re3c,Re%b,Re3a
Abl Re3a v Re3?b
Abl Re3b «~ | Re3c,An5
Abl Re3c e Re2
10 Abl Re2 Ve Rel,Anl
11 Abl Rel _ Ab5, An5
12 Abl Ab6 Vs | Apl
13  Abl AbS e Ab3c,Ab3c,Ab3a
14 - Abl AnS P Anls
15 Abl Anl Ve AnZa, An3b,An3c,
An2,Ab3
16 Abl . An3b v
17 Abl An3a Ve
18 Abl An3c v An2,Ab2,Ab%a
19 Abl An2 e Ab2,And
20 Abl Anl P
21 Abl © Abl -




Student No 5

Module 1
Topic Aimed For | Topic Worked-On Accuracy of Topics
Tirst Expiored
Explanation
. Rel,Re2c
1 Rezc Ab6 v |abs
2 AbS AbS v Abla
3 Abka Ablka s
4 Abkb Ablib Ve
5  Abkc Ablic 7
6 Ab3 Ab3 e
2 Ab2c Ab2c S
8 Ab2a Ab2a v
9  Abl Abl v
10 Anb6 Anb v
11 An2 An2 S Anl-
12 Anl Anl 4 Rel
13 Rel Rel v
Module
: - Re7 ,Ab7
1 Ab7 Ab? Ab6,An?
2" Ab6 Ab6 v/ i ,
3 An7 An? V4 Ané
L An6 An6 Ve An5, Ab5
5 AbS Ab5 S Abl
6  Abk Abl Ve An5
7 An5 An5 Ve
8  Ank Ank N Ab3c
9  Ab3c Ab3c S Ab3b !
10 Ab3b Ab3b s :
11 Ab3a Ab3a v
12 Ab2 Ab2 v
13 Abl Abl J
14 An3a An3a e
15 An3b An3?b e
16 Anj3c An3c /
17 An2 An2 e
18 Anl Anl Ve
© 19 Rel Rel o




Module 1

7

Student No 6

Topic Aimed For

Topic Worked-On

Accuracy of
first

Topics _
Explored

Explanation
: Relta,Reb, Anb

1 Rekbe ‘Reb v//

2 Relic Re5 S

3  Rekc Relic V4

4 Rel ‘An6 W

5 Rel Relib V4

6 - Rel Reka :::

7  Rel Re3 .

8  Rel Re2c - _///

9  Rel Re2a

10 Rel Rel f

11 Abl Ab2 e

12 Anl " Abl s

13 Anl Anl S

Module 2 !
- — _ Abl

1 . Abl Re? S

2 Abl An? v

3 Abl Reb V4

4 oAbl Re5 e
5 Abl Relt V4

6 Abl Re3c -

7  Abl Re3b 7

8 Apl Re3a _

9 Abl Re? Vs {
10 Abl Rel 4 '
11 Abl Anb Ve

12 Abl An5 /-

13 Abl Anlt _‘5 .

14  Abl An3c S

15 Abl An3b a

16 Abl An3a v

17 Abl An2 Y

18 Abl Anl /

19 Abl Abl Ve




8
Student No 7

Module 1
Topic Aimed for | Topic Worked-On Accuracy of Topics
~ first , Explored
Explanation
1 Rel Re6 v
2  Rel Re5 ya
3  Rel ‘Relic 4
4  Rel Relia “
5 Rel Relib S
6 Rel Re3 yd
7 Rel. Re2c v
8  Rel Re2a 7~
9 Rel Rel S Anl
10 Anl Anb6 W
11 Anl An2 v
12 Anl . Anl .
13 Abl Abl i
Module 2
1  Rel Re? -/
2 ~Rel’ ' Reb S
3 Rel Re5 v
L Rel Relt Ve
5 Rel Re3a /
6 Rel Re3b /
7 Rel “Re3c S
8 Rel Re?2 X
9 Rel Rel %%
10 Anl An?7 e !
11 Anl An6 e
12 Anl An5 e
13 Anl Anl v
14 Anl An3a X
15 Anl An3c S
16 Anl An3b- S
17 Anl An2 -/
13 Anl Anl S
19  Abl Abl . e




" Module 1

Student No 8

Topic Aimed For

Topic Worked-On

Accuracy of
first
Explanation

Topics = |
Luplored

1 Rei? Reb v//
2  Refb Re5
%  Re’ Relib :;
L Rel Reltc d
5  Rela Relta -
6 Rela Re3?
7 Rel ReZc ’ :;:
3 Rel Rela S
9  Rel Rel S
10 Ané Anb X
11 An2 ‘An2 V
12 Anl Anl v
13 Abl Abl v
Module 2
1 Re5 Re?7 S
2 Re5 Reb . V.
3 Relt Re5 iV
L Re2 Rel Ve
5 " Re2 . Re3c S
6 Re2 Re3b s
7 Re2 Re3a :;;
3  Rel Re2 ~
9 Anl Rel S
10 Anl An7 7 ’
11 Anl Anb Ve '
12 Anl An5 Vs
13 Anl Ank s
14 Anl An3b S
15 Anl An3c /S
16 Anl An3a Ve
17 Anl An2 - e
18 Abl Anl Ve
19 Abl Abl v




Module 1

- 10

Topic Aimed For

Student No 9

Topic Worked-On

Accuracy of
first
Explanation

Topics
Explored

O Co~J O\ v

‘Abka, Ablc,AbS

Anl,Re5,Re2a,Rel
Abl,Ab2b,Relic,

Anl An6 s
Anl Re6 ./’/ Re6,Re5,Re?; Anb
Anl Re5 ‘V// Relta,Relic,Reltb
Anl Relic ~V/‘
Anl Relib h,/’
Anl Relia e
Anl Re3 - Re2a,Re2c
Anl .Re2c v Re2a
Anl Re2a v Rel
10 Ani Rel S
11 Adl An2 e
12 Abl Anl e
13 Abl Abl ,///'
Module 2 - )
' : Re?7,Reb,Ab7,An7
1 vl Re?7 S AR
2 Abl Reb S
3 Abl Re5 ‘
L Abl Relt :;:
5 Abl Re3b -/
6  Abl Re3a S !
7 Abl Re3c v
8  Abl Re2 X
9  Abl Rel -
10 Abl An7 5;
11 Abl Ané Ve
12 Abl An5 v Ank
13 Abl Ank W
14 Abl An3a S
15 Abl An3%b e
16 Abl An3c “,/
17 Abl - An2 s
18 Abl Anl Ve
19 Abl Abl v




11

Module 1 Student No 10
Topiec Aimed Mor | Topic Worked-On- Accurncy of] Topic:
[irst Lzplored:
Ixplonation '
Relta, ReS, Anb
1 Reha An6 / R
2 Reha Reb / AbG, Re5
% Reha Re5 / Relin
L Relia Reka - X AbS, Relic,Reltb
5 Relic Relic v Relib,Re?
6  Re? Reltb Ve Relib
7 Re? Re3 . P Rela,Re2c
8 Re2c Re2c yd Rera .
9 Rela Re2a VR Rel
10 Rel Rel / Ablia, Ablib, Ablic,
_ Ab3,Ab2c
11 Ab3 Ab3 " | Ab2a,Ab2b,Abl
12 Abl Ab2a e
13 Abl Ab2c W
14 Abl Abl S An2
15 An2 An2 S
16 Anl Anl v
Module 2
: Re?7,Re6,Re5,Relt
1 Rel Re? / Reb
2 Rek Re6 X Re5
3 Relt Re5 / i
L  Reb Rek ¥ Re%a,Re3b,Re3c
5 ReZb Re’b | Re3a,Re2
6 Re2 Re3a 4 Re3c
7  Re2 Re3c / Re2
8 Re2 Re2 d Rel
9 Rel Rel X Anl,Abl,Ab5,An5
10 AbS Ab? S
11 AbS Ab6 e
12 Ab5 AbS / Ab3b,Ab3c
1% Ab3c Abk g
14 Ab3c - Ab3c X ‘Ab3a, Ab3b
15 Ab3a Ab3a e Ab2
16 Ab2 '~ Ab3b .
17 Ab2 Ab2 | m |
18 Abl Abl " | a7, An6, Ans
19 AnS  An? v | T
20 An5 . An6: S
21 An5 AnS e
22 Anl Ank _/
23  Anl AnZc Ve
2L Anl An%b g
25 Anl AnZa S
26 Anl An2 s
27 Anl - Anl v




Module 1

12

Student No 11

“Topic Aimed For

Yopic Worked-On

Accuracy of
[irat
Frplanation

Topicn
Inzplored

1  Ablb
2 Abhb
% Abkb
L AbZ2b
5 Ab2b
6 Anl
7 Anl
8 Anl
9 Anl
10 Anl
11 Anl
12 Anl
13 Anl
14 Anl
15 Anl

16 Abl

Abb
Anb
Abb5
Ablb
Relb
Abka
Ablic
Ab3
Re3
Re2a
Abla
An2
- Recc
Rel
Anl
Abl

\\\*\‘\\\\\\\\\\_\'

Ab@a,AbS,Abhc,Rch
Abltb

1 Abz, Abzc

Reltb ‘ :
An2,Ab2a,Re2b,Anl .
Ablic e '
Ab3

Re?

Ab2a
An?
Re2a




Module 1

Student‘No 12

Topic Aimed lor

Topic Worked-On

Accuracy of
first
Iizplanation

Topics
- Bzplored

Ablib
Ablib -
Abhb
Ablib
Ablb
Ablib _
Re?
Re?
- Re3?
.10. Re3
11 Re3?
.12 Re3
13 Reca
14  Abl
15 Abl
- 16 Abl
17 Abl
18 Abl

O o~ OV AN e

Abb
Anb
Reb
AbS
Re5
Abkb
Reltb
. Relic
Relia
Ablic
Abka
Re3?
ReZa
An?2
Re2b
Rel
Anl
Abl

ECEEEEEERRE SRS

Ab6, A6, Re6

Ablb }
Re?,Relic
Relic

|Relia, Ablka

Re3?, Ablia,Ablc
Re3
Re2c
An?2




Module 1

14

Student No 1%

Topic Aimed Moy | Topic Worked-On ~ Accuracy of Topics
first Lxplored
Ezplanation

1 Reb Reb X

2  Re5 Re5 v/, Relic,Relib

3  Relc Relic ‘//’ Rela

Ik  Rela Relta: ~/

5 Relb Reltb v

6 Re3 Re3 X Re2c,Re2a

7 " ReZc ReZc ,/' Re2a

8 Rela Re2a :

s e % -

10 Ané An6 VR

11 An2 An2 X

12 Anl Anl v

13 Ab3 Ab3 yd

14 Ab2a Abla 35,

15 AbZ2c Ab2c

16 Abl S

Abl




15

Madnle 1 Student. No 14
Topic Aimed For | Topic Worked-On Accuracy of Topics
first Explored
Eaplonation
| Re6,Re5,Re2a,
AbS, Abkb,Ab2a,
Abl,Anl,Rel,
, Ab6, Anb
1 Abl Ab6 ' /
2 Abl 1 AbS VAR
3 Abl Abka v
L Avl Ablib -/ '
5 Abl Abkc / : .
6  Abl Ab3 ~ Phvze
7 Abl » - Ab2c S Ab2a
3 Abl : Ab2a - | Abl
9 Abl Abl / Reb
10 Rel Reb v Re5
11 Rel Re5 Ve Relta -
12 Rel Reba e Relic
13 Rel Reke / : Rebb
14 Rel ~ Relb v
15 Rel Re3 S Re2c
16 Rel : Re2c Ve Re2a
17 Rel Re2a Ve Rel
18 Rel Rel Ve An6
19 An6 An6 /
20 Anl - An2 e
21 Anl Anl /
!
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Appendix 5

‘T1lustrative command sheet and check list, for use when students

‘are using STATLAB to give explanations (see section on Yerrors!

in Chapter 2).

"OR ... NOT BOTH" of Composite Events

Commands

1

2

1 Distinguish an event set, ol , and its membefs (ai).

2 ‘Mark the empty set, @.

3 Distinguish cpmpésite events, A1‘and‘A2, with at least one

‘member’in éommon.‘

4: Given (A1 or A, not both) ié the»case,;switéh on thosg s}mple

: events thét might be thé‘case. g

5v‘ ‘GiQen (A1 and Aé) is the>case,‘swifch 6n thosejmémbérs of
(A1or A, not both) that might be thglcase.

6 Distinguish composite events, A3 and Aq,'with no members
in common. . : !

7 Given (A3 or‘Ah) is the case, switch on those simple events
that are not the case.

8 Given (A3 or A, not both) is the case, switch on those simple ,
events that are not the case.

Checklist

. Event set oircled and lights of members switched on.
Outside of event set circle marked @.
A1 and A2 are circled sﬁbsets of p{_, with at.least one
member in common. - |

b Simple events in A1 or A2 but not both, are switched oh.

5 No members §f (A1 or A2'not both) are switched on.



A, and Aq are circled subsets of oLwith no members in

3

. common.

All simple events not in A, or A’+ are switched on.

3

A1l simple events not in A3 or A, are switched on.
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Appendix 6

Information Collection Test

Written Introduction

You will be presented with a list of 32 different types of people.

This will represent all the possible combinations that can be made

up from the following set of variables.

1 - Sober Dress 6
2 Unmarried | 7
3 Drives slowly -8
L4 Under 4O yéars old 9
5 Dﬁes not smoke v 10

Bright,vFasﬁiénable'Clothes
Married |
Drives fast

Over 4O years old

Smokes

You will be given four items of information from the list above that

relate to a particular person.. .

You will be given these items of information one by one and:ét any

point in the sequence you can stop me and elect to say whiéhfbhe of ' 

the 32 different possible combinations you think will describe thev

person in question.

You should be aware of the following:-

1. When Ilgive you the first item about any particular person (ie

I may say that he .drives slowly) this will obviously enable you

to cﬁt’down the number of possible groups that may be:the one

that describes him from 32 to 16.

2. When I give you the second item it will cut down the number from

16 to 3 - and so on. Until I give you the 4th item by which time

you will be able to narrow down the field to 2.

3. When I give you the second item I will also tell you this

particular person's occupation®*.

*Footnote. This was an extra item of information introduced to give
participants some basis for deciding on a particular combination of

characteristicse.



L, I wili never give you any more than h items fér any person.
(In other words you will always have to, at leést, choose one
from Lwo possible groupt).

5. You muy stop me at any time from the lirst i;em onwards and

tell me which group will describe the person in question.

Once you have done this we will not consider that person any more

and will move on to the next one.

I will not tell you whether or not you were correct until we reach
the end. fqu.will be expected to base your judgement on the inter-
relationships that exist betwéen the items of information that you
are supplied‘with and on your knowledge of people and.their

characteristics.

- The sdoring,system 1s operated bj‘awarding pbints according to.-

when you make your ‘choice.

' The_earlier you decide the more points. you will be awarded, but

if you choose wrongly you will have points deducted®.

After reading the written introduction students were asked if they
had any questions concerning the test. They were then given two
practice sequences to ensure that they did grasp what was required

of them. The practice seQuences took the following form:-~

Students were given the list of 32 possible Combinations

(sée overleaf) -

Students were EQEQ. "1 will give you one item of information
about the first person. You should remember that it is a real

person - not someone made up speciélly for the test.

* Footnote: In practice, no such scoring system existed, scores were
~computed (as described in Chapter 3) to indicate how much information
students collected before guessing. -



They nre eilther people I know pergonnlly or descriptions of

people pieced together from newspaper reports and such like.

1) This person 'drives fast'.
By supplying this information‘l have cut down the possible
number of groupings that may be used to deécribe thisk‘
person from %2 to 16 - since only 16 of the group contain

'Drives Fast!'! as a member.

2) He is also an army officer.
This information does not directly help you to cut down
the list of possibilities but you may feel that certain
things are now less likely to wcur than others. ’
B)ﬁ.If you wish‘to do so you may state which group;(l-jz) is likely
to describe the person in question - or you méy ésk for another

item of information.

4) (Assuming that the subject does not make a choice).
This person is under 40.
If you wish you may now state which group will -describe

this person.

5) (Assuming he does not make a choicé).
This person is unmarried.
You should realise that the only possible groups that could
describe this person are numbers‘B, 10, 11 and 20. Check
that you agree that this is so. If you wish you may now
state which groubsAwiil describe this person.
6) (Assuming he does not make é choic¢5;
This person does not smoke.
The only possible alternative choiﬁes now available are

numbers 11 or 20. I will not give you any more“information -



you must now make a choice between these two alternatives.

This same procedure was followed for a second practice sequence

o thal the student was completely [(umiliar with the procedure.

After a short pause the test was conducted. The sequence of ten

test items given is shown below:

Test Itéms
1. h4; (Policeman), 2, 5, 1.
2. '9;.(Actor), 10,.2, 6.
3. 23 (Doctor),yh, 3, 5.
4, 5; (Professional Footballer) 7,.3. L.
5. 2; (Sales Representative (Insurance)), 6, 5, 3;
6. 7; (Vicar),’6; #, 3.
7. ‘10; (Pop Singer), 4; 6, 2.
8. . 1; (Burglar), 2, 9, 3.
9. 9; (Politicien), 2, 3, 5.

10. 5; (Bank Manager), 9, 7, 1.



THE %2 POSSIBLE COMBINATIONS

Bright Clothes
Unmarricd
Drives Fast
Over 40O
Smokes

Sober Dress

Unmarried

_ Drives Fast
Under 40

~Smokes

Sober Dress
Unmarried
Drives Slowly
Over 4O

Does not smoke

Bright Clothes
Married

Drives Slowly
Under 4O
Smokes

Sober Dress
Unmarried
Drives Slowly
Under 40

Does not smoke

Bright Clothes:

Unmarried
Drives Fast
Under 40

Does not smoke v

Bright Clothes
Unmarried
Drives Fast
Over 4O

Does not smoke

Bright Clothes

Unmarried
Drives Slowly
Over 40

- Does not smoke

11

13

15

Bright Clothes
Unmarried
Drives Slowly
Over 40
Smokes

Bright Clothes

Married
Drives Fast
Over 4O
Smokes |

- Sober Dress

Married .
Drives Fast'
Over 4O
Smokes

Sober Dress

"Married

Drives Fast
Under 40
Smokes

Bright Clothes
Unmarried
Drives Fast

Under 40
Smokes

Sober Dress
Married
Drives Slowly
Over 40

Does not smoke

Sober Dress
Married .
Drives Slowly
Over 40

Does not smoke

'Bright Clothes

Married
Drives Fast
Under 4O
Smokes

10

12

14

16



Bright Clothes
Married
Drives Slowly
Over 40
Smokes

Sober Dress
Unmarried
Drives Fast
Over 40
Smokes

Sober Dress
Married
Drives Slowly
Over 40
Smokes -

Sober Dress
Unmarried

" Drives Slowly
Over 4O

~ Smokes

Sober Dress
Married
Drives Slowly
Under 4O
Smokes

Sober Dress
Unmarried

Drives Slowly

Under 40
Smokes

Sober Dress
Unmarried
Drives Fast
Over 40

Does not Smoke

Bright Clothes
Married

Drives Fast

- Over 40

Does not smoke

17

19

o1

23

25

27

3

Bright Clothes
Married -
Drives Fast
Over 4O

Does not smoke

~ Sober Dress

Unmarried
Drives Fast
Under 40

Does not smoke

Bright Clothes
Unmarried ,
Drives Slowly
Under 40
Smokes

Bright Clothes

Unmarried
Drives Slowly
Under 40

Does not smoke

Bright Clothes
Married .

Drives Slowly
Over 40

Does not smoke

Sober Dress
Married
Drives Fast
Under 40

Does not smoke

Sober Dress
Married
Drives Fast
Over 40

Does not smoke

Bright Clothes
Married

"lerives Slowly

Under 40

- Does not smoke

18

20

N
V]

2k

26

28

32



AEEendix 7

Students' routes throﬁgh the modules

The charts in this appendix show the routes that students took

- through modules 1 and 2.

.
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APPENDIX 8

Graphical presentation of Students' progress (Depth/Breadth First)




Appendix 8

Graphical presentation of Students' progress (Depth/Breadth First)

Axes

*No. of nodes already understood in
semantic catepgories other than the
one currently accessed.

Occasion No.-

Score = Total vertical distance moved
: - No of'jumps'

NB

Scores are only computed for module 2.

"The scores éomputed are only used to 'rankeorder' or dichotom%ée

9

groups of students.

This method of presentation gives a clear picture of whether students

" move forward on a broad or narrow front.



Qﬁo;x}:

1a
] =

YT

moue teent

E
— 8 <A
=y %7
% 3
4 L
= =
Tz
W
- ok
Qo

o% TW

QAPHS

BT
- W &”




[

.

S

e

©

1

2

® -

L e b

et

L
i

CUNORIMPUP SUY

+
|
!
i

e
|
¥

-
|

]

~de—t

1

- - R
- i 1o
-4
o1
B
: ,w T - B SR SO S O
- ; N R _ij -
-
. 2] . i
- . .
M - : T w._
: ' et
. M i 4
. “ ]
. A8 1
M I




S b} e by . -l
ot ' [0 ot 1

————

OSUR S




SN

T

A

Aude

|
(o]

4 -

g

2

S
[ A

&M\,\L_‘{Q A8

-

(5’-

+

,..’,_7... B s e o

|

1

.
=T

—t
H

R T

1

MBI T

PESS DESURIDGH JUp S
i .

'

ek -

TR

T.._,..; .




i
i
i
{




1

i

I ERun
b

Il

b

S -

. ]
|

i

‘o

— g f e
Y -




APPENDIX 9

"Words used in the Attention Deployment test



AEEendix 9

Words used in the Attention Deployment test

This appendii shows thevwords used on the Attention Deployment test.
The fgggL list was presented to students in typewritten form on an
AL sheet. The peripheral list was playéd continuously (ope comblete
reading e#ery 4O-45 seconds) during the 10 minﬁte period that

students were given to learn the focal list.

The distance from speaker to student and the volume setting was the
same for all students.
!
After attempting to learn the focal list, with interference from
the tapé list students were given the 30 anagrams in the order shown.

The anagrams were typewritten in lower case on cards (3" x 4").



| Attention Deployment Test

Typewritten (focal) list Tape (peripheral) list
given to students : ,

River \ , ' Royal
Salad t Joint
Evoke : Money
Grave Smile
Cheap Price
Board : ' - , Raise
Teeth o Eight
Sight ' Grant
Yield Maize
Layer : Jolly
“Kind ' - Noise
Major - ; ‘ Final
Yearn ' : B Thick
Dodge “"Geese
Front - . Enter
Lover - Third
Utter ' : : ‘ Value
Slope , ‘ , Demon
Purse ~ , Chill
Maker Bonus
Giant : ' Jewel
About Music
Visit ) Knock
Hawk Lunch
Nerve ’ Organ

Anagrams !

1. 1lrayo 11. yldie 2l. hetiw

2. amrjo 12. tasny ' 22. nkcko

3. elcna 13. gieht 23%. eoevk

L, ejelw _ 14. gtian , 2k, daymo

5. sldaa 15. rappe 25. linaf

6. earbz 16. nijot : 26. etteh

7. cithk 17. eynar 27. lndba

8. itrsi v 18. snowk 28. eeges

9. alvet 19. eonym 29. ogedd

10. iezma - 20. virer 30. aedmr
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List of significant' people used in Beiri test




AEEendix 10

List of significant people used in Bieri test

1 Yourself

2 Person you dislike

3 Mother (or mofher figure)

i Person you'd like. to help

5 Father (or father figure){;

6 Friend of same sex

7 Friend of opposite sex

3 Teacher

9 ~ Person difficult to understand

10 Person with whom you feel most uncomfortable



APPENDIX 11

The Problem-Solving Exercise



| K
~ Appendix 11 -« The Problem-Solving Exercise
’ INTRODUCTION

You are about to be appointed as the Personnel Manager of a medium

sized manufacturing company employing 1,000 people.

The union in the company have made certain demands for improved
conditions, payment rates etc., and it will be up to you to negotiate

with them.

The board of directors of the company have set aside a certain sum
of money, £80,000 that can be used in meeting the unions recquests

and have also worked out a set of guidelines for you to work within.

Your objective is to come to an agreement with the union aé quickly
as possible and ybu will be given a bonus depending on how quickly

you can gain agreement.

The task before you is meant to approximate a real life industrial

situation.

Although there are certain (realistic) rules there are no tricks to
learn and you are meant to behave as you would if it were the

""real thing'.

There is no right answer, as such, you merely have to gain_agréement‘
working within the constraints of the situation. You will be shown
a record of the last few meetings that the Personnel Manager in
andther company has held. This is merely intendéd to indicate to

you what CAN happen during a sequence of meetings. It is NOT inténded ‘
to indicate how you should beha#e nor to give any clues about how the‘

union behaves.

You will be dealing with a different union and a different set of

requests. (The instructor and student then looked through the
material presented below to ensure that the student understood‘what

was required.



PROBLEM SITUATION

UNION DEMANDS COST PER ANNUM

A. Waiting Time. £2 per person per
week (500 people) £52,000
B. Extra Car Park (500 cars) £52,000
C. Union meetings during working hours
(% hour per week: 1,000 people) £26,000
D. Dirt Money. £1 per person per week
(500 men) ' £26,000
E. Pension Scheme. - £1 per person per week. £52,000
GUIDELINES
You have a maximum of £80,000 to spend

2o

(There is no extra bonus for spending less mdney)
You cannot agree to any of the union's requests in full.
¢

You cannot prbmise anything for more than one year ahead.

You will only be able to discuss ohe item at any one meeting.



Exumple
RECORD OF MEETINGS IN COMPANY 'X!

Union Demands

Item One ‘ : _ Item Two
Double-time payments for

8 am -~ 12 noon Saturdéys ' " New Canteen and Social
Club

,Z7125 employees @ average of £1 per hoqé7
Total cost = £48,000.

Total extra Cost = £26,000 pa.

Meeting Number | Item Number Result Action
One X | Change offer
One ' X Changé item
Two X Repeat offer

(Causes Strike)

b Two X Repeat offer

(Strike Continues)

5 Two | X Repeat offer |
. | )
(Strike Continues) ‘
6 Two v/,
(Strike ends). Accagh.
7 " One X Change offer
8 One X Change offer
9 One X Repeat offer
10 : Oﬁe , X Change offer
11 One v/’
Accept




YOUR BONUS SCHEME

£1,000

£5OO seat on board

Dismissal
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The Self Consistency Test



Appendix 12
The Self Consistency Test

This appendix shows the matrix and trait names used in the self-

~ consistency test.

»Stuéents were asked to select 5 traits from each list (I and II)
that most cldsely represented attributes that‘they possessed. The
numberskof the trait riames were then transferred to the 10 x 10
matrix - ie they were written in across the top row aﬁd down‘the

left hand column (in the same order).

Students were asked to compare each trait with each other and in
the appropriate cell indicate whether they were seen as compatible
or not, using a four poinf scale ranging from O (Entirely Compatible)

to 3 (Incompatible and Contradictory).



Self-Consistency Test

~J

Name Date
List 1 List 11
1 Optimistic 18 Impétient
2 Studious 19 Worrier
'3 Honest 20 Self-conscious
i /Con_siderat'e: : 21 Moody
5 Reliable 22 Rebellious
6 Kind 23 Immature
Sincere 24 Quick-tempered
8 Friendly 25 Easily Influenced
9 Cautiouskv 26 Lazy‘ | |
10 Indepéndent 27 Gullible
11 Practical 28 Envious
12 Happy 29 Often feel misunderstood
13 Sensitive 30 Disorganized
14 Télerant 31 Guilt-ridden
15 Idealistic 32 Sfubborn
16 Adventuréus 3% Self-centredr‘ B
17 Intelligent 34 Noisy
N
b j
™~ 3
z' |
i |
J
.\\\’




