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ABSTRACT
FACULTY OF EDUCATIONAL STUDIES
EDUCATION

Doctor of Philosophy

A HERMENEUTIC EXPLORATION OF THE
RELEVANCE OF METHCD TO RESEARCH
TASK ARISING FROM AN INQUIRY IN
TEACHER TRATINING.

by Raymond Bury.

In this study I have made a philosophical examination of the

role of explanatory notions commonly used in educational regearch,
and of the relation of these notions to research method. T have
also given an account of specific performances of women student
teachers, which, as far as I am aware, have not been reported
elsevwhere. ‘

The study comprises four inter-related elements. The first is
a description of an ingquiry, in the empirical science traditionm,
into the performances of women student teachers on tasks related
to Piagetian notions of intellectual development.

The second is an account of events affecting the course of the
inquiry. I offer this description because consideration of the
personal involvement of the inquirer, an existential commitment,
reveals the genesis of the later argument.

The third element is the tracing and examination of assumptions
which gave direction to the inquiry. This process led to the
belief that certain features of the explanatory notions involved
were open to criticism, and reasons are given as to why I came to
regard them as unsatisfactory.

The fourth element is a consideration of the nature of explanation
in educational research as it is commonly practised. This
discussion leads to an assertion of belief in the inevitably
personal condition of inquiry in education, with implications for
research into human action as distinet from the causesof behaviour.

The study is an interpretation of the experlence of exploring a

topic and being compelled to reconsider fundamental beliefs.



FOREWORD

My thanks are due to the college students and staff who
put up with my tests and questioning; to Mr. R.G. Stansfield,
formerly of City University, for helpful comments on test items;
to Professor E. Stones, for permission to use parts of his
published test material; to many members of the University Staff,
who have helped gemerously at every stage of this study, and to
Bill Brookes, who undertook the major part of supervision.
I have heard tell of a student teacher who looked at a childtls
drawing during a scripture lesson and said, "That's nothing like
God - rub it out." The story may or may not be true, but it does
remind us of what most of us do, whether we teach infants or
graduates. We measure the worth of what our pupils say against
what we think they ought to be saying. Bill Brookes is unusual.
He actually listens to what his students say, with the intention
of trying to understand it as it stands. This allows him to probe,
prod, to stop them in their tracks, and to get at grains of truth
within errors, as his favourite aphorism from Wittgenstein enjoins.
And it allows his students to grow. I thank him for this and for

unfailing support and encouragement.
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PREFACE

"I kept thinking that I should be able t0 d0 it eese..

somebody of my age ought to be able $0 40 thif seesees
we had it drummed into us so often in Child Development

that children of this age can do this and this eeee...

Student teacher.
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INTRODUCTION

The main assertion of this study is that research in education
is personal and subjective.

This view is probably unremarkable, and what I try to do in the
following chapters is to trace the way in which the practical
realisation of what is entailed by the proposition, as distinct
from a theoretical acceptance, came about in my own case.

I had found a difficulty in my work as a teacher. In an attempt
to describe and explain the difficulty I commenced this study
using theories from psychology and their implied methods, as
'frames of referencet!. These frames of reference turned out, in my
view, to be inadequate, and I was compelled to consider what might
count as explanation in educational research. This consideration
led to the assertion above, to a statement of preference for a
frankly interpretative mode of inquiry, and to the contention that
the way in which 'student generated research! is commonly carried
out has a teleological form.

The report on the study presented here has, therefore, a subject
matter within a subject matter: it is about itself, being
simultaneously context and process. Polanyi (1958) argues that
this is as it should be:

«.++ the process of examining any topic is both

an exploration of the topic, and an exegesis of

our fundamental beliefg in the light of which we
approach it; a dialectical combination of exploration
and exegesis. Our fundamental beliefs are
continuously reconsidered in the course of such a
process, but only within the scope of their own basic
premisses.

(p-267).

Reports on educational research do not always make exegesis
evident; indeed the protocols of some forms of research preclude
an exposition of fundamental beliefs, these being regarded as
assumed background knowledge. Thus 'variables! (dependent and
independent) may be selected and measured without any detailed

ix



statement of what is presumed to be invariant in the situation
giving it structure.

In the case of this study the whole point is to attempt to
make the process of exploration and exegesis explicit.

It takes the form, therefore, of a personal, thistorical!
account of what happened. This raises some literary difficulties,
as a logical order of elements in an argument sometimes competes
for priority with the chronological order of described actions
in g narrative; Where testing is reported, for example, I have
included accounts of events which influenced my actions because
they happened at the time when the results were being considered.

The study seemed to go through four phases. The first was the
period of the original difficulty mentioned above; then a period
during which I carried out a programme of testing within the
'psychometric! field. This was followed by an attempt at
'qualitative! description and explanation of material with
reference to Piagetian theory. The final phase was a period of
retrospective examination of the course of events, and a re-orientation
of view.

This report follows the four phases in order. Chapter One
describes the work I was engaged in from which the teaching
difficulty emerged, and the process of registration for research
degree candidature which led to the commencement of a particular
style of inquiry. This is the first phase.

Chapter Two gives an account of the second phase, and takes
the form of a section of a 'quantitative! research report; the
statement of the problem, a review of literature, description of
measuring instruments and procedures, and a limited statement of
the results of testing, with some comment on these results. ]

Chapter Three describes events and influences which produced a
change of emphasis and direction, and Chapter Four contains an
analysis and interpretation of material related to Piagetian theory.
This is the third phase.

Chapters Five, Six and Seven represent the fourth phase.
Chapter Five traces the reasoms why the two lineg of inguiry in

phases two and three were adopted and later abandoned, and develops



the reasons why the explanations they offered were unsatisfactory.
Chapter 8ix contains a discussion of the nature of forms of
explanation in educational research, and leads to the proposition
that the process of arriving at an explanation is necessarily
personal and subjective. Chapter Seven reviews arguments for

a purposive explanation of human action and relates these to the

particular circumstances of this study.


















CHAPTER ONE

Background .



CHAPTER ONE

Background .

In 1968 I commenced work as a lecturer in the Education Department
of a college of education. There were about five hundred students
on roll in the college following courses leading to a Certificate
in Education or a B. Ed. Degree. Most of the students were
young women, apart from seventy to eighty members of a two-year
shortened Certificate course for mature students which included
older women and a number of men. For the first three years of my
appointment I worked with the young women members of the normal
three or four year courses, and after this with the mature students.

Students! work in the normal three or four year courses wasg
arranged in four parts; Education, an individually chosen 'main
subject', professional subjects and an interdisciplinary study.

Part of the work of the Education Department was concerned with the
so-called 'four disciplines' of the history, psychology, sociology
and philosophy of education, and part with the students! work in
schools.

Each Education tutor was responsible for two 'Education Groups!
of anything from twenty to thirty students, preparing them for work
in schools and gemerally overseeing their theoretical work,
conducting seminars and discussions and supervising individual
special studies of educational topics.

Each tutor also took part in ome of the 'four disciplines!
courses.

I shared the work on the psychology of education with a colleague.
A succession of about twelve weekly timetable periods was allowed
for this work in the first and second years of the course. The
teaching procedure was to present material in mass lectures,

specified reading and filmg, and to require the students to write



an essay of about three thousand words towards the end of the group
lectures. The topics dealt with in this way were arranged under
headings such as "Learning", "Social Development', "Intellectual
Development", "Creativity" and so on.

After working in this way for some time it seemed to me that
students often appeared to find work dealing with the affective
domain to be interesting, understandable and useful in their
professional lives; but work in the cognitive areas seemed to be
regarded as being of little interest. Consideration of Piaget's
work was less than popular. Essays written on this topic
frequently showed signs of a general lack of understanding, and
subsequent group discussion usually confirmed this.

I believed that Piaget offered a valuable description of how
a person becomes intelligent, and while acknowledging its partial
and provisional nature, I thought it to be a pity if intending
teachers failed to grasp the description sufficiently for it to
become a useful intellectual tool.

There are, of course , innumerable possible reasons and
combinations of reasons for the students' lack of benefit from
the time and effort used up on these topics; the inherently
difficult nature of Piagetian theory, the sophistication necessary
to relate the theory to day to day teaching events, the capabilities
possessed by the students, the students' habits, attitudes and
values (and those of the teachers), the quality of teaching
techniques and materials, the time available to students, the
relations between teachers and taught and so on. But it was
necessary, at least, to examine some of the more accessible of these.

There were difficulties in the recommended readings. These were
mainly from Brearley and Hitchfield (1966). A passage selected at
random may illustrate their nature:

What we would suggest is that non-conservation of
length is attributable to the absence of an independent
reference system to provide a spatial framework for
moving objects. Children who fail to establish paired
relations between the two extremities of a moving
object, will also be unable to link objects to
reference elements.

(p. 33)



This is from an introductory text intended to prepare students
for more difficult reading. In view of Black's study of the
ability of student teachers to understand what they read (Black,
1953), it was likely that my students would have to study
passages of this kind for some time in order to derive meaning
from them.

The book was replaced by Phillips (1969).

There were several films which set out some of the important
ideas quite clearly and simply, and lectures and supplementary
duplicated papers were revised and, we hoped, improved.

I had doubts about the value of essays as exercises for exploring
this range of topics. After consultation, my teaching colleague
and I arranged a different type of exercise for the next time the
work on intellectual development and Piaget came round. The students
had various days and half-days set aside for them to visit the
schools in which they would work during teaching practice and two
of these fell within the time allocated for 'intellectual
development' work. On these visits the students were provided with
copies of part of a schedule of questions devised by King (1961)
which were apparently based on Piaget's work on concepts of
causality and sought to explore children's scientific concepts and
interests. The students were asked to work through these questions
with a group of children and subsequently to write a report on the
children's reactions. The report would count instead of an essay.

On reading the completed reports I became aware of a distinct
possibility that in many cases the students themselves did not
understand the questions in the schedule. Children's responses
which were clearly wrong had been accepted as correct, comments
in the 'discussion' sections of the reports indicated that the
content of the questions was not fully understood, and there was
the same use of apparently uncomnected excerpts from the given
text (in this case, King's article) which in my opinion had made
the essays unsatisfactory. It was possible that many students
lacked basic notions which may be thought of ag pre~requisite for
understanding Piaget's work (and much else). This put the efforts

to improve the teaching material in a rather different light.



Communication with the students about the reports was necessarily
by means of written notes, which rarely drew a response from the
recipients, who were accustomed to take back their essays, note the
grade given and, I suspect, sigh with relief and say, "Thank God
I've 'done' Piaget (or Learning or whatever)". As it happened I
did not have a tutorial group in that particular 'year' and
therefore had little opportunity to discuss the reports personally
with the writers, except for odd encounters in corridors.

Soon afterwards, in Autumn 1971, I was appointed tutor in charge
of the shortened course for mature students, working in premises
two miles from the main college site.

This work was different in character from the work with younger
students. The time available was shorter by one third; the students,
between them, had a vast experience of life and a wide range of
expertise; many were men and most had families of their own;
personal crises were common, indeed the very act of joining the
course indicated a crisis of some degree, if only one of changing
career.

At this time it was advantageous for the future prospects of the
college to have as many students as possible and the shortened
course attracted candidates fairly readily. At one point in my
early time in the job I had forty-four second year students and
thirty-six first year students. Working without assistance, I was
busy for some time.

I had, however, freedom to develop the work in Education as I
thought it would best guit the students.

It was possible to arrange for students to spend one to two
days in each week of the first two college terms actually working
in the schools where they would later carry out their formal
teaching practice. Besides allowing them to become, to some extent,
part of the working team in the school, this arrangement also
provided opportunities for them to carry out small studies related
to their work in college. Fach student, for example, worked with
two or three children learning to read, and with another two or
three learning number, and wrote accounts of this work after the

teaching practice. They therefore had the best part of half a



school~year's experience on which to draw, in addition to related
work in college, when they embarked on 'essays!'.

My intention was to include in these studies of small groups of
children, one based on Piagetian 'experiments' which would give the
students some base in reality to which they could relate college
work on intellectual growth.

Having at the back of my mind the results of the exercise with
the younger students, I thought that it would be useful to make sure
that none of these mature students had similar difficulties. This
required care since the group included ex~officers of the three
armed services, engineers, hospital ward sisters and the like, who
might wonder what was happening to them if they were asked to answer
questions on an apparently infantile level.

I put it to the students that, just as some accomplished people
were none too sure about mathematical notions, there were perhaps
some who had a similar problem when dealing with ideas from
elementary physics (there were murmurs of agreement at the mention
of physics) and that a short 'quiz' might help me in preparing a
section of their work which was to come. There was ready agreement
to this. I then asked sixteen questions orally, drawing
illustrations on a blackboard as necessary. The students wrote
their answers on papers which, it was agreed, would be unsigned and
anonymous. Afterwards the answers accepted as correct were read
out, the students marked their papers andthen gave them to me.
Tables 1 and 2 show the questions and illustrations, the responses
accepted as correct and the results. There were forty students

present in the group.

Table 1
Questions presented informally to Mature Students.

Question Responses Accepted
as Correct.

1) Estimate time between two

taps on table. (15 secs.) 12 - 18 secs.
2) Estimate height of room.
(10 ft.) 8 - 12 ft.
%) Indicate the angle at which a Any drawing or statement

hose pipe should be held to make which suggests 45 deg.
the water go the greatest
distance.



4)

5)

6)

7)

8)

9)

10)

11)

Table 1 (cont.)

A jar contains some water.

A stone is added. 1Is the
water level now higher, lower
or the same?

A jar contains some water.
Some sand is added. Is the
water level now higher, lower
or the same?

Two jars have bagses of the same
diameter but one has straight
sides and the other has sides
sloping outwards.

e
bl 3
LR

The water in the first jar (4)

is poured into the second jar (B).
Will the water level in jar (B) be
higher, lower or the same?

Similar to (6) but with the

diagram

Two balls of plasticine, both the
same size and weight. One is
rolled into a sausage. Have they
now the same volumes?

Has the sausage in (8) the same
surface area as the ball, or less,
or more?

Two drawings, plan and elevation,
of a man standing near a street
lamp. Show where his shadow
should 3@%1-

T #

Drawing of a seesaw and two
children. Show where the boy
should sit to balance the seesaw
if he is twice as heavy as his
sister.

MN

Higher.

Higher.

Lower.

Higher.

Yes (The same).

More.

Any drawing oxr
description indicating
shadow on side away
from lamp.

Any drawing or
description showing
point about half way
between end and fulcrum.



12)

13)

14)

15)

16)

Table 1 (cont.)

Two men carrying a ladder.
Which carries the heavier load,
or are the loads equal?

Three cog wheels. Which wheel

turns in the same direction as
(4)2

(e
A B C

Drawing as in (13). Which wheel
turns fastest?

Drawing of two wheels connected
by a belt. Does (B) turn in the
same direction as (4)?

(o

Drawing of two wheels connected
by a twisted belt. Does (B)
turn in the same direction as

(a)?

Table 2
Results of Informal Test, Mature Students, 1971.

Any statement
indicating the man in
the middle.

C

Yes (The same)

No. (Opposite)

NO O.
Item No.

O WO~ OVt W N

10

12
13
14
15
16

No.

Correct.

22
24
35
40
29
38
37
39
29
34
40
32
36
37
40
35



Table 3
Results of Informal Test, Mature Students, 1972.

N. 32
Item No. No. Correct.
1 19
2 27
3 16
4 32
5 21
6 Omitted
7 29
8 31
9 18
10 22
11 32
12 23
13 21
14 29
15 31
16 30

Responses to Question 10 were particularly interesting. They
included drawings which showed shadows extending towards the light,
and others which showed shadows in various positions around the
drawings of the objects.

After this procedure there was a considerable amount of laughter,
argument and discussion. Knowledgeable members of the group set
out to convince other members of the validity of some of the
correct answers. This discussion, and in particular the variety
of counter-arguments presented by the doubters, was most instructive.
“bme students, for example, argued that if you put sand in water,
some of the water will be soaked up by the sand and the level of
water will not rise.

The procedure was repeated with a later group of mature students.
The results of this are shown in Table 3.

The study of children's responses to Piagetian type 'experiments?
was carried out later. Students chose six exercises from a
selection taken mainly from Fogelman (1970) and I discussed them
with each student before work commenced to make sure that their
content and purpose was understood. During these discussions it

was noticeable that the exercises intended for older children were



less popular than the 'simpler' ones. Deformation of plasticine
balls was often chosen, for example, whereas exploration of a
pendulum was not, even among students who were dealing with older
children.

The reports, in general, were satisfactory, but a feeling of
unease arose from these small sections of day to day work. There
seemed to be, among some students, signs of confusion about what
I had regarded as basic general knowledge. Indeed the circumstantial
evidence from the reports written by the young women students and
from the rough and ready test given to the mature students suggested
that the confusion may even involve concepts commonly thought to
be acquired in infancy or childhood.

If this was so a number of questions suggested themselves. Were
the confusions genuine or only apparent? If génuine, in what
particular contexts did they occur? In what proportion of students?
In what ways might the confusions affect students! academic work
(prevent an understanding of Piaget, for example)? In what ways
might the confusions affect professional competence (primary school
teachers, for example, are normally expected to introduce work with
a scientific bias at some time or other)? Would instruction remove
confusions? How did people pass through an extended schooling
without taking in these elementary notions? If they had, in fact,
done this, what were the implications for developmental theoxry?

What were the characteristics of the students who were confused?

By this time I was being assisted by other members of staff and
had more time available, and I decided that some of the implications
of these tentative findings were worth following up.

A preliminary scamning of the literature revealed several studies
which pointed out limitations in the capabilities of the average
student teacher (e.g. Black, 1954, and Chapman, 1973, on reading
comprehension; Buckland, 1969, on mathematical background; Hopkins,
1972, on 'general culture') but none that was obviously related
to the field in which I was interested.

In order to make a serious study of the matter, under supervision,
I inquired about part-time M. Phil. candidature at the University
in late 1973.

10



At a preliminary interview I was asked how I might account for
the students' difficulties that I described, and how I thought
a study of them would achieve the breadth of interest normally
associated with research degree work.

After some thought about this I decided that the argument
pursued in the study should be set within a generally recognised
theoretical frame of reference, and that, in order to provide
the necessary breadth of interest necessary for research degree
work, I should start from the original problem of the frequently
unsatisfactory results of certain parts of a course in the
psychology of education, rather than a direct treatment of the
questions raised by students' misconceptions of everyday phenomena.

Since I was concerned with the abilities possessed by students
to perform certain 'scholastic! tasks, and since a great deal of
information was available about the measurement of abilities of
one kind or another, I conceived of the problem as one of
ascertaining and comparing the strengths or weaknesses of abilities
in students which had been defined by authorities in factorial
studies, or which could reasonably be related to them.

The ability to profit from the sectioms of a coursge in the
psychology of education dealing with 'intellectual development' was
to be compared with certain other abilities deemed to be commected
to this ability in some way.

Responses to the item dealing with shadows in the 'quiz!' given
to the groups of mature students interested me greatly. A grasp
of the relationship between a light source, an object and the
shadow cast by the object is not unreasonably thought to be one
of the notions gradually built up by the vast majority of people
in childhood. Terman and Merrill (1961, pp. 126, 236) suggest
the twelfth year as an appropriate level for its achievement;
Piaget's subjects (Piaget, 1930, pp. 180, 194) dealt successfully
with shadows at about nine years; yet here were six adults in a
group of forty, and ten in another group of thirty-two, apparently
confused when asked to display this understanding. Furthermore,
although I could not be sure because of the haphazard nature of the
test, confusion about shadows seemed to go with confusion about other

items.
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I was in the habit of describing the mature students as
accomplished people, as indeed they were. It occurred to me that
the accomplishment which they all most obviously possessed was
the ability to use words and to fit in to a social context with
ease. All the students were fluent and articulate, yet quite
a high proportion in two 'year groups' had trouble with shadows,
and Piaget comments (1930), "The explanation of shadows is purely
geometrical”. In order to understand shadows one must grasp a
geometry of spatial relations. Perhaps undeveloped spatial
abilities (relative to verbal abilities and 'general abilities!')
might account for lack of success in understanding some notions
presented in psychology work.

I submitted to the University an outline which proposed a study
of relationships between the results of tests of spatial ability,
'general! ability, verbal ability, achievement in psychology, and
a test of students' understanding of some of the basic notions from
physics used by Piaget in his experiments, a questionnaire to
investigate students! interests and attitudes to school subjects
and activities, and G.C.E. results.

This seemed to me to place the proposed work within the
respectable and well documented area of psychometric studies of
human abilities, and at the same time to allow my observations of
students!' difficulties with shadows and so on to be related to them.

During subsequent discussion of the proposal with University
tutors I was asked if I kmew of empirical evidence or a body of
theory which suggested a link between spatial ability and my
observations.

Since a search of the literature had not revealed any reports of
observations similar to mine, and Piagetian theory suggested that
the observations were unlikely to occur anyway, I could only refer
to the general argument of Macfarlane Smith (1964) who maintained
that tests of spatial ability were good predictors of success in
school science. This was not felt to be a sufficiently strong
bagis for my planned study.

As a variable in a correlational study of abilities the test of

basic notions from physics had become an embarrassment. I reviged
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the study plan, leaving out the physics test and the school subjects
and interests questionnaire.

The revised outline was accepted, proposing an investigation of
the relationships between spatial abilities and the acquisition
of certain concepts within a course in the psychology of education
in a women's college of education. I registered as part-time M. Phil.
candidate in April, 1974, with one of my interviewers, Tutor A,
undertaking supervision of the study.
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CHAPTER TWO

The Planned Study.

Statement of the Problem.

I believed that a proportion of each year's intake of students
into the college where I worked gained little of value from those
parts of their course in psychology which dealt with intellectual
development. There were a number of references in the available
literature to dissatisfaction with psychology courses in colleges
and departments of education, but while there appeared to be
continuing effort to improve the courses there were few reports
of investigations into the particular abilities which may be necessary
in students for understanding of the comtent of particular courses.

The study set out to examine the relationship between spatial
abilities in students and the degree of understanding achieved
by students of the contents of parts of a college psychology
course dealing with intellectual development.

By spatial ability was meant the ability to represent space

mentally - "The capacity to perceive and hold in the mind the
structure and proportions of a form or figure, grasped as a whole."
(Macfarlane Smith, 1964).

The parts of the psychology course with which spatial abilities
were expected to have a special relationship were those elements
to do with cognition and cognitive growth. A more specific definition
is provided by Stones and Anderson, (1972). Stones and Anderson
carried out a cluster analysis on the choices of teaching objectives
made by tutors in colleges and departments of education teaching
educational psychology. The tutors were asked to select from a
list those teaching objectives which they considered to be most

important. One of the 'coherent patterns' of choice (Cluster 3 in
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the analysis*) that emerged was "more theoretical and mainly
concerned with cognitive matters".

The objectives were ag follows:

That the students should

have knowledge of Piaget's model of cognitive
development, and the ability to relate this to
classroom situations,

be able to replicate Piaget's experiments,

be able to outline experimental studies on the
intellectual development of children,

be able to describe the main elements in concept
formation and strategies involved in concept
attainment,

be able to outline views on the nature of thinking,

be able to describe how a child learns to preceive
the world,

be able to outline social influences on learning.

Traditionally, formal education has valued verbal-literary
abilities more highly than the abilities sampled by spatial tests.

In general, the means of assessment of students in colleges
and departments of education favour students with an 'Arts' (i.e.
verbal-literary) background.

Some courges in colleges and departments of education may, however,
require an understanding of abstractions which are most easily
grasped through 'spatial thinking'!'. Topics denoted by 'Cluster 3
Objectives!' are a cage of this.

An understanding of certain mathematical, scientific and mechanical
notions is a pre-requisite for a basic understanding of Cluster 3
work, particularly Piagetian theory, and it is necessary to think
abstractly and analytically and to form difficult gemeral concepts
if the central ideas of Cluster 3 work are to be grasped.

Macfarlane Smith (1964) has shown that high spatial ability
(relative to verbal) is associated with success in mathematical,
scientific and mechanical work, and with the ability to think
abstractly and analytically, to form general concepts and to

solve problems.

* To avoid unnecessary repetition these objectives will be referred
to as "Cluster 3 objectives" in the rest of the text.
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The hypothesis to be tested in the study was that a spatial test
makes an independent contribution to the prediction of students!
achievement of Cluster 3 objectives beyond the contributions made

by tests of general intelligence and verbal ability.
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Review of the Literature.

I took the 'British!' hierarchical view of abilities as a frame
of reference. This is often represented diagrammatically as an
inverted tree-like structure (e.g. Vernon, 1961, p. 22) with tgt
(a fundamental general ability associated with all problem solving)
subsuming other abilities grouped under two main headings, tvsed!
and k:m'. 1'vied! refers to performances which are verbal,
numerical and affected by educational processes. tk:m! refers to
performances which are thought to be related to processes of a
spatial-perceptual-mechanical nature.

The adoption of this scheme seemed Justified by persuasive
arguments from authorities such as Vernon and Butcher.

Vernon (1961) sets out a list of reasons why the general ability-
plus-group-factor description of intellect was superior to the
multiple-factors favoured by some American theorists. There were
technical advantages in the British usage of methods of amalysis.
They avoided, for example, the danger of exaggerating communalities
which was present in Thurstone's technique (p. 129). American
criteria of statistical significance were said to be lax (p.130).
American writers such as Guilford and Michael admit that no test
measures a single factor and that it is usually necessary to use
statistical devices to suppress 'g!. As Vernon asks (p.133),

"Why not admit then that all tests do involve tg! instead of
artificially removing it by means of rotation?" Finally, the
British view simplifies the task of the vocational or educational
psychologist. A short battery of 'vied! and k:m' tests "will
cover most of the ground in educational or vocational prediction
that can be covered by tests" (p.134). Butcher (1968) recommended
the hierarchical view for purposes such as mine:

The hierarchical theory has major advantages over

almost all other models of human abilities.

eeveo. for particular families of skills and for greater
accuracy in a more limited area (where tfidelity!, in
the language of communications specialists, is more
important than
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"bandwidth') it may well be necessary to use
tests that measure a major or minor group
factor.

(p. 50).
Vernon (1961) made it quite clear that in his view the term
'ability' should not be construed to mean some kind of organ of
the mind or of the nervous systen.

We now know that traits and abilities are not
located in particular parts of the brain ....

(p- 1).

««+o. factors should be regarded primarily as
categories for classifying mental or behavioral
performances rather than as entities in the
mind or nervous system.

(p. 8).

(The term 'ability') implies the existence of a
group or category of performances which
correlate highly with one another, and which are
relatively distinct from (i.e. give low
correlations with) other performances.

(p- 4).

Butcher (1968), in similar vein, warned against the reification
of words such as intelligence (P. 22) and went on later to say,
"It is a big jump from observing a pattern of co-variation to
claiming that this pattern indicates a significant psychological
function," and quotes Burt, "factors as such are only statistical
abstractions, not concrete entitiesg." (p. 43).

However, among many attempts to relate abilities, as revealed
by factor analysts, to other findings, McFie (1972) reviewed
research by himself and others in which tests of ability had been
given to people who had suffered localized cerebral lesions. He
felt that he had demonstrated that "the main factors of
intellectual ability have a neurological reality" and that
"abilities are organised in specific regions of the brain". He
was confident enough to suggest that there may be "an opportunity
for using psychological tests in neurological diagnosis".

Macfarlane Smith (1972) summarized papers by Bogen on the
implications of research on brain bisection. Bogen had postulated

two different modes of thinking, both equally important, one being
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propositional and associated with the left hemisphere of the brain,
and the other 'appositional' and associated with the right
hemisphere. According to Bogen verbal and spatial abilities tend
to lateralize in the left and right hemisphere respectively, while
general intellectual ability must be distributed, not necesgsarily
equally, between the two.

Macfarlane Smith (1964) was explicit about what he meant by
'spatial ability': "The capacity to perceive and hold in the mind
the structure and proportions of a form or figure, grasped as a
whole". Early in his career Smith had been impressed by the fact
that some people produced drawings of objects such as Bunsen burners
which were grossly out of proportion, and yet seemed to see nothing
wrong with their drawings.

Thus from the outset of the investigation, the
writer had the theory that the special aptitude
that he sought to measure, if it exigsted at all,
would be manifest in an ability to perceive and
reproduce shapes correctly, i.e. with their
dimensions and their relations in due proportion
«++.. The sub-tests of the spatial test proper
were constructed largely on this principle, i.e.
that the items should depend critically for
success on the perception of the correct
proportions of a figure or pattern. This has
been the writer's guiding principle in his
subsequent researches.

(p. 55)-

Smith devoted a large part of his work to associating scores
on spatial tests with psychological functions: a constitutional
tendency for visual processes or images to persist, a capacity
for selective inhibition of experience leading to the fgood
Gestalt', low motor perseveration and a natural ability for
mirror writing.

In Smith's work and in the studies cited in his comprehensive
review, women were consigstently less successful in their performance
on spatial tests than were men.

Smith argued that spatial ability may contribute in a significant
degree to success in examinations in mathematics, art, science,
engineering and technical subjects, and that it becomes increasingly

important when greater emphasis is placed on analytical and abstract
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thinking and on problem solving.

Until fairly recently tests of verbal ability or
verbal reasoning were called intelligence tests
and were believed to provide measures of 'abstract
intelligence', whereas tests of spatial ability
were regarded as measures of a specialised
mechanical aptitude or of ‘'concrete intelligence!.

(p. 272).

Smith's survey of work on spatial ability related to various
performances led him to believe that this view was mistaken, and
that "spatial tests may be better measures of ability to think
abstractly or to form general concepts than verbal tests".

The implications of this were that selection procedures in
education, which in general were biased in favour of verbal
abilities, should seriously take into account the importance of
spatial abilities.

The view that education systems tended to favour verbal abilities
and to underestimate the importance of spatial abilities and
performances thought to be related to them was shared by
educational writers. Rowland (1968), from the point of view of
the visual arts, described a verbal-literary bias in formal
education, so that in modern Western cultures words are necessary
before experience can be given a form acceptable to the mind.

Balchin (1972) distinguished four basic modes of communication
between human beings, articulacy, literacy, numeracy and, a term
he coined, graphicacy. The potential for all four modes is inborn
in the brain of a human being, but none can come to fruition
without education. The term 'graphicacy' denotes the educated
counterpart of visval-spatial ability, and refers to the
commmication of spatial information that cannot be conveyed
adequately_by verbal or numerical means; for example, the plan
of a town, the pattern of a drainage network or a picture of a
-digtant place. Balchin argued that since graphicacy wag a
fundamental aspect of human intelligence and communication, and
since geography depends upon graphicacy, geography should rank
with English and Mathematics as a foundation subject in schools
instead of some kind of optional extra. It is only in geography,

he maintained, that the possibility exists in schools of a wide
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and rigorous training in graphicacy. Arts teachers had abdicated
their responsibility in this respect because of their commitment to
'free expression'.

Eysenck (in Suddaby, 1965) argued strongly that spatial tests
should feature prominently in the selection procedures used in
education systems, their lack having led to a shortage of
candidates for science and engineering courses in higher education.

Warburton, Butcher and Forrest (1963) tested a hundred graduate
teachers in training in the Department of Education of Manchester
University, on measures of ability, values and general culture.

The test of general culture was described as "prima facie, a rather
crude measure of extent of reading", and consisted of a hundred
items made up of titles of books and plays, musical compositions
and paintings for which the testees were required to furnish the
names of authors, playwrights, composers and painters. Warburton
and his associates reported that the test of general culture emerged
as a better predictor or results in the final Theory of Education
examination and Final Certificate Award than any other single test.
The authors comment "For success on the theoretical side of the
course, culture and vocabulary are important, suggesting that Art
Students, with their literary and verbal background, have an
advantage in this respect'.

Lomax (1969) made a comprehensive survey of the characteristics
of successful student teachers in a college in the north of
England. By means of a large battery of objective tests, questionnaire
and individual interviews, Lomax obtained measures of predictor
variables and criteria of success as a student teacher.

He found that, in a college where importance is attached to
academic attainment, general intelligence, verbal ability and
G.C.E. 'A' level results were good predictors of academic success,
vocabulary tests promised well as selection instruments, and general
intelligence was a useful predictor of all-round success.

He also found, however, that it may be that different college
courses demand different patterns of ability.
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The intercorrelations between the intelligence

test results, and between these results and

various criteria of student success, suggest

that a more detailed investigation might profitably
be conducted into the relationships existing
between different abilities and different criteria
of success within colleges. Profiles of student
abilities might be developed.

(p. 517).

Lin and McKeachie (1973) related student characteristics to
achievement in introductory psychology courses at the University
of Michegan. They found measures of motivation, interest and
personality did not contribute significantly beyond measures of
intelligence to the prediction of psychology grades for women.

King (1963) studied relationships between age, sex, scores on
tests of verbal and non-verbal ability, and a test of 'knowledge
of science concepts! in a sample of 801 children in primary and
secondary schools. The test of verbal ability predicted success
in science more successfully than the non-verbal test. The non-
verbal test was Raven's Progressive Matrices, however, and
Macfarlane Smith, commenting on a different study, maintained that
the Progressive Matrices have been shown to have a low 'k! loading
and should not be regarded as a spatial test.

King's findings did not, therefore, run counter to the argument

in ny study.
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The Sample.

Lomax (1969) maintained that, "Not only student teachers but
in-service teachers may be regarded as being relatively homogeneous
groups, when judged in terms of intelligence, interest, personality
traits and scholagtic achievement'.

Nevertheless, because the mature students with whom T worked
formed an unusual and relatively small group in the student
teacher population it seemed advisable to carry out the study with
students following the normal college course.

The sample consisted of 115 women students entering a college
of education in the south of England in late September, 1974.

The majority came from the southern counties of England, but a
substantial minority came from Wales and the northern counties,
and a small number from Scotland and Northern Ireland.

Appendix I lists the ages of students in the sample.

The mean age of the group on October lst. (approximately two
weeks after entering college) was 19.2 years.

The distribution of ages is shown in Table 4.

Table 4
Ages at Oct. lst. of students entering college in
1974.
19th year sevevcvvvensa.. 68 gstudents.
Zoth " ® 285 02 00080080 e 28 "
21 St " LR B B AR BRI B B B Y 1 2 "
22116- " e 8 5 0 00506 6 eH 0O 1 "
251‘6. " @ PO 2006080 n 8 08 2 "
24th " e b e o0 e o0 L H e 2 "
25th " LR BN B B A BN A Y ,I "
331‘6— " ® @& 5 06 n 50O e 08 e 1 ”

Appendix I lists the number of G.C.E. examinations passed by
students in the sample. There were in total, 566 passes at
'0! level and 136 at 'A' level. Means are shown in Table 5.
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Table 5. Digtribution of G.C.E. Pagsses at '0' and ftA! Tevel.

Students

Passes at 10!

Mean

Pagses at tAt

Mean

Students
with tOf
passes
only.

41

221

5.4

Students
with t0¢
and A
passes.

74

345

136

1!8
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Measuring Instruments.

Scores on tests of general, verbal and spatial ability, and
records of standing at school as reflected in G.C.E. examination
results, were to be compared with a measure of the students
achievements in 'Cluster 3' work, and analysed by multiple
correlation.

Tests to be used were as follows:

1) The Cattell Culture-fair Intelligence Test, Scale 3, Forms
A and B.
2) The Moray House Verbal Reasoning Test (Adult) 1, 1970 Revision.
3) The N.F.E.R. Spatial Test 3.
4) A ‘'Cluster 3! Psychology Test, to be constructed.

The following abbreviations of the test titles are used in
this study:

1) C.C.F. (Cattell Culture-fair Intelligence Test, Scale 3).
2) M.H.V. (Moray House Verbal Reasoning Test, Adult 1).

3) S.T.3. (N.F.E.R. Spatial Test 3).

4) C3P ('Cluster 3' Psychology Test).

The Cattell Culture-fair Intelligence Test, Scale 3.

This was chosen as a suitable measure of 'g'. Cattell and

Cattell (1959) distinguish two forms of general ability:

1) a fluid general factor showing itself in
culture-fair tests, speeded situations, an
earlier growth plateau and a clear age decline,
high hereditary performances involving
adaptability to new situations:

2) a crystallized general ability showing itself
more reliably in acquired cultural achievements
and skills, manifesting a steeper and longer
up-curve over the school years and exhibiting
no age decline in later life when measured by
unspeeded (power) tests, liable to more
specific area losses through brain injury, and
less correlated than fluid ability with
adaptability to new situations.

(p. 37).
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The Culture~fair Test aims to measure the fluid general ability

factor.

The test .... deals with the core of general
trelation eduction capacity! which many
researchers have shown to be (a) largely inborm,
(b) a relatively constant characteristic for the
individual, and (c) operative in quite different
fields of content, e.g. verbal, numerical, spatial
and social skills.

(pe 7)-

(The test aims to) seek a radical freedom from
contamination by accidents of social, educational
and racial background in estimating the real
potential of the individual.

(p. 9).

Scale 3 is intended for use with adults of above average
intelligence and is said to be "especially suitable for spreading
out finely the ability differences of university undergraduate
and graduate students".

Use of a combined score from forms A and B (equivalent versions
of the test) is recommended by the authors.

The Moray House Verbal Reasoning Test (Adult) 1.
The test manual states that the test was constructed from

items found too difficult for the average child of 13 years, and

standardisation was based on scores obtained from young people in
their fifteenth year. Norms were extrapolated to age 17:6. The
authors assume that no age allowance is necessary beyond 17:6 years.

The test had been administered "for many years" to graduate and
non-graduate teachers in training in colleges of education in
Scotland, and was a well-established meagure of 'vied.!

A table showing the score distribution of teachers in training was
provided in the manual.
The N.¥.E.R. Spatial Test 3.

Since my argument was based upon Macfarlane Smith's view of

spatial ability it seemed appropriate to use his test.
The Spatial Test 3 was originally intended for use in the
allocation of 11 year old pupils to technical courses.
Inspection of the test revealed that it followed closely the

principles set out in Smith's (1964) book. There were six
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sub-sections. Section 1 consisted of 'sections of solids! in which
testees were asked to match 'three-dimensional! drawings of objects
with end-views and middle-sections. In Section 2 testees were to
match drawings of 'block buildings! with plans. In Section 3 items
(described by Smith as 'surface development! in his book) three-
dimensional drawings of folded paper objects were placed next to
topened-out! versions of the objects. There were shaded areas on
the three-dimensional drawings. Testees had to mark the equivalent
areas on the opened-out versions. Section 4 consisted of matching
mid-sections with three-dimensional drawings of objects. In Section
> drawings of solids were to be copied on to a framework of points.
The last section required testees to state the number of times
plane surfaces were used in building up solid objects.

Bach sub-section of the test was separately timed.

Correspondence with the N.F.E.R. Test Division revealed that
the test had been used with revised time limits with engineers and
builders in colleges of further education. There was a large

difference in time allowance.

Table 6. S.T.3 Test: Time Allowances for Children and Technical Students.

Sub-test Children Technical Students
1 4 win. 2 min.
2 3% min. 2 min.
3 6%+ min. 3 min.
4 5 min. 2 min.
5 16 min. 8 min.
6 4 min. 2 min.
Total Allow. 39 min. 19 min.

Norms were given for engineering and building students aged
15 - 18 years. The two occupational groups differed gignificantly
in their performance.
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Table 7. S.T.3 Test: Norms for Engineers and Builders.

Age N Mean S.D.
15:0 - 15:11 151 66.9 15.9 ) ]
16:0 - 18:0 145 72.% 16.2 ) Engineers
15:0 ~ 16:11 400 60.5 18.7 ) .
17:0 - 18:0 193 65.% 19.8 ) Builders

As this was a 'closed! test I obtained permission from the

Local Education Authority for its use.

The 'Cluster 3! Psychology Test.
The comstruction of the psychology test is described on
Pages 37 - L!

A Supplementary Test.

I was reluctant to discard completely the observations which had
originally made me believe that an ingquiry was warranted.

Before actually commencing the study I had virtually completed
the preparation of a test ('Everyday Phenomena'!) which was
intended to reveal misconceptions of everyday phenomena such asg
shadows.

As this line of inquiry had led to my interest in spatial ability
in the first place I decided to use the test with the sample as a
supplementary source of information which might provide interesting
evidence when discussing the data from the main areas of testing.

The results were not to be included in intercorrelations.

The test is described later.
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The Programme of Testing.

At the beginning of the academic year 1974 -~ 5 my intention
was, in the course of the year, to
a) complete the Everyday Phenomena Test
b) administer the Everyday Phenomena Test to the main sample
¢) try out the three standard tests
d) administer the three standard tests to the main sample
and
e) construct the 'Cluster 3! Psychology Test.

In the following year, 1975 - 6, when students in the sample
had finished the relevant parts of their psychology course, I
intended to administer the completed Cluster 3 test.

The timetable for this work was as shown in Table 8.
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Table 8
Timetable for the Administration of Tests.
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Procedures.

Permission from the college Principal and the agreement of the
Students! Union and Education Group Tutors were obtained to
proceed with testing.

I was allowed a short time at the beginning of mass lectures
to speak to students, asking them for their co-operation in a
small scale survey which aimed to understand some of the possible
difficulties which students encounter when they take part in the
college course in the psychology of education. I also repeated
this at the commencement of each testing session before explaining
the purposes of the particular test and describing the administrative
procedures of the test.

I used the existing Education Group structure as a convenient
arrangement for testing each group of approximately 25 students
meeting in the room normally used by that particular group, usually
in time set aside for Education Studies. In effect this meant
that each Group Tutor relinquished his students, room and one of
his timetable periods to me for each of the standard tests.

All sessions in which the C.C.F. Test, the M.H.V. Test and the
S.T.5 Test were used were conducted by myself. The C3P Test and
the 'Everyday Phenomena' test were administered by Group Tutors.
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Try-out Tegsting of the Three Standard Tests.

To enable me to be sure of the administration procedures and
to gain a preliminary idea of the probable pattern of scores
for the main sample, I tried out the three standard tests with
students who in 1974 were in the first term of their second
year in college ('Year 2 Pilot Group!' on the Testing Timetable).
For this work, alternate names were taken from an alphabetically
arranged list of the whole 'year!, producing a group of 62
students.

I administered the tests according to the standard instructiors
marked the scripts and calculated means and standard deviations
of the scores.

The average score of my pilot group on the C.C.F. Test was
considerably lower than that given by Lomax (1969) of students
in a north of England college (Table 9).

Table 9.
Scores on C.C.F. Test: Pilot Group and Lomax (1969)
Lomax Pilot Group
N 46 55
M.  60.17 53,38
S.D. 6.24 6.6

The average score of the pilot group on the M.H.V. Test was
slightly below that of the non-graduate teachers in Scottish

colleges shown in the test manual (Table 10).
Table 10.

Scores on M.H.V. Tegt: Pilot Group and Scottish Teachers.

Scots. Teachers Pilot Group.
M 65.7 6%.2
SQD. 15-0 13‘5

(Scots. Teachers N. not available)
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The scores on the N.F.E.R. Spatial Test were unexpected in
some respects. I had timed the sub-tests in accordance with the
instructions for male technical students. If women generally
did less well on tests of spatial ability it might have been
expected that women students would be hard pressed to complete
the items in the time allowed. This was not so, however, and the
majority of students in the pilot group had time to spare,
particularly in sub-tests 2 and 6.

Scores tended to be high compared with male technical students.

Table 11.

Scores on S.T. 3 Tegt:

Student Engineers, Builders and Pilot Group.

Engineers Builders Pilot Group
N 145 193 54
Mo 72:5 6505 87‘74
S.D. 16.2 19.8 9.3

The three standard tests appeared to discriminate well enough

for my purposes.

34



The "Everyday Phenomena'" Test.

As part of the more theoretical aspects of Educational Studies in
the college where I worked, students were required to consider some
of Piaget's work; in particular his clinical experiments through
which he intended to examine children's ways of thinking, and
from which he derived evidence for 'stages of intellectual development.

I suspected that in each intake of students there were some who
would themselves have considerable difficulty in understanding the
problems which Piaget put to his child subjects, and that
consequently the conclusions which Piaget drew from the experiments
would have little meaning for these students.

The Everyday Phenomena Test (Appendix IX) was intended to provide
data which would be helpful in establishing whether or not there
were students who were likely to have this kind of difficulty. The
test's function was to '"screen" a whole student year-group.

With the exception of two items (Nos. 15 and 17), which were
commected with Macfarlane Smith's notions of spatial ability, all
the items in the test were based on well known elements of Piaget's
work.

The test was tried out with 71 students in the first term of their
third year in college.

The fact that the test dealt with ideas of the kind that are
supposedly basic general knowledge made me uneasy about the way
the test might be received by some students, who could possibly
regard it as an insult to their capabilities. I therefore added
a short appendix to the try-out version asking for opinions on the
content and form of the test. If veterans such as students in their
third college year found the style and level of difficulty acceptable,
then other students were likely to accept it too.

In the appendix the students were asked to choose, from statements
about the test, those statements they agreed with and to add comments
where necessary.

Responses to the statements were as follows:
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1)
2)

3)
4)

5)

6)

"The questions were so eagy that they were ridiculous."
"The questions were generally easy, but some of them made
me think for a moment."
"Some of the questions were quite hard."
"The method of answering (choosing ready-made answers
and putting crosses in boxes) was

easy to follow

difficult to follow

convenient and time saving

frustrating and restricting
"The questions were too frivolous and were put in a
childish setting."
"The setting of the questions was mildly amusing making
a pleasant change from the usual formal work."

third-year students regarded the test as a suitable challenge to

their abilities and that the exercise of completing the items was

not beneath their dignity.

Considering the nature of the items, their facilities supported

this conclusion (Table 12).

Table 12.

Try-out, Everyday Phenomena Test, Item Facilities. N.71.

Ttem No. £9% Item No. £%
1 (i) 76 7 44
1 (ii) 91 8 99
2 41 9 55
5 13 10 93
4 (i) 90 11 55
4 (ii) 48 12 27
5 (1) 99 13 75
5 (ii) 89 14 59
6 65 16 13

(Items 15 and 17 were not scored)

Trying out the test suggested that its use with the main sample

would be worth while.
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The fCluster 3' Psychology Test.

I intended the test to sample students'! understanding of selected
explanations of, or theories about, intellectual development which
were relevant to !'Cluster 3! objectives.

The test would need to fulfil several requirements:

1) It should provide a measure which is technically suitable for
comparison with measures of other capabilities.

2) 1Its contents should reflect the information available to the
students in lectures, a set text and supplementary materials.

3) It should sample the 'higher abilities' of 'application' and
'evaluation' as well as 'knowledge' (Bloom et al 1956).

4) TIts form should reduce the effects of literary capabilities
on the students' performance as far as possible.

5) It should be simple to administer.

6) It should be capable of fitting conveniently into the students!'
normal timetable.

7) Because it dealt directly with part of the students! work its
results should be capable of forming part of the college
assessment of students! work on the psychology course as a
whole.

The well-known difficulties associated with essays as means of
evaluation¥*, and my previous dissatisfaction with essays I had
had to read made this type of exercise inappropriate. Also, if
spatial abilities as opposed to verbal abilities were in question
it was important that students with high spatial ability (relative
to verbal) should not be handicapped by a need for highly developed
literary skills.

An 'objective! test with multiple-choice items seemed to be the

most appropriate type.

* Difficulties of marking objectively and 'reproducibly': the small
number of questions that can be set and the consequent inadequate
coverage of topics: difficulties in assessing the relative 'facility!
of individual questions: difficulties in assessing what is being
examined.



This is not to say that strong verbal capabilities are not needed
for success in completing multiple-choice items in objective tests,
even when the wording is reduced to a minimum and much use is made
of diagrams and pictures, but at least the multiple-choice format
removes the need for some of the literary skills involved in
producing answers in connected prose.

Because of timetabling considerations the test had to be completed
by the whole t'year'! of students at the same time. This made it
necessary for Group Tutors to administer the test to their own group
of students. The test had to be arranged so that nothing was
required of the tutors other than to give out the papers, ask for
test conditions to be observed and collect the papers when completed.

A total of 35 items, untimed, but with an average working time of
about 45 minutes, seemed suitable.

In devising the items a difficulty arose from the fact that I did
not take part in teaching the students who were to be tested. I had
some trouble in making sure that the items would only deal with
what students could reasonably be expected to know about. In
descriptions of the course, aims were expressed in broad statements
and topic headings which could denote a wide variety of content.

After discussions with the tutors concerned and an examination
of the set text (Hilgard, Atkinson and Atkinson, 1971) I produced
several papers containing questions which required short written
answers. These papers were given to students in their third year in
college (that is, who had completed the psychology course) and the
responses obtained were used in writing the 'distractors! in items for
the try-out version of the test proper.

This try-out version was administered to the 'pilot group' of
students in their second college year after they had completed the
relevant part of their work in psychology.

The further development of the test was made somewhat difficult
for two reasons. Firstly, the tutor who dealt with the Cluster 3
work left to take up another appointment. The tutor who replaced
her changed the set text (which became Child, 1973) and the ideas
considered to be important.

Secondly, the results of the first try-out test seemed to surprise
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and disconcert some Group Tutors, who produced impromptu tests
of their own. This surfeit of tests led to a noticeable
hardening of attitudes towards testing among students in the
'pilot!' groups of years two and three.

I again discussed the probable content of lectures, the parts
of the Child text to be used and films and video-tapes with
the staff concerned. It seemed to me that two broad theoretical
views were to be emphasised to introduce notions of intellectual
development to students, namely Learning Theory and Cognitive
Theory. I defined these two views ag follows:

Learning Theory.

Those explanations of intellectual development which regard
developmental change as a special case of behavioural change;
regard development as a large collection of gradual changes in
specific performances; regard changes that take place in one
period of a child's life as no different, qualitatively, from
the character of changes that occur in any other period; and regard
current environmental circumstances and the results of previous
learning as the important factors in intellectual performance.

Cognitive Theory.

Those explanations which regard intellectual development as
a gradual process which proceeds through a series of qualitatively
different stages, each of which is characterised by a different
type of cognitive structure. The structures are seen as setting
limits to what a child can or camnnot learn at a particular stage.
Each succeeding stage is seen as incorporating the cognitive
structures of the previous stage, and at the same time opening
up new possibilities for learning and thinking. The child himself
is the source of change in cognitive structure, in dynamic
relations with his environment.

I made a list of gemeralisations and principles which I thought
to be important for the understanding of explanations proposed in
the two views set out above, and discussed the list with the

tutor in charge of the course.
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The list was as follows:

Learning Theory. Cognitive Theory.
Discrimination. Developmental Stages.
Generalisation. Adaptation - Bguilibration.
Reinforcement. Semiotic Function.
Extinction. Schemata.

Successive Approximation. Cognitive Structures.
Inhibition~Punishment. Ingight.

Description and
measurement of Behaviour.
Hierarchies of Types of

Learning.

Taking these topics which could be assumed to be introduced to
the students through the various media, I re-wrote test items.*

The object of the test was to try to assess students' understanding
of some aspects of theories of intellectual development, and I
took the view that 'understanding' should involve seeing the
possible relevance of the theories to work in school or to
connected children's activities. Wherever possible the items were
set in a context of children's behaviour rather than, say,
experimental work with animals, although one or two items had to
refer directly to theories.

In this way I hoped that many of the problems presented in the
test would be 'novel! to the students, in that they were required
to apply to the problems principles learned in different contexts.
In order to do this they would have to 'understand' the principles.

I classified the items in broad categories based on Bloom,-et. al.
(1956). Details of the classification are shown in Appendices ITI
and IV and in Table 13 below.

Table 15. C.5p Test Items Classified According To Bloom's Taxonomy.

Learning Theory Items Cognitive Theory Items.
Knowledge 7 4
Comprehension 5 -
Application 9
Anal./Syn./

Bval. 1 6
16 19

* Three items, Nos. 2, 21, 27, were taken from the post-test to
Stones' (1968) "Learning and Teaching", with the permission of the
author.
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Because of the change of tutor and teaching material and the
proliferation of tests mentioned earlier, trying out the items
had to be done with interested individuals and small groups,
mainly mature students, who had access to the ideas but through
different means. The small numbers and the fact that the people
concerned had received a different pattern of instruction made a
conventional examination of the test's reliability and validity
extremely difficult to achieve before the time when it must be
administered.

Meanwhile my supervisor had gone abroad for an extended visit.
I needed the opinion of a competent judge as to the content
validity of the test.

In the absence of a supervisor I was referred, in the Autumn
term of 1975, to a senior member of the University's Education
Department, Tutor B, who had recently been appointed, and who was
well known as a writer on Piagetian matters. In his opinion
the test represented 'Cluster 3' objectives satisfactorily for
the purposes of my inquiry. A copy of the final version of the
test is shown in Appendix IT.

At the beginning of January, 1976, Tutor B agreed to act as
supervisor of the study.

The test was administered to the main sample of students on

completion of the relevant sections of their psychology work.
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Results.

By the end of the summer term, 1976, I had administered to the
main sample the three standard tests, the Cluster 3 Psychology
Test and the supplementary Everyday Phenomena Test.

The inevitable process of students withdrawing from the course
resulted in only 93 of the original 115 students having completed
the three standard tests and the Cluster 3 test. I believed that,
if necessary, this difficulty could be met by adopting the device
used by Warburton, Butcher and Forrest (1963), that is by
assigning to a student who had missed a test the mean score of
the whole group on that particular test.

Individual scores on the M.H.V, C.C.F., S.T.3 and C3P tests are
listed in Appendix VII. Distributions of scores on the four tests
are shown in Appendix VIII.

Taking the results of the 93 students who had completed all the
tests, the means and standard deviations of the raw scores.on the
three standard tests were as shown in Table 14.

Table 14.
M. and S.D. of Three Standard Tests (raw scores).
N.93.
M.H.V. C.C.F. S.T.3
Mo 55;9 57'1 70‘7
S.D. 12.5 7.2 16.2

The distribution of scores on the N.F.E.R. Spatial Test was

bi~-modal.
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The Cluster 3 Psychology Test.

I carried out an item analysis of the Cluster 3 Test following
the procedure recommended by Pigeon and Yates (1968).

The item facility and discrimination indices were computed,
and, using very broad criteria for acceptance of an item
(facility between 20% and 80%; discrimination .30 or over) only
16 of the 35 items could be considered adequate (Table 15).

Table 15 C3P Test: Item Facility and Discrimination Indices.

Item No. £9% D. Item No. 9% D. Item No. f% D.
1 84.9 .19 11 43.0 .48 17(vi) 63%.4 .41
2 7.5 .19 12 85.0 .26 18 16.1 .07
3 66.7 .56 13 37.6 .22 19 22.6  .33%
4 37.6 Y 14 49.5 .30 20 14.0 .22
5 44.1 .19 15 22.6 .07 21 67.8 .56
6 63.4 .59 16 66.7 .56 22 87.1 .33
7 59.1 41 17(i)  38.7 .11 23 4.3 %
8 6.5 .08 17(ii) 52.7 .56 24 89.%3 .22
9 26.9 » 30 l7(iii) 65.6 .07 25 72.0 .44

10(1) 31.2 .30 17(iv) 69.9 .22 26 18.3 .22
lO(ii) 49.5 .26 17(v) 58.1 .30 27 3%.3 .26
28 30.1 .30
29 10.8 .04

Application of the Kuder-Richardson formula 21 to the results
of approximately 27% of students scoring high and 27% scoring low,
as recommended by Pigeon and Yates, produced a reliability
coefficient of 0.62.

With a possible score of 35, the mean for the test was 15.7,
standard deviation 4.5

On these figures no reliance could be placed on the test as a
stable criterion measure, and scores on the test could hardly be
predicted by scores on any other test. It might have been possible
to go ahead with correlations using the sixteen 'satisfactory! items
of the psychology test, but although this might inflate the index
of reliability of the shortened test, its validity would have been
very much in question. The result would have been merely an exercise

in arithmetic.
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Yet it was hard to ignore a feeling that if students had even a
limited grasp of the ideas dealt with by at least some of the items,
they would have had little difficulty in choosing the preferred
responses.

Responses to distractors were interesting (Appendix V).. Item
No. 2, for example, was taken from the post-test to Stones!' (1968)
programmed text, "Learning and Teaching", and with Item No. 1 was
intended to serve ag an easy t'starter!.

2. A child enters a classroom noisily. If you wish to end
this pattern of behaviour by fextinction', which of
the following courses of action would you choose?

(4) Send the child out again and make him enter
quietly.

(B) 1Ignore his entrance.
(C) Punish him.

(D) Explain that he is causing a disturbance and
ask him not to do it again.

(E) Refuse to admit him until he enters quietly.

Responses were ag follows: A 53 D 14
B 7 B 17
¢ 2

It would seem that tradition and 'common sense! classroom
practices were the guiding principles for most of these choices
rather than the general notion of extinction in Learning Theory.

Similarly in Item 20 responses seemed to stem from staffroom
lore rather than an appreciation of the principles of behaviour
modification. The idea of positive reinforcement did not fare
well in Items 5 and 10(ii).

In these and many other items it seemed that students tended
to ignore the part of the question which required them to take
into account the point of view of Learning Theory. Rather they
appeared to choose courses of action which most resembled what
staffroom tradition might recommend.

Item 18 was an apparently straightforward matter of recalling
the hierarchy of learning types proposed by Gagne. Only 15
students recalled correctly.

ITtems 9, 15, 22, 24, 28 and 29 required students to evaluate



Children's responses to questioning in Piagetian type 'experiments'.
The distractors in these items were taken from published works
(e.g. Brearley and Hitchfield, 1966) or from the reports on work
done with children by my mature student groups. Students appeared
to find most of these difficult. For example, in Item 15, although
68 students chose the preferred response, A, 47 of these also chose
one or more of the distractors.

Some children are shown a glass of water and a

heaped tablespoonful of sand. They are asked, "If

I put this sand in the water, will the water level

go up, go down, or stay the same?"

Which answer/answers shows/show understanding of
the problem?

(A) It will go up because the sand takes room up.
(B) It will go up because the sand will not dissolve.

(C) It will stay the same because the sand will soak
up a lot of the water.

(D) It will go up because the sand is heavier.

(E) It will stay the same because the water is
lighter than sand.

In general, the performance of students on the test was low,
assuming that the items did represent the ideas considered important
in the instruction they had received.

Low facility and discrimination on items such as No. 2 suggested
that many students were unfamiliar with the ideas involved. The
test failed as a criterion measure to some extent because students
had not learned some of the things that their tutors said they
set out to teach.

Reflection on what emerged during my attempts to construct the
test makes this understandable.

The extent to which students were willing to concentrate their
effort after meaning towards the topic was powerfully affected by
their total work load. At any particular time, demands were made
on students by work in main academic subject, subgidiary subjects
and 'combined studies', as well as Education.

Education as a whole, including professional studies and

preparation for practical work in schools, represented only a
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third of their commitment. The 'theoretical! work in Education
took up less than half of the BEducational commitment. At any
particular time there were at least two major strands of
'educational theory'! work in progress. The 'Cluster 3' topics
were merely one part of one of these strands.

The main source of information on the topic available to
students was the set text (Child, 1973). This was eclectic in
character, and students were required to read 'relevant! sections,
the reasons why they were relevant being largely left to the
students. Lectures and films were intended to elaborate on ideas
from the reading and to present supplementary material.

Students were not accustomed to being asked to attend to the
detail of particular topics. Instead, their expectation was that
they should write essays assembled around general statements taken
from their readings, and be rewarded with 'literal grades!'.

Tutors taught with the assumption that the outcome of teaching
would be an essay, and that even in a weak essay something would
be found which would serve as its saving grace. It would have
been very unusual for a student to be required to return to a
topic for further study of particular ideas. The need to get on
to the next topic and grading exercise precluded this.

Because of all this, the tendency for students to seek a general
impression of a topic, and for tutors to teach so that a general
impression might be available to students, was pronounced. The
principle was a basic, if unspoken, assumption about what every-
body was trying to do.

The only valid criterion of achievement in this process was
therefore an essay, a form which I had avoided because of its

association with strong verbal abilities.
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The !'Everyday Phenomena! Test.

Students' responses to the Everyday Phenomens Test were
intriguing (Appendix X). If responses other than the preferred
responses were regarded as errors, the results suggested that a
signi ficant number of students held some quite remarkable beliefs
about relations between elements in everyday situations.

The responses are described at length later, and a few examples
may serve as illustrations at this point.

In Item 4(i), which described an olive placed in a cocktail~
type drink, eight students apparently thought that the size of
the olive would determine whether or not the level of the liquid
rose. Nine thought that the liquid level would remain the same.

In 4(ii) which described the addition of sugar instead of an
olive, twenty-nine students thoughtthat the height of the level
of liquid would depend on whether or not the sugar dissolved, and
forty-nine thought that the liquid level would remain the same.

Ttem 6 described two people of the same height carrying a ladder,
one in the centre of the ladder and the other at ome end. Six
students thought that the person at the end carried a heavier load,
and twenty-three thought that both people carried about the same
load.

In Ttem 11, twenty-eight students thought that the weight of an
object placed in water determined the amount by which the water
level would rise.

Item 16 required students to draw lines to indicate a level of
liquid on drawings of tilted glass containers. Twenty-two
students drew lines which were at various angles to the horizontal.

Even in Item 8, which was a version of Piaget's cows~in-g~field
conservation of area problem, five students apparently thought
that the particular disposition of djects on a surface affected

the area left exposed.
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Perhaps the most remarkable responses were to Item 14, which
required students to indicate, by drawing, where a shadow would
fall on two views, plan and elevation, of a light source and an
object. The responses of forty-nine students could not be
counted as correct. They included drawings in which the shadows
extended towards the light, others which showed shadows going in
different dirvections in the two views, responses which indicated
(sometimes in writing) that the object in the plan view would
produce no shadow, and others.
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CHAPTER THREE

Re-direction of the Study.
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CHAPTER THREE

Re-direction of the Study.

The testing procedure, including try-out work, had gone on for
two years, demanding a great deal of negotiation with staff and
students about my intrusion into their affairs, and time and
effort expended in organising suitable conditions for the many
testing sessions. Tegting within an institution such as a
college of education can disturb not only routines and timetables
but also the composure of students, who may feel that some sort of
psychical voyeurism 1s going on, and staff, who may feel with some
Justification that their work is being subjected to a rather
impertinent inspection.

There were clearly limits to what I might do in addition to the
programme already carried out.

A further disturbing feature appeared during the year when it was
made known that the college was among those which were to close
after the academic year 1977-8 as part of the general 'cut-back'! in
teacher education.

My two home-made tests, in their different ways, had brought
about a growing personal dissatisfaction with the study as planned.
I had had the results of the Everyday Phenomena Test since the
Avtumm term, 1974, and they appeared far more interesting, even as

testing went on, than a comparison of measurements of abilities.

I decided to carry out individual interviews, as soon as the
planned testing programme was complete, with students who had made
what seemed to be unusual responses. In the interviews I hoped
that students would be willing, in spite of the unfavourable climate,
to talk about what they had in mind when confronted with the
Everyday Phenomens items.

My attempts to construct a 'Cluster 3! test technically suitable

50



for correlation had also led me to think again about the usefulness
of a study of correlations between scores on tests of 'abilities! on
the one hand, and a criterion of achievement on the other.

There was the difficulty of establishing a criterion measure. It
was not clear how a suitable achievement test could be constructed
without breaking what I saw as a closed circle centred on the
writing of essays.

I had also begun to wonder about my hypothesis. It demanded that
the students should be seen as instruments whose function was to
register the relative strengths of abilities. There was something
wrong with this.

I consulted my supervisor, Tutor B, again.

He agreed that the Everyday Phenomens results were of interest,
particularly as a possible indicator of levels of intellectual
functioning, and suggested the test should be administered again
to the same students with the aim of examining changes, if any, in
the performance of students after approximately two years in college.

The Brimer cluster analysis (Brimer, 1968; Satterly and Brimer,
1971) was suggested as suitable technique for qualitative analysis
of the results.

shortly afterwards, Tutor B left to take up an appointment abroad.

At the beginning of the Autumn term 1976, Tutor C undertook
supervision of the study.

After consulting available written descriptions of the Brimer
analysis and examples of its use (Brimer, 1968; Satterley and
Brimer, 1971; Wallace, 1972; Carter, 1975) I understood the technique
to be capable of assembling data into clusters which were not
dependent upon pre-conceived notions as to why they should be so
grouped.

These clusters could then be inspected and qualitative relation-
ships proposed between elements in each cluster.

The technique would allow students to be grouped according to
their pattern of response to the various items of the Everyday
Phenomena Test, and these patterns could be interpreted as levels
of response to the test. Students! 'levels' on the earlier and
later administrations of the test could be expressed in diagramatic
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form, as in Inhelder, Sinclair and Bovet (1974). Interest would
be in students' movement, or lack of movement, from one level to
another, and in the relation of the levels to characteristics of
Piagetian stages.

I negotiated with staff and students for their agreement to
another administration of the test and this was completed in the
Avtumn term. Results closely resembled those of the first
administration (Appendix XI).

My supervisor referred me to another member of staff, Tutor D,
would would advise on the application of the Brimer analysis through
a computer programme.,

As part of the process of preparing the results for processing
Tutor D examined several examples of completed test papers. He
persuaded a lady he knew well to complete a paper and was surprised
to find that she too produced unusual responses to some of the
items. He thought that the test results were interesting material,
but that before subjecting the data to computer processing I should
re-examine the assumptions on which my proposed procedure was based,
particularly assumptions about students' interpretations of the test
items.

In order to do this it was essential to attempt to get students
to talk about the test items in spite of the unfavourable climate
generated by a surfeit of testing, students' heavy timetable
commitments and the growing uncertainty about prospects of employment
for students as their time in college approached itg end.

Apart from the constraints mentioned above there was not a great
deal of time remaining when the students would be available. I
decided to choose students so that most types of response on the
second administration of the test would be represented, and to ask
students to meet in small groups for discussion.

Thirty-one papers seemed suitable. The groups were asked to meet
after normal timetable hours. There were five groups, the number
in each group varying between three and eight members. The size and
composition of the groups was determined by the particular occasions

when students were able to attend.
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The identification numbers of students who took part in the
discussions are marked by asterisks in Appendices I and VII.

I was somewhat surprised to find that all the students invited
actually attended.

In each group discussion students sat around a table on which
there was a tape-recorder microphone and the students' completed
test papers. I asked each student to take her own paper and
explained that I would be glad to hear comments on the items which
would be helpful in interpreting responses.

I asked if students would agree to the ensuing conversation being
tape-recorded. After I gave assurances that no speaker would be
identified in any way, four groups gave permission for recording.
One group, Group 5 in the written accounts of the discussions,
would not allow recording. I took written notes of this discussion.
In each group, discussion commenced with Item No. 12 as the
distractors seemed to provide good openings for contributions. Some
care was necessary in persuading the groups to comment freely at
first, and I abandoned any attempt to use a schedule of questions,
relying on the opportunities of the moment to shape my approach.

Transcriptions from the tapes of the four recorded groups, and
notes from the fifth group, are shown in Appendix XIII. Cassette
tapes of the discussions are submitted with this thesis.

I had produced a 'flow-chart! (Appendix XIV) to try to make
clearer how I might assess the material and make use of the results
of the Brimer analysis, but I was now unsure of what a statistical
analysis might achieve.

Application of the Brimer analysis produces classes of data. The
production of the classes is said to make no greater assumptions
about the nature of the data than that they are binary events whose
frequency of occurrence and co-occurrence are subject to the laws
of probability. The content of the classes or clusters is inspected
to find something which will fit in with an hypothesis about the
'meaning’ of clusters.

Although the theory of the classificatory technique itself may

involve only statistical assumptions about the nature of the data,
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use of the technique on data such as responses to the Everyday

Phenomena test makes the quite congiderable assumption that all
testees who choose a particular item option do so for the same

reason. If this were not assumed there would be no grounds for
hypotheses. But different students may well have had different
reasons for choosing the same pattern of item options.

If, in a hypothetical case, three students X, Y and Z, chose
Option A in, say Item No. 4 (i) and also Option B in Item No. 9,
reasons for the choices such as those given below are possible.

Student X chose 4 (i) A because she forgot that the question
was about whether or not the level would rise, and proceeded as
though it was about how much the level would rise. She chose
9B because, although she felt she knew very little about bicycles,
there was something different about the one in the illustration
and it was likely to do the opposite of what one would expect
of a bicycle.

Student Y did not bother to 'think! anything, but put crosses
at random throughout the test.

Student Z thought that there must be a catch somewhere in Ttem No.
4(i) and chose A because it seemed non-committal.

In Item No. 9 she chose B after tracing her pen round the drawing of
the belt and deciding that the rear pulley must turn in the opposite
way to movement of the pedal.

The responses, crosses made in boxes on the test paper, all look
alike, but their 'meanings!' are potentially diverse. It is a fairly
long step to read meamings into the responses by virtue of the fact
that particular combinations of choices are revealed by cluster
analysis, even though the odds on their appearance are 'better
than chance'. The test reduced the situations that the items dealt
with, merely by describing them. The 'multiple~choice! answer options
reduced possible response still further. Connections were already
established between the situations by their inclusion in the test.
The only bond between combinations of responses produced by cluster
analysis that could be inferred with confidence was the fact that
all the students had taken the test. Pursued to the end, this line
of argument meant that I, the compiler of the test, was the bond
holding students, items and responses together producing the context.
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I was at a loss for some time about the best course of action to
take, and other matters intervened. The college was closed and I
took up another course of study. These events are briefly described
in Chapter 6.

On returning to the dilemma presented by the Everyday Phenomens,
material, it seemed best to try to describe students! test regponses
and contributions to discussion in as much detail as possible
and to relate them to Piagetian theory in a way which was frankly
interpretative, rather than to produce findings from a statistical
analysis of one part of the material.

Chapter 4 which follows represents an examination of test
responses and contributions to discussion in respect of each test

item, and their interpretation with reference to Piagetian theory.
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CHAPTER FOUR

Reactions of Students to a Test

based on Piagetian Problems.

(1) Exemination of Test Responses and Students' Comments in

Discussion.

The marks that students made on the Everyday Phenomena* test
papers as responses to the items could signify a variety of kinds
of response. Students may have believed that their response was
the most suitable answer, and arrived at this decision through
reasoning and use of the knowledge they had. In the multiple-
choice items students may have guessed, either blindly or by
elimination of some of the distractors. Students may have interpreted
the items in ways different from the way I intended them to be
interpreted. Because of the content and style of presentation of
the items, a contemptuous or flippant treatment of the test by
students was possible.

Possible reasons for the different responses are discussed in the
examination which follows of students' reactions to each item of
the test.

* The abbreviation E.P. is used for the title "Everyday Phenomena
Test".
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Examination of Results, Item by Item.

Item No. 1

Fig. 1. E.P. TItem No. 1.

i

These qre scale drawings ot bottles in
wh:éé a, Ce%f&ﬁﬂ hrand &4 ﬁeﬁﬁuﬁ& 'S
<ol Each bettle s round. Which of
Hhe dotted lines (A A ovC) on Bottles
2 awnd 3 show where the };wuﬂﬁwdﬂ
come up tb in corder To have the
same agmount as Bottle |7 Put o
ceoss  in Lhe cappmpe’iat@ boxes i Che

answer Column

Table 16. B.P. Ttem No. 1. Results:1974. N.115.

i) (Bottle 1.) A1 ii) (Bottle 2.) A 100
B 22 B 15
c 92 ' c -
N.R. - N.R. -

(W.R. = No response)
I expected that most students would follow the line of reasoning:-

The bages of the bottles are the same diameterf The sides of the
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second bottle slope outwards, so to compensate for the greater width
the surface of the liquid must be lower. Therefore, C. The sides
of the third bottle glope inwards, therefore A.

In (i) 23 students (20%), and in (ii) 15 students (13%) apparently
did not.

There was little change in the results of the 1976 administration
E.P. Item No. 1.

Table 17. E.P. Item No. 1.

Results. 1974 - 1976 (Responses of those students who completed the
test on both occasions) N.86.

i) 1974 1976 ii) 1974 1976
A - 1 A 17 79

B 19 22 B 9 6

C 67 63 C - 1
N.R. . — - -

Leaving aside idiosyncratic responses for the moment, arriving
at the preferred responses (C in (i) and A in (ii) ) depends upon
seeing the bases of the bottles as equal in diameter. The term
'scale drawings' in the item stem was intended as a cue to this,
and the lines representing the bottle bages are approximately
equal in length, although how these are seen may be affected by the
lines representing the sides of the bottles.

Students! contributions to discussion of the items indicated
possible ways leading towards the choice of a particular answer.
(Group 1) The B line on both of them is the same as the first

one, so that couldn't be right. The second bottle was
bigger so it should be lower down, and the third bottle
was smaller, so it should be higher up.

For this student at least, it was a straightforward problem of
the conservation of continuous quantity. One would imagine that
the correct responses were based on this kind of approach, deducing
a necessary conclusion from a known principle - seeing the !'structure!
of the problem. Some correct responses could, of course, have been
arrived at by other means.

Other comments suggested uncertainty and some confusion:

(Group 4) ...... on thinking back I wasn't so sure. With the
sides being wider would it really go higher, or
would it be the same if it was that bit lower?
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One reason why a student might look for the structure of the
problem and fail to find it, is that the item stem does not spell
out explicitly that the bases of the bottles have the same diameter.
But a student confident in sorting out the relations involved
would ask, at the outset, '"Are the bases equal in diameter? If
so such-and-such will follow", and check the cues available.
Students who reported feelings of confusion on this item also said
that it had not occurred to them to check the bases. No student
commented on being unable to arrive at an answer because of lack
of information. It is  possible that some students knew that there
should be a logical procedure available to them, but did not know
what to look for - the relation between the three elements on which
to base deductions.

This view is supported to some extent by the fact that, in both
administrations of the test, the total number of errors on Bottle 2
was greater than the total on Bottle 3. A deductive process should
have made Bottle 2 no harder to deal with than Bottle 3.

Comments from Group 5 suggest that some students used the general
appearance of the illustrations as the data on which to base choices:

I imagined the straight bottle placed over the top
of the others.

I looked at the amount of white paper inside the
lines and thought about how much there was.
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Item No., 2.

Pig. 2, BE.P, Ttem No. 2.

Fred wants b woter the far end of
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held %{ﬂt’i hese ‘P'P? fo Make the wataw
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Answes Ceoivmn,

Table 18.

E.P. Item No. 2 Results. 1974. N.115.

A 2
B -
C 42
D 51
E 18
None 1
N.R. 1
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I anticipated reasoning such as - You need to raise the nozzle
in order to give height, otherwise the water will soom touch the
ground because of gravity, but unless the nozzle points forward
the water will not reach far; therefore a compromise between
vertical and horizontal:- C.

A sophisticated testee, however, may remark on unstated conditions;
the question of air resistance, the factors which determine when
the water jet will eventually break up into drops (size and shape
of the nozzle, etc.) and so on.

She may point out that the hose-jet is unlikely to be a parabola
and that rules (to do with the angle of elevation for a parabolic
trajectory under constant downward acceleration and fixed projection
velocity to give maximum travel) would be inappropriate.

In short, from the point of view of formal physios, the item is
very hazy. Answers B, C, or D must be accepted as possibly correct.

It is all the more interesting that 22 students (19%) did not
pick B, C, or D. Two chose the vertical, eighteen chose the
horizontal, one chose "None'" and one did not respond.

Results in 1976 were similar.

Table 19. E.P. Item No. 2.

Results. 1974 - 1976 (Responses of those students who completed
the test on both occasions). N. 86.

1974 1976

A - -

B - -

C 30 31

D 40 38

B 14 16
None 1 1
N.R. 1 -

Contributions to discussions indicated that, at least among
the students taking part, there wag more of an attempt to remember
from experience how a jet of water behaved, rather than an appeal
to 'laws!.
(Group 1) I was standing with a hose pipe .... the height the
water reached and .... how far it would go.
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(Group 5) I imagined myself looking at the place where the water
had to go, and chose the middle one.

Most students thought A very unlikely. When asked which of the
answers could be eliminated easily:

(Group 2) A! (laughter)

(Group 3) A, straight away.

(Group 1) A can go out .... I thought it was between G, D, and E.

No student, in 1974 or 1976, chose B. Thig may have been because

B is next to A, and A is clearly out (except for two students in the

first administration):

(Group 3) I'd say E was a possibility, but not B; it's not much
difference from A to B really.

Rejection of A was the starting point for another student who

chose E:

(Group 5) If you point the hose-pipe straight up, it comes down
next to you, so the furthest away from that must be the
one that goes furthest, so I chose 'hose-pipe level!.

E was attractive to a number of students in the discussion groups:

(Group 5) I picked D because it was the nearest to E. I thought
that there must be a catch in it so I didn't put E.

(Group 1) .... said to ... about putting E, but somebody said
that was wrong because it was C. But if you put your
finger over the end of the hose ....

(What made you choose E in the first place?)
Just seemed to me that if you stuck it out in front
it should go further .... if you chose C it would have
to go up, but if you pointed it directly it would
Just have to go straight.
Some students did not want to hold water-pressure as a given
constant:

(Group 5) It depends on the pressure of the water.

(Group 1) Doesn't it depend on how much water is coming out of
the hose~pipe in the first place?

(Group 2) Course, it does depend on the force of the water.
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Item No. 3.
Fig. %3 E.P., Item No. 3
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Table 20 E.P. Item No. 3.

Results. 1974. N.115.

A -
B 1
C 85
D 21
E b
None 4
N.R. 1

I expected that most students would have an intuitive grasp of
the relation between weight and distance from the pivot, since
see-sawing involving experimentation is a common play experience.

30 Students (26%) did not choose C.

The 1976 results showed a slight increase in 'correct!
responses:
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Table 21. B.P. Item No. 3.

Results. 1974 - 1976 (Responses of those students who completed
the test on both occasions) N.86.

1974 1976

A - 1

B 1 1

Y 59 67

D 19 10

E 3 2
None 3 5
N.R. 1 -

Comments in discussion indicated that experience of see~sawing
was drawn upon rather than learned 'laws':

(Group 5) I thought about see-sawing when I was at school.

One of us sat at one end and two of us would work
our way up from the middle till we balanced.

(Group 3) I went back to childhood.

(Group 1) I remember see-sawing last summer ... that's what I
related this to. I was always one of the heavier ones
and I always had to sit next to the middle bit ...

Most students were aware that there was some principle which
described the relations involved, but no-one felt comfortable about
it:

(Group 1) There's something vaguely reminiscent of physics
lessons in that as well.

(Group 5) I kept thinking about the word !fulcrum'.

(Group 2) There's a rule to this, isn't there, the distance from
the fulcrum or something ...

(Group 3) I related it to science - we used to try to get rules
to balance ...

(You were thinking of a general principle?)
Yes.

(Is it one you could put into words?)

No.

(Group 2) The work at school was confusing in these questions.
We had to remember so many different factors that

affected something.
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(Group 1) .... as she was twice as heavy as her brother she'd

be in the middle .....
That's what put me off - as soon as I saw it was "twice!

I thought, Oh, it's got maths in it; that's me out for

a start.

Choice of E or None might be taken to mean "Tt can't be done'.
Choice of B or D could reflect doubts about where the centroids of

mass of Jack and Jill might be.
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Ttem No. 4 (i).

Fig. 4. Item No. 4 (i).
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Table 22. E.P. Item No. 4 (i):

Results. 1974. N.115.

ok
O

N.R. -

I expected that virtually all students would choose the
preferred response, C, on the basis of everyday experience,
stories such as Aesop's Raven and so forth, if not from formal
rules learned in school physics lessoms. Yet 19 students (16.5%)
did not. This figure had reduced to 7% in 1976.
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Table 23. E.P. Item No. 4(i).

Results. 1974 - 1976 (Responses of those students who completed
the test on both occasions) N.86.

1974 1976

A 8 2

B 8 4

C 69 80

D 1 -
N.R. . -

Some of the comments in discussion were as surprising as the
choice of anything but C.

(Group 3) You really had to think about this.

The uncertainty of some of the 'correct' students was exemplified
by comments such as:

(Group 5) I put C, but A could be right.

There was certainty that the liquid level would not be made lower,
but a feeling that the other options could not be dismissed lightly:
(Group 2) It won't go lower.

(Jumbled conversation)
It depends on the size of the olive too.

A possible reason for choice of A may be confusion about what
depends on the size of the olive, some students perhaps forgetting
that it was whether or not the level would rise and thinking instead

that it was how much the level would rise. No one, however,

mentioned this in discussion.

A hint of why A may have been chosen in some cases came from
Group 5:

Do olives float?

A floating olive may only produce a very slight change in the
level of the liquid. One could therefore say, in that case, that
the change would be imperceptible; the fact that the level must
in principle, rise by some amount being forgotten, or left out of
account because general rules were not appealed to, or, conceivably,
not fully grasped.

Other students had recollections of what they thought the law
to be:
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(Group 4) I thought of the theory of the weight of something
going into the container and the amount of water being
displaced being the same as the weight of the object

that was placed into it.

This lack of, or partial grasp of a principle was also indicated
by the results of a relevant item in the (3 Psychology Test (No.9.)

Some children are shown a glass half full of water
and a ball of plasticine. They are asked, "If I put
the ball of plasticine in the water, will the water
level go up, go down, or stay the same?" This is
followed by the question, "Why?" The following are
answers given by the children. Which answer/énswer
shows/show understanding of the problem?

(A) It will stay the same because the ball is little.

(B) It will go up because the ball is heavy and makes
the water go up.

(C) It will stay the same because the water can get
under the ball.

(D) It will go up because the water is lighter.

(E) It will go up because the water can't get into
where the ball is.

Table 24
Results. Ttem No. 9 C3P Test. N.93.
(Preferred response) - E 25
B 9
B & E 30
B&D 9
B, D&E 14
D&E 4
A, B & C 1
A& C 1

Statement A resembles "It depends on the size of the olive.

Statements B and D have the same confusion of weight and volume
as that indicated in the comment (above) by the students in group
4.

68 (73%) students accepted A, B, or D as statements which

displayed "an understanding of the problem".
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Item No. 4 (ii).

Fig. 5. Ttem No. 4(ii).
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Table 25. E.P. Item No. 4(ii).

Results. 1974. N.115.

A 1
B 29
C 34
D -
E 49
N.R. 2

A very sophisticated testee might point out that it is not
bhysically impossible for some substances to contract in solution

due to unusual strengths of inter-molecular bonding forces.
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However, the substances involved are sugar and (one would be
fairly certain) alcohol, and the answer must, in principle, be C.
The amounts indicated in the illustration also suggest quite a
substantial (perceptible) rise in liquid level.

A less sophisticated testee might be expected to draw on
experience in cookery, as well as such activities as sand~and-
water play in childhood, and formal school science, particularly
in the primary school.

81 students (70%) did not choose C.

A high proportion did not choose C in 1976.

Table 26. E.P. Item No. 4(ii):

Results. 1974 -~ 1976 (Responses of those students who completed

the test on both occasions) N.86.

1974 1976
A - -
B 21 18
C 24 39
D - 1
E 40 27
N.R. 1 1

Discussion in Group 1 indicates the uncertainty produced by this

item:
Oh, this one with the sugar .....
A body in water displaces its own weight ..... I
remembered that but got confused when we got to the
sugar..... if you put in half a ton of sugar it's
bound to go up, isn't it ..... unless it dissolves
seees Oh dear. If it dissolves it must dissolve
in something, mustn't it? Therefore there must be -
more of something than there was before .....
I put "The same'.
I didn't put anything.

The question arose of whether a change in liquid level could be
seen or not, again suggesting that for some students it was a
‘matter of what could be observed in particular circumstances
rather than what must necessarily follow from an established

principle:
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(Group 5) If it dissolves, how can you see a difference?
A student in Group 2 suggested a conflict between what is
known and what one thinks may be seen:
»»s0. Xperience as against reason. Reason gays
that when it goes in it's displacing something,
but if it's being dissolved it must be adding to
the liquid .... it must be a fraction higher, you
know, it's not really perceptible.
The results of Item No. 15 of the Psychology Test seem to
support the impression of considerable uncertainty in students
about this problem.

Some children are shown a glass of water and a
heaped tablespoonful of sand. They are asked,
"If I put this sand in the water, will the water
level go up, go down, or stay the same?"

Which answer/answers shows/show understanding of
the problem?

(A) It will go up because the sand takes room up.
(B) It will go up because the sand will not dissolve.

(C) It will stay the same because the sand will
gsoak up a lot of the water.

(D) It will go up because the gand is heavier.

(E) It will stay the same because the water is
lighter than sand.

Table 27.
Results. Item No. 15. C3P Test. N. 93.

(Preferred response) - A 21
B 3
C 9
D 1
B 6
A& B 24
A&D 9
B&D 3
A, B&D 12
B& C 1
A& C 2
C&E 1
D&E 1
B implies that if the sand would dissolve the level would not

80 up.
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C involves a similar idea of one substance taking in the other
without an increase in volume.

55 (59%) students accepted B or C as statements which displayed
"an understanding of the problem™.
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Items Nos. 5(i) and (ii).

Fig. 6. B.P. Test Items Nos. 5(i) and (ii).
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Table 28. E.P. Item No. 5 (i).

Regults. 1974. N.1l15.

B 1
C 102
Neither 5
N.R. 1

This item seems straightforward and less open to different
interpretations than others, but 13 students (11.3%) did not

choose the preferred response, C.

In 1976, 5 students (5.8%) did not choose the apparently
obvious C.
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Table 29. E.P. Item No. 5 (i).

Results. 1974 - 1976 (Responses of those students who completed the

test on both occasions) N.86.

1974 1976
B 6 3
¢ 76 81
Neither 3 2
N.R. 1 -

Table 30. E.P. Item No. 5(ii).

Regults. 1974. N.115.

A 14
B 5
c 93
N.R. 3

22 students (19.1%) did not choose C. The proportion was slightly
less in 1976, 13 students (15.1%).

Table 31. E.P. Ttem No. 5(ii).
Results. 1974 — 1976 (Responses of those students who completed
the test on both occasions) N.86.

1974 1976

A 10 6

B 5 5

c 69 73
N.R. 2 2

The few comments on both (i) and (ii) in discussion were mainly
concerned with the general difficulty of imagining what would
happen:

(Group 1) I remember playing with things like clocks - but again
I couldn't remember which one went which way. I was
trying to remember what it did used to do. I expect
it was .... a child's .... plastic cogwheels ....
tried to sit and think, if I turned that one which
way did that one go. I played for hours with it
but couldn't visualise it sufficiently well to
actually see it. I put down the first thing that
came into my head because I haven't the faintest

idea, simple as that really.
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(Group 5) Circular lines are difficult to see.

(Group 2) I was trying to think of a watch .... you know, what
you find in a watch with the back off, wheels going
round. For some reason I thought that if one goes
round one way the other must go round the opposite
way, so the other one, the tiny one, will go the
same way as B.

This last comment is particularly interesting since it indicates
that a student may recall or abstract a principle correctly, and express

it in words, but somehow fail to apply it.
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Item No. 6.

Fig. 7. E.P. ITtem No. 6.
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Table 32. E.P. Item No. 6

Results. 1974. N.115.

A 6
B 70
C 23
D 16
N.R. -

45 students (39.1%) did not choose the preferred response, B.
In 1976, 38 students (44.2%) did not choose B. The question appears,
superficially, to have become tharder!.
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Table 3%. E.P. Item No. 6.

Results. 1974 - 1976 (Responses of those students who completed
the test on both occasions) N.86.

1974 1976
A 6 6
B 50 48
c 16 24
D 14 8
N.R. - -

If the testee notices that Fred is under the centroid of mass
of the ladder and can draw upon recollections of school maths and
science lessons, or upon experience of carrying long objects,
choice of B would seem to follow without many complications.

For those students who took part in the discussions and knew what
to look for, this appeared to be the case:
(Group 4) (In deciding between A, B and C)
Well, Fred was really the balancing point ....

It was not at all a straightforward matter for other students. A
member of Group 1 noticed for the first time the significance of
Fred's central position and a lively argument followed as she tried
to persuade other group members that because Fred was in the middle
of the ladder he would bear the heavier load:

Oh, I've just noticed, Fred is actually dead in the

middle of the ladder. Therefore it should balance on

his shoulder. So in that case Fred's carrying a

heavier load than his wife.

Not necessarily sesee.

Not necessarily if his wife is carrying all the first bit.

Well, if it balances it might just be leaning on her

shoulder.

How do you know that? How do you know that she's not

carrying a heavier load than him -~ he might just have

his hand on 1t?

But he's dead in the middle .ecc..

Yes, but she might be just as strong as him, so she might

pull heavier so she'll be carrying more than him.
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esse.. equal weight on each side so that he's carrying
virtually all the weight of the ladder.

No, I don't agree.

Yeg, if his wife wasn't there, he'd still balance the
ladder on his shoulder.

It would drop down at the front ......

sssese if you count the stiles on the ladder ......

I don't think it makes any difference to it.

If you put a pencil on the middle of your finger it
balances, doesn't it?

It depends on how much they were carrying, doesn't it?
No. (Demonstration of pencil balanced on one finger
with another finger near the end).

I think they both carry about the same weight.

One, two, three, four .... (counting steps of ladder).
Well, Itve got that Fred'!'s carrying a heavier load but
I couldn't tell you why I got that in the first place
because I definitely didn't think of what I just said.

Another student noted Fred's position but thought that this
would make it easier for him:

(Group 5) He is balancing the ladder so he's not taking so much
weight - if you balance something you're carrying it's
eagier to carry. His wife's taking the weight.

This argument seems to have behind it a comparison of two people
carrying separate loads, one person balancing his load while the
other does not.

A student gave a novel reason for suggesting that Fred might
carry less than his wife:

(Group 1) Now I see a different answer to this one. The person
behind is always the worse off - I mean, is better off
than the person in front, because they can't see how
much the person behind is carrying, can they? The
person behind might only have his finger tip on it as
far as you know ...... like on a tandem - yes.

An argument developed in Group 2 about whether precise measurements

were needed in order to arrive at an answer:
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I put that they both carry about the same load.

(What sort of argument did you have to ...?)

I can't really remember .... I didn't like the

question .... because .... er .... I didn't think

there was enough information. Because I think it depends
on their height ....

I mean if Fred is ....

(It says they are the same height ....)

Yes.

Fred is half way along the ladder so there's half of

the ladder over his shoulder, and he is balancing on the ....
(Interruption ~ person coming into the room)

«eeoo I took it that he was half way along the ladder so
youlve got half of it in front of him with his wife

holding it, and half behind, er .... now you could be more
definite, er .... certain about the answer if you knew the
length of the ladder and what position on the left and
where his wife was ....

Yes, but it tells you.

She's holding the end of the ladder there ....

Yes, precisely, it's just an approximation: it could be ....
««s. but then you've got to sit down and measure it, haven't
FOU wows

Well, er «u..

..+ to make sure that whoever's drawn it is accurate.
That's what you assume.

-ex+ not enough information given.

I thought there was enough information to answer the

question, but then ....
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Item No. 7.
Fig. 8 E.P. Item No. 7.’
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In the Piagetian experiment which made Item No. 1 necessary
(Inhelder and Piaget, 1958, p.3), children's understanding of
the equality between angles of incidence and reflection was

investigated through their use of "a kind of billiard game'.
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Balls were launched with a tubular spring device

that can be pivoted and aimed in various directions
around a fixed point. The ball is shot against a
projection wall (with a rubber buffer) and rebounds
to the interior of the apparatus. A target is

placed successively at different points, and subjects
are simply asked to aim at it. Afterwards, they
report what they observed.

Inhelder and Piaget were interested in the way in which children
noticed and interpreted regularities in the behaviour of the ball,
and although they required children to formulate a law by induction,
they did not need to be too concerned about the niceties of the
situation. However, when a multiple~choice item is devised, set
in what was hoped would be an ‘everyday! situation and intended
for adult subjects, problems arise, even when the purpose is merely
to gain some idea of whether students are already familiar with the
idea of equality of angles of incidence and reflection rather than
to explore the subtleties of how the law is discovered.

A physical scientist commented on Item No. T:

It depends on the resilience of the cushions, i.e.

the age of the billiard table and how recently warmers
were put on the cushions - or ghould I say, we're not

told the coefficient of restitution of the cushion at X.
The coefficient of restitution is always less than 1:

the lower the coefficient of restitution, the more the
angle of reflection of the ball will be greater than the
angle of incidence. But acting against that, the ball
will be given spin by the cushion; kinetic energy of
motion parallel to the cushion will be converted into
kinetic energy of rotation, so this means that the angle
of reflection will be substantially less than the angle

of incidence. These two effects act in opposite directions.
We are not told the coefficient of restitution, and we are
asked which ball is "mogt likely", so we have to make a
guess between the possible ones (A is clearly ‘'out') -
let's plump for C.

If a testee knows the principle involved, and all the qualifications
that may be necessary, she still must be able to judge the angles
by 'eye!, perhaps helped by drawing lines. However, it seems to
me that A and B would clearly be implausible to anyone knowing
the general principle, and a little care would lead to choice of C
rather than D.

In the event 58 students (50.4%) in 1974 did not choose C.
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Table 34. E.P. Item No. 7.

Results. 1974. N.115.

A 11
B 21
C 57
D 26
N.R. -

The result was much the same in 1976, when 45 students (52.3%)

did not choose C.

Table 35, E.P. Item No. 7.

Results. 1974 - 1976 (Responses of those stﬁdents who completed the

test on both occasions) N.86.

1974 1976

A 7 6

B 14 18

C 43 41

D 22 21
N.R. - -

In discussion a few students were confident about the principle
involved:

(Group 4) There's a principle.

(What was the principle?)
Angles of reflection ~ it had to be the same angle
going on as going off.

When one student mentioned the principle in a tentative way it

was thought highly unlikely by other members of the group:

(Group 1) I'd got some idea that it had to bounce off at the same
angle that it bounced on .cesa
(general laughter)

Some students thought that a right-angle came into it somewhere:

(Group 3) I was under the impression it should make a right-angle
with the line the ball travels to X.

(Group 1) ..... I was trying to remember what I'd seen on television
I was trying to work out what I'd seen, but I couldn't ...
the principle that any ball that bounces off the gide
bounces off at a right-angle. So therefore you drew a
right angle from where you ... make a right angle with X.
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Others relied frankly on intuition:
(Group 5) I drew lines and chose the one that looked right.
Itve played pool, but I don't understand the geometry.
As in the other items, many students tried to abstract principles
from what they could remember of actually carrying out or watching
the actions concerned, e.g. Group 2, Appendix XIII.
Some students, basing their reasons on recollections, maintained
that any of the balls could go into pocket X:
(Group 5) It depends on where you stand. You can hit X from
anywhere.
(Group 3) When you play pool you can hit them from all angles.
(But it says "exactly in the centre of the ball with
the right amount of force ....")
It depends on where the actual ball you're hitting is
being hit from.
(Group 1) Really, any of them could have gone in.
(It (the test item stem) says, "If each of the balls
is hit with the right amount of force ... (etc.)" I
believe that in order to put spin on a ball you have
to hit it at the side ....)
Yes, but we're not to know that, are we?
The impression of uncertainty is confirmed by the results of Item
28 in the Psychology Test.

- The diagram shows a plan view of a board surrounded by a
rubber-lined buffer. Targets are placed on the board
(1, 2 and 3). Balls can be shot at the targets from a
spring-gun at one corner (4), but the targets can only
be hit by bouncing the balls off the buffer (5).

5 ul Some children play with the
' 03 apparatus. They are then
asked to find a rule for
hitting the targets. Which
answer/answers shows/show
understanding of the

W
NI
\x problem?
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(4)
(B)

(¢)

(D)

Howpk

N.R.

There has to be a right-angle between the
angle of incidence and the angle of reflection.

The angle of incidence has to be the same as
the angle of outsidence - it has to come off the
buffer at the same angle as it went on.

You have to make the ball come off the buffer at
a right-angle - you have to point the gun so that

you get a right angle.
When it misseg by four inches, you have to hit

the buffer four inches back ~ and the same for
other inches.

Table 36
Regults. Item No. 28 C3P Test. N.93.

17 A and D 6

28 A and B 1

16 A and C 10

10 Band C 2

1 Band D 1

C and D 1

Statements A and C clogely resemble those made by some students

who believed that a right-angle was involved somewhere in the

principle.

Statement D implies an unawareness of the importance of taking

angles into account.
64 students (68.8%) accepted A, C or D as statements which
"show understanding of the problem".
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Item No. 8.

Fig. 10. B.P. Item No. 8.
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The question could be taken to mean '"Which arrangement involves
less work?" and, for people familiar with grasscutting, attention
focussed on the total length of edge to trim in each case. The
answer must still be "None of them".

In 1974, 6 students (5.2%) for some reason did not come to this
conclusion.



Table 37. E.P., Item No. 8.

Results. 1974. N.115.

A 1 B,C and D 1
B 1 A, B, Cand D 1
C 1 N.R. 1
D —

None 109

In 1976, 3 students (3.5%) did not choose "None of them".

Table %8. E.P. Item No. 8. Results 1974 - 1976 (Responses of those
students who completed the test on both occasions) N.86.

1974 1976

A - 1

B 1 -

C 1 1

D - -
None 84 83
B, C&D - 1
N.R. - -

Only one comment emerged from the discussion groups:
(Group 1) I immediately thought of the psychology we did - what
was it - conservation of space or something, where the
children knew all the funny answers .... it's sort of

the same.

The cows~in-fields problem was evidently close enough to be
recognised. It is just conceivable that a few students lapsed
momentarily into non-conservation of area under the special

conditions of testing.

87



Item No. 9.
Fig, 11. EB.P. Item No. 9.
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Apart from the students described in this report, a number of
people have examined the items both before testing when the test

was being prepared, and afterwards, until quite recently. These

people have included scientists of various kinds, techmnicians

and mechanical engineers. With one exception Item 9 geems to have

been interpreted as something like the following: "This is a
specialised bicycle having instead of the normal gear-wheel, chain

and free-wheel, a large pulley-wheel, a belt and a small pulley-wheel
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fixed rigidly (that is, not on a ratchet) to the rear road-wheel.
The question is about what happens when a rider mounts the cycle
and pushes the pedal'.

In short, people knowledgable in mechanical matters have made
the assumptions that I wanted to be made when producing the item.
The typical answer to the question was "It's B, obviously." Apart
from the exception mentioned above, no-one has suggested that A,

C, or D could be entertained as reasonable choiceg.

But a difficulty arises if the testee does not assume that the
rear pulley is a 'fixed' wheel. In everyday life 'fixed!' rear cogs
are rare; bicycles usually have 'free-wheels' (ratchet-wheels)
which allow 'free-wheeling'. If the bicycle in Item 9 had a free-
wheel pulley attached to the rear road wheel, pushing the pedal as
described would not move the bicycle. This occurred to me only when
trying to imagine reasons for some of the students' choices of
answer. The item-stem should mention a fixed-wheel pulley but does
not: C could therefore be a reasonable response.

A second difficulty also arises from an omission from the item—stem.
In order to produce a simple and reasonably clear drawing I did not
include a rider in the illustration as the legs would have obscured
the belt and pulley-wheels arrangement. Some testees may not assume
that the bicycle is to be mounted before the pedal is pushed forward.

It was pointed out to me* that if an ordinary everyday bicycle
is not mounted but merely supported so that it does not fall down,
with a pedal placed at the bottom of its turn, and the pedal is
pushed backwards, the bicycle will roll backwards.

If the bicycle in Item 9 (assuming a fixed-wheel rear pulley)
were held as described above, and the pedal pushed forward the whole
machine would roll forward. The item-stem should have read, "If you
sat on the bicycle and pushed the pedal ...."

A and possibly D could therefore be reasonable responses if

supported by this argument.
In 1974 51 students (44.3%) did not choose B:

¥ By Mr. W.M. Brookes.
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Table 39. BE.P. Item No. 9.

Results. 1974. N115.

A 20
B 64
C 26
D 5
N.R. 2

In 1976 38 students (44.2%) did not choose B.
Table 40. E.P. Item No. 9.
Regults. 1974 - 1976 (responses of those students who completed the
test on both occasions) N.86.

1974 1976

A 16 21

B 48 48

c 19 1%

D 2 1
N.R. 1 3

The points about the free~wheel and the mounted rider had not
arisen when the group discussions took place, and no-one mentioned
them during any of the sessions. While they remain possible
reasons for some of the responses, the assumption throughout the
discussions was that the rear pulley was 'fixed! and that the
rider was mounted when pressing the pedal. This can be inferred
from most of the contributions.

There were many comments expressing a general uncertainty:

(Group 3) I think what put me off, I can't ride a bicycle, I don't
know anything about them.

(Group 2) I haven't even a vague idea about bicycle chains or
anything like that. I just couldn't figure it out.

(Group 1) It's like that cog-wheel (No. 5), you can't really
remember.

The arrow in the illustration indicating the way the pedal was to
be pushed confused some:

(Group 2) (Where did it start to get difficult?)
Well, it wasn't .... I mean if you .... could just put
A, saying it was going forward .... because, to me the
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arrow 1s pointing that way, it's almost biased.

(Oh, you mean that's acting as a cue to make you say,
"Yes, it's going forward?")

(Unintelligible)

(It's necessary to mention it (the direction of the push)
isn't it, otherwise ....)

But surely, if it pointed backwards, you'd go backwards.
Yes, but surely, if that's going round that way ....
you'd go forward .... no .... twisted .... the push comes
.-.. That's where you've got the push, and the wheel will
be going backwards.

(Unintelligible comments)

Then the pull bit would go round under ....

-«+s pushing at the top which will start the wheel in
motion backwards, and then the pull .... underneath which
continues .... in other words, it's going backwards.

Yes.

Well, I don't know. I've just looked at it again; it
would break; I mean it's silly.

I thought of it going forward, but I wrote backwards;
looking at it now I'd say forwards.

(What would make it go forwards, did you say?)

Because of the arrow and this little thing ....

The feeling that the belt would snap because of opposing forces

came up in each group except Group 4.
(Group 2) (Did you say that the belt would snap?)

(Group 3)

L thought so. I put that ....

I don't know - that would make that one turn backwards
and it couldn't turn .... S0 «...

(so one wheel would be going one way and the other would
be going the other way, and therefore the belt would
snap?)

Yes.

I think I decided that would be pulling against that and
the belt would break. If you pushed the pedal forward
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that would go back and it wouldn't work at all ....
That would go forward (gear-wheel) that would go
backwards (rear road wheel) therefore it wouldn't
work at all.

It would depend on the amount of pressure. The bike
would stay still and the belt would eventually snap
or something.

(Group 5) I think the belt would snap.

(Group 1) I tried to work it out .... if the band was going like
that .... oh, I don't know what I thought now, but I
remember thinking that if you turned the pedal forward
which presumably you could do with that, if you forced
the pedal forward then what would happen to the band?
It would snap.

Two other comments expressed the idea of opposing forces:
(Group 5) I don't think the bike would move at all. Surely the

wheels would go in different directions and prevent
movement either way. If you pedal forwards this gives
a slight forward momentum to the bike, but it wants to
go backwards - you would fall off.

Several students had traced with a finger round the line representing
the belt, but found that the help that this provided ceased at the
point where the belt crossed or at the rear pulley:

(Group 4) (when does tracing your finger round cease to help?)

When it comes back the other way.

(Group 3) I couldn't answer it. I got half way and couldn't get

back.

(Group 1) It (the arrow) makes you think that its going to go

backwards.

(Why should it do that?)

What?

(Go backwards)

Because the chain is on a twist and it probably won't do
what it normally does.

(But you actually traced it round with your finger,
didn't you?)
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Yes.
It's one of those things you just can't visualize in
your mind.
(Is it the fact that you are trying to imagine movement?)
(Murmurs of assent)
Once you've worked out one stage, you've forgotten one
stage.
It was the same with the cogs .... got so far round ....
but then I got confused and I couldn't remember what
the first one was doing, in relation to the second one,
when I came to the third one.
(Which was the confusion point on this one?)
It was the twist ...,
(In spite of your finger going round?)
Yes. If it had been a three-D picture I might have been
able to .... but because I couldn't actually go round it
properly ....
With Group 2 discussion returned to Ttem 9 after the other items had
been deglt with,
Why does it go backwards? I've written it but I don't
know why.
(I attempt to demonstrate the path of a point on the
belt as it travels round the two wheels)
But then, if you're pushing that way, going like that,
you're going forwards this way but your back wheel's
going backwards.
(But it's only your leg that goes forward, isn't it,
the machine itself wouldn't go forward.)
(Unintelligible)
This seems stupid to me, you pedal it ome way and it
goes the other.

A quite revealing comment was thrown into Group 1's discussion:

I thought it would be a pretty useless bike if it didn't
go forward anyway.
Piaget (19%0, Chap. 9.) got children to explain how a bicycle works,
and from their explanations inferred "a gradual progression from
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irrational dynamism to .... a genuinely mechanistic view of
caugality”. In item 9 testees are asked to imagine what would
happen if part of the chain of causality took an unusual course.
The discussion reported above hints at an inability to let go

of the idea of what a bicycle normally does.
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Pogt-geript to Item No. 9.

The temdency, brought out in discussion, of students to cling
to 'what normally happens', the subjective dwelling upon what
one does rather than the objective consideration of principles,
seems at first thought to be a fairly clear indication of a
difference in the levels of thinking between the students and
those whose response to Item 9 was "B, obviously."

However, the following argument was put to me to consider, by
Mr. W.M. Brookes. When a normal bicycle is mounted and ridden,
the rider first gives a 'push-off! in some way with his leg.

This gives a forward motion to the machine which is reinforced

and sustained by pedalling. It is not pedalling itself which
produces the forward motion of the bicyele from a stationary position,
but the 'push-off! followed by a combination of the addition of the
weight of the rider and the action of pedalling, all timed by the
rider to operate at the appropriate moment.

In the case of the bicycle in Item No. 9 this argument raises
complications in addition to the ones discussed on Pages 3%-8%9
In which direction would the initial !push-~off! be made? If
backwards, presumably the motion of the machine would be reinforced
by pedalling forwards. If the 'push-off! was forwards, pedalling
forwards would produce an opposing backwards force the results of
which would be best established by experiment.

It is possible that some students had this in mind, but the
general drift of the discussions makes it more likely that, rather
than any coherently worked out argument, they were convinced that
the question was about a person acting upon a machine, but could
not work out the implications. Whether or not these students
became entangled in a mass of imagined movements as they tried to
follow the action through the mechanism of the machine is of less
importance for the point which emerges here than is the question.
Were they not, in fact, nearer to the reality of the problem than I

was in devising the item, and nearer than the scientists, engineers
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technicians and others who were knowledgeable about mechanical
principles, who unhesitatingly said that the bicycle would move
backwards?

What is revealed is the readiness of those 'in the know' to
idealise a situation. Leaving the rider out of comsideration
reduces the situation to an idealised system of pulleys
abstracted and isolated from the whole, which, in reality would
be dominated by the rider's complete action, and not merely by
his pressing the pedal.

To argue that pressing the pedal forwards must meke the machine
move backwards is to use reasoning which is adequate for pulleys
but not for the bicycle. A rider riding the bicycle is the context
which includes the mechanism of pulleys. In 'centering! (to use
Piaget's term) on the pulleys the larger context is ignored.
'Centering' is one of the characteristics of the earlier Piagetian
stages.

Abstracting from human action and the isolation of idealised

situations are discussed in Chapter 7.
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Item No. 10.

Fig. 12. B.P. Item No. 10.
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In 1974 20 Students (17.4%) did not choose the preferred

response, B.

Table 41. E.P. Item No. 10.

Results. 1974. N.115.

A 10
B 95
C 2
D 7

N.R. 1



In 1976 10 students (11.7%) did not choose B.

Table 42. BE.P. Item No. 10.

Results. 1974 - 1976 (Responses of those students who completed the

test on both occasions.) N.86.

1974 1976

A 9 3

B 69 76

c 1 1

D 6 5
N.R. 1 1

Students in Discussion Group 2 dismissed Item No. 10 lightly:

(Did any of these answers seem to be completely useless?)
Yes, "It depends on how much he squashed it".

(Laughter)

(What sort of comsiderations did you have in mind in
getting rid of the others?)

Piaget.

(General hubbub)

I just thought of the Bureka thing ....

Others were much less confident:

(Group 5) A1l I could think of was a story the teacher told at
school ~ '"When a body is immersed in water the telephone
bell rings™".

I'm not sure whether the surface area would make a
difference.

The suspicion that the surface area of the plasticine would be
important came up in Group l's discussion, along with the suggestion
that the preferred response, B, should be the first option to be
eliminated as unlikely to be correct, and that the plasticine might
soak up water and thereby affect the water level:

(You all know what a pinholder for flower arrangement is?)
Yes.

Depends on the size of the plasticine. Is that what

it's supposed to be, in relative gize to the jar?

(Well, it's the change in shape that's in question

really. It says (item stem read out) ).
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T didn't think about that.

I thought, again in physics, the man displacing the
water ....

(Comments on the term "mass")

(So you would be able to get rid of one of these?)

B

C and D.

Yes, but that was the point of the question, D, would

it make any difference .... because I was thinking it
was BorD ....

But surely if you put anything in the water it would
rise ....

I took it to mean that it had risen before .... if you squash
it, it would rise less than if you put it in as a ball.
But they're still the same .... oh, I dunno.

»+«. the plasticine hasn't got any smaller, it's still
got the same amount, mass or whatever it is .... just
because it's been squashed ce..

You see, I immediately thought it would be B, then I
thought perhaps it wasn't.

eeee it's the surface area ....

The only way to find out is to do it to prove it ....
we've all got different ideas so the only way you can
prove like that is to try it .... it's difficult to see
it in your mind .... I sat there and sat there and sat
there .... but then I thought that the water would have
gone into the plasticine .... like paper .... what's the
word, it ....

(Absorbs?)

Yes .... the only way you could really do it is to try it.
Some people can do it in their minds but I can't, I have

to do it. I haven't got that sort of mind ....

Item No. 24 in the Psychology Test dealt with similar content.

Some children are shown two glasses of water and two balls
of plasticine. The children agree that there are equal
amounts of water in the glasses and that the balls are
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made of equal amounts of plasticine. One of the
balls is placed in a glass of water and the effect
on the water level is noted. The other ball is
flattened into a disc. The children are asked,
"If T put this flat plasticine in the other glass,
will the water still rise by the same amount?"
Which answer/answers shows/show understanding of
the problem?

(4) It won't go up as much because the ball has
been spread out sideways.

(B) It will go up as much because the disc might
stand on its edge, leaning against the side
of the glass.

(¢) It won't go up as much because the disc is
lighter than the ball.

(D) It will go up as much because the disc used
to be a ball.

Table 43.
Results. Item No. 24 C3P Test. N.93.
A 1 D 83
B 1 B&D 6
C 2 N.R- bt

Statements A and B suggest that the shape of the plasticine will
affect the water level.

Statement C suggests that the shape of the plasticine affects its
weight, and the weight affects the water level.

10 students (10.8%) accepted A, B, or C as statements which
displayed "an understanding of the Problem".

There are possible difficulties. A testee could imagine the
plasticine disc standing on end with part of it exposed above the
water level. It may be that some merely looked at the part of
the option which indicated "will/won't go up as much" without

considering the reasons.
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Item No. 11.

Fig. 1% B.P. Item No. 11.
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In 1974 30 students (26.1%) did not choose the preferred
response, D.
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Table 44, E.P. Item No. 11.

Results. 1974. N115.

A 1
B 28
c -
D 85
N.R. 1

In 1976 17 students (19.8%) did not choose D.

Table 45. E.P. Item No. 11.

Results. 1974 ~ 1976 (Responses of those students who completed the

test on both occasions) N.86.

1974 1976

A 1 2

B 21 13

c - -

D 64 69
N.R. - 2

Again students in Group 2 were confident in discussing this
item (Appendix XITI).
Others grappled with half remembered notions from school work:
(Group 1) This one, I immediately thought, "Ah he's trying the
cup of lead is equal weight to the cup of sugar type ...
Again I tried to remember the theory about mass digplacing
the water, and then I couldn't decide whether the mass
was the weight or the size or what ... was the mass the
weight or was it the size of the ball?
(You remembered the formula, the words, but one of the
words, mass, you were having trouble with it?)
Yes.
If it had been "Which ball would sink to the bottom
quickest?" that would have been the weight, therefore
it couldn't be anything to do with the weight, and it
would be something to do with the size +vev...
(Wnich of these, then, could you get rid of pretty easily?)
A.
c.
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So it must be D.
Youtve still got B left.
No, itts not likely to be B.

(Group 5) These words, mass, weight, are confusing weight was
used when I was at school, not mass.
The more you think, the more possibilities there are.
I have doubts about my answer now.

Item No. 11 was presented in a t'straightfaced! mammer, with
conditions stated quite formally. This gives it something of the
character of a legal document. Statements from one part of the
text must be kept in mind while dealing with other statements in
other parts of the text. There is a need to check on what bits
of statements mean as the whole statement is taken in. The
resultant cognitive strain which arose for some students was
gsummed up by a student in Group 5:

You get bored reading this one half way through.

103



Item No. 12.

Fig. 14. BE.P. Item No. 12.
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The well known 'Piagetian pendulum experiment' (Inhelder and
Piaget, 1958, p.67) is described by the authors as follows:

We have just seen how the subject goes about
separating out factors in order to determine
their respective effects in a multi-factor
experimental setup. The present chapter takes

up the reactions of the child and adolescent in
an analogous situation, with the difference that
only one of the possible factors actually plays

a causal role; since the others have no effect
they must be excluded after they have been isolated.
Such is the case for the pendulum. The variables
which, on seeing the apparatus, one might think to
be relevant are; the length of the string, the
weight of the object fastened to the string, the
height of the dropping point ( = amplitude of the
oscillation), and the force of the push given by
the subject. Since only the first of these
factors is actually relevant, the problem is to
isolate it from the other three and to exclude
them. Only in this way can the subject explain
and vary the frequency of oscillations and solve
the problem.

Devising a multiple~choice item for the purposes of the Everyday
Phenomena Test raised difficulties which Inhelder and Piaget were
able to ignore in their 'clinical' work.

As a physical scientist pointed out, options A, B, C and D are
not as implausible as might be assumed at first thought:

A and B: Is the replacement-weight heavier because

it is larger, or because it is denser? If larger, it
probably makes the pendulum effectively "longer"

(how is the length measured?); if denser, the pendulum
would swing faster because of the slowing effects of
the bouyancy of the air on the pendulum and of the
inertia of the air entrained by the pendulum. But

the air-effects are small ....

Cand D: .... would take a little time to work out
what happens if the approximation in the theory is
inadequate because the amplitude of swing is increased
by a harder push. I seem to remember that D is
COrTECtacese

These were informal comments, but illustrate that in addition o
the preferred response, E, choices of A, B and D might be given
some support by a kmowledgeable testee.

Keeping in mind the purposes of the test, however, I took E as

the acceptable response.
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Table 46. E.P. Item No. 12.

Results. 1974. N.115.

E 15
Others 98
N.R. 2

Table 47. E.P. Item No. 12.

Results 1974 - 1976 (Responses of those students who completed the

test on both occasions) N.86.

1974 1976
E 12 25

Others 74 61
N.R. -

In discussion there was no hint of the arguments set out above,
but, as in other items, there were attempts to remember previous
instruction, e.g.

(Group 1) I was thinking about the experiment we did on this.

(Group 2) I was trying to remember a theory we did in maths.

(Group 3) I remember reading problems like it in books, something
to do with Piaget's stages of thinking.

(Group 4) We'd been doing something in maths. like this just the
week before we did this.

Two students illustrated the difficulty of disentangling rate
of swing and amplitude:

(Group 5) The obvious answer is E. But a harder push would give
a faster rate of swing initially, although this would
slow down, so you should keep pushing every now and then.

(Group 2) (vhich (option) went first?)

Gentle push.

(Why?)

If you only push it gently it won't go fast. Then I
thought it wouldn't be A because if you put a heavier
weight on, it would slow down. If you think of a swing,
someone light, it's easy to push and it goes further,

but with a heavier person it doesn't go so far.
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N Fig. 15. E,P. Item No. 13.
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Item No. 13.
Table 48. E.P. Item No. 13.

Results. 1974. N.115.

B5, C2, D4. 66
Others 46
N.R. 3

Table 49. E.P. Item No. 13,

Results. 1974 ~ 1976. (Responses of those students who completed the

test on both occasions) N.86.

1974 1976
B5, €2, D4. 46 55
Others 38 29
N.R. 2 2

This item was intended to relate to the 'three mountains problem!
by means of which Piaget and Inhelder (1956) investigated the
development of children's ability to imagine objects from another
person's perspective.

Comments on the item in discussion groups were limited.

One student said that she imagined a plan~view of the group of
objects and derived her answer from that image (Group 4).

Most commented on the difficulty of the exercigse without
specifying the nature of the difficulty.

People other than the students described in this study, who
found Item 13 relatively easy, appeared to adopt a systematic
analysis. A mechanical engineer commented:

I go for the one opposite to A first, and that must

be the one with the positions of the lamp and the bottle
reversed, so it's 5. The chap on the left (B) will

have the bottle to the left of the lamp and the book to
the rear, so that's 2. 3 is rubbish, so D must be 4.
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Item No. 14.
Pig, 16. E.P. Item No. 14.

D"J*W‘”‘j 1) abeve  shows o« Suhe —v. ey of
Fi’ec{ L"*‘.a‘tin‘—j "é"«’;r" h?s L\H{C b\f a hghtﬁd
%freefvfrgmf:. )

mem% ici) s Q j)‘an cviews of The scene.,

lﬂc’;icafﬁ;, 0y (is"a,w'gm{ vy The Cwe Views,
wheyve Fm‘:d"& ghc{c{éw chuid be

The requirement for a response to be counted as 'correct! in
this item was that a line or a mark of some kind should be made
on both views, with the following conditions:

a) on Drawing (i) the line of mark should extend from near Fred!'s
feet more or less horizontally to the right, for anything from
half an inch to the edge of the page.
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b) on Drawing (ii) the line or mark should extend to the right
from near the back of Fred's figure, more or less in line with
the lamp, for about the same distance as the line in Drawing (i).
In marking the item "about the same distance" came to mean
any pair of marks where one was not at least double the length
of the other.
In 1974 49 students' responses (42.6%) did not meet these

requirements.

Table 50, E.P. Ttem No. 14.

Results. 1974. N115.

Correct 66
Others 45
N.R. 4

In 1976 31 students! responses (36.1%) did not meet the

requirements of the item.

Table 51. E.P. Item No. 14.

Results. 1974 - 1976 (Responses of those students who completed the

test on both occasions). N.86.

1974 1976
Correct 49 55
Others 33 26
N.R. 4 5

In order to deal successfully with Item 14 the testee must know
the simple principle that a shadow will always fall to the side
of an object away from the light source. She would also need a
very basic knowledge of, and skill in carrying out, Western
cultural conventions to do with the graphical representation of
spatial relations, including the idea that Drawing (ii) shows the
same arrangement of objects as Drawing (i) but represented
as from a different viewpoint.

There was considerable variety among the responses to the
item.

Responses judged to be correct ranged from simple lines, through
drawings such as Example 1, to quite elaborate carefully drawn

projections.
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Fig. 17. Example 1
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The following examples illustrate the kinds of response which
were judged to be incorrect. The number of times the particular

kind of response occurred is shown after each illustration.
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Fig. 19, Example 3.
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Fig. 20. Example 4.
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Fig., 21. Example 5.
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In the first four examples (Nos. 2 - 5) there is agreement
between the two views (i) and (ii).

In example No. 2 the conventions of drawing are clearly well
understood but, apparently, the shadow principle ig not.

In example No. % the two views are seen as the same event (the
shadows are about equal in length) but appear to extend to the side
of the figure. In Drawing (i) this could be because a shadow has
no 'thickness! and its representation on the flat plane of the
paper poses problems. This is not so in (ii).

In Example No. 4 the shadow-principle is accounted for, and in
a sense the two drawings are consistent, since both shadows are
about the same distance from the figures, but it is difficult to
imagine how the shadows may have been conceived. It almost seems
as though the student was saying, "I know where the shadows ghould
be but I can't make them lie down". They appear as three dimensional
replicas of Fred set back roughly to where the shadows might reach.
The same kind of representational problems arose in Examples 17, 18,
and 19, but with additional complications.

Example No. 5 suggests an understanding that the two views are of
the same event, but there seems to have been another difficulty
of representation.

Examples Nos. 6 - 16 (below) all treat the two views, (i) and
(ii) as representing different and quite separate events; in each

case the shadows indicated in Drawings (i) and (ii) are inconsistent.
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Fig. 22, Example No. 6.
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In this illustrated example the shadow in (ii) was first drawn
extending towards the light, then crossed out and "No shadow"
written by the figure. Other responses of this kind showed the

shadow in (i) correctly, but no shadow in (ii)
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Fig. 2%, Example 7.
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Fig. 24. Example 8.
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Fig. 26. Example 10.
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Fig., 27. Example 11.
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Fig. 29.

Example 13.
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Fig. 30. Example 14.
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Fig. 31. Example 15.
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Fig. 32. Example 16.
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Eight of the above ten examples (Nos. 6 - 16) include a shadow
cast towards the light or to the side.

In Example No. 10 it seems as‘though the student has said to
herself, "If Fred is facing the light his shadow must be behind
him'", and then gone on to draw the shadow 'behind' the figure

from her point of view.

Confusion about viewpoints seems to be the probable reason for
the very small shadows, or lack of shadow in Drawing (ii) in
Examples Nos. 6, 7, 8, 9, 10, 11, 12 and 16. The students, as
observers of the scene depicted in Drawing (ii), appear to have
transferred the source of light from the lamp to their own view-
point (it is interesting to recall the ancient Greek notion of
light issuing from the eyes rather than being received by the eyes).

Example No. 13. goes a step further in complication. The
position is reversed and in Drawing (i) Fred stands in a 'puddle’
of shadow.

Drawing (i) in Example No. 14 has Fred's shadow extending both
towards and away from the light.

Fig. 33 Example 17.
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In these last three examples, Nos. 17, 18 and 19, the idea of

a shadow as a replica of what can be seen of the object casting

the shadow seems to have dominated the responses. The drawings

suggest the same difficulty as in the previous examples of keeping

in mind the idea that the top-view of Fred implies his whole

body 'underneath'. The shadows are replicas of the drawing, not of

the implied Fred. Also, apart from having the shadow-principle to

contend with, these students seem to have found it particularly

difficult to find an organising principle to help them express the

spatial relations in a way that would be coherent to another person.

In the discussion groups there was much uncertainty about the

principle which would enable the prediction of the orientation

of shadows.

(Group 1)

(Group 3)

(Group 2)

(Group 4)

I went on the basis that if the light was in front of

me the shadow went behind me, because you are stopping
the light .... you know.

I didn't have any theory to work on.

I seem to remember doing, goodness knows what, something
at school to do with light and an object ....

I felt I ought to know the answer ....

Yes, and there ought to be some sort of theory that

you could put into practice and get the answer right ....
It was just a guess, I think.

It was very hard to visualise where the shadows would be.
I remember doing these things at school and being

told that I was an utter idiot because I didn't know
where the shadows came.

You don't really think about where a shadow is when you'tre

standing under a light.
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I just couldn't visualise this one at all.
I just can't remember where it should 80

One student explained shadows as follows:-

(Group 5) Fred takes up space and blocks the light rays and
creates a mass of darkmess in front of him.
(In front of him?)
Er .... yes.

This seems like a slip of the tongue, in spite of the request
for confirmation, but responses to Item 14 such as the following
(of the same type as Example 2 shown earlier) make it possible
that the comment from Group 5 actually represents some students!

conception of the orientation of shadows.

Fig. 36, Example 20.
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I attempted t6 get other students to spell out the principle.
(Group 3) (When .... you were going to make a mark on the paper,
can you remember why ....?)
I think you mentally take a line from the light to

the man.
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(That's because of something you know, isn't it?
Is it possible to put that into words?)
I think it's imagining actually.
(Group 1) (Could you put a principle into words? etec.)
(Long pause)
I just came to the conclusion that I wasn't very
observant. I've never noticed which way shadows have
fallen.

(Group 4) (Do you think it would be possible to put the principle
into words?)

Yes I think so.
(Can you do it?)
No.

(Group 2) (Could you go in imagination to the point where you
are just going to put your pencil to the paper, you
know if you were doing it now, what would be going
through your mind?)

I'd say that the light's there, the man's there, the
shadow's going to be behind.
(So it would be a verbal formula, so to speak?)
Yes .... and I sort of drew lines from the top of the
lamp-post, by the head, down to the ground, then back
to where he stands, and said "That's the length of it",
I'm not sure that's right but that's what I thought,
anyway.

This at least implied a tacit knowledge in dealing with Drawing

(i). Drawing (ii) was more difficult. The conversation continued:
(And how about the other one?)

I wasn't sure on this one whether to draw shapes ....
I wasn't sure what shape he would be.

(So on the first one you actually drew a line and that
determined where the shadow would be?)

Yes.

(But on the second one it was a different thing
altogether .... there was no help from drawing lines?)

Yes .... (Murmurs of agreement from other students).
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There was general agreement in all groups that the two drawings,
(1) and (ii), were representations of the same event as seen from
two different points of view. Students could describe (1) as
"looking directly from the side" and (ii) as "looking down from above'.
There must have been at least one different interpretation of
Drawing (ii) however. An inspection of Drawing (ii) in Example 20
above shows that, in addition to the error in the orientation of
the shadow, it suggests strongly that the drawing has been interpreted
in a somewhat strange way. The lamp is seen as lying on the ground.
So is Fred, lying on his side facing the lamp. The shadow is a line
on the ground with, as in Drawing (i), a 'projection line' leading
to it from the highest point of Fred's figure. The line with
"Shadow" written across it indicates that the lines, and not the
triangular areas, represent the shadows in both drawings. It appears
to have been a 'how—to-do—it' trick, used without discrimination
on both drawings. The same interpretation of Drawing (ii) appears

to be clearly indicated in Example 21 below:

Fig. 37, Example 2].

o\ i
~ //~
Pe - bd o
H) ~ o o =
// P B
7\

134



In Group 2 the discussion returned to Item 14 after the other
items had been dealt with. I attempted to explain:
(+s+. the principle is that if you have a light source
and an object near the light source, the shadow will
be on the side away from the light source,; and the
principle would apply wherever you were looking at
it from - you know, wherever your view of the thing
was, the same principle would apply. And because these
(i and ii) are identical events, so to speak, you
know it's still the same fellow standing there and it's
still the same light shining there, and the shadow
would be the same length .... it's the same shadow ....)
It would still be the same? It wouldn't come out like
that?
(Other expressions of doubt from members of the group,
not intelligible on tape).
Although some students could agree that Drawings (i) and (ii)
depicted the same event, from different viewpoints, they could
not agree that the shadows on the two drawings must be the same length
(irrespective of whether or not they were correctly oriented).
There was general agreement in the groups about falling back on
recollections of standing near lights when a 'rule' could not be
brought into play. No one mentioned experimenting with the light
that was present in the room at the time of completing the test.
It may be that some students thought that the rule might vary
according to the kind of light:
(Group 1) .... But there again it could be quite a few things;
the light is falling all around, it's not like a
spotlight. And I've put my shadows more like a
spotlight.
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Ttem No. 16.

Fig., 38. HB.P. Item No. 16.
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Piaget and Inlielder (1956) investigated children's construction
of Euclidean space. In one experiment the children were shown a

glass bottle quarter full of coloured water, and g second similar
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bottle without the water (or outline drawings of these). The
empty bottle was tipped off the vertical and the child asked

to indicate where the water line would be if the water from the
first bottle were poured into it.

The youngest children 'centred' on the configuration of the
bottle and drew the water line as it appeared in the vertical
bottle. In mid~childhood there was a conflict between taking
reference cues from the form of the bottle on one hand, and on
the other hand using the more stable horizontal and vertical
features of surrounding objects, so that the water line would
sometimes be shown vertical. Piaget and Inhelder found that
it was not until the age of nine or ten years that children
showed the water line as invariably horizontal.

Lines expressing this invariance were all that was demanded
in Item 16. Strong cues wére provided by the top and bottom
of the wall in the illustration, and by the word 'level!.

In marking the responses any three lines which were more or less
horizontal were counted as correct. No account was taken of
whether or not the lines indicated half a pint.

Typical examples of responses counted as incorrect are shown
below.

Fig. 39, Example 1
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Fig., 40. Example 2.

In 1974 27 responses (23.5%) did not meet the requirements of

the item.

Table 52. E.P. Item No. 16.

Results. 1974. N.115.

Correct 88
Others 22
N.R. 5

In 1976 14 responses (16.3%) were incorrect.

Table 53. B.P. Ttem No. 16.
Results. 1974 - 1976 (Responses of those students who completed the

test on both occasions) N.86.

1974 1975»
Correct 62 72

Others 19 14
N.R. 5 -



There were few comments in the discussiongroups on this
item (see Appendix XIII).

It was interesting that students were looking at their own
completed papers as the item was comsidered, and students whose
responses were of the kind shown above saw nothing wrong with

their drawings even when 'levels! were discussed.
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CHAPTER FOUR

(2) Students! Reactions to the Test

related to Piagetian Theory.

The foregoing examination of reactions to the test shows that
students often found quite fundamental difficulties in understanding
the relations in the situations described in the items. The
remainder of this chapter relates these difficulties to notions of
levels of thinking, particularly those described by Piaget.

In the work of Piaget and its extension by others, subjects in
general have shown an understanding of the conservation of volume,
the workings of a balance beam, pendulum, projectile and so on, at
a fairly late stage. It may not be surprising if some adults were
uncertain about explanation in these topics, although prediction
of what ought to happen in the problem situations might be expected.

Students'! difficulties in dealing with apparently more 'primitive!
notions, such as those of shadows and simple mechanical relations,
were less to be expected and the following discussion concentrates
on these.

The most surprising results, to me, came from Item No. 14, the
'shadows' item,

The examples illustrating types of error on Item 14 show that
six of the error types, Examples 2, 7, 11, 12, 14 and 16, include
a clear and quite unambiguous indication of shadow extending
towards the light. Table 54 shows the number of students making

these responses in the two administrations of the test.

140



Table 54. Frequency of Shadow-towards-light Responses, 1974-76.

Example No. No. of Responses No. of Responses No. of
in 1974.(N.115). in 1974 by Students Responses
who took part in in 1976.
both Administrations.
2 8 7 10
7 1 1 1
11 1 0 1
12 1 1 2
14 1 1 0
16 2 2 2
14 (12.2%) 12 (14%) 16 (18.6%)

It seems striking that this group of errors appeared more
frequently in the second administration. This in spite of a
considerable amount of attention being focussed on the content
of the test items in the intervening period.

When the relation is examined between the regponses of individual
students who made these types of error in either administration of
the test (Table 55), omly three students 'improved!, two changing
from Example 2, and one changed from Example 16, to an acceptable
response in 1976. At the same time four students change from a
correct response in 1974 to either Example 2 or Example 16 in 1976.
Four students produced Example 2 responses on both occasions and
one student Example 12 responses on both occasions.

Two students produced shadow-towards-light drawings in 1976
after they had made Example 4 and Example 9 responses respectively
in 1974.

Others changed from one type of shadow-towards-light response to
another.

Table 55.
E.P. Item 14. Shadow-towards-light Responses. Responses of Individual
Students in the Two Administrations of the Test.

1974 1976 No. of Students.
Example 2 Example 1 2
" 16 1" 1 1
i 1 141 2 3
1" 1 1" 16 1
11t 2 141 2 4
" 12 " 12 1
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Table 55 (Cont'd)

1974 1976 No. of Students.
Example 4 Example 7 1
" 9 1] 12 1
" 7 1 16 1
" 14 1t 2 1
" 16 " 11 1
No. Res. " 2 2
Example 2 No. Res. 1

This serves to underline the confusion expressed in the
discussion groups.

Knowing that a shadow will invariably fall to the side of an
object away from the light source, and being able to express this
simply in words, is the requirement of an item in the Third
Revision of the Stanford-Binet Intelligence Scale (Terman and
Merrill, 1961). In this task (Item No. 3, Picture Absurdities II,
p. 126), children are shown a drawing of a boy walking in a field
with the sun prominent in the sky and the boy's shadow incorrectly
oriented. The children are asked, "What's foolish about that
picture?" If the response is ambiguous, the question, '"Why is
that foolish?" follows. Replies such as the following are acceptable:

His shadow's shining against the sun.
When the sun is there hisg shadow would be in front.
It's the shadow - it would be away from the sun.

Replies such as the following are not acceptable:

Because your shadow is always in back of you on a hot day.
The shadow, because it's facing a different way than
he is.

The item is regarded as being on the twelve-year-old level.
Users of the Terman-Merrill test expect normal twelve-year—olds in
a Western culture to be able to recognise in a drawing an instance
of an incorrectly oriented shadow, and to be able to explain in
a simple sentence the necessary relations between a light source,
an object, and the shadow cast by the object.

This, in essence, was what was asked of students in the discussion

groups. There is a gap between what one would expect in view of the
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Terman~-Merrill norms, and what emerged from the test papers and
discussion groups.

In an early work, Piaget (1930) described the growth of
understanding of shadows in children. According to Piaget this
understanding goes through three stages before "Finally, during
fourth stage (of which the average age is nine years) the correct
explanation is found".

During the first two stages 'substantialist! explanations are
given (in which shadows are regarded as substances which emanate
from objects) and the children are unable to predict the
orientation of shadows correctly. In the third stage, at about
eight years, correct predictions are made but there is still
'substantialism' in the explanations given by the children. "It
is only once the necessity for a luminous source has been noticed
that the substantialist explanation, having become useless, is
replaced by the correct explamation" (in the fourth stage).

Later, Piaget elaborates on this achievement:

+++. to explain the phenomenon of shadows is, at
bottom, to rely upon judgments of geometrical
relations; it is to place oneself in imagination
behind the object which acts as a screen and to

grasp the fact that from that position the light

is hidden. As soon as you have succeeded in handling
these relations of perspective, you will understand
why shadows vary in shape and orientation according
to the position of the source of light, and in this
way alone the substantialist explanation will be
rendered useless. To explain a shadow is therefore

to ascertain by means of the logic of spatial relations
to what extent you can or cannot see the light if

you walk round the object which acts as a screen. The
explanation of shadows is purely geometrical.

(p. 191).

Piaget argues that once the child has noticed that shadows
are conditioned by daylight, he is able to predict their
orientation. In discovering the law, logical processes are set
in motions

The discovery of the law is marked by the fact that
the child can say; the shadow hides the daylight.
After that, it will be sufficient for the child to
continue reasoning by means of geometrical relations
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for him to say: the shadow hides the table, not
only from us, but above all, from the light itself;
and at last, reciprocally: the object hides the
daylight. Once these consequences of the primitive
relation have been liberated, the correct explanation
is found.

This explanation results from a deduction starting
with law and operating without the introduction of
any new elements. What is new is the possibility
of deduction, the possibility, that is to say, of
changes of point of view which will condition the
establishment of new relations.

(p-193).

Piaget appears to say that once a child has noticed a
connection between the light and the shadow, deduction through
a series of propositions about spatial relations will be set
in motion: "it will be sufficient for the child to continue
reasoning ...." This in line with the notion of equilibration
as the 'mechanism' of development which he works out in later
writing. ZLogical structures are rendered unstable by newly
appreciated factors in experienced phenomena and must accommodate,
giving a twist to the spiral of development. In the examples
cited by Piaget manifestations of this change always appear, and
within fairly well defined time limits.

In the case of the students who were the subject of the present
study, this 'sparking-off! of deduction did not seem to have
occurred.

Judging by their comments in discussion, students producing
shadows-towards-light responses did not entertain 'substantialist!
notions. One student wrote on her drawing, "If it was dark would
not be able to see much of actual shadow as it would be too dark
behind Fred", (Example No. 9). This reads almost as though the
student thought that the shadow continues +o exist, as Fred's
shadow, even when 'surrounded by darkness' - as shadows did in
the story of Peter Pan. There were also indications that some
students thought that the rule governing the orientation of
shadows might vary according to the kind of lamp or light or
other conditions, but it seems clear that the students were fully
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aware of a causal connection between the lamp, Fred and his
shadow.* They knew that the three elements were related in a
systematic way, but were unable to "continue reasoning' in
the way that Piaget appears to suggest would follow almost

as a matter of course.

Students producing shadows-towards-light responses were
apparently unable to make the imagined shifts of view-point
that are necessary to predict the orientation of shadows.

Other responses counted as errors, those which show a
discrepancy in the length, and in some cased the orientation
of shadows in the two views(i) and (ii), reveal clearly the
difficulties experienced in imagining different points of
view. These errors are types illustrated by Examples 6 - 19.

Table 56 shows the number of students making these responses
in the two adminigtrations of the test.

* Bridgman (1927) asked, "Can we separate into cause and effect
two phenomena which always accompany each other?" Phenomenally
at least, shadows always appear with lights and objects, except
in very unusual circumstances such as the lights arranged for
surgical operations.
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Table 56. Frequency of Responsges showing Discrepancy between
Drawings (i) and (ii), 1974 - 76.

Example No. No. of Responses No. of Responses No. of
in 1974 (N.115) in 1974 by Students  Responses
who took part in in 1976
both Administrations. (N.86)
(N.86)
6 8 3 0
7 1 1 1
8 1 0 0
9 11 9 9
10 1 1 1
11 1 0 1
12 1 1 2
13 1 1 0
14 1 1 0
15 1 1 0
16 2 2 2
17 1 1 0
18 1 1 0
19 2 0 0
33 (28.7%) 22 (25.6%) 16 (18.6%)

i ciocmpon —m——p—m—

Although it appears from this table that some errors have
disappeared in 1976, an examination of the responses of
individual students in both administrations of the test shows
that this does not necessarily indicate an 'improvement!'.

Table 57 shows that eleven students 'improved' (changed from
an error in 1974 to an acceptable response in 1976), six
'regressed' and the rest changed from one error type to another,
did not respond, or gave the same incorrect response on the

second occasion.

Table 57.

Responses showing Discrepancy between Drawings (i) and (ii).
Responses of Individual Students in the Two Administrations of the

Test.
1974 1976 No. of Students.
Example 6 e Example 1 2
" S T ——— 1" 1 6
1 15 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ 1" 1 1
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Table 57 (Cont'd.)

1974 1976 No. of Students.

Example 16 ~————mmmee Example 1 1
" 17 e e et e e o e 1t 1 1
1" L " 9 5
" i 1" 16 1
" 1 B —— " 9 2
" 12 e o e e 1" 12 1
1" S No. Res. 1
n S R No. Res. 1
1 N " 16 1
" O R ——— 1 12 1
" 10 ———mmmems " 9 1
i 14 e 1" 2 1
1 15 e n 10 1
" 16 e " 11 1
1" R — 1 7 1
1 R —— Ll 9 1

Example No. 6 is useful for initial discussion as it shows
a change of mind and an explicit statement in words. In Drawing
(i) the placing of the shadow is correctly predicted. The student,
as observer of the scene from the familiar, everyday view from
the side, has no difficulty in seeing the light shining past Fred
and leaving a patch of darkness on the opposite side of him.
In Drawing (ii) however, she is, as it were, moved bodily in space
to look down on the scene; a rotation of herself through 90 deg.
In the process she has somehow forgotten that the source of light
is still the lamp - that she must still keep the scene "from the
point of view of the ray of light" distinct from her own point
of view. As she looks down on the scene the point of view of the
ray of light has become her own. At first she holds her head
slightly to the right of the drawing, and 'sees' the light shining
down, literally from her eyes (her point of view) past Fred and
leaving a patch of darkness in front of him. Reconsidering this,
she recalls that a 'plan-view' is a view from directly over an
object so that she must move her head to the left. The 'law of
shadows' then demands that Fred's shadow should be underneath him,
out of sight from above. She therefore crosses out the shadow

and writes "No shadow" instead.
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Similar processes seem to be the likely reason for the responses
repregsented by the other examples in this group.

Examples 7 and 12 combine an erratic expression of orientation
in Drawing (i) with taking over the light's point of view in
Drawing (ii). In Example 10, Drawing (i) there is quite
sophisticated graphical expression of Fred's shadow behind him,
but 'behind' from the point of view of the student as observer.

In this case the everyday 'side~view' has led the student to
substitute her own point of view for that of the ray of light.
Words may have some role in this; for example, the student
having in mind something like, "The shadow will be behind Fred"
and then expressing this on her drawing as from her own point of
view.

Being misled by apparently relevant words which might occur to
students does not, however, give sufficient reason for the variety
of examples of confusion of view-point. In Example 6 it is
difficult to imagine a verbal mis-cue that would shift an apparently
'objective! conception in Drawing (i) to a personal, egocentric
view in Drawing (ii).

In these discrepancy errors the two versions of the shadow are
seen as special cases; in one the shadow extends to the right
(at least in those cases where the student had grasped the 'law
of shadows') because the light shines from the side; in the other
there is no shadow (or very little) because the light shines from
above; yet the students agree that the two views are of the same
event.

This is, in Piaget's terms, "juxtaposition of gpecial case
reasonings without gemeralisation" - transductive reasoning -
moving from particular to particular regardless of contradictions.
It occurs, says Piaget (e.g. 1930, p. 294.) because of ignorance
.of the logic of relations, and is characteristic of pre-operational
thinking.

Piaget and Inhelder (1971) investigated the role of imagery in
thinking and their work is relevant to the students responses.

It is necessary to attempt a brief summary of Piaget and Inhelder's
argument before relating their findings to the results of the
Bveryday Phenomena test.
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Piaget and Inhelder reject notions of the image as a prolongation
of perception. It is part of accommodation:

«+«. the mental image is an active and internalised
imitation (and) there is a more or less close
relationship between the mental image, the imitative
gesture, and the graphic image.

(p- 3).

This allows the authors to cope with the vexed question of
how mental images are to be got at for investigation. If images
are regarded as being part of the imitative processes described
by Piaget in his general theory, they become accessible to an
foutside! observer through related 'external' imitations.

In the investigation, data were obtained from typical 'clinical!
interviews in which children were asked to imagine displacements
and transformations of shapes and objects and to convey their
imaging by means of drawing, gesture, choosing from prepared
drawings and, to a lesser extent, verbal description.

The conception of images as part of Piagetian imitation also
leads to a classification of images which is different from those
generally used by other workers in the field (at least those in
the English speaking tradition), who have been, in the main,
concerned with the sensory modality, 'controlability!, vividness,
and so on, of images. Piaget and Inhelder base their classification
upon structure, which in this case seems to mean, in effect, what
an image 'does'. Images may be said to reproduce something, or
anticipate something; so the main division is between 'reproductive
images', which evoke objects or events already known, and 'anticipatory!
images, which, by figural imagination, represent events that
previously have not been perceived.

The authors distinguish between two aspects of cognition, the
figural and the operative. The figural agpect includes perception,
various forms of imitation, and the mental image proper. The
operative aspect includes sensori-motor actions (excepting imitation),
internalised actions and the operations of the representational
intelligence ("reversible intermalised actions which organise

themselves as a set of structures or as transformation systems").
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The figurative aspects are concerned mostly with the 'statesfof
reality. The operative aspects relate particularly to
transformations.

These two aspects of cognition interact in the higher flights
of thinking, but the figurative is necessarily subordinaste to the
operative, since only the operative aspect is dynamic.

Before the development of operational thinking in an individaul,
images are static and "just not equipped to represent even the
simplest physical or geometrical movements or transformations".

In the absence of the operations, images and the figurative
treatment of states govern thought.

It is only with the development of the operations, which allow
transformations to be thought about, that images can be anticipatory.
Even then they are still static, in the sense that they represent
beginning-states and hypothesized end-states, and not the movements
or transformations themselves, although intermediate states may be
be imagined.

Nevertheless, the image plays an important part in the higher
reaches of cognition, particularly in 'geometric intuition':

In the first place, the representation of a perceived

or perceptible datum does not constitute a cognition,

and it does not become a cognition until it is based

on an operational comprehension of the transformations
accounting for the datum. But, in the second place ...
once the functional interaction of the figurative and
operative functions is assured, the images symbolic

role is by no means as negligible as the extreme

reaction to classical associationism might have suggested.
The image ensures finer analysis of 'states!, and even
aids figural anticipation of 'transformations!, in

spite of the irreducibly static character of such a
figuration. This makes the image an indispensable
auxiliary in the functioning of the very dynamism of
thought - but only as long as it remains consistently
subordinate to such operational dynamism, which it

cannot replace, and which it can .only express symbolically
with degrees of distortion or fidelity varying according
to circumstances.

(p. 390).
Three features of this argument are of particular interest in

my examination of Item 14 responses:
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1) Reversible, dynamic thinking can only occur when figurative
representations are subordinate to the operational structures.

2) Where operational structures are undeveloped, images dominate
thinking.

3) Images are necessarily static (they can only represent states).

I can now return to the possible role of images in Item 14
responses, Examples 6 - 19.

In discussion, students had no difficulty in conceiving of the
two drawings (i) and (ii) as being representations of the same event,
"looking directly from the side" and "looking down from above!" res-
pectively. They understood, in other words, the graphic images of
the two end-states of a transformation. In drawing the shadows,
however, they were required to co-ordinate the two; to imagine how
one configuration related to the other. There are some clues as to
why they found this difficult.

Throughout the discussions students reported their difficulties
with the items in phrases such as:

"It was very hard to visualise ...."

"T just couldn't visualise ...."

".... trying to picture in my mind ...."
"Itts difficult to seevit in your mind ...."

These comments, and others suggesting kinaesthetic or other imagery.
constantly recurred in discussion of practically all the items.

The role of visual imagery was emphasized in Item 14, as indeed
may be expected.

Now, if Piaget 1s correct, images are essentially static, and
only aid an understanding of movement and transformation when
they become anticipatory, that is, when they are co-ordinated by
operational structures.

The operations are the sole means of apprehending transformations.
Images by themselves are inadequate. If, as the evidence seems to
indicate, students who made the type of errors under discussion
relied almost entirely upon imagery, it would follow that they
could produce logically inconsistent drawings in (i) and (ii),
two separate 'states!, since operational thinking, in addition
to imagery and dominating it, is required to 'map’the elements of

one configuration on to the other.
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In Example 6 particularly it is evident that somewhere in the
transformation process the source of light has been transferred
from the lamp to the eyes of the student, contrary to all logical
considerations. This, by definition, amounts to 'egocentrism?',
another aspect of Piagetian pre-operational thinking, as opposed
to the 'decentred' thinking made possible by the development of
operational structures, in which a person's body and actions assume
objective relationships with other objects and events.

The role of images in an egocentric, pre-operational view of
objects and events is central:

As the subject has as yet no operational functions
at his disposal, he thinks in terms either of
configurations, or states, as opposed to
transformations, or in terms of assimilations to his
own actions. In both cases the part played by
imaginal representation is considerable, and, so

to speak, out of place, in the sense that it ig not
yet subordinate to the operational functions

(hence non-conservations, ete.)

(p.9).
Accepting Piaget and Inhelder's view, then, it may be said of

Example 6 that:

a) Imagery has dominated thinking because, at least in this
context, operational structures were not available. If they
had been they would have been brought into play (since in
operational thought, the image is subordinate to the
operations).

b) Imagery, because of its static character, was inadequate for
the tasgk.

¢) Because the means of co-ordinating the relations in the two
configurations were inaccessible, the student thought "in
terms of assimilations to her own actions", incorporating
the 'point of view of the light! in her own rotation of
point of view through 90 deg., this action being necessary
to look down on! the scene.

Examples 4, 9, 17, 18 and 19 are, at first sight, puzzling to
say the least. The 'shadows' in these drawings are merely

reproductions of the drawings of the objects, distributed around
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the reference points in various ways. The placing of the replicas
is evidently the result of some deliberation, Examples 4 and 18
showing 'projection! lines.

It might be said that these students merely found it difficult
to draw what they had in mind; the problem being one of drawing
ability rather than understanding. This, however, does not take
the argument very far. Questions remain about the possible reasons
why these students found graphic representation so peculiarly
difficult.

In Example 4, Drawing (i), the projection lines indicate that
the student has applied the 'law of shadows'! to place Fred's shadow
on the side opposite to the light, but they also show that she
has carefully calculated his height, as though the shadow would
appear rather like a holograph. Drawing (ii) confirms this.

In Example 18 orientation is incorrect but the shadow in (i)
is made to 'lie down'. The lines in this case appear to be
not so much 'projection lines' as symbolic representations of
movement .

It seems clear that what has already been said about points
of view, the role of imagery and the need for operational
structures applies to these cases, but Piaget and Inhelder's
description of what they term 'pseudo-conservation' adds more
interest.

Pseudo-conservation arises .... when a subject
retains certain characteristics of an object
which he considers typical or exemplary, and
which he clings to even at the expense of other
apparently more important characteristics.

(p.362).

Examples quoted by the authors include those in which the subjects
hold an idea that there is a necessary isomorphism between the
shape of a figure and the shape of its constituent parts. For
young children the cutting up of a square or triangle into the
smallest possible parts will produce square or triangular 'points!.
Children also found difficulty in conceiving of a square as made up
of triangles; the belief being that the component parts of a figure
should be the same shape as the complete figure. Triangles have no
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apparent visual link with the complete square and the children
believe that they cannot be used to reconstruct it. Deductive
or operational relation processes as opposed to figural
representation, must govern thinking for successful reconstruction
to come about.

An exercise reported by Piaget and Inhelder is particularly
interesting. After a description of children's drawings which
displayed "jumbles of view points" the question was posed:

Can subjects capable of dissociating viewpoints in
this fashion also anticipate by means of an image
the result of unfolding cardboard tubes, cylinders
and cones, so that all the elements are rotated into
the horizontal plane?

(p.349).
Following up this question the authors observed three stages
of development:

During the first (stage) the child is not yet able
to imagine a genuine rotation; he sinply draws the
object as it is without transformation.

During the second stage the child makes unsuccessful
attempts to imagine the rotation and the drawings
translate these attempts into symbolic form. Tor
instance, the sideof a cube to be rotated is shown
along with a stroke indicating the direction of

the rotation ....

At the third stage (from 7 to 8 years on) the child can imagine
and draw the rotation, but in stages according to the difficulty
of the objects in question. The authors argue that although
spatial transformations have a figurative aspect that can be

evoked by the image, where static images are dominant (as in
Stages 1 and 2 above) "they give rise to systematic errors deriving
from the 'pseudo-conservation' characteristic of all imaginal
figuration™.

Returning into the shadows and Example 4, the image of Fred has
been 'conserved! and merely displaced to the right in both drawings.
The students appear to have believed in a "necessary isomorphism!
between the shape of Fred and the shape of his shadow. There are
striking similarities between this solution and those said to be
typically employed in Stage 1 described above.
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Stage 2 is exemplified in Example 18. The shapes are retained
by 'pseudo-conservation' and unsuccessful attempts to imagine the
rotations are symbolised by lines which indicate the direction
of rotation.

In a similar way, !'pseudo-conservation! ig evident in Examples
9 and 19.

It would appear, then that "difficulties in drawing" amount in
the end to difficulties of conception.

Item No. 16 of the test also involved drawing and a brief
discussion of what emerges from the results of this item can
conveniently be included here.

Errors on this item were all straight lines drawn at various
angles to the horizontal. There was therefore less information
to be derived from the responses than in Ttem 14, and there were
few contributions to discussion. However, errors on Item 16 may
be considered in the light of what has been said about figurative
representation in the discussion of Item 14 above.

Taking the responses of individual students who completed both
administrations of the test, 15 students timproved! their
response in 1976, going from an incorrect to a correct response,
9 students were incorrect on both occasions and 5 'regressed!’,

going from a correct to an incorrect response (Table 58).

Table 58.

Ttem No. 16. Responses of Individual Students in the Two Administrations
of the Test.

1974 1976 No. of Students.
Incorrect ————mmmmmm— Correct 10
No Regponses —m=—m——- Correct 5
Incorrect ————— THCOTTECT 9
Correct — wm—mmmm——— Incorrect 5

As can be seen in Examples 1 and 2, some students drew lines
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which were at right angles to the sides of the glasses, while
others drew lines at a variety of angles, often varying between
the glasses. A comment from discussion in Group 1 (Appendix

XIII) suggests a figurative approach:

You try and tilt the glass upwards as you look at it
and see where your line is going to level out to.
Piaget and Inhelder (1971) commented on similar responses
from children:

The natural systems of co-ordinates (horizontal
and vertical) are elaborated only at about 9 to
10 years. It is thus not until this age that the
child attains correct imaginal representation of
the level of a liquid in a jar tilted in various
directions ...

(p.350).
In another work (1969), the authors emphasize the argument
that an inability to assemble the elements of a drawing according
to logical considerations indicates a lack of operational
structures. Referring in a footnote on p. 68 to the tilted jars
experiment among others they say:

Thus we see that the evolution of drawing is inseparable
from the whole structuration of space, according

to the different stages of this development. It is

not surprising, then, that the child's drawing serves

as a test of his intellectual development.

In general, if the foregoing examination of errors on the two
items which required drawing is correct, the students who made
errors experienced the same kind of difficulties in comprehending
the spatial relations involved that Piaget has described in the
thinking of children. In the case of Item 14 errors, these

difficulties were on the Piagetian pre-operational level.

The remaining items of the test were of the 'multiple-choice!
type, and interest is mainly in the comments made by students

during discussion.
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In Item No. 13 (bottle, book and lamp), an approach apparently
dominated by figurative considerations, described by students
who found the item difficult, can be contrasted with the
description given by a twenty-year-old male mechanical engineer,
whose method of dealing with the transformations is toperational!?

in the Piagetian sense.

(Group 4) I thought about being in place .... thinking of an
artist's impression.
I tried to look at them as though I was standing (in
each of the places).
I took a plan view (stood in one place and 'bent over!
the objects).

(Group 1) When I found that I couldn't visualise it I did it
from one of the objects, the bottle.

(Group 2) One of them didn't fit in with my mental picture.

(Engineer) I go for the one opposite to A first, and that must
be the one with the positions of the lamp and the
bottle reversed, so it's 5. The chap on the left (B)
will have the bottle to the left of the lamp and the
book to the rear, so that's 2. 3 is rubbish, so D
must be 4.

There was a considerable amount of comment on Item No. 9
(bicycle with twisted belt) in discussion, and the test
responses of individual students who did not choose the preferred
response in one of the administrations of the test indicate
uncertainty (Table 59). 14 students chose the same option in
both administrations, 14 changed from a distractor or no
response in 1974 to the preferred response in 1976, 14 changed from
the preferred response in 1974 to a distractor or no response in 1976
and 10 changed from one distractor in 1974 to another or no response
in 1976.
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Table 59

Item 9. Resgponses of Students who did not choose the Preferred

Regponse in One or Both Administrations.

Option

1974 1976 No. of Students.
A A 7
¢ C 7
C B 6
A - B 7

P B 1
B A 7
B C 5
B N.R. 2
c A 5
A D 1
D A 2
A C 1
C N.R. 1

Several features of the discussion of this item are of
particular interest -~ comments on the difficulty of 'visualising',
the little help that tracing round the belt on the diagram
provided, the contention that the belt would break and the
distracting effect, for some students, of the arrow in the
illustration.

Piaget and Inhelder (1971) again offer some basis for the
interpretation of these difficulties. The authors reported an
exercise in which children were presented with a task similar
to that in Item No. 9.

Children were shown four metal strips shaped as a circle,

a regular oval, a concave oval, and a figure-of-eight, as in
Fig. 41.

Fig. 41.
c
B ¢ R c B D
( O COOO
A D A D A c
A
l it HA 12"
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In each case the children were required to imagine a model
snail (placed at position A) move along the strip, and to place
a replica of the snail at positions B, C, and D. In doing this
the children were asked to predict: the orientation of the moving
body in relation to the direction of its path (determined by the
position of the head), the general position of the moving body
in relation to the frame (outside or inside, above or below),
and local positions of the moving body in relation to the frame
(foot and not shell against side, etc.)

This is analogous to imagining the movement of a point on the
belt in ftem No. 9 as it passes round the two pulleys.

The authors found that children often did not follow the curve
of the metal path with their eyes, but Jumped directly from points
& to B, from B to C, and from C to D, "thus delineating a rectangle
in the case of the oval and a quadrilateral with its long sides
intersecting in the case of the figure-of-eight'. The children
appeared to be incapable of following the metal strip through,
either with the eyes or mentally. DPiaget and Inhelder comment:

The image consisting as it does of internalised
imitation, this deficient motricity is translated
into a static image of the distance covered, and
the snail's situation and orientation remain
unchanged accordingly. Here we are at the heart

of what is probably the chief reason for the
'pseudo-conservations' of the static image ....
which in the present instance leads %o conservation
of positions.

(p.92).

Semi-static configurations were also distinguished, these due
to the fact that children's eyes succeeded in following only
part of the metal strip, for example where a child was successful
as far as point C on the figure-of-eight but then jumped to
point D, 'conserving' the snail's point C position.

These 'pseudo-conservations' and the general inability to
deal with movement arise, according to the authors, from the
dominance of imagery and the lack of operational structures.

The image is ill-equipped to grasp the dynamism of
a continuum, be it a question of the continuity of
movement, a change or a decomposition Process e....
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This discontinuity of the image in contrast as

it is to the dynamism of the operational continuum,
is again no doubt due to the figurative requirements
of imagery. It is impossible for a drawing to
represent movement except by a series of motionless
positions, clear as the symbolism of such indications
may be. But the mental image cannot do much better.
Try, for instance, imagining a cyclist's leg
movements. One can visualise slight displacements as
the foot goes down, round and up again. But one thinks
one has got the continuity only to realise that one
has prolonged the image in thought, and that one is
no longer actually 'seeing' the whole in motion.

(p-363).
Students discussing Item No. 9 made comments suggesting that their

difficulties were connected with an unsuccessful use of imagery.
The points at which the belt crossed and as it changed direction
passing over the rear pulley caused confusion. This is essentially
the same problem as that presented by Piaget and Inhelder's snail
on the figure-of-eight track. A moving point on the belt
(represented by a finger tracing the movement) has a 'head' and a
'tail' which have to be correctly oriented. If thinking dominated
by visual imagery reduces the movement of a point on the Dbelt to
a static configuration representing the distance covered, and
this is shaped by !'jumps! from one point to another, then 'pseudo-
conservation' of the position of the point is likely to occur and
comments such as the following become more understandable:

(When does tracing your finger round cease to help?)

When it comes back the other Way .

I couldn't answer it. I got half way round and

couldn't get back.

It's one of those things you Just can't visualise in

your mind.

Once you've worked out one stage you've forgotten one

stage.

(Which was the confusion point on this one?)

It was the twist .....

Por some students, who got as far as realising that the rear pulley

would turn in the opposite direction to the large pulley (gear—wheel),

a problem arose because they forgot, or were not aware of, the fact
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that it was the twist in the belt which brought about the reversed
motion of the rear pulley, and proceeded as though the belt had
somehow lost its twist. Opposing motion was then thought to
lead eventually to the belt snapping. This conclusion can be
accounted for if students are assumed to rely mainly upon figurative
representation of the two pulleys, one supplied with an arrow to
indicate the direction in which it will turn and the other ready
to be supplied with an imaginary arrow, the product of a partially
successful tracing of movement round the pulleys. Concentration
on.these two images, and a far from perfect understanding of the
phenomenon of the twist, would lead to an impression of opposing
forces.

The many arguments such as the following are highly suggestive of
a process similar to the above:

(Group 3) .... that would be pulling against that and the belt
would break. If you pushed the pedal forward, that
would go back and it wouldn't work at all ....

That (gear wheel) would go forward, that (rear road
wheel) would go backwards, therefore it wouldn't work
at all.

Some students successfully worked out that the twist in the belt
would result in the rear road wheel turning backwards, but then
went on to argue that this would conflict with a forward motion
of the whole machine. Belief in this forward motion was associated
with the fact that the 'gear wheel! moved forward as on a normal
bicycle. In Group 2, for example, attempts to explain and
demonstrate were resisted:

Why does it go backwards? I've written it but T don't
know why.

(Attempt to demonstrate the path of a point on the belt
as it travels round the two wheels).

But then, if you're pushing that way, going like that,
you're going forwards this way but your back wheel's
going backwards.

(But it's omly your leg that goes forward, isn't it,
the machine itself wouldn't go forward.)
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Hubbub .... This seems stupid to me, you pedal it

one way and it goes the other.

Again in Group 3:

It would depend on the amount of pressure. The bike
would stay still and the belt would eventually snap

or something.

Some students thought that the machine would move forward because

of the arrow on the diagram, for example, in the sequence of

exchanges in Group 2 including

If you .... could just put A, saying it was going
forward .... because to me the arrow is pointing that
way, it's almost biased.

But surely, if it pointed backwards, you'd go backwards.
(What would make it go forwards, did you say?)

Because of the arrow and this little thing.

The difficulty seems to take the form:

Because you push the gear wheel forward, the whole
bicycle will move forward.

But, because of the twisted belt, pushing the gear wheel
forward turns the rear road wheel backwards.

This must produce opposing forcesL- the belt will snap.

When Piaget (19%0) asked children to explain the mechanism of

bicycles, he found four stages of understanding. In stage one

(4 -5 yrs.) the 'how! of the movement was not analysed. In stage

two (5 -~ 6 yrs.) "each piece is mentally isolated and thought of

as necessary. But the cause of the movement is still synthetic,

for the action of the pieces upon one another is in no way made

clear, and when the child is asked to make it more definite, he

takes refuge in a series of vicious circles which do not trouble

him in the least". During stage three "the action of the pieces is

sought for, but the correct explanation has not been completely

discovered'". Finally, in stage four, the complete explanation is

given.

Piaget calls the accounts of 'cause! given by children in the

first and second of these stages 'synthetic', by this he means

that perception is "global, confused, proceeding from the whole to
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the part," and tends, as far as causality is concerned, "to find
together all the elements of a given whole, but does not bring
out the analysis of particular sequences".

The following is of particular interest:

The child has the impression that each element

'goes with'! all the others or is 'made for' all

the others but does not enquire as to the 'how!

of the phenomenon. In the case of the bicycle,

this stage is very definitely marked. The child

of 4 - 5 explains the movement of the bicycle

by a sort of general forward impetus (¢lan d'ensemble)
which is supposed to be released as soon as the
cyclist moves his legs. If the child is asked to
state things more clearly he explains the movement
by bringing in "the mechanism", "the engine", the
lamp, the pump, etc., in short any particularly
striking piece which seems sufficiently charged with
efficacy to account for the whole of the movement.

(p. 200, my emphasis.)

There is a remarkably close fit between this and the arguments
of students -~ the front part of the bicycle must be impelled
forward because the rider pushes the pedals forward; the arrow
is "charged with efficacy" and suggests forward movement in a
powerful way. The fact that there is no intermediary link
between the pedals and the front wheel, except through the back
wheel, does not occur to the students.

Piaget and Inhelder (1971) did not comment on Piagetts earlier
work on causality. I think that, if they had, the 'synthetic!
explanations given by children in the early stages of dealing
with the mechanism of bicycles would have been related by the
authors to imagery. Children who could "find together all the
elements of a given whole" but fail to "bring out the analysis
of particular sequences" would be said to do so because of the
dominance of figurative representation in their thinking, in the
absence of operational structures which alone are capable of
dealing with the movement involved.

If, for a moment, one assumes that students! thinking was
dominated by imagery in this way, their difficulties become
more comprehensible.

The drawing of the bicycle as a whole looks familiar. The
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unusual feature, the twist in the belt, is a minor part of the
configuration in visual terms. If I cover the rear wheel, the
picture is of a normal bicycle and this impression is reinforced
by the arrow, which 'tells' (in a compelling way exploited in
many forms of non-verbal communications) that the pedals are to
be pushed forward in the normal way. If the shape of the belt
is ignored there is an image of a normal cycle, which, because
of the arrow, is about to move forward.

Students were asked to analyse the relations of the parts to
each other. As was shown in Piaget and Inhelder's snail experiments,
there are difficulties about this, and the atempt has the effect
of separating the rear wheel (which is likely to behave in a peculiar
way) from the rest of the configuration. The result is two images,
one of the front part of the bicycle, which will do one thing, and
another of the rear part, which will do the opposite. TUnlike
Piaget's children, the students are able to voice their
disturbance at this contradiction.

Irrespective of whether or not this is so, it would seem that
when forced to amalyse mechanical relationships (in a situation
where the degree of complexity is increased as compared with
Piaget's tests) the students came up against the same kind of
difficulties as the children in Piaget's pre—-operational phase.

If Piaget is right, the fact that some students claimed complete
ignorance of bicycles and their workings does not remove this
impression. The two outstanding characteristics of the 'primitive
stages’ of causality according to Piaget are immediacy of relations
and absence of intermediaries, "But such features are completely
absent from children of 11 -~ 12 years in subjects of which they
know nothing," children of this age having developed operational
structures.

Thus it is more or less impossible for a child
of 10 to understand how a motor car works,
nevertheless the child presupposes pipes,
cog-wheels, chaing and belts to act asg
intermediaries between the petrol and the wheels.

(p.268.)
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Comments by students in discussion of Item 5(i) and (ii) of
the test support the impression of difficulties arising from an
over-reliance on figurative representation in thinking. Students
reported difficulty in imagining what wouldlmppen in the case of
the three cog-wheels:

(Group 1) I played for hours with it (plastic cog-wheel toy)
but I couldn't visualise it sufficiently well to
actually see it.

(Group 2) I was trying to think of a watch .... you know, what
you find in a watch with the back off; wheels going
round .

Following the hypothetical movement of the cog-wheels in 5 (1)
resembles the problem of the twisted belt; the three cog-wheels
become a figure~of-eight with an added loop.

A comment from Group 1 illustrates this

It was the same with the cogs .... got so far round ....
but then I got confused and I couldn't remember

what the first one was doing, in relation to the second
one, when I came to the third one.

This kind of 'cognitive strain' seems to be accounted for by
the dominance of imagery in thinking, and this occurs, according
to Piaget and Inhelder, when operational structures are not

available.
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CHAPTER FIVE

Interpretation of Events during the process of ingquiry.
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CHAPTER FIVE

Interpretation of Events during the process of inquiry.

At the end of the academic year 1976-7 my duties as tutor at
the college ended, and I had the opportunity to be seconded for
one year's full-time study.

When considering the choice of activity for this secondment
I had decided to spend time on a wider area of interest than I
had previously been able to attend to. I applied for a place
on the M.A. Curriculum Studies course at the University and
was accepted. The present study was suspended until the end of
the M.A. course in March, 1979.

During the course I came to regard several notioms, which I
had held to be more or less self-evident, as open to question.
Among these were ideas of what may count as research in education.
My dissertation (Bury, 1979) described an attempt to study
problem-solving in a skilled manual occupation and to relate this
to Piagetian notions of levels of thinking.

This exercise led to a lessening of my confidence in the
comprehensiveness of the Piagetian system as an explanation of
intellectual development.

My tutor during the M.A. Course, Tutor E, agreed to take up
supervision of the present study at the end of the course.

I wrote a brief description of what had happened since the
begimming of the study. Tutor E saw the erratic course of events
as an area for examination in itself, the process of inquiry
becoming the subject of study.

Reconsidering what had happened, it was apparent that the study
had gone through three phases, and that separating the phases
were critical events which ended the action of the previous phase

and determined the direction of the subsequent phase.
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Phase 1 was an awareness of a difficulty in my work as a teacher,
apparently connected with some disconcerting observations. In
Phase 2 various influences led to the clagsification of the
difficulty as one requiring a t!scientific! explanation, with an
attempt to predict, quantify and verify on the basis of the
classification. In Phase 3 the difficulty was re~classified, and
an attempt made at 'qualitative' description and explanation.

The activity of re-examining the course of events and tracing
reasons for their occurrence led to a re-interpretation of the
nature of the difficulty and of the kind of description and
explanation that might be appropriate. The process of
re-examination itself was a fourth phase, and Phase 4 is represented
by this and the remaining chapters.

During what I have called Phase 1 I believed that there was
reason to be concerned about student teachers' work on the topic
of Piagetian descriptions of intellectual development. Students
often seemed to have little better grasp of essential notions
at the end of their work than they had before it commenced.

In an attempt to improve this state of affairs, students were
asked to carry out an exercise which gave them the opportunity to
experience for themselves the responses of children to Piggetian—~
type problems. The assumption was that in order to appreciate
the significance of Piaget's findings, a student must abandon ideas
of the self-evidence of certain principles to do with the workings
of the physical world.

As a result of this exercise I suspected that, far from believing
that the principles were self-evident, many students did not
themselves understand the principles. Informal observations of
older students reinforced these suspicions.

Some of the principles apparently misconceived by students
were of the kind that most people (including Piaget and those
who have built up systems on Binet-type testing) assume are
assimilated during childhood through play and everyday interaction
rather than primarily through a process of formal instruction.

Yet at the same time the students had successfully completed an
extended schooling and were generally capable young adults.
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If my suspicions were correct it would not be surprising that
a substantial number of students found work on Piaget barren and
unrewarding, since, in the context of Piagetian experiments, they
started from a position apparently similar to that of Piaget's
child subjects.

These possibilities were disquieting because, according to
received knowledge, they should not occur. I wondered why no one
else seemed to have reported similar difficulties among student
teachers. There was a need to probe and explain.

My interest, therefore, was primarily in the apparent failure
of quite large numbers of students to understand everyday phenomena,
and in the consequences that this might have for their work on
Piaget, yet during Phase 2 I found myself dealing with the
psychometric notion of 'abilities' rather than with what students
did when asked to tackle problems concerned with shadows, water-
levels and such like. These 'everyday phenomena' had become
peripheral and were represented only by my unofficial test, which
was justified by the idea that its results might come in useful
in a discussion of spatial ability.

To trace the reasons why this came about it is necessary to go
back to preliminary discussion of M.Phil. work at the University,
described earlier in Chapter 1, P. 11.

After describing my observations I was asked how T might account
for students' misconceptions of everyday phenomena, and how I
thought a study of them would achieve the breadth of interest
normally associated with research degree work. These were the
kind of 'open' questions by means of which a practised interviewer
hopes to give the interviewee an opportunity to say what he thinks
is important about the topic under discussion.

For someone embarking on work which is going to be described as
'research', however, there may be a certain awesomeness about the
prospect. There appear to be ways in which research ought to be
carried out, and accepted bodies of knowledge or belief which
must be taken into account before questions can begin to be framed.
The most persistent impression is that research is a scientific

enterprise, to be conducted within the concepts and methodology of
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appropriate disciplines. Recourse to published texts which
advise the would-be researcher confirms this impression.*

The questions became the first of the critical events. They
implied for me that I ought to be able to account for the

student's misconceptions, that M. Phil. work sets out from an

hypothesis derived from a theoretical framework of 'broad interest?,
and that the business to be discussed really ought to be concerned
with ways of testing the hypothesis.

Instead of answering, "I don't know" I went away to think about
a frame of reference, of suitably broad interest, which would
provide an explanation of the observations and thereby
indicate a methodology.

Piagetian theory, which provided the context for my observations,
did not look promising as a source of hypotheses. According to
the theory, adults should have developed logico-mathematical
structures in conjunction with physical experience which would
enable them to deal with the problems my students had difficulty
with, even without the manipulation of concrete objects.

As Bateson (1972) points out, scientific research starts from
two beginnings; the observations, which cannot be denied, and
the fundamentals, which must be fitted:

For example, Nedelsky (1965) P. 193:

"First, let us lay the ghost of the unprejudiced, open-minded
researcher who respectfully listens to nature and records all
her gibberish. The tool of the modern researcher, whether in
science or education, is increasingly more like an objective
(perhaps even a true-false) test. The choice of such a tool
shows that the researcher thinks he knows or assumes nearly all
there is to know and that his mind is open no more than a crack;
the crack is wide enough to admit a yes-or-no answer to his
question and little else that is not striking or persistent."
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If you are surveying a piece of land, or mapping

the stars, you have two bodies of knowledge,

neither of which can be ignored. There are your
own empirical measurements and there is Euclidian
geometry. If these two cannot be made to fit
together then either the data are wrong, or you have
argued wrongly from them, or you have made a major
discovery leading to a revision of the whole of
geometry.

It was highly unlikely that revision of Piagetian theory, if
that could be regarded as something resembling a 'fundamental!,
would be necessary. It was more likely that the data, which
were to say the least unsystematically gathered, were wrong in
some way, or that the argument from them which was likely to
lead to a contradiction within the Piagetian system was misguided.

There were no reports in the available literature to suggest
that anyone had made similar observations among college students.
Papalia (1972) reviewed the limited amount of literature on
Piagetian concepts across the life span. Her own work examined
the responses of 96 people, ranging in age from 6 to over 65 years,
to problems on the conservation of number, substance, weight and
volume. Only three subjects exhibited pass-fail performance
patterns which deviated from predictions derived from Piagetian
studies, and her main interest, as in the work of others she
reviewed, was in decrements in old people's performances
hypothesized %o be reflections of the neurological decrement
inherent in the aging process.

More promigsing ground was offered by the psychometric tradition,
which was not only avowedly scientific but eminently respectable.
There were few educational research studies which did not 'control!
intelligence as a variable, and many which described patterns of
performance as due to the 'contribution! or 'effect! of one or
more of the various abilities postulated by factor analysts.

Some attempts, such as Bart (1971) and Mycock (1968), had been
made to relate factorists' abilities to performances on Piagetian
tests.

It was true that the nature of abilities was a matter of concern

for leading writers in the field, who warned against reification,
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but these writers also argued as though a person uses abilities
and therefore possesses some real attribute. An example from
Vernon (1961) illustrates this:

Thus one individual may score well on a test
through high 'g', another might get the same
score by virtue of some group factor, yet another
through specific ability «....

(P.9 my emphases .)

The relative strengths of abilities may thus 'underlie!

particular performances, and in a gense ‘explain! them.

Once this was accepted a disturbance could be converted into
a problem, with its own implied course of action. Variables
could be chosen and measurements taken, for the most part with
ready-made instruments. The problem became one of prediction
and verification.

The possibilities for constructing dimensions along which
students can be measured are many. In a study such as the one
mine had become, with spatial ability as a major consideration,
a plausible case could be made out for taking such things as
retinal pigmentation into account (Jahoda, 1971). There were
numerous possible 'non-intellective' variables to be considered.
However, practicality, how much testing a group of students
would tolerate, and how much a tester could handle, indicated
a limited number of variables restricted to ‘'traits of intellect!,
and this was supported by an examination of published reports
of similar studies.

King (1963), for example, examined relationships between
children's age, sex, their scores on a test of verbal ability,
scores on a test of non-verbal ability, and scores on a test
of knowledge of science concepts. Some differences were found
between the science scores of boys and girls after primary school
age, and the study ended by saying that differences "may not be
due so much to differences in verbal and non-verbal ability, but
to other non-academic influences, e.g., teaching, interest

motivation, self-involvement, etc., with which this study was

not concerned.”" (my emphasis).
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Lin and McKeachie (1973) compared the scores of gstudents in
an American college on an intelligence test, a measure of
study-habits, and a measure of 'achiever personality', with
achievement in introductory psychology courses. Their
report concluded:

Our own studies of interaction, however, like
those studies of single predictors reported

in this paper, do not produce striking increases
in our ability to predict student achievement.
It may well be that progress in this field of
many, many variables will depend on hacking
away at the variance one small bit at a time.

This type of study demonstrated that it was possible and
desirable to tackle "one small bit", one aspect of a problem,
leaving those aspects with which one was 'not concerned" to
other studies. Indeed, the hypothetico-deductive method demands
that inference may only be drawn from refutation; '"hacking away"
the hypotheses that are found wanting and forming others from
what is left.

When my study outline was accepted for registration, I felt

reassured that this approach was appropriate.

Phase 2 ended with the second critical event, or events.
The interesting responses of students to the first administration
of the Everyday Phenomena test induced a return of the hankering
for an explanation of the responses themselves, and the
difficulties revealed in my attempts to construct a suitable
criterion test of !'Cluster 3! achievement, made me begin to
have doubts about what the notion of abilities might be said
to explain.

The resistance of the psychology course essay system to a measure

which could be appropriate for the comparisons I wanted to make
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suggested that an examination of the system itself was required
to illuminate at least part of the problem. This raised
questions about the procedure I was following.

If T supposed for a moment that a satisfactory criterion
could have been obtained and that after analysis of the results
of testing a significant correlation had been found between
spatial ability and 'Cluster 3 ability', what would this
indicate?

Spatial tests might diswiminate between students who would
tend to have difficulty in parts of their psychology course,
and those who would tend to have less difficulty. This might
contribute in a minute way to theories of abilities, but in
order to know something about the students' difficulties I
would need to know what it is in the spatial tests that brings
about thig discrimination. The answer, presumably, would be
that discrimination is obtained through tasks which require for
their completion '"the capacity to perceive and hold in the mind
the structure and proportions of a form or figure, grasped as a
whole". Any further attempt to pursue the question of the
connection between this capacity with performance on 'Cluster 3!
tasks would probably be lost in circularity or the postulation
of some ghost in the machine.

Work in the field of psychometrics is aimed at discovering
(or perhaps more properly 'constructing') a structure of human
intellectual abilities when the nature of the abilities is not
known, perhaps in the same way that Mendeleev constructed his
table of elements. The difficulty is that abilities are only
discernible in terms of the tests used to detect them. Consequently,
work in the field has amounted to a search for tests made up of
tasks which do not resemble tasks used in other tests, but the
results of which correlate with the results of other tests.

Miles (1957) pointed out the difficulties involved:

A factor is real, it might be said, if from
behaviour at one test prediction is regularly
made about behaviour at another test allegedly
saturated with the same factor. This, however,
opens the door to the postulation of a host

of useless factors.
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Farlier, Miles argued that the proliferation of useless
factors was avoided only by the judgment of the investigators:

Correlation co-efficients can be worked out

between as many different abilities (or
'substrates') as we please; but no figures, whether
high or low, can lead us to abandon a substrate
which we are sure is helpful or accept one which
we are sure is umhelpful. To work out correlation
co-efficients is to operate our hypothesis not

to test that hypothesis.

Psychometric research is essentially an inductive science,
striving towards the identification of 'factors of the mind!
which may one day be seen to be embodied in, say, genes and
neurones.

What dawned on me after this kind of reflection was the
regligsation that, by its very nature, psychometric research
can not offer a causal explanation of behaviour.

This is not a fault in psychometric research itgelf. As
Ryle (1949) commented:

++++. not all psychological researches are
searches for causal explanation. Many
psychologists are occupied, with greater or

less profit, in devising methods of mensuration
and in making collections of the measurements

so achieved. Certainly the hope is that these
measurements will one day subserve the
establishment of precise functional correlations
or causal laws, but their own work is at best
only preparatory to this ulterior task.

(p.308)
Psychometric theory is a descriptive theory* and the error
lies in treating it as though it can provide causal explanations.
When this happens (and I was clearly not alone in falling into

* Craik (in Sherwood, 1966) distinguished between three types of
explanation, causal, descriptive and relational. "A descriptive
theory asserts ... that it is vain to seek fcausality! -~ it is either
non-existent or unobservable. But we are aware that certain
sequences of events recur regularly, and though they may ceage to
do so at any moment, the chances are that we shall fare most
sucessfully in our environment if we anticipate and respect these
regularities; consequently it is pragmatically important to learn
their ways; and the very fact that they occur may fascinate, as a
theoretical problem, even if we permit outselves no speculation ag
to any invisible mechanism."
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the trap) what Bateson (1972) calls 'dormative hypothesis'
may result.

Bateson describes the process of explanation as "the mapping
of data onto fundamentals". Data are not events or objects but
always selected records or descriptions or memories of events
or objects. Fundamentals may be propositions and systems which
are truistical, such as the eternal verities of mathematics, or
may be propositions which are scientifically or generally and
empirically true, such as the conservation laws for mass and energy.

The trouble with inquiry into human behaviour, says Bateson,
is that the behavioural sciences commonly use imperfectly defined
explanatory notions in the absence of fundamentals.

Quoting Moliere, he tellg the story of an examination candidate
who, when asked for "the cause and reason" why opium puts people
to sleep, replied,'"Because there is in it a dormative principle”.
Bateson goes on:

The scientist observes change in a complex
interactive system (the man falls asleep).
The scientist then explains the change by
giving a name to a fictitious 'cause! located
in one or other component of the interacting
system. Either the opium contains a reified
dormative principle or the man contains a
reified need for sleep, an adormitosis which
is 'expressed! in his response to opium ....
This is self-reinforcing. High value is set
on prediction, which is a poor test of a
hypothesis. One can set up research to study
the characteristics of a fictional principle
- and find answers. The multiplication of
dormative hypotheses (hypotheses which put
questioning to sleep) is a symptom of an
excessive preference for induction. The result
is a mass of quasi-theoretical speculation.

Whether or not Bateson's strictures on induction in the
behavioural sciences may be fairly applied to psychometric theory,
the notion of abilities 'underlying' (in some way explaining)
aspects of my students' performances in work on Piaget amounted to
the use of a dormative hypothesis. ,

Its use led me into a procedure which, even if techmically

successful, could only end in tentative suggestions of relations
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between unexplained performances. It had also obscured the
total interacting system of which the students were a part, at
least until it was too late, because of changing circumstances,
to do anything about it.

During Phase 3 attention was focussed on the results of the
Everyday Phenomena test.

There were several studies reported in the literature which
related younger people's 'levels of thinking' to the conceptual
levels deemed necessary by the authors for undergtanding various
aspects of the school curriculum, for example Goldman (1964),
Hallam (1966), Ingle and Shayer (1971), Shayer (1970:1972),
Shayer et al (1976) and Lovell (1973:1974).

In a similar way, students! difficulties with BEveryday Phenomena
items, and more generally with work on Piaget, might be accounted
for by ascertaining their 'levels of thinking'! as described by
Piaget.

In the event, examination of test responses regarded as errors,
and of statements about the test items in discussion groups,
showed that the students concerned had genuine difficulties in
understanding relations in the situations described by the test
items.

This had implications for some areas of the students! subsequent
work in schools and for an assessment of the value of including
work on Piaget in their college course.

First, most of the students tested were likely to teach
children in Primary or Middle schools. In these schools teachers
are often required to carry out work aimed at helping children
to acquire basic scientific ideas which are assumed to provide

a foundation for the more focussed later work in scientific
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'disciplines'. Also, more broadly, much of the direction of
modern Primary educational practice is provided by a belief in
the value for intellectual development of children's active
inquiry into their environment, typified by the views of

Susan and Nathan Isaacs, and interpreters of Piaget himgelf.

It seems clear that the students concerned would have great
difficulty in understanding what their purposes were in this
type of endeavour. To arrange the conditions for a progression
in, say, sand and water play requires an appreciation of the
'physical! and 'logico-mathematical! experience that is presumed
to come out of it.

Second, the content of the test items is closely related to
the content of many of the 'experiments! by means of which
Piaget has demonstrated his theory. Students who have not
grasped the relations involved in the events described in the
test items are unlikely to be able to understand the results of
exercises conducted with children dealing with similar content.
If the students concerned were unable to understand the content
of Piagetian experiments, notions which are central to Piggetian
theory would be inaccessible to them. For a student teacher to
learn off a series of statements about young children's thinking
being different from that of older children or adults is of
little value. It is well known on the common-sense level that
there are differences. It is necessary to grasp the nature of
the differences for the theory to have any chance of being useful,

or of being seen as relevant.*

* The following example is of interest. In preparing the items for
the Psychology Test I asked third year students to complete a paper
which contained questions requiring short written amswers. Their
responses were to provide material for some of the 'distractors! in
the Psychology Test proper. Question 2 ran - "Please write down the
names usually given to Piaget's stages of development and the
approximate ages at which he suggests they occur." One student wrote,
"I cannot remember them, as they soon float to the back of one's mind,
being unimportant to everyday living." TFurther on in the paper, when
asked to comment on Piagetian experiments, she wrote, "These
experiments were shown to us on a film, and again they have gone in
one ear and out of the other. It is difficult to retain this sort

of information." This was typical of students' general response to
the paper. If one does not understand a sequence of events their
point is hard to grasp, they are "difficult to retain", are
"unimportant to everyday living" and can be allowed to slip away
without much regret.
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Leaving aside other difficulties in understanding Piagetian
theory and in interpreting it as a guide to educational practice,
it would seem that, for students who experience the kind of difficult-
ies described here, time spent on Piaget could be employed to more
useful ends.

To this extent my original suspicions had been supported.

Also, there was evidence that might justify reference to Piagetian
tlevels of thinking!.

Students frequently mentioned in discussion instruction they
had received at school or college on the topics dealt with by
the test items. This teaching had not, apparently, helped their
understanding. It was not that they had forgotten ideas gained
in childhood or adolescence, rather that they had never understood.

Using the Piagetian frame of reference, this was because they
did not have at their disposal the necessary intellectual structures
to deal with the problems posed. Many instances of reasoning
exhibited some or all of the characteristics of pre-operational
thinking.

But the students' difficulties could not be said to be
explained: a theoretical problem remained.

Piagetian constructs provided possible descriptions of the
way in which students arrived at their responses, but these
descriptions were surprising.

If the students had been children or young adolescents there
would have been nothing unexpected about the results. The
Geneva School has shown that such responses would be in keeping
with a well-defined order of development. The responses would be
as they were because the child or young adolescent had not yet
developed the necessary intellectual structures to deal with the
problems. These structures would appear later, within certain
time limits.

Thus the order of development would explain the responses.

But the students did not fit the norms. They were not children

or young adolescents but adult women who, at the time of the
discussions, had little more than one term left in college (which

would be taken up by teaching practice) before taking up posts as
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qualified teachers. They had passed through an extended schooling
with above average success in terms of certificates and awards
when compared with the general school population.

Their scores on two established tests often used to predict
success in adult education (Murray House Verbal Adult, Cattell
Culture-fair Scale 3) were above the general average. At the
end of their college course, none of the students in the discussion
groups 'failed' or was considered inadequate and many were highly
recommended by internal and external examiners for their work in
the various academic domains and for their extended periods of
work as teachers in schools (Appendix XIT ).

These achievements presumably imply that the students had
serviceable means of thinking available to them in contexts other
than those of the Everyday Phenomena topics.

Taking just one activity as an example, successful teaching
involves making judgements about a continuous flux of complex
interactions, both actual, in the classroom, and anticipated,
in planning and preparation. This process of evaluation and
re-evaluation demands the relativity in thinking that is
characteristic of 'mature' thought.

Thus the students were people who, while successfully following
their adult professional lives, apparently functioned on a quite
primitive, childlike, level of cognition when dealing with
problems in a particular context; and this childlike functioning
was not a matter of momentary regression, but appeared to be the
only mode available to them in that particular context.

Furthermore, the context in which the students functioned on a
'low level' was the one chosen by Piaget to define his notion of
qualitatively different stages of intellectual development.

Piaget uses the term 'horizontal decalage' to acknowledge
that discrepancies exist between the ages at which different people
arrive at higher levels of cognition in certain contexts, and argues
that this is what should be expected because of the gradual nature
of the transition between stages. But the question arises of how

gradual the process can be allowed to be.
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Piaget (1972&) attempted to resolve this question, at least
in respect of the transition to formal operations.

He considered problems raised by cross-cultural and sub-
cultural studies which did not confirm his own findings on the
ages at which the major periods of development occur. Speed of
progression through the stages was not the same under all social
conditions. Differences between groups were especially marked
at the later periods of development. The fourth stage had not
the universality of the previous stages.

In one interpretation Piaget suggests that speed of progression
may be affected by the quality of the physical and social
environment in which a person grows up. In a poor environment
development of the first three stages would be slowed down and
the fourth stage would perhaps never really take shape.

A second possibility was that diversification of aptitudes
with age may account for the fact that formal structures do not
appear in all 14 - 15 year olds. Those with aptitudes for logic,
physics and mathematics would manage to construct formal
operational structures; those without these aptitudes would not.

Both these interpretations imply that the fourth period of
development can no longer be regarded as a universal stage.

He regards a third possibility as the most probable. This is
that all normal people attain the stage of formal operations, if
not between 11 - 15 years then between 15 - 20 years, and this
stage is reached in different areas according to aptitudes and
professional specialisations.

Piaget thus retains the fourth stage as the characterisation
of adult thinking, the ideal to which development has led,
although formal operations may only be available to a person
within areas for which he has an aptitude and in which he has
specialised. Unfortunately Piaget says nothing about how the
person will cope with those areas in which he has not specialiged
and has little in the way of aptitude. The stage is defined by a
description of how things ought to be on maximunm performance.

Now the fourth stage is crucial for the consistency of Piaget's

system, as a brief reference to its central tenets shows.

181



Piaget (1972b) makes clear the idea which provides the direction
of all his work:

Child psychology certainly constitutes a kind of
embryology of the mind, both in describing
developmental stages in the individual, and
especially in studying the actual mechanism of
this development itself. Developmental psychology,
moreover, represents an integral part of
developmental embryology (which ends not at birth,
but on arrival at that state of equilibrium which
is the adult state).

(p. 17)

cev.. 1f we remember, together with the biologists,
that differentiation of tissues in the embryonic
phase governs the whole adult anatomy, we will cease
to regard the larval state of the various forms of
knowledge as being a situation devoid of theoretical
significance +....

(p. 31)

Developmental psychology can be described as the
study of the development of mental functions, in
as much as this development can provide an
explanation, or at least a complete description,
of their mechanisms in the finished state.

(p. 32)

Piaget thus offers a genetic explanation. Human capabilities
are to be understood in terms of the adaptation of organisms. A
description of the stages of mental development will enable the
'adult state' or 'finished state! to be understood. This final
state is where cognition can take part in '"the universe of our
existing scientific thought taken as the norm" (Piaget, 1930),
with "physics and its relations with mathematics (as) the highest
forms of cognitive development" (Piaget and Inhelder, 1971).

It is this reasoning which, explicitly or implicitly, is
usually accepted in studies which incorporate Piaget's work as
an explanatory notion. The behaviour of 'Subjects! may be
explained by fitting it against Piagetian norms. The stages of
development explain how the 'finished state'! comes to be as it
is, and why individuals do what they do in appropriate circumstances.

When one stands back for a moment to examine the kind of

explanation afforded, however, circularity becomes evident.
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Like any genetic explanation, Piaget's system is of necessity
teleological. Development is directed towards the end state.
The starting point of the explanation and its point of reference
throughout is the final stage of the process of adaptation. The
process itself is determined as a series of successive changes

or transformations which are necessary to reach this end.

Thus the process explains the end, and the end explaing the
process.

The way in to this circle is through the assumption that a
complete description of the 'adult state! or 'finished state! is
available.

This assumption obscures a difficulty. The 'finished state! of
mental development in Piaget's system isg an abstraction, the
essence of the processes which are conjectured to govern formal
scientific-mathematical thinking. But living, 'real! human beings,
who have reached the mature, adult stage when judged by the way
in which they cope with most aspects of their lives, seldom seem
to use this highest level of operation. Wason (in Geber, 1977),
for example, has shown that it is doubtful that the Piagetian
finished state typifies the thinking of highly accomplished
people. In advanced scientific work, if well established
practitioners are to be believed, formal operations do not appear
to be only, or even the dominant means. As Medawar (1967)
comments in discussing hypothetico-deductive processes in
scientific thinking, "The critical procesé in scientific reasoning
is not ... wholly logical in character, though it can be made to
appear so when we look back upon a completed episode of thought".

Piaget's 'adult state' appears to be a *looking back! on
episodes of thought rather than a complete description of the
reality of adult capabilities.

Using an idealised description of the development of the
Intellect of Man when attempting to explain the performances of
men and women leads to the kind of difficulties encountered in
this study. Men and women tend not to measure up to the way they
ought to be. Horizontal decalage is an anomaly within the system.

Following Piaget's argument that the !'finished state! is reached
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in different areas of kmowledge according to aptitudes and
professional specialisations, it might be said that the
students who responded on the pre-operational level to
Everyday Phenomena items could achieve higher levels of
thinking in, say, teaching, by virtue of their aptitude for

and specialisation in whatever intellectual activities teaching
demands.

But Piaget's interpretation of decalages in the adult period
depends upon aptitude and specialisation as 'mechanisms' of
development (transition between earlier stages needed only
equilibration). It could well be that an examination of these
mechanisms, particularly aptitude, would turn out to be more
complicated than the phenomena they were brought in to explain.
The mechanisms strongly resemble the 'abilities! rejected
earlier as explanatory notions.

The range of students! performances can not be explained by
the Piagetian order of development without bringing in these
notions from 'outside!. The range cannot be accounted for within

the system.

Tutor E had asked, at one point, "Why were you surprised by
the students' performances?" This was the critical event which
led to the end of Phase 3. The question was worrying; it was
surprising in itself. It had seemed obvious that there was a gap
between what anyone would expect of the students! performances and
what the students actually did, and that the gap cried out for
explanation. I had, at different times, shown examples of the
students' responses to many people who were experienced in

teacher educationad who were well versed in theoretical matters

184



to do with intellectual development. Initial reactions,
particularly to drawings of shadows and liquid levels, were
invariably expressions of incredulity. "My God!" was a
frequent comment. The casual question, "Why were you surprised?"
demanded that the obvious should be examined.

As the argument set out in the foregoing pages developed, it
became clear that this examination of the obvious was crucial.
My problem arose because certain expectations were refuted.
The problem was shaped by the expectations, which in turn were
shaped by theory unconsciously accepted as the natural order of
things. The circularity of the Piagetian system determined not
only the nature of the explanation to be éought in the difficulty
which generated this study, but also the character of much of
what there was to be explained. The implications of this are

developed in Chapter 6 which follows.
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CHAPTER SIX

The Nature of Explanation in Educational Research.
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CHAPTER SIX

The Nature of Explanation in Fducational Regearch.

I had found two systems of explanation commonly used in educational
research to be unsatisfactory, and I was forced to consider the
question of what kind of explanation would be acceptable - what was
I looking for? The answer seemed to be that I was looking for
something which could be said to 'cause! the situation which was
to me, problematical. The underlying question, more or less
unconscious, was '"Why?".

Psychometric theory could not point to the 'why'! of the matter,
and I had dismissed it as 'descriptive' and not properly tcausal'.

A genetic explanation, apparently different in character, turned
out on closer examination to rely upon ‘'mechanisms of development!
which themselves required explanation.

The following passages consider aspects of explanation, particularly
'scientific!' explanation, and lead to the opinion that the cause
that I was looking for was within myself.

Causgal Explanation.

Everyday thinking is permeated with ideas of causation. Words
such as 'teacher', 'student', 'educate' and 'learn' are implicitly
causal. Causality is a basic scientific notion. Knowledge of
causes enables effects to be accounted for, and may be applied to
produce desired effects or to prevent undesired effects.

Textbooks on scientific research in education naturally take
for granted a search for causes as the business of regearch.
A passage from Burroughs (1971), for example, assumes a
researcher eager to assign cause and effect:

A correlation does not necessarily give information
as to causes. A high correlation between weight-
lifting ability and intensity of dramatic sensibility
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shows neither that weight-lifting develops
greater histrionic skill nor that regular
theatre going builds muscles. It merely
indicates that there is a relationship. The
only occasion when causality might be inferred
is when one of the variables is clearly the
independent and the other clearly the dependent
variable. Otherwise one should be particularly
alert to the insidious tendency of correlations
to suggest causality and of the ease with which
we fall victim to this.

(p.257).

The proposition that Event A is the cause of Event B if events
like A are regularly followed, in similar circumstances, by events
like B, is an apparently straightforward notion. But, as Hume
pointed out, every causal proposition is general since it implies
a universal law, and it can be justified only by induction.
Following Hume, nothing can be known a priori about the connection
of cause and event.

In an event, antecedent and comsequent are not directly related,
and the consequent can only be explained in terms of a cause
distinct from the antecedent. If T place a pin close to a magnet
and the pin is drawn to the magnet, the consequent (the pin jumping
to the magnet) can not be explained by the antecedent (my placing
the pin near to the magnet). I could, for example, place a
matchstick there instead. Some hidden mechanism, in this case a
force of attraction, is invoked to explain the event. The antecedent
is therefore not a cause but a condition for the operation of acause.

If this is so, a search for a causal explanation will describe
the conditions in which a postulated (and always unobservable)
cause operates.

In the sciences which have generated laws, or propositions which
are empirically 'true!, causal explamations describe the conditions
in which a particular law operates, and this leads to a difficulty
in even the hardest of sciences. In any particular event the
observable elements can not be regarded as causes, but only as
the means through which something else produces the occurrence
being investigated. What at first seems to be a cause becomes

another event (or group of events arranged into a law) which must
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itself be referred to another cause - an infinite regress.

The natural sciences have managed to live successfully with
this problem, but it becomes acute in the human sciences. A
law, of the kind agreed upon in science, is a constant and
necessary relation, which although subject to possible
refutation, stands up well to testing. But no laws of human
action have been formulated which are of the same status as
the laws of the natural sciences, and in attempts to find causal
explanations of human action there must be recourse to explanatory
notions which have neither the universality nor the necessity of
laws.

The consequence of this for scientific educational research
which sets out to account, causally, for human performances, is
that attention is diverted from the persons who performed and
their circumstances, so that what becomes important is their
relation to something else - the explanatory notion. For the
reasons given above, questions in this kind of inquiry will
necessarily involve a mystery element, the explanatory notion,
and this will be some quality or power which, although unknown,
must be apprehended and its 'dimensions' measured in units. The
underlying assumption is that the same process of inference which
allows us to make fairly precise statements about natural events
such as the wind blowing will allow statements of similar
precision to be made about the mystery element proposed in human
action. Observing the branches of trees and the movement of
smoke, etc., enables one to say that there is a wind blowing, of
such and such an average force on a pre-determined scale. The
conditions (branches shaking, smoke moving, etc.) indicate the
operation of a cause (the wind blowing) the intensity of which can
be measured (Beaufort Scale force X). By the same token, it is
assumed, observing 'subjects' making marks on a test paper enables
one to say that an ability is at work 'within' the subject of
such and such strength. The conditions (occurrence of 'right! or
'wrong' responses) indicate the operation of a cause (this or that
ability) the strength of which can be measured (test score).
Eysenck (in Suddaby, 1965), for example, arguing for the use of
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spatial tests in the selection of students for university
science and technology courses, is quite explicit:

The abilities we are measuring are very largely
innate. There is very little that can be done
through teaching to make any great difference in
them ....

(p. 29-30)

«+.. selecting them (students) on the basis of
verbal ability when what is really required is
spatial ability is a very poor device for
selecting the right sort of people to become
scientists.

(p.30)

+eso it might be worth while trading, say, a
number of points of ability which are over and
above the average against a few points of
knowledge which are lacking.

(p.33)

These remarks illustrate the way in which the notion of
abilities is used. Eysenck is saying that abilities exist, are
required for successful work in science and technology, and can
be measured precisely enough for a few points to make a crucial
difference to the careers of their possessors.

Some factorists may object that they do not propose causal
relations, but it is hard to see what practical consequences
follow from the description of valueless relations - description
of relations entails constantly living in the future - and in any
cage, as I argued earlier, and demonstrate below, notions such as
those of 'abilities' are almost invariably used in research in a
'Causal! way.

A typical example of the kind of research that I found when
searching the literature on abilities is lLewis (1964). His repoxrt
is introduced by the statement, "This investigation is concerned
with an analysis of attainment in elementary science in terms of
cognitive factors defined by psychological tests." Tests of
attainment in physics, chemistry and biology, together with a
battery of verbal, number and spatial tests, were administered to
over three hundred pupils from three co-educational grammar schools

in Belfast. These measures were then factor-analysed. The questions
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to be answered were:

1) is attainment in physics, chemistry and biology linked
together by a group factor over and sbove a general factor?

and 2) to what extent does attainment in science, or in its
separate branches, depend upon (a) verbal ability, (b) spatial
ability, and (c¢) numerical ability?

Analysis of the results of testing produced a science group
factor and verbal, spatial and numerical group factors.
Attainment in science was found to be "dependent upon (a) the
general factor, and (b) the scientific group factor." In
addition attainment in physics "depends to some extent on the
spatial factor," while "attainment in biology (for girls)
depends to some extent on the verbal factor."

Discussing these results, Lewis comments, "What has been
demonstrated conclusively; is that when the teaching of junior-
form science is organised on a unified basis, a prominent
scientific group factor exists, and can be isolated by factorial
techniques, "and" .... a relatively superior, or inferior,
attainment in physics could be (at least partially) an effect
of the spatial factor. In the same way a noticeably different
attainment in biology for girls might be explained by the verbal
factor.”

Lewis' research takes for granted the objective existence of
certain mystery elements which can cause effects to happen, and
it proceeds as though they are so powerful in the situation that
other influences which might be proposed can be ignored.

But the number of variables which might bear on the children's
performances on science test papers is enormous. To mention a
few, Lewis! subjects came from a variety of homes and had a
variety of parents, relatives and friemds. They were taught in
groups, by a number of teachers each with different experiences
of life, in three schools with particular head-teachers and their
particular policies, maintained by a particular education
authority. To take just these potential influences and their
subdivisions into consideration, controlling and varying them

systematically as the scientific model demands, would be impossible,
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as I found in my consideration of variables in the early stages
of this study. The researcher following the scientific model
has therefore to choose what he will regard as relevant for his
purposes and to hope that sampling techniques will hold the rest
constant. Allowing sampling to support this heavy responsibility
means that any conclusions that are drawn from the research have
to be hedged around with qualifications and limitations (although,
as Lewis! remarks show, this is not always acknowledged ).

What is more important, however, is that the hidden hypotheses
in the research are not tested. ILewis set out to examine
attainment in science "in terms of cognitive factors defined by

psychological tests." He asks, "to what extent does attainment in

science depend upon (a) verbal ability, (b) spatial ability, and
(c) numerical ability?" The sppearance of relationships of some
kind can be guaranteed by the use of the tests, and all that is

is question is the extent of dependency. The real hypothesis, that
abilities exist in causal relation with other abilities, is not
stated and can not be tested because the whole procedure circles
around the unspoken acceptance that what is hypothetical is fact.

The research is presented on the confident assumption that everyone
knows what abilities are and where, in principle, their effects
may be found. This confidence is derived from the research tradition.
Variables are usually chosen, as in Lewis! case, in the light of
previous similar researches. The preliminary search of the
literature demanded by the tradition makes it highly likely that
explanatory notions will be preserved unchallenged and that there
will be continuity of method.

This is unfortunate if only from the point of view of scientific
procedure. Magee (1973, p. 24~25) gives an example to illustrate
Popper's arguments on the refutation of conjectures. The
hypothesis "Water boils at 100 degrees Centigrade" is refuted when
tested by heating water in closed vessels. The hypothesis could
then be modified, narrowing its empirical content, to '"Water boils
at 100 degrees Centigrade in open vessels." When tested at high
altitudes this second hypothesis is refuted. The hypothesis could

be modified again so that its empirical content is narrowed to
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"Water boils at 100 degrees Centigrade in open vessels at sea~
level atmospheric pressure." Systematic attempts to refute this
third statement could then be made. But to proceed through a
series of statements with vanishing empirical content migses the
most important feature of the situation. When water was found

not to boil at 100 degrees Centigrade in closed vessels there was
the possibility of discovering a new problem, the question, "Why
not?" This is a challenge to produce a hypothesis which explains
both why water boils at 100 degrees Centigrade in open vessels and
also why it does not in closed vessels. This second formulation
would have not less empirical content than the first, but considerably
more, and the systematic search for refutations of the second
hypothesis would lead to further new problems rather than, as in
the first procedure, an attempt to pin down ever more precisely
knowledge about the boiling point of water.

By arranging their work so that it inevitably preserves their
basic explanatory notions, researchers in education such as Lewis
follow the first procedure described by Magee, rarely finding it
necessary to ask, "Why not?" Where refuting instances do arise,
they absorb them by various means - there was error in the reported
observation, the measurement techniques were wrongly applied, the
instance was outside the scope of the inquiry because it did not fit
the hypothesis, etc. To quote Miles! (1957) footnote again,
"Correlation co-efficients can be worked out between as many
different abilities (or substrates) as we please; but no figures,
whether high or low, can lead us to abandon a substrate which we
are sure is helpful or accept one which we are sure is unhelpful."

The advice given by Burroughs on the interpretation of correlation
co-efficients (shown on Page 187 of this Chapter) is interesting
in this connection. Discussing a high correlation between two
scores, he warns, "It (the high correlation) merely indicates that
there is a relationship. The only occasion when causality might
be inferred is when one of the variables is clearly the independent
and the other clearly the dependent variable." To allow causality
to be inferred on these terms is a fairly safe bet, since dependency
is a causal relation. As the postulation of variables rests upon

the researcher's preference in explanatory notions, Burroughs!
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advice illustrates how hypotheses in the style of research discussed
here are operated rather than tested. '
Returning to Lewis!'! study, a science teacher actually working in
the schools concerned might, on reading the report, conclude
that the research had shown that if you give science, verbal,
spatial and numerical tests to a number of children and factor-
analyse the results, you produce science, verbal, spatial and
numerical factors. The teacher might note that he was asked to
see some science scores as the 'effect! of particular factors,
and that other science scores were to be texplained by! other
factors. He could be forgiven, nevertheless, for failing to see
how the results furthered his teaching action, except that, if he
were inclined to sort children into potential scientific sheep
and goats, the results might reinforce his inclination.
Since the questions posed in this kind of inguiry are asked in
terms of the mystery element, answers, where they are found, are
in terms of the mystery element and not in terms of the performances,
actions, of the people in the situation which was the stimulus
for the inquiry. These answers lead to further questions about
some aspect of the mystery element, leaving the situation
unexplained. This creates an abstract problem for contemplation,
about what to believe concerning the effects of the mystery
element, but does not invite action in the actual situation
thought to warrant investigation. There now seems to be a further
problem to be investigated, and this serves to endorse and reinforce
belief in the concreteness of the mystery element. Embedded a
little deeper in 'the facts! of scientific research it is a little
more removed from scrutiny, its realityaqlittle more taken for

granted, as the search for its effects moves on.

Apparent Halt in the Regress of Explanation: Classification and

Background Knowledge.

Bridgman (1927) considered a crisis in the state of physics at that
time, and suggested the point at which the reaching back for
explanations of explanations actually stops in practice:

Perhaps the climax of our task of interpreting and
correlating nature is reached when we are able to
find an explanation of phenomena; with the finding.
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of the explanation we are inclined to feel
that our understanding of the situation is
complete. We now have to ask what is the
nature of the explanation which we set as the
goal of our efforts. The answer is not easy
to give, and there may be a difference of
opinion about it. We shall get the best
answer to this .... by adopting the operational
point of view, and examining what we do in
giving an explanation. I believe that
examination will show that the essence of an
explanation consists in reducing a situation
to elements with which we are so familiar that
we accept them as a matter of course, so that
our curiogity rests.

(p-37)

He adds in a footnote, "The ultimate elements of explanation
are analogous to the axioms of formal mathematics", and later
(p.38), "The physicist s... requires that the familiar elements
to which we reduce a situation be such that we can intuitively
predict their behaviourh.

Bridgman's account of explanation suggests that it is a process
of "discovering familiar correlations between the phenomens of
which the situation is composed". But there is a prior process.
Before familiar correlations can be recognised the situation
must be 'seen' to be composed of phenomens - things, entities.

It is these entities which are familiar and the relations between
them which seem self-evident. Are they fdiscovered!?

Bridgman acknowledges this more !'primitive! process in a later
section on the concept of identity:

There can be no question that the concept of identity
is a tool perfectly well adapted to deal approximately
with nature in the region of our ordinary experience,
but we have to ask a more serious question. Does not
the apparent demand of our thinking apparatus to be
furnished with discrete and identifiable things to
think about impose a very essential restriction on any
picture of the physical universe which we are able to
form? We are continually surprising ourselves in the
invention of discrete structure further and further
down the scale of things, whose sole raison déetre is
to be found entirely within ourselves ......

(p.91).
Another way of putting Bridgman's description of scientific
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explanation might be: the regress of explanations of explanations
ends when we believe that we can analyse the situation to be
explained into component parts. Since we have to know these
parts beforehand (intuitively) they are familiar and we feel
comfortable.

The process is one of classification based upon intuition
and belief, and the skills are taxonomical.

To ask, What gives rise to intuitions and beliefs in science?
leads to notions of 'background knowledge!.

Lakatos (1976) examines the nature of knowledge which is held
to be 'axiomatic!:

In Buclid's time the word 'axiom! - like 'postulate! -
meant a proposition in a critical dialogue (dialectic)
put forward to be tested for consequences without being
admitted as true by the discussion partner. It is

the irony of history that its meaning was turned upside
down. The peak of Buclid's authority was reached in
the Age of Enlightenment. (Clairaut urges his colleagues
not to "obscure proofs and disgustmaders by stating
evident truths: Euclid did so in order to comvince
'obstinate sophistst™.

Again, Newton'!s mechanics and theory of gravitation was
put forward as a daring guess, which was ridiculed and
called 'occult! by Leibnitz and Berkeley and suspected
even by Newton himself. But a few decades later - in
the absence of refutations - his axioms came to be taken
as indubitably true. Suspicions were forgotten, critics
branded !eccentrict! if not tobscurantist?; some of his
most doubtful assumptions came to be regarded as so
trivial that textbooks never stated them. The debate -
from Kant to Poincare - was no longer about the truth

of Newtonian theory but about the nature of its
certainty.

(p-49).
Elsewhere Iakatos comments:

Good textbooks in informal mathematics usually specify
their shorthand, i.e. those lemmas, either true or
false, which they regard as so trivial as not to be
worth mentioning. The standard expression for this is,
"We assume familiarity with lemmas of type X". The
amount of assumed familiarity decreases as criticism
turns background knowledge into knowledge .... One
wonders when '"the author confesses ignorance about

the field X" will replace the authoritarian euphemism
"the author assumes familiarity with the field X":
surely only when it is recognised that knowledge has
no foundations.

(p.45).
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Lakatos presents his argument in the form of a discussion
between imaginary mathematicians and he characterises "background
knowledge! by making one of the participants comment, wryly,
"Background knowledge is where we agsume that we know everything
but in fact know nothing'.

It is from this background that Bridgmant's 'familiar elements!
arise which make a scientist's curiosity rest. If he can 'see!

a situation so that it fits a theory, preferably one about which
debate concerns tthe nature of its certainty?!, then he has
explained the situation, until, that is, some disturbance in the

background makes restructuring necessary.

Stability.
It would seem that all that a scientific explanation, causal,

relational, genetic or otherwise, can offer is a sort of
temporary freezing of motion, or equilibrium.

Polanyi (1958) discusses three aspects of this kind of stability,
circularity, self-expansion and suppressed nucleation, using the
traditions of an African commumnity as illustration. The Azande rely
upon a poison oracle. If the oracle answers "Yes" to a question,
and then "No" to the same question, belief in the oracle is
unshaken - the contradiction ig because something, such as the
wrong incantation or defective poison has been used in the process
of consultation.

Polanyi argues that the stability of beliefé in the Azande
tradition and in scientific systems alike is due in the first
Hace to the fact that objections to beliefs can be met one by one:

The power of a system of implicit beliefs to defeat
objections one by one is due to the circularity of
such systems. By this I mean that the convincing
power possessed by the interpretation of any
particular new topic in terms of such a conceptual
framework is based on past applications of the same
framework to a great number of other topics not now
under consideration, while if any of these other
topics were questioned now their interpretation in
its turn would similarly rely for support on the
interpretation of all the others.

(p.288)
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The second aspect of stability proposed by Polanyi

«s+. arises from an automatic expansion of the circle

in which an interpretive system operates. It readily
supplies elaborations of the system which will cover
almost any conceivable eventuality, however embarrassing
this may appear at first sight. Scientific theories
which possess this self-expanding capacity are sometimes
described as epicyclical ....

A1l major interpretive frameworks have an epicyclical
structure which supplies a reserve of subsidiary
explanations for difficult situations.

(p.291).
The third aspect of stability is the way such systems deny to
any rival conception the ground on which it might take root.*
Polanyi sums up:

Any contradiction between a particular scientific

notion and the facts of experience will be explained

by other scientific notions; there is a ready reserve

of possible scientific hypotheses available to explain
any conceivable event. Secured by its circularity and
defended further by its epicyclic reserves, sclencemy
deny, or at least cast aside as of no scientific interest,
whole ranges of experience which to the umscientific

mind appear both massive and vital.

(p-292).

Polanyi contends that scientific explanation, like all
interpretation, depends upon "tacit assent and intellectual
passions, the sharing of an idiom and of cultural heritage,
affiliationt a like-minded commmity" and that no intelligence
can operate outside what he calls a 'fiduciary framework!
(Concise Oxford Dictionary: 'fiduciary! ..... (paper currency)

depending for its value on public comfidence ceon)

* TIakatos (1976) describes techniques used by mathematicians to
preserve theories, such ag dismissing counterexamples to a
conjecture as pathological cases - monsters - and Yconcept stretching!
to accommodate counterexamples. One of his characters comments,

".... the power of the theory lieg in its capacity to explain

its refutations in the course of its growth",
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Scientific Explanation and 'The Sciences of Man!.

Taylor (1971) refers to cyclic patterns of explanation and describes

empiricist science as an attempt to reach a level of certainty
which can only be attained by breaking beyond the circle of our
own interpretations - to get beyond subjectivity:

The attempt is to reconstruct knowledge in such a
way that there is no need to make a final appeal

to readings or judgements which cannot be checked
further. That is why the basic building block of
knowledge on this view is the impression, or sense
datum, a unit of information which ig not the
deliverance of a judgement, which has by definition
no element of reading or interpretation, which is a
brute datum. The highest ambition would be to build
our knowledge from such building blocks by Judgements
which could be anchored in a certainty beyond gsubjective
intuition.

This, says Taylor, is what lies behind the ideal of verification,
the detection of relations between 'brute data! by means of
logical and mathematical inference, which would lead to inferences
which are beyond the challenge of rival interpretation. Taylor
is content to leave natural science to its own problems in this
respect, but is concerned about the adoption of an empiricist
epistemology in 'the sciences of man!' (studies in which the actions
of men and women are the subject mater). In the sciences of man.,
he says, the temptation has been overwhelming to launch lines of
inquiry that fit the verification paradigm. This has led to the
concentration upon features of human action which can supposedly
be identified in abstraction from our understanding or not
understanding experiential meaning. This is a mistake, Taylor
argues, because, "We have to admit that intersubjective social
reality has to be partly defined in terms of meaning; that meanings
as subjective are not just in causal interaction with a social
reality made up of brute data, but that as intersubjective they
are constitutive of this reality".

Using examples from political science Taylor maintains that the
institutions and practices of the tbargaining culture! of Western
civilisation are taken as starting points from which to understand
the politics of all societies, with the result that theories of

political development place the 'Atlantic-type polity! at the summit
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of human political achievement. This ig because, in the search

for brute data, political scientists give up trying to define

further what are the practices and institutions of a bargaining

culture and what the clusters of intersubjective meaning are

which the practices and institutions require and hence sustain.
Taylor describes how ideas such as 'working! and 'the civilisation

of labour! constitute a web of meanings and goes on:

But of course such a massive fact doesn't escape
notice. What happens rather is that it is re-
interpreted. And what has generally happened is
that the independent productive and negotiating
society has been recognised by political science,
but not as one structure of intersubjective meaning
among others, rather as the inescapable background
of social action as such. In this guise it no
longer need be an object of study. Rather it
retreats to the middle distance, where its general
outline takes the role of universal framework,
within which (it is hoped) actions and structures
will be brute data identifiable, and this for any
society at any time.

This leads to non-comprehension of situations which do not
fit the grid:

Mainstream social science .... will not recognise
intersubjective meaning, and is forced to look at

the central ones of our society as though they were
the inescapable background of all political action.
Breakdown is thus inexplicable in political terms;

it is an outbreak of irrationality which must
ultimately be explained by some form of psychological
illness.

Taylor rejects the idea of 'brute data' and interpretations
which can be scientifically verified in the sciences of man. He
argues that interpretation is essential to explanation, and that
a study of man's actions is inescapably 'hermeneutical! in that
it must clarify meanings which are confused and incomplete, so
that there can be agreement and a starting point for communication.
Circularity is accepted as inevitable, and the aim of explanation
is not certainty but freedom from illusion.

A View of Educational Research.

I think that the naive (and the not so naive) researcher

unconsciously understands a search for a cause ag taking the form

of the question, "What is the truth of this matter?" In spite of
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the opening ritual of 'choosing a frame of reference! and the
relativity that this implies, it seems to require the experience
of perplexity to bring about the practical realisation that all
that can be hoped for is a momentary coherance. And further, that
there are no 'objective! means of deciding which of the ways of
thinking about a situation that he is familiar with is nearer +to
"truth! than another; and again, that to choose a way because

'it works in practice! merely reinforces the beliefs, and the
practices which flow from them, that prevail at the time.

In education, and particularly in the field with which this
present study is concerned, notioms such as 'the structure of
abilities', 'norms!, 'stages of development!, 'operational
structures! and so on, are common. They have emerged from research
in education, and, more often, from the generalisations of other
disciplines, to form the fabric of thought of those concerned with
education, a Popperian World 3 of intellectual objects. They form
an inescapable background, the elements of which have become so
familiar that '"we accept them as a matter of course". The
implications of the concepts which make up the background include
the methodology by means of which the ideas were formed.

If educational research as generally practised is seen as an
esgentially scientific enterprise, committed to an ideal of
verification and aspiring to scientific method, as discussed in
this chapter, a study comes to be conceptualised in terms of the
dominant theories of the !background!. Hypotheses are derived from
the theories and are operated rather than tested by the methods
implied in them.

This process of reduction amounts to a situation in which the
researcher, at the outset of inquiry, applies whatever taxonomical
skills are available to him, classifying the process he wishes
to study in order to identify a problem which can be solved by the
application of a known range of methodological recipes.

Bartlett (1932) complained of this in psychology, without going
in to why it might happen, when he commented tartly on

.ese the astonlsh;ng way in which many psychologists,
even the most deservedly eminent, often appear to
decide what are the characteristic marks of the process
they set out to study, before ever they begin actually
to study it.

(p.311).
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The result of this early commitment to a particular kind of
explanation is premature closure. Curiosity rests, or is at least
arrested.

But a study can not proceed in some way 'outside! the realm of
our constructions and interpretations.

Craik (in Sherwood, 1966) states that a phenomenon is unexplained
if it strikes us as ttally unique - uncorrelated and incomparable
with anything else in our experience.

Craik's stark situation is unlikely to occur in educational
studies, if at all. Most situations which call for explanation
are, like the one from which I started, of a milder kind where there
is a discord: what we notice does not harmonise with our expectations.

If this is so, it follows that without our expectations we would
not have noticed the phenomenon as difficulty.

A study, therefore, necessarily starts from a position where
a direction of explanation is implied or prefigured in the way the
discord is experienced.

Taking account of the dlements of the 'inescapable background!
which give rise to our expectations, however, as starting points
in a circle of explanation and not as wmiversal frameworks,
allows the discord or difficulty to be examined before a problem
is formulated.

It could be that the process would show that the difficulty
disappears, or is radically changed in character.

It means that the researcher can not regard himself as a
detached observer of the events that puzzle him, since he must
consider right at the start what it is that makes him experience
an event as disturbing and calling for explanation. This
examingtion reveals that the researcher's problem can only exist
within a theory, and that the theory is not tied to actuality except
through the fact that he takes the theory for granted and acts as
though his problem arises from the natural order of things. He is
forced into a re-consideration of the categories habitually used
to classify his experience. The fact that the researcher, personally,
is led to see things from particular viewpoints, with particular
limits to vision, becomes important. He is part of the problem
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he wishes to understand. He is therefore firmly placed at the
centre of the study, his subjective view of how things should be
as much a subject of study as the observations he has made.
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CHAPTER SEVEN

The possibility of Inquiry into Action.
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CHAPTER SEVEN

The Possibility of Inguiry into Action.

In Chapter 6 I suggested that a researcher in education may appear
to think carefully about which !'frame of reference! will provide
the direction of his proposed study, and yet at the same time he
may proceed as though his search is for 'truth', or at least
for something which will contribute to its discovery. He may
appear to say, "I propose to think about the world in one particular
way chosen from among many ways, and looked at in this particular
way there is a problem," but act as though he had said, "Thig is
the way the world is, and there is a problem.,"

I also suggested that an inescapable background of shared meanings
urges that the researcher should adopt the epistemology of
empiricist science and aspire to its methods.

Child (1973, p.378) opens the concluding chapter of his book with
comments which bear on this, at least in the field of psychology.

He begins:

The strongest tradition adopted by the majority
of workers in the psychology of education ig that
which employs the methods and assumptions of the
sciences.

Child acknowledges that there are difficulties:

«++o. the limitations imposed are such that answers
to the kinds of questions of significance to
practising teachers are not clear cut.

and that

ss2.0 SOme psychologists in education have questioned
the suitability of scientific method in its purest
form as the appropriate technique at this stage in
our hazy knowledge of human behaviour.

Nevertheless he goes on to argue

eess. the alternatives of inspired (and uninspired)
guesswork, speculation or teaching folk-lore are
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hardly likely to provide us with the foundations
from which decisions in the classroom are made
possible.

Having disposed of the unscientific, he adds, "Of course there
are differences of approach even within the bounds of scientific
method" and lists various types of scientific study.

As Child describes it, the situation is clear-cut; a choice
between guesswork and speculation on one hand, and, on the other,
the application of scientific method to obtain knowledge which is
not based upon guesswork and speculation. Choice of the second
option, on these terms, is irresistible, although scientific method,
at_present, has limitations which lead to some dissatisfaction with
the results of research among practising teachers who wish to be
guided by these results. The limitations on scientific research
are imposed "at this stage" by the incompleteness of what has
been revealed up to now.

Child's argument illustrates why a researcher may appear to take
into account the fact that his inquiry will be informed by a
particular frame of reference from among many, and yet proceed as
though he were searching for 'the truth!.

Behind the physical science model of research into human action
is the idea of a determinate world governed by laws which will
gradually be revealed if researchers are patient and skilful enough.,
This lawful world of human action can be apprehended through
science, which, although in its infancy in the field of human action
at present, will eventually provide the keys to understanding and
control. It is necessary to choose a frame of reference - but from
a range which excludes the unscientific, because ways of proceeding
which are not 'scientific! (i.e. do not measure, predict and
verify) will not lead t0 ..... the truth? TFor Child, the world is
determinate and its governing laws await discovery. Choosing a
frame of reference from which to conduct research in education
amounts to deciding upon method within the empiricist paradigm.

In Chapter 6 I described the line of argument which loosened
the hold of this powerful, if unarticulated, belief. If
knowledge generally has, as Polanyi described it, a fiduciary

basis, then perhaps the scientific investigation of educational
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phenomena is built on fundamentals which rely as much on guesswork
and speculation as do those of the 'unscientific!. I argued that
expectations define problems and that if a regearcher traces the
reasons why he held the expectations he finds that research is
personal and subjective, and, because Problems emerge from the
'Weltanschauung! of the commumity to which he belongs, intersubjective.
It is, then, the tworld view! in which the researcher is immersed
that comes into question.

Macmurray (1957) challenges the general conception of the
world which I have represented by Child's comments on psychological
research in education. Macmurray argues for a radical shift away
from the traditional belief, in philosophy, in the primacy of
thought, which has led, he says, to "an attitude of misplaced
reverence for Nature ag the lawgiver, which echoes an ancient
worship; and (invests) the professiomal scientist with magical
powers for the salvation of the world" (p.154).

Vacmurray adopts the standpoint of the Agent rather than that
of the Thinker of traditional philosophical theory; the 'I do!
(the fact that there is action) is the primary certainty. This
point of view is practical rather than theoretical and the
distinguishable elements in experience are activities, not objects:
while for primary awareness (knowledge in action) they are changes.
Macmurray classifies all changes as tactst! or tevents!; either they
are 'doings! or they are Yhappenings!, and what Yhappens! is the
negative aspect* of what 'is done!.

* Macmurray's notion of the negative aspect of action is perhaps best
illustrated by his description of an experimental situation: "To
determine the law which governs the movement of the pendulum, I erect
a pendulum, and I set it swinging. Then I begin to take the
measurements I need. But during the experiment I do not interfre
with its motion. My practical concern is to keep the conditions
constant throughout - to prevent interference. When I have made all
the measurements I require, I stop the pendulum, and I sit down to
study the measurements I have noted. The whole experiment is an
action of mine: I do the experiment. But the pattern of movement I
observe and the law that T elicit, refer only to what happens within
my action. I leave out of account my starting the pendulum when I
begin and my stopping it when T have finished. The law of the
particular instance refers to what happens between these points; to
that aspect of my doing the experiment which I do not do; that is to
say, the negative aspect of my action®.
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To call any apprehended change an 'act! is implicitly to refer
it to an agent as its source. To call it an 'event! is implicitly
to refer it to a non-agent - for an event there is a cause, for an
act there is a reason. The explanation of an event is the
discovery of the cause which produced it and the explanation of an
act is the discovery of the reason for its performance.

Macmurray defines action as activity informed by knowledge.
Action is, in principle, indeterminate because an agent can always
change his mind. Since the ends determined in action are also
starting points of further action, an agent never knows with full
finality 'what he is doing!.

An event is a change which cannot be referred to an agent as
its source. The idea of an event, Macmurray argues, is the idea
of an action from which the element of knowledge has been excluded.
A 'causd is a source of occurrences which is a non-agent, an
existent which is other than an agent.

The conception of !cause' is therefore inherently self-
contradictory - it is the conception of an agent that is not an
agent.

This leads to the negative aspect of agency being thought of
as existing independently of the positive - the non-existent is
thought of as existing ~ and the difficulties of any theory of
causation (such as, presumably, those discussed in Chapter 6 of
this study) arise from this contradiction. The conception of cause
both includes and excludes the idea of the tproduction! of an effect.
In consequence, whatever we assign as the cause of an event is some-
thing that is not in itself capable of producing an effect, but
only, as it were, of transmitting it.

Macmurray points out that when the use of the notion of cause falls
within action and so has a practical reference, it is meaningful
and indispensable. It refers to a negative activity which falls
within the positive activity of an actual agent. A breakdown in a
machine used by an agent, for example, leads to a search for the
cause of the breakdown, a practical matter of finding what must be
altered by the agent in order to restore his capacity to act
through the machine.
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In the case of purely theoretical comstruction, Macmurray
continues, the idea of an existing non-existent is a source
of embarrassment, and in scientific theory the idea of cause
is replaced by the idea of natural law. Instead of inquiring
for the cause of an event we ask for a law in accordance with
which it happens. The notion of natural law rests upon the
concept of what Macmurray calls continuance in the !'Other!
(that which is not the agent). The concept is of the !'Other!
ag non-agent in process.

Macmurray describes a law of Nature as a pattern of continuance,
and the discovery of such laws is the discovery of such patterns
in our experience of the 'Othert. To say of any group of phenomena
that it obeys a law is to assert that it contains a pattern of
change which recurs without change. To say that Nature in general
obeys laws, or that all phenomena occur in accordance with laws,
is to assert that Nature is the Continuant, a pattern of change
that recurs without change - the non-agent in temporal existence.

Macmurray outlines the consequences of such a view. The
development of practical discrimination of the world, through
reflection, into scientific understanding of Nature depends upon
the isolation of recurrent patterns. This results in conclusions
being liable to endless revision; an element of idealisation is
always present. In a scientific inquiry phenomens may be isolated
in accordance with some principle of relevance, so that the elements
excluded are negligible for the inquirer's purposes, but this must
produce an ideal case which is never fully actual. Iaws
established in this way, and predictions derived from them, are
based on an ideal isolation from the actual complexity of conditioms
to which they refer and in which they must be realised.
Predictions must therefore always be made with the qualification,
expressed or understood, "provided nothing interferes". They depend
on an abstraction from the presence of agents with their capacity
to determine the future. A world in which there is no action
must be postulated, and such a world is itself an ideal isolate,

a world in which there are no persons.
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This can never be the actual world in which we operate, says
Macmurray, for the process of determining patterns of recurrence
is itself a personal activity which requires experiment, and
an experiment is itself a deliberate personal interference with
the processes which are observed. The world in which the tThinker!
arrives, therefore, is an imaginary world:

What we call the physical world is, therefore,

in all strictness, an imaginary world. Even in
conception, it is the world which we know, of
which we are part and in which we act imagined

as existing without ourselves or any other agents
whatsoever in it; a world in which there is no
action.

(p-159).
Science keeps within this world of events by barring questions
which involve a reference to agency:

+eo+.. the substitution of the idea of law for the
idea of cause in science does not solve the causal
dilemma. It excludes it from consideration by
avoiding the question which requires a causal answer.
If I observe a process of change I can seek to
discover a recurrent pattern in it and so to determine
a law of continuance. In doing this, however, I
refrain from asking another question, 'What set the
process going in the first instance?' This is, of
course, the question, 'What is the cause of the
process?T! and it is not a senseless question, unless
we are prepared to deny that the process ever had a
beginning seeeees.

The replacement of the notion of fcause! by that of
tlaw! ..... defines a different mode of abstraction
or igolation within which the question of a cause
does not arise.

(p.p. 163-4).

The scientist abstracts from action - his own action in
observing and making experiments - and so constitutes an ideal
world which is purely continuant. He is Justified in saying that
the laws of Nature hold of the actual world, but only, Macmurray

ins®ts, in so far as it is a continuant.

Macmurray's argument concerning science in general has particular
force when it is brought to bear on attempts to explain
scientifically what people do. In this case, he says, continuance
appears as habitual activity. Habit is the negative aspect of

action without which the action could not take place. If s
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psychologist, as scientist, abstracts from action and considers
only those aspects of personal behaviour constituted by habit

he can then study the activities of the persons as_if they were
purely continuant. Experiments can be made in which normal

persons will agree to behave in accordance with instructions and
not for their own ends and on their own initiative. In this

way the psychologist can isolate, under laboratory conditions,
those aspects of human behaviour which would normally be

habitual responses within deliberate action, and seek to determine
psychological laws. The psychologist encounters greater
difficulties than the natural scientist. Patterns of behaviour are
much more complex; experiments are more difficult to arrange; the
number of instances is far less so that reliability of generalisationm,
even through the use of statistical methods, is greatly diminished.
Above all, the probability of interference ig very much higher.
Nevertheless, the knowledge obtained can be used, ag in physics or
biology, for deliberate control, in this case of human behaviour.
Verification of the laws can be obtained through this control. But
in doing this the psychologist creates an ideal continuant world,
imagined as existing without agents or action - a denial of his own
purposes in *doing science!.

Macmurray, then, presents a number of propositions which point
towards an approach to attempts at understanding situations
involving people which is different from that advocated by Child.
The deliberate !doings! of persons are the context for processes
that thappen!. Those aspects of the world which are determinate,
in which t*laws! are discoverable, are timeless idealisations taken,
so to speak, out of context. The actions of people, on the other
hand, take place in time and look forward to a future. Thisg
future is indeterminate, because people, as agents, can change
their minds - 'man' can be seen in large part as self-determining,
choosing between different possible futures. Understanding what
people do is necessarily concerned with intentions, reasons, purposes
and is not primarily a matter of 'causes!, which can only operate
in the limited, negative field of things that merely happen.

Shotter (1970; 1975; 1976) has proposed this change of view in
psychology:
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Many psychologists argue that (psychology's) goal
must be to specify certain scientific laws of
behaviour. But the process of arriving at scientific
laws involves just the very psychological processes
that we are trying to explain by them .....
Scientific laws refer not to actual situations but
to abstractions; people deal with both, deriving as
far as we can tell, the latter from the former.
Just what reasonable grounds are there for hoping
that we can turn round the consequences of such a
process to give an account of its operation? ..... .
with living things we camnot idealise them as being
independent of their context of existence as we can
with non-living things.

(1970)

The truth about people, about human nature .... is
not something that is awaiting discover, ready made,
like something under a stone on the beach; it can
only be made by people in dialogue, as the product
of a social act, in continual interrogation and
reply.

(1975; p.135).

Rather than an empirical science of behaviour, Shotter urges,
psychology should become a moral science of action, concerned
not with discovering the order and structure of things toutside?
ourselves, but with the order and structure of things 'insidet
ourselves, in the shared meanings and understandings by which we
live our lives. Rather than prediction and control, psychology
should seek to understand more clearly what we are and the situation
WE OCCUpY.

People can not be reduced to mechanisms or organisms, Shotier
maintaing, although they may contain both. Man lives not
directly in nature but in a culture in nature, and his form of
living is that of the personal. A Man's culture is not to be
characterised in terms of objective properties but in terms of
shared beliefs and purposes.

People, then, must be treated not like organisms dealing
directly with nature, but as rather special organic forms
which deal with nature from known !positions! within

a culture, in terms of a knowledge of the part their
action plays in relation to the part played by other
people!s actions in maintaining or progressing the culture.

(19765 p.14).
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Shotter indicates the kind of inquiry that follows from his
view of psychology. Actions must be understood as attempts to
realise intentions in a way that conforms to standards or criteria
shared by all those within the commmity of the agent.

In terms only of observational criteria, people do

not differ from organisms and the rest of what there
is in nature. But indirectly, people demonstrate that
they act in the knowledge of who and what they are,
and what they are trying to do, by the way in which
they respond to the consequences of their own actions.
It is in terms of what it implies for future action
(and reaction) that the knowledge informing peoplels
actions is revealed - often, for instance, in the
surprise they manifest when the result is not the one
they expected. Thus, in our attempts to make sense of
people's actions, we must be prepared to theorise about
the concepts that people might hold, and to test our
theories, not as we would test the logical deductions
from a natural scientific theory, but by seeing
whether the implications of holding a certain concept
are realised in a person's behaviour.

(19765 p.14).

I believe that the arguments above provide an adequate
philosophical basis and a hint of possible procedures for the
conduct of educational inguiries which would have at least the
merit of concentrating attention upon the situation of the people
concerned.

Bducational issues are primarily about what human beings do 'on
purpose! and only secondarily about what merely 'happens'!. In
trying to understand these issues we should be concerned with the
reasons people have for acting as they do. If this is 80, purposive
explanations may help understanding in ways that the various forms
of 'scientific! explanation can not. A search for such explanations
would be concerned with the beliefs, intentions and reasons held
by the agents concermed, and would relate them to what the agents
thought would be the consequences of alternative coursges of action
open to them. These are the kindsof consideration taken into
account in making judgements in everyday life, and indeed are thought
to be adequate basis for reasoning in courts of law, where
Judgements of the utmost practical importance to individuals and

communities are made.
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In the situation which gave rise to this study, it seemed
that students were getting little benefit from their work on
Piaget and Intellectual Development. Belief in the need to
search for an explanation based in the !scientific! tradition
led to questions of the kind, What is the cause of thig effect?
What theories of learning/development/behaviour account for
this? These questions diverted attention away from the actual
situation of the people concerned and focussed it instead on
theories.

Following Macmurray and Shotter, inquiry would start instead
from a different question, What is the position of students and
tutors as agents in this matter? The primary aim of inquiry would
be to understand the agents! attempts to realise their intentions
within the fshared meanings! of the lecture~reading-essay-grading
system. An indication of some of the areas to be clarified
emerged during work on the psychology test (p. 45), for example,
the time and effort that a student was willing - and for which
she had the opportunity - to spend on particular requirements; the
form of the information that she was required to make sense of; the
purposes of tutors in presenting the information and in specifying
what was required of gstudents.

An assumption would be that the people concerned were not
isolated, but part of each other's actions, in what Bateson
(19725 1979) calls 'mental systems!:

The boundaries of the individual, if real at all

will be, not spatial boundaries, but something more
like the sacks that represent sets in set theoretical
diagrams, or the bubbles that come out of the mouths
of the characters in com ic strips.

(19795 ».132)

What about "me"? Suppose I am a blind man and I

use a stick. Where do "I" start? Is my mental
system bounded at the handle of the stick? ... my
skin? .... half way up the stick? These are nonsense
questions. The stick is a pathway along which
transforms of difference are being transmitted. The
way to delineate the system is to draw the limiting
line in such a way that you do not cut any of these
pathways in ways which leave things inexplicable. If
what you are trying to explain is a given piece of
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behaviour, such as the locomotion of the blind
man, then, for this purpose, you will need the
street, the stick, the man; the street, the
stick, the man and so on, round and round.

(19725 p.465)

It seems clear that to set out to be an fobserver! would be an
inappropriate standpoint for interpretation. I learned the
limitations of the standpoint of 'observer' in a study reported
in my M.A. dissertation (Bury, 1979). This study arose from a
question put to me about Piagetian 'forﬁal operational structurest.
I was asked what was to be understood by this term. The question
wag troublesome because, although it was fairly easy to summarige
Piaget, I felt that I ought to be able to give an ostensive
definition, outside a to-ing and fro-ing between Piagetian terms.

It was not easy to point to someone's action and to say that it
was a typical manifestation of the operation of formal operational
structures. I began to search for examples of human action in the
'real world! of day-to-day living which could, on analysis, be
said to depend upon formal operations.

My son is a professional arborist. I had seen him fell large
trees in confined spaces so that the mass of timber fell exactly
where he intended and predicted that it would. In solving the
problem of how to make a tree fall in the desired way, the feller
has to prepare the tree, making cuts and gaps in the trunk, changing
the tree's total state, until, at an all-or-nothing point, the
tree becomes unbalanced and falls, testing the hypotheses the
feller has made about the effects of his preparations. This is a
special kind of problem solving, because, unlike, say, a sheep~dog,
who herds a flock of sheep into a pen by successive approximation,
or a carpenter who joins pieces of wood by shaping-testing-adjusting,
the feller must make predictions by means of his actions and submit
them to a drastic test which permits no adjustment or correction.

It seemed to me that this kind of performance, dealing as it
apparently does in judgements and propositions, was worth studying
with the idea of formal operational structures in mind.

It soon became clear that the question of how to understand,
get at, what was involved was a difficult one.

My son is articulate and takes readily to amalytical thought.
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He described in detail the sequence of actions taken during
felling, enumerated the factors to be taken into account, and
ended by saying, "But it's not as simple as that. It depends
" on the tree."

Close observation of felling confirmed that the wholeness
of the sequence of acts defied operational description. In
the end I found no other way to get at what a tree feller knows
(the knowledge that informs his action) than to fell trees myself,
which was a form of introspection.

The idea of the necessity of considering the whole exchange
between an individual and whatever else formed part of hig action
was developed to some extent in the tree felling study. Somehow
the inquirer must get himself within the circle if he is to begin
to understand relations between the elements of the interaction.
The elements can not be considered as entities in themselves.

They are given their significance or meaning by their function in
the system, rather than by any formal qualities they may have

when thought of as being in isolation from one another. The actions
of the tree feller, the cuts he makes in the wood, the wedges and
cables he uses and the forces he exerts, can all be described
separately, objectively and operationally, in terms borrowed from
physics and engineering, but their value is derived from the whole
action, which is beyond thigs kind of description.

Similarly, the elements making up a particular piece of teacher-
training practice would need to be conceived in their relation to
a whole, in Bateson'!s terms the system delineated so that !pathways!
are not cut in ways which leave things inexplicable. Since the
psychology essay system operated simultaneously with other similar
systems and students themselves were the essential synchronising
or synthesising agents, it would not be inconceivable for such
'mental systems! to include, as negative aspects, quasi-autonomous
recursive systems with circular trains of cause and effect and
conservative characteristics; so that, for example, students could
hold certain beliefs and intentions about what it is to teach and
how one becomes a teacher, while at the same time agreeing to

become part of a cause~effect recursive system which appears to
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them to have little bearing on what they believe and intend.

To interpret the intersubjective meanings which were the
context for such systems would entail entering into dialogue,
as distinct from interrogation, with the agents concerned.
Obvious forms of dialogue are conversations with individuals
and groups, but, as in the 'dialogue! between the tree-feller
and the tree, within the system ~ the interpreter would need
to take part as teacher, and, as far as possible, student.

It seems likely that in such an inquiry the difficulties
students found in understanding the content of Piagetian
experiments would appear in a somewhat different light. Fitted
against a theoretical order of development the difficulties
appear in some way pathological; inexplicable in terms of the
'proper! sequence, and significant not for what they might be
in themselves but for what they might stand for or portend
(although teachers of younger children may be interested in the
kind of explanations that adults can offer of 'everyday phenomena't).
Seen as part of the dialogue between teacher and taught (rather
than between 'subject! and !objective observer!) the difficulties
raise a more practical question, What shall we do about these
difficulties? Given that the inquiry has led to the belief that
it is worth while to require students to understand Piaget's work
(which is not necessarily so)* the problem is an educational one,
What kind of help do students need in order to grasp the notions
involved? This question can not be answered by reference to
Piagetian theory but only by actually devising and using some
means of helping. The change of stance does not, of course, get
rid of theory, which is pre~supposed in the devising of means,
but the theorising involved would be based upon what emerged from
the transactions between actual people rather than upon unembodied

NOoYms «»

* Or that, since the idealised worlds of scientific explanation
are an important part of our culture, they should be at least
broadly accessible to teachers.
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Two incidents during the course of the study are of interest
in this respect. In conversation about the responses of students
to Item 14 (shadows) of the 'Everyday Phenomena! test, Tutor E
asked me to describe the shape of a shadow cast on the ground by
a rectangular wooden board suspended horizontally above the
ground, with a light shining from a point above and to the side
of the board, and what would happen if the board was moved
laterally a few feet away from the light. I immediately thought
of the beam of light thrown by an overhead projector pointing
slightly upwards and shining against a wall, and began, "It would
be slightly tapezoid ...." Tutor E pointed out that the shadow
would be rectangular, and added that he had asked a number of
people the same question with similar results.

In another conversation about Item 9 (bicycle) Tutor E put the
question to me: "If you just hold an ordinary bike - without
getting on it - so that the pedal is at the bottom, and you push
the pedal backwards, what would happen?" I said that the rear
wheel would skid round because the weight of the cycle would not
provide enough friction between the rear tyre and the road for
forward movement of the whole machine. He said that the cycle
would move backwards, and that he had asked a number of people all
of whom had said that the machine would move forwards. It took
some moments for me to agree that the movement would, in fact,
be backwards, and I was not absolutely convinced until I had
tried out the exercise in practice. I asked the same question of
a number of young men who had been, not many years previously,
expert in all matters to do with cycles and are now sophisticated
mechanics, one or two of them professionals. All said that the
cycle would move forwards.

These two instances illustrate how easy it is for adults to
continue to use a generalisation for prediction and explanation
which is adequate in a particular situation but is inadequate
when, although the situation still appears familiar, the conditions
are changed. The changed conditions represent not just a few
complications in the old problem but a new problem, and it is the

disarming impression of familiarity which obscures this transformation.
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Thus 'misconceptions of everyday phenomena! may involve
drawing conclusions which are fully logical on the basis of
one's previous experience of apparently similar situations, and
are only illogical when the situation is recognised as new.

Increased understanding of the situation depends upon meeting
refutations of one's expectations and the subsequent modification
of the expectations - what applies in the case of shadows cast
by 'vertical objects'!', for example, does not apply to those cast
by 'flat horizontal objects', and what applies in the case of
mounted bicycles does not apply in the case of ummounted bicycles.
There is, of course, a further part of understanding, finding out
what does apply in the situation now seen as new, and this involves
the construction of a new generalisation, that is, looking for
regularities and experimenting.

From the standpoint of Piagetian theory this raises the guestion
of what it is that enables the person to see the situation as
new and to construct a new generalisation. 'Seeing the situation
as new'! would presuppose the availability of the necessary logical
structures 'within' the person, and would be part of the process of
equilibration.

From the educational point of view, however, the question of the
level of hypothetical intellectual structures that may or may not
be operating is less pressing than the rather obvious proposition
that a greater experience of shadows and bicycles is likely to
produce more opportunities for the refuting of expectations of
what shadows and bicycles do in varied circumstances.

It would seem that adults, when dealing with unfamiliar situations
or with new aspects of otherwise familiar situations, may well
proceed in much the same way as children do. If this is so, the
qualitative differences proposed by Piagetian theory between stages
of development may be much more situation-specific than is claimed
by the theory. Children have to contend with more new situations
than adults.

If Piagetian experiments or tests, as indicators based on
performances in a particular set of contexts, suggest that a certain
level of intellectual development has been achieved, this may not

be a strong reason for expecting that the cognitive structures
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presumed to characterise this level of development will be brought
to bear in dealing with another, novel, set of contexts without
considerable help from foutside'. This puts the emphasis firmly
upon teaching, and less on an inexorable progress through stages,
and the primary task in teaching is helping the learner to find
something in a particular phenomenon which calls for explanation.

The outcome of the inquiry would be an avowedly personal
interpretation of a particular situation with no claims to tie it,
through objective laws, to other situations which may be different
in all sorts of ways. Description and interpretation of action
may, however, awaken the same intuitions in others. Those who see
their own circumstances as similar will agree (or not) about the
interpretation, and in this agreeing lies the 'degree of generalisation!?
of the outcome.

Brookes (1977) describes the unstable character of situations in
education which become the subjects of research, and develops an
argument for interpretative inquiry. He sums up the outcome of
research; " ......... hermeneutical inguiry is offered to the reader

for interpreting in terms of the problem faced by that reader."

In this study I have described my experience of a local difficulty
in teacher education in the context of attempts to make sense of it.
The study has been its own subject. The main points may be summarized

as follows:

1) A group of women student teachers were given a paper-and-pencil
test based on well-known Piagetian 'experimentst!. The test
was intended to indicate whether students had the basic general
knowledge necessary for a ready understanding of the Piagetian
problems. Reactions to the test suggested that some students!?
grasp of the ideas involved was insecure. Reactions to items
dealing with primitive notions such as shadows suggested that
some students used !'pre-operative! reasoning in these areas.
A study of Piaget's work as part of initial teacher-training may
be difficult for these students.

2) The nature of a traditional lecture-reading-essay system may
also have made an adequate study of Piaget's work difficult.

3) Use of psychometric tests of abilities led to the opinion that
studies based in the psychometric tradition have a circular,
self-confirming form and that their methods divert attention
from the people involved in the situation being studied to
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4)

abstractions. The psychometric system is descriptive and its
work is preparatory. TUse of its findings as explanatory notions
is misleading.

Use of Piagetian theory as an explamatory notion led to the opinion
that the system is circular: process explains product and product
explaing process. Exceptions to an order of development are
inexplicable within the system.

From the above the following argument developed:

5)

6)

7)

8)

92)

The dominant mode of educational research adopts a tscientific!t
stance, that is, one which assumes a realm of objective, predetermined
order in human action which may be discovered, albeit in glimpses of
fragments, through measurement, classification, prediction and
verification. Inquiry is valid if the methods used allow an observer
to be independent of his own wishes, desires and prejudices and of
those of the people he studies (even on the occasions when he studies
the wishes and desires of his tsubjects!, who together with their
wishes and desires, are to be seen as 'objects!).

Expectations define problems. Expectations arise from internalised
explanatory systems, that is, from those systems which have shaped
an unquestioned way of educational 1life. The explanatory systems
are derived from previous regearch and practice in the same
tradition.

Research is personal since it is a discord in the researcher's
experience which constitutes a problem. His wishes, desires and
prejudices are the independent variable in the problem he studies.

A researcher in the 'scientific! tradition may be unaware that
methodological principles hide a metaphysical view, because the
background of intersubjective meaning against which he moves
demands 'objectivity! as its legitimatising principle. Choice of
mode becomes choice of method within a determinigt world-view.

Human action may not be susceptible to explanation in terms of
cause and effect (although behaviour may). There is a valid
form of inquiry which interprets purposes and the meanings that
situations have for participants in them. This form of inquiry
deals with a range of human experience inaccessible to objective
quantitative measurement, prediction amd verification.
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APPENDIX I

Students! Ages on Entry to College, and
Number of G.C.E. Passes.

'0' level passes are at Grade C or above. 4 small number of
C.8.E. passes at Grade 1 are included as G.C.E. 10t Level passes.

Members of discussion groups are shown by an asterisk.

Student Age in years  Number of G.C.E. Subjects passed.
Identification on entry to

Number college. 10! Level tAY Tevel

19.00 5
21.25 3

3 20.50 6
*4 18.42 5 3
5 18.42 6

6 18.33 4

1 19.75 7

8 18.58 5

9 18.42 6 3
10 18.42 4 3
11 18.83 3 2
12 18.75 5

13 19.00 8

14 19.25 5

15 18.25 6

16 19.00 8 3
*17 18.8% 5 1
*¥18 19.67 5

19 18.17 6 2
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Number

*20
21
*22
*23%
24
25
26
27
28
29
30
*31
32
33
34
*35
*36
*37
38
39
*40
*41
42
43
*44
45
46
*47
48
*49
*50
*51
52
53
54
*55

19.00
19.00
24..00
20.75
18.67
19.75
19.50
18.25
18.75
19.42
19.8%
19.08
23.33
19.08
18.75
18.67
18.58
20.25
18.75
18.58
19.58
18.33
18.50
23.00
18.33
22.50
18.50
18.25
20.50
18.17
18.92
18.42
18.50
19.8%
18.17
18.17
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Number Age 1ot 1At

56 19.25 5 2
57 18.58 6
58 18.50 5 1
59 18.25 5 2
60 18.25 3 2
61 18.08 6 2
*62 20.83 4 1
63 18.42 4 1
64 18.75 5
65 32.08 6
66 19.50 5
67 18.17 5
68 19.00 5 2
*69 18.17 6
*70 18.08 6 2
*71 18.67 6 3
*72 18.3% 5 3
73 18.58 5
74 19.00 4 1
75 18.50 4 1
76 20.00 3 1
17 22.83 4 1
78 18.17 5 4
*79 18.08 6 3
*80 18.75 3 3
81 20.17 5
82 18.33 4 1
83 18.17 4 2
84 18.50 5 1
85 18.75 9 5
86 19.00 3 2
87 18.83 7 2
88 19.75 4 2
89 19.08 5
*90 20.17 6
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Numbex
91
92
*93
94
95
96
97
98
99
100
*¥101
102
103
104
105
*106
107
108
109
110
*¥111
112
113
114
*¥115

18.42
19.92
18.92
18.58
18.67
19.92
20.3%
18.75
18.58
19.25
19.50
18.25
18.17
19.92
18.25
19.17
18.33
20.67
18.75
18.75
18.3%
18.3%
18.67
19.42
18.75
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APPENDIX II

The !Cluster 3! Psychology Test and Angwering Sheet.
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APPENDIX IT

The Cluster 3! Pgychology Test and Answering Sheet.

COPY

PSYCHOLOGY

IEARNING AND CONCEPT DEVELOPMENT

In this test you are asked to think about the work
you have done on Learning and Concept Development.

No 'written answers! are needed. Answers are recorded
by putting a ring round letters on your sparate
Answer Sheet.

PLEASE DO NOT WRITE ANYTHING

ON THIS TEST BOOKLET
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A teacher tells her five-year-old pupils that they are to
have a 'red corner! (a display of red objects). Which of
the following would be most likely to help the children to
put limits on their concepts of 'red!?

(A) The teacher arranges a collection of objects, ensuring a
good, attractive standard of display.

(B) The children bring the objects and arrange their own
display.

(¢) The children bring objects specified by the teacher and
arrange their own display.

(D) The teacher sets up a display and allows children to add
suitable objects after class discussion.

2. A child enters a classroom noisily. If you wish to end this
pattern of behaviour by 'extinction', which of the following
courses of action would you choose?

(A) Send the child out again and make him enter quietly.
(B) Ignore his entrance.
(C) Punish him.
(D) Explain that he is causing a disturbance and ask him
not to do it again.
(E) Refuse to admit him until he enters quietly.
3. According to Piaget, thought has its origins in -
(4) Words
(B) Socialisation
(C) Growth
(D) Habit
(E) Action

4. A child learns that the written words ball and tall refer to two
different spoken words. Which item from the list below best
describes the process?

(A) Whole learning
(B) Trial amd error learning
(C) Semantic differential
(D) stimulus discrimination
5. You are a Head Teacher. One of your staff comes to school every

day looking grubby and unkemp. You would like him to come to
school looking smart and clean. Using principles derived from
B.F. Skimmer's work, what would you do to modify his behaviour?
Choose one of the items in the following list which you think
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would be an appropriate start to behaviour shaping in these
circumstances.

(4) At varying intervals, have him 'on the carpet! until
he smartens up.

(B) Give him a pep-talk to get him to have pride in his
appearance.

(C) Change his attitude towards his appearance by persuasion.

(D) Give him an early morning free-period to comb his hair,
get the mud off his boots, etc. Withdrawhis
concession gradually.

(E) Wait until he cleans his shoes, or is forced to wear
new trousers or have his hair cut, etc.; then say how
good he looks.

Piaget uses the term adaptation to describe the process by
which a child maintains dynamic with its
environment. Which of the following would be the most

appropriate word to put in the blank in the sentence above?

(A) assimilation
(B) operation

(¢) accommodation
(D) equilibrium

(E) internalisation

7. If a teacher has been teaching a child some new fact or skill,
can the child's learning be directly observed? Which one of
the following is the best answer to the above question?

(A) Yes. An experienced teacher can observe the child and
check the learning that has taken place.

(B) It would depend on the type of learning- some learning
(e.g. learning to balance) is internal.

(C) No. One can only infer from performance that learning
has taken place.

(D) It would depend on the teacher and the child - each case
is different.

8. A teacher asks four children (A, B, C, and D) to think about

tying a reef-knot.
Child A pictures in his mind a piece of string tied in a knot.
Child B intermally goes through the motions of tying a knot.

Child C says to himself, "Left over right and under ...."

Child D *feels! himself manipulating a piece of rope.

In Bruner's terms, which mode of mental representation (iconmic,
enactive or symbolic) was each child using?

For this item write 'I' for iconic or 'E! for emactive or 15t
for symbolic, against each letter on your answer sheet.
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9. Some children are shown a glass half full of water and a
ball of plasticine. They are agked, "If I put the ball of
plagticine in the water, will the water level g0 up, go
down, or stay the same?" This is followed by the question
"Why?" The following are answers given by the children.
Which answer/answers shows/ show understanding of the
problem?

(A) It will stay the same because the ball is little.

(B) It will go up because the ball is heavy and makes the
water go up.

(C) It will stay the same because the water can get under
the ball.

(D) It will go up because the water is lighter.

(B) It will go up because the water can't get into where
the ball is.

10. Julian, aged eight, is punished on the spot by his teacher
for running down a corridor as his class comes into school.
In future he walks down the corridor when the teacher is
Present, but runs when she is not present.

(i) In terms of Learning Theory (Behaviourist Theory), this
exemplifies

- (A) extinction of learnmed responses
(B) inhibition of learned responses
(C) generalisation of learmed responses
(D) negative transfer of learned responses.
10. (ii) According to the principles of operant behaviour, a more

useful procedure for Julian's teacher to adopt would have
been to

(A) wait until Julian was in the classroom before
administering punishment.

(B) wait until Julian was in the classroom and reward
his first bit of 'good! behaviour

(C) reward the children who walked down the
corridor

(D) make the whole class practise walking down the
corridor.

11. A child learns to respond with the same spoken word to the
written words Ball and ball
Which item from the list below best describes the process?

(A) trial and error learning
(B) stimulus generalisation
(C) successive approximation

(D) whole learning
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12. Which of the following statements about concept learning is
most likely to be true?

(1) Concept learning becomes less efficient with increasing
age as a child grows from five to fourteen.

(B) Concept learning brings the individual under the control
of specific stimuli.

(C) Concept learning enables the individual to put things
or events into a class and respond to the class as
a whole.

(D) Concept learning is independent of present needs and
past experiences.

15. From a baby's birth, threebasic factors interact to produce
new patterns in its behaviour. Which three items from the
list below best describe these factors?

You will need to 'ring! three letters on your answer sheet
for this question.

(A) 1love (E) maturation

(B) learning (F) thinking

(C) understanding (G) innate tendencies

(D) excretion (H) hunger

14. A pupil has learned about convection currents by doing practical
exercises with heated air in the classroom. Later, he has to
learn about patterns of winds over the earthts surface.

The practical work will probably be useful for the later

learning because, in Piaget's terms

(A) he will probably have formed an appropriate cognitive
schenme.

(B) it is likely that no further accommodation will be
needed.

(C) he will have reached the stage of formal operations.

(D) only assimilation will be necessary.

15. Some children are shown a glass of water and a heaped table-

spoonful of sand. They are agked, "If I put this sand in the
water, will the water level 80 up, go down, or stay the same?"
Which answer/answers shows/show understanding of the problem?

(&) It will go up because the sand takes room up.
(B) It will go up because the sand will not dissolve.

(C) It will stay the same because the sand will soak up
a lot of the water.

(D) It will go up because the sand is heavier.

(E) It will stay the same because the water is lighter
than sand.
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16.

A boy wished to weigh his dog on a bathroom scale, but each
time he put the dog on the scale it jumped off again. The boy
thought for a while, weighed himself, then picked up the dog
in his arms and weighed himself and the dog together. He then
deducted his own weight from the weight of himself-and-dog.
Below are four explanations of how the child solved the
problem. Which one is most likely to be the explanation
given by a Gestalt psychologist?

(4) He took in the whole problem, mentally rearranged it
and saw a solution.

(B) He analysed the problem into its component parts and
recalled previous solutions to these smaller problems.

(C) He had achieved the stage of development necessary for
solving the problem.

(D) He had previously learned a rule for solving this kind
of problem.

17.

(A) Concrete operations (C) Pre-operational
(B) Formal operations (D) Sensori-motor

Above are the names usually given to Piaget!'s stages of
intellectual development (not arranged in correct order).
Bach of the sections below describes the activity of children.
Which of Piaget's stages (A, B, C or D above) would each
activity exemplify?

(i) A child holds a pebble near his mouth, smiles and says
"Bickie" (his version of 'biscuit!) and pretends to
bite the pebble.

(i1) A girl knows that, because she is shorter than Amne,
and Anme is shorter than Jenny, then she must be
shorter than Jemny too. She is asked, "Suppose Anne
was shorter than you, and Jenny was shorter than Anne.
Would Jenny be shorter than you?" She answers, "She
can't be, Jenmy is the tallest girl in the clags."

(iii) A child says, "Mick ma" ('milkman') on hearing the

doorbell, any footsteps on the garden path, barking
from the dog next door, seeing any van parked in the
street or any bottle outside the house.

(iv) A child watches an amount of water poured from a tall
narrow glass into a low wide glass. When asked about
the amount of water he maintains that there is more
water in the low wide glass than there was in the tall
narrow glass.

(v) A mother hides a toy under her child's blanket. He
reaches under the blanket and finds the toy. She then
hides the toy under his pillow while he watches. The
child searches, in vain, under the blanket.

(vi) A child is shown a pendulum made from a piece of string
and a weight. Different weights are available and the
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17. (vi) length of string can be adjusted. He is asked to
experiment and find a 'law' which governs the rate of
swing. He decides that there are a number of fthings
that might make the pendulum swing faster or slower!.

He alters one of these 'things?, keeping all the
others constant while he tests out the pendulum. He
repeats this procedure for each of the tthings! in tum.

18. Some Behaviourist psychologists propose a 'hierarchy! of types
of human learning, ranging from very simple learning to very
complex learning. Some of these types of learning are listed
below. From the list, choose (i) the simplest type, and (ii)
the most complex type of learning. You will need to Tring!
two letters on your answer sheet for this question.

(A) response chains (D) classical conditioning
(B) problem solving (E) principle learning
(C) concept learning (F) operant conditioning

19. Helen Keller became deaf and blind after an illness when she was
a baby. This extract from her book, "The Story of My Life", tells
of an incident when she was about seven years old.

'"We walked down the path to the well-house .... someone was
drawing water and my teacher placed my hand under the spout.
As the cool stream gushed over ome hand she spelled into the
other the word W-A-T-E-R, first slowly, then rapidly. I stood
still, my whole attention fixed on the motion of her fingers.
Suddenly I felt a misty consciousness ..... T knew then that
W-A-T-E-R meant the wonderful cool something that was flowing
over my hand",

The spelling of 'water! on Helen's hand was important on
this occasion because it was -

(4) her first concept of water (C) an S-R commection

(B) a symbol orsign (D) an image of water

20. Billy, who has problems at home, causes disruption in his
Junior classroom by attacking his classmates frequently.
His teacher intends to use methods based on B.F. Skinnerts
theories to make Billy's behaviour more acceptable in class.
Which of the following would be the most useful statement
from which to start planning the teacher's treatment of him?

(A) Billy is an aggressive child with quite severe emotional
problems.

(B) Billy's behaviour is often hostile in class.
(C) Billy comes from a disturbed home background.

(D) Billy hits his classmates twelve times a day on average.
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21. A pupil has acquired a concept of animal which excludes the
concept of bird. That is, he considers a bird is not an
animal. After instruction he realises that the concept
animal includes all living things that are not plants. His
concept of animal, therefore, is changed radically. Using
Piaget's terms, does the process referred to above exemplify -

(A) equilibrium
(B) accommodation
(C) comservation
(D) assimilation

() operation.

22. BSome children are shown a set of balance scales and two balls
of plasticine. The balls are placed on the scales and shown
to be equal in weight. One of the balls is removed and
flattened slightly. The children are then asked, "If I put
this flattened plasticine back on the scales, will they still
balance?"

Which answer/answers shows/show understanding of the problem?

(A) Te ball will go down because its weight is all together.

(B) They will still balance because when you flattened that
piece you didn't leave any sticking to the desk.

(C) They will still balance because you didn't flatten that
ball very much.

(D) The flattened piece will go down because now it can press
more.

(E) The ball will go down because it's a heavy shape.

23. Which of the following statements would best represent
Behaviourist principles in education?

() The teacher should ensure that learning is made easy for
the learner.

(B) The teacher should ensure that the learner uses trial and
error methods of learming.

(C) The teacher should ensure that all the efforts of the
learner are rewarded.

(D) The teacher should ensure that the learner uses programmed
texts or teaching machines.

24. BSome children are shown two glasses of water and two balls of
plasticine. The children agree that there are equal amounts of
water in the glasses and that the balls are made of equal amounts
of plasticine. One of the balls is placed in a glass of water
and the effect on the water level is noted. The other ball is
flattened into a disc. The children are asked "If T put this
flat plasticine in the other glass, will the water still rise by
the same amount?"

Which answe:/énswers shows/shOW‘understanding of the problem?
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24.

(A) It won't go up as much because the ball has been
spread out sideways.

(B) It will go up as much because the disc might stand on
its edge, leaning against the side of the glass.

(C) It won't g0 up as much because the disc is lighter than
the ball.

(D) It will go up as much because the disc used to be a ball.

25. Which of the following statements about concepts is most likely
to be true?
(A) Children are born with concepts which develop and grow
according to their experiences.
(B) Concepts, in general, are fully formed by the age of
21 years.
(C) Concepts are formed with little reference to the physical
world and operate independently of each other.
(D) The concepts that an individual has are unique to him
and act as an integrated system of thought.
26. From the list below choose one item which best exemplifies learning
sets.
(A) Any set of apparatus which provides concrete models of
relationships (e.g. Dienes equipmenty.
(B) Traffic lights (e.g. 'red! acts as stimulus for the
response 'stop!).
(C) A chila pronouncing the sound 'a! to different sizes
of the printed letter.
(D) Persistent, recurring mistakes in maze-running by animals
such as rats.
(E) A child picking out the odd one from each of ¥%- ftf oxx
27. Clagsify the following behaviours as 'rote! or meaningfult

learning. Write 'R! for rote or 'M! for meaningful againgt
the appropriate letters on the amswer sheet.

(A) 4 pupil learning to label the partsof a jet engine
on a dagram as a first step in studying the subject.

(B) aA pupil, who has studied soil science, reading what
the constituent elements are in the soil of a particular
region.

(C) A child starting to learn grammar by committing to
memory definitions such as 'a noun is g naming word?,

(D) Children introduced to multiplication by learning
multiplication tables until they know them 'forwards
and backwards!?.
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28. The diagram shows a plan view of a board surrounded by a
rubber-lined buffer. Targets are placed on the board
(1, 2 and 3). Balls can be shot at the targets from a
spring-gun at one corner (4), but the targets can only
be hit by bouncing the balls off the buffer (5).
o' Some children play with the
[31 apparatus. They are then asked
5 to find a rule for hitting the
] targets.
Which answer/answers shows/show
- understanding of the problem?
DAY/ n——
(A) There has to be a right-angle between the angle of
incidence and the angle of reflection.
(B) The angle of incidence has to be the same as the angle
of outsidence - it has to come off the buffer at the
same angle as it went on.
(C) You have to make the ball come off the buffer at a
right-angle - you have to point the gun so that you
get a right-angle.
(D) Vhen it misses by four inches, you have to hit the
buffer four inches back - and the same for other inches.
29. A straight rod and a rolled out piece of plasticine are

arranged with their end points in alignment as in the diagram.

Rod

’/‘n‘\\\»mflﬂﬂﬂ.\\\‘\q-ﬂ‘f{ Plasticine

Some children are asked, "Are the rod and the plasticine the
same length or is one longer than the other?"
Which answer/answers shows/show understanding of the problem?

(4) The plasticine is longer because to make the rod like
that, all wriggly, you would need a longer rod.

(B) They're the same because the ends are together.

(C) They're the same because the plasticine is curly
and it doesn!t go any farther.

(D) If you pull the plasticine straight that will make it
longer.
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PSYCHOLOGY. Iearning and Concept Development.

ANSWER SHEET

Please £ill in these details - Name

INSTRUCTIONS For each question put a ring round the letter you
chose as correct in the test booklet.

Question Question
Number Number
1. A B ¢ D 17.(i) A B ¢ D
2. A B C D E (ii) A B ¢ D
3. A B C D E (iii) A B ¢ D
4. A B ¢ D (iv) A B ¢ D
5. A B CDE (v) A B C D
6. A B C D E (vi) A B ¢ D
Te A B CcD 18. 4 B CDETF
8. A ovivinnnnn 19. A B CD
B eeeoaneos 20. A B ¢ D
Coaeennnnn 21. A B CDE
D oveveannas 22, A B C D E
9. A B CDE 23, A B ¢ D
10.(i) A B ¢ D 24. A B ¢ D
(ii) A B ¢ D 25. A B ¢ D
11. 4 B C D 26. A B CDE
12. 4 B ¢ D 27. b ovevenunn.
13, A B CD B oreveeennn
EF G H Coveronnans
14. 4 B ¢ D D ovevevanas
15. A B CDE 28. A B ¢ D
16. A B CoD 29. 4L B ¢ D
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APPENDIX III

'Cluster 3' Psychology Test: classification of items.
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APPENDIX IIT

fCluster 3' Pgychology Test: claggification of items.

Classification of Items into four categories based on Bloom
(1956). For each item a description of the testee's task in
answering the item is given, followed by the category indicated
by the description.

Item No. 1. Given a description of a novel problem gituation,
choose, from four courses of action, one that is in accord with
generally accepted principles within a field of study.
Knowledge of Principlesg and Generalisations.

Item No. 2. Given a description of a novel problem situation,
identify, among four courses of action, one which is in accord
with a named principle from the field of study.

Knowledge of Principles and Generalisations.

ITtem No. 3. Given an incomplete statement, identify, among five
terms, one which will make the statement compatible with a
named theory within a field of study.

Knowledge of Specific Facts.

Item No. 4. Given a description of novel phenomena, identify,
among four terms, ome which describes the phenomena appropriately
according to criteria generally accepted in the field of study.
Comprehension (Interpretation).

Item No. 5. Given a description of a novel problem situation,
choose, from five courses of action, a solution that is in accord

with a body of principles which are named but not described.

Application.
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Item No. 6. Given an incomplete statement about a proposition
within a particular theory, identify, within five terms, one
which completes the statement in accordance with the theory.

Knowledge of Terminology.

Item No. 7. Identify, among four propositions concerning a
field of study, ome which is most in accord with generally accepted
principles within the field.

Knowledge of Principles and Generalisations.

Item No. 8. Classify each of four descriptions of novel phenomena
as belonging to one of three named categories according to
generally accepted criteria in a particular field of study.

Application.

Ttem No. 9. Given a description of a problem situation and five
explanations of the phenomena involved, assess the adequacy of the
explanations with reference to relevant laws and principles
generally accepted within the field of study.

BEvaluation: Judgement in Terms of External Criteria.

Item No. 10 (i). Given a description of novel phenomena, identify,

among four terms, one which describes the phenomena appropriately
according to a named body of criteria.
Comprehension (Interpretation).

Ttem No. 10 (ii). Given a description of a novel problem situation

and four courses of action proposed as solutions, assess the likely
effectiveness of the solutions in accordance with a named body of
principles.

Bvaluation: Judeement in Terms of External Criteria.

Item No. 11, Given a description of novel phenomena, identify,
among four terms, one which describes the phenomena appropriately
according to criteria gemerally accepted in the field of study.

Comprehension (Interpretation).
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Item No. 12. Given four statements, identify one which is in
accord with gemerally accepted principles within the field of
study.

Knowledge of Principles and Generalisations.

Item No. 13. Identify, within a list of terms taken from a field
of study, three items which are essential to a commonly accepted
generalisation within the field.

Knowledge of Principles and Generalisations.

Item No. 14. Given a description of a novel problem situation,
choose from four propositions one which is most appropriate

according to a named theory.
Application.

Item No. 15. As in Item No. 9.

Evaluation: Judgement in Terms of External Criteria.

Item No., 16. Given a description of novel phenomena, chooge, from
four explanations of the phenomena, one which is most in accord with
a body of principles and generalisations which is named but not

described.

Application.

Item No. 17.(i). Classify a description of novel phenomens, as

belonging to one of four categories, according to generally accepted
criteria within a particular field of study.

Application.

Item No. 17 (ii). As in Ttem No. 17 (i).
Application.

Item No. 17 (iii). As in Item No. 17 (i).
Application.
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Ttem No. 17 (iv). Recall a description of phenomena as belonging
to one of four categories well-known within a field of study.
Knowledge of Principles and Generalisations.

Item No. 17 (v). As in Item No. 17 (i).
Application.

Ttem No. 17 (vi). As in Item No. 17 (iv).
Knowledge of Principles and Generalisations.

Item No. 18. Given a list of terms from a field of study which are
normally presented in a prescribed order (but are 'scrambled!?

in this item) recall the prescribed order and identify the first
and last in the series.

Knowledge of Specific Facts.

Item No. 19. Given a description of a novel phenomenon, choose,
from four descriptions, one which is most appropriate according

to generally accepted criteria within a field of study.
Application.

Item No. 20. Given a description of a novel problem situation
choose, from four statements of the problem, one which is most in

accord with a particular methodology.
Application.

Item No. 21. Given a description of a novel phenomenon, choose,
from five terms, one which names the phenomenon appropriately
according to a particular theory within the field of study.

Application.

Item No. 22. As in Item No. 9.
Evaluation: Judgements in Terms of External Criteria.
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Item No. 23. Identify, among four propositions concerning a field
of study, one which is most in accord with s named theory within
the field.

Knowledge of Principles and Generalisations.

Item No. 4. As in Item No. 9.

Evaluation: Judgements in Terms of External Criteria.

Item No. 25. Given four statements about a phenomenon, interpret
them and choose one which ig in accord with generally accepted
theories within the field of study.

Comprehension (Tnterpretation).

Item No. 26. Given five descriptions of novel phenomena, choose
one which exemplifies a particular term in accordance with
generally accepted criteria within a field of study.
Comprehension (Interpretation.)

Item No. 27. Classify each of four descriptions of novel phenomena,
as belonging to one of two named categories, according to generally
accepted criteria in a field of study.

Application.

Item No. 28. As in Item No. 9.
Bvaluation: Judgements in Terms of External Criteria.

Ttem No. 9. As in Item No. 9.

Evaluation: Judgements in Terms of External Criteria.
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APPENDIX IV

tCluster 3! Pgychology Test:

Content Category and (Bloom) Performance Level of Ttems.
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APPENDIX IV

'Cluster 3' Pgychology Test:

Content Category and (Bloom) Performance Level of ITtems.

Numbers shown in the cells are Test Item numbers, e.g. Item
No. 2 deals with the notion of extinction of learned responses at
the Bloom Knowledge level.

rformance :
Content gvel Knowledge Comprehension Application Evaluation

Learning Theory.

Generaligation 11
Discrimination 4
Reinforcement 5 10(ii)

Successive
Approximation 23 5

Extinction 2 10(ii)

Inhibition:
Punishment 10(4)

Operant
Conditioning 7 20

Bagic Factors in
Behavioural Change 13

Hierarchies of !Types

of ILearning! 1, 18, 26 27

12 25
Cognitive Theory.
Developmental Stages 17(iv) 8

17(vi) 17(4) 17(i1)

3 17(iii)
17(v)

Ingight 16
Piaget: Adaptation 6 21
Piaget: Semiotic Func-
tion 19
Piaget: Schema 14
Piaget: Development of 9, 15,
Cognitive Structures 22, 24,

28, 29.
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APPENDIX V

The !'Cluster 3' Psychology Test: Distribution

of Responsesg, Number Correct and Item Facilities.
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The 'Cluster 3! Psychology Test: Distribution

APPENDIX V

of Responses, Number Correct and Item Facilities.

N. = 93

N.R. = No response.

The preferred responses are underlined.

Item No.

1

Option

iIauw bk

iHOQuwWke awk jHYawk H Y9 ol =

Hid QW

Times Chosen

Ul 3
N-IW O Do W

17
10
17
62

24
14
20
35

23
15
41

18
59

259

Number Correct

19

62

35

41

59

1%

84.9

7.5

66.7

37.6

44.1

63.4



Item No.

10(4)

10(ii)

11

12

13

14

Option

iHUYU QW Hio W b=

U Qiw =

=
©

T Ylaw e

=
=]

aowe Uaolwbk

L Uawke Ho diso olw e

=
=y]

Times Chosen

12
14
55
12

260

Number Correct

55

25

29

46

40

19

35

46

£2%

59.1

6.5
26.9

31.2

495

43.0

85.0

37.6

49.5



Item No. Option. Times Chosen Number Correct %

68 21 22.6
43
13
26
8

62 62 66.7
17
8

5
1

15

16

4 56 8.7
0
36
53

49 49 52.7
18
25
1

17(4)

17(ii)

4 61 65.6
1
61

27
20 65 69.9

17(iii)

17(iv)

17(v) 4 54 58.1

loNeoN oo B Hio W = Hio W = Qi Ui W = %itﬂcutﬂﬁ> Yo Wi

=
&
f—

18 49 15 16.1

19 31 21 22.6

U aiw = = =g ol =
| ol
@)
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Item No. Option Times Chosen Number Correct %

41 13 14.0
16
17
13

1 63 67.8

20

jHaowk

21

22 81 87.1

23

S i HY g = =Y Qlw =

24 83 89.3

oW

25 67 72.0

= NeoNe:

26 23 17 18.3

riHY QW
N
W

=
i
Pt

27 31 3343

34 28 30.1
32
29
18

28

R =Nell--N

=
o
| eond

29 (i 10 10.8

U Q Wik
Ny

83
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APPENDIX VI

The *Cluster 3! Psychology Test: Details of Item Analysis.
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APPENDIX VI

The 'Cluster 3! Psychology Tegt: Details of Item Ansglysis.

Scores were ranked and two groups formed (thigh ability! and
'low ability'.) made up of the 29 highest scores and the 29 lowest
scores respectively (29 being the nearest convenient number to
27% of N.).

N.H. = number of correct responses to a particular item in the
thigh ability! group.

N.L. = number of correct responses to a particular item in the
. flow ability® group.
k = number of items in test (35).
n = number of scores in approx. 27% group (29).
NH ; N | item discrimination index.
Analysis Data.
1 2 3 4 5 6 1
Item NH NL NH - NL NH + NL (NH+NL)2 (NH - NL)
No. n
1 27 22 5 49 2401 «19
2 5 0 5 5 25 .19
3 26 11 15 37 1369 .56
4 16 6 10 22 484 37
5 16 11 5 27 729 .19
6 25 9 16 34 1156 .59
7 23 12 11 35 1225 AL
8 2 0 2 2 4 .08
9 13 5 8 18 324 .30
104 12 4 8 16 256 .30
10ii 16 9 7 25 625 .26
11 20 7 13 27 729 .48
12 24 17 7 41 1681 .26
13 14 8 6 22 484 022
14 16 8 8 24 576 »30
15 8 6 2 14 196 .07
16 26 11 15 37 1369 .56
174 14 11 3 25 625 .11
17ii 22 7 15 29 841 .56
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1 2 3 4 5 6 7

Item  NH NL NH - NL ©NH + NL (NH+NL)2 (NE -~ NL

No. n
17iii 18 16 2 34 1156 07
17iv 22 16 6 %8 1444 022
1Tv 20 12 8 32 1024 « 50
17vi 22 11 11 3% 1089 41
18 7 5 2 12 144 .07
19 12 3 9 15 225 «33
20 6 0 6 6 36 .22
21 25 10 15 25 1225 .56
22 25 16 9 41 1681 .33
2% 0 0 0 0 0 0
24 27 21 6 48 2304 .22
25 25 13 12 58 1444 44
26 9 3 6 12 144 22
27 12 5 7 17 289 .26
28 12 4 8 16 256 <30
29 3 2 1 5 25 .04
269 871 27585

(NE-NL)  (NE+NL) (NH+ND)Z

Substitution of the sums of columns 4, 5 and 6, k=35, and n=29
in the formula

A e an Y (NH+NL) —3 (NH + N
) (k"‘) 0-667 [Z(NH _ NL)]Q‘

gives a reliability co-efficient of r=0.62.
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APPENDIX VII

Individual Scores on M.H.V., C.C.F., S.T.3 and C3P Tests.
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APPENDIX VIT

Individual Scores on M.H.V., C.C.F., S.T.3 and C3P Tests.

Members of discussion groups are shown by an asterisk.

Student C.C.TF.
Identification M.H.V. Se.T.5% C3P
Number A B Comb.
1 60 90 29 32 61 18
2 52 59 25 26 51 20
3 59 70
*4 62 58 24 28 52 12
5 60 90 34 28 72 19
6 79 86 34 39 13 16
T 82 67 32 33 65 18
8 85 91 35 34 67
9 79 92 25 28 53 22
10 64 56 24 31 55 20
11 48 61 30 30 60
12 43 60 19 29 48 14
13 52 72 25 37 62 18
14 48 59
15 69 54
16 66 77 33 3% 66 21
*17 54 56 23 30 53 9
*18 57 64 271 29 56 15
19 63 14 28 35 63 17
*20 64 64 24 32 56 17
21 50 90 28 33 61 11
*22 70 55 31 28 59 19
*23 52 84 28 33 61 8
24 57 94 30 33 63 17
25 51 44 19 26 45 13
26 42 50
27 56 95 30 29 59 21
28 70 78 24 29 53 19
29 60 94 27 33 60 15
20 56 52 22 29 51 16
*31 33 59 20 25 45 11
32 70 87 30 30 60 16
33 65 89 23 26 49 15
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Student C.C.F.
Identification M.H.V. S.T.% C3P
Number A B Comb.

34 64 79 24 23 47 16
*35 37 49 20 19 39 11
*36 48 39 27 22 49 14
*37 45 40 50 29 59 14

38 34 37

39 62 79 27 31 58 17
*40 79 87 31 31 62 17
*41 72 91 32 35 67 18

42 49 83 271 30 57 17

43 85 65 30 32 62
*A4 56 61 20 30 50 23

45 89 99 28 33 61 24

46 33 59 22 26 48 12
*47 72 66 26 30 56 9

48 59 83 32 %0 62
*49 38 59 18 25 43 7
*50 50 66 24 28 52 10
*51 50 64 27 33 60 14

52 65

5% 54 81 22 26 48

54 78
*55 58 64 25 30 53 15

56 72 87 30 3% 63 21

57 87 84 26 31 57

58 69 97 35 36 71 20

59 48 62 25 24 49 15

60 61 65 25 31 56 10

61 65 89 27 35 62 26
*62 41 43 22 28 50 10

63 54 81 27T 32 59 18

64 47 59 24 28 52

65 46 65 29 32 61 15

66 52 61 29 29 58 22

67 46 88 %0 31 61 20

68 53 82 30 34 64 17
*69 43 19 28 30 58 16
*T0 61 13 27 32 59 16
*71 54 51 30 31 61 19
*72 58 78 27 33 60 16

13 49 86 24 29 53

T4 41 55 24 28 52 18

5 56 59 26 29 55 14

76 47 14 28 29 57 15

7 51 42 20 31 51

78 80 96 31 32 63 16
*79 41 82 26 28 54 11
*80 33 46 19 24 43 11

81 83 78 35 37 72 20

82 51 40 28 32 60 13

83 84 82
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Student C.C.F.
Identification M.H.V. S.T.3 C3P
Number A B Comb.
84 66 81 30 30 60 14
85 52 96 31 %0 61 17
86 57 75 22 30 52 15
87 58 7 29 35 64 19
88 44 64 22 22 44 17
89 39 71 20 24 44 18
*90 36 47 22 27 49 19
91 50 80
92 41 82 30 26 56 17
*93 44 64 22 26 48 22
94 52 89 31 31 62 14
95 7T 70 25 29 54 8
96 62 70 31 34 65 24
97 56 88 34 34 68 17
98 5% 66 29 32 61 16
99 72 82 38 36 14
100 42 60 28 32 60 14
*101 43 52 21 29 50 12
102 60 89 30 27 67 18
103 64 89 28 35 63 17
104 68 48 26 29 55 19
105 42
*106 33 39 21 26 47 9
107 57 86 25 36 61 12
108 48
109 57 46 32 26 58 18
110 49 60 24 30 54
*111 49 60 24 30 54 8
112 61 81 31 37 68 16
113 45 65 31 34 65 17
114 48 19 33 24 57 17
*115 50 49 25 28 53 17



APPENDIX VIII

Distribution of Scores on M.H.V.

C.C.F., S.T.3 and C3P Tests.
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APPENDIX VIII

Distribution of Scores on M.H.V.,

C.C.F., S.T.3 and C3P Tegts.

The Murray House Verbal Reasoning (Adult) 1 Test.

Raw Score Frequencies, Mean and Standard Deviation.

Raw Score Frequency.
31 - 33 4
34 - 36 1
37 - 39 3
40 ~ 42 5
43 - 45 7
46 ~ 48 6
49 - 51 8
52 — 54 11
55 ~ 57 10
58 ~ 60 7
61 - 63 7
64 - 66 8
67 - 69 2
70 - 72 6
75 - 75 0
76 - 78 1
79 - 81 4
82 - 84 2
85 - 87 0
88 -~ 90 1

N 93
Mean 55.9
S.D. 12.5
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The N.F,E,R. Spatial Test 3.

Raw Score Frequencies, Mean and Standard Deviation.

Raw Score Frequency.
58 - 40 4
41 - 43 1
44 - 46 3
47 - 49 4
50 - 52 3
55 - 55 2
56 - 58 3
59 ~ 61 10
62 - 64 T
65 - 67 7
68 - 70 2
71 - 73 3
T4 - 76 3
7 - 79 9
80 - 82 6
8% - 85 2
86 - 88 7
89 - 91 9
92 - 94 3
95 - 97 4
98 - 100 1

=
\O
W

Mean 70.7

S5.D. 16.2

272



The Cattell Culture-fair Tntelligence

Test, Scale 3, Forms A and B Combined.

Raw Score Fequencies, Mean and Standard Deviation.

Raw Score.

(Comb. A & B) Fregquency.
38 -~ 40 1
41 ~ 43 2
44 ~ 46 4
47 - 49 9
50 - 52 9
5% - 55 11
56 - 58 12
59 - 61 22
62 - 64 11
65 - 67 6
68 ~ 70 2
71 - 73 4

N 93
Mean 57.1
S.D. T.2
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The 'Clugster 3! Pgychology Test.

Score Frequencies, Mean and Standard Deviation.

Score Frequency
7T-9 7
10 - 12 12
13 -~ 15 18
16 - 18 34
19 - 21 15
22 ~ 24 6
25 - 27 1
N 93
Mean 15.7
S.D. 4.5
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APPENDIX IX

The 'Everyday Phenomena! Test:

Copy of Test
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Please fill in this section in BLOCK CAPI&ALS

Date Surname

Forename/s

Age years months

Education Group

Main Subject

W we em wm ke e mm mm me Gm e am We e W @R e me W be Mw W wm e e me e e G e e e e e e e e

Everyday Phenomena

This short paper is part of a project which aims to understand
some of the problems which you are likely to encounter when you take a
course in educational psychology during your 3 year initial teacher
education course.

The investigator has no part in your assessment and your work-
ing of the paper will in no way affect your college grading in an
adverse way. The personal details asked for above are needed only to
mzke possible an analysis of the results (and for this they are essential)

You will find most of the questions which follow easy to answer,
perhaps even slightly entertaining. There may be one or two items which
require a little harder thought.

The method of answering on Pages 2-7 is simple. All that is
reguired is for you to put crosses in 'boxes' in the answer column on
the right hand side of each page.

On Page & numbers are put in the boxes instead of crosses.

Pages 9 and 10 arc differcnt because on these pages you are
asked to do some very simple drawing.

If you are not sure of an answer, try to work it out by means
of 'common sense' rather than make a haphazard guess.

APPENDIX 11X

Reduced From 'FOG!SCG.F,
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Iy

ﬁ Answer Column

D 0
Besttte
b
l Lo
B
These are scale drawmgs ot bottles in c

whadx @ cevfaiﬂ brand a-{: Pet'{ume 'S
sold . Each bottie 15 round. Which of  |p itle
Hhe dolted lines (A S svC) on Bottles Nod
2 auwd 3 show where the f»emf-.xmn, should
come wp to in order to have the 8
Same amount as Bottle | ? Put o c

ceoss i (he ap(rwpr‘w.fe, boxes in Che
answer column

@ o
A
B
C
Fred wants bo water the fav end of |
hic garden, but e hese-pipe s pulled J
as far as it will go. How should he c
hold  the hese -pipe bo make the waber Nome
4o forthest (A, B,C D or E)7 Put a f gg;m

Cress in the qﬂ)ropriate box 1w the
anpswes” celumn

Jill is twice (@ T
as h@auj as ; A
her brother &
Jock . Where ;
chould Jillsit 1 ¢
D
£
1

on the see-saw
(A,G,C)D,cwﬁ)
te bhalance Jack®
Put w CHessy m ifb.e Qf)pmpm’qtf Yoex .
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t.g Auvswer Column
?

@ 1) An Oh‘f@: 1% Puxt b
: a drink.ls the jevel &
DF fzqud t"}eﬁ‘ﬂ lf(ggj‘qe( . .
fower or the same ? ’) A
Cheese ene of the
F:,Haw}nﬁ and Puii a R
Cress in the afprcf;r‘imﬁej‘
box . N C
A. It depencls. on the size ot the clive !
8. ﬂne LAYAE i,’ D
¢. Higher |
D l.ower L
]
l;) A S(Joo'/}‘ﬁt‘ of ’;
sugar s added te
a drink s the '
fevel of liguid then ||
higher, lower o the
Same? /|
A It depends on hew much sugav. 'f i) A T
B It degem{s on  whebther the sugar f‘ 8
dissolves or nol. :
C. H(ﬁhe:’f 1 C
D, Lower ' D
E The same. E”‘“‘**
L

C"\OOS& ene C&’M(L F‘\Lf O CYess i {j"ﬁ’

box .
I;. LA . >
CD g’ﬂ Ss - The drawmc}' “shows i@
4 ® L Y - . 1)
¢ ( | PN { ; theee Qo@whaclsl A G adl, -
A PPN Cogriheel” A furns in the | ) a7
%w@‘*wé’f § didection shown by fhe
A g.‘ @ Arfow,
1) Which N%ﬁe[/whee(s Eurns/turn i |1 Neither
the Seme direction as A f!,
ii) wWhich wheel (/3“8 ;rC_) Curns Fasﬁee‘f.ﬁ 5’9 ii)
! A
Pt a creos n the a(apmm—[afﬁ box |
- R = i R
R4 ﬁ’lﬂ ANIW Ly celurn )LOF‘ l) candd H). —
-

I
!
| |
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Answey Columa.

F‘fed and s o« f& ave  (he same LK;‘j ht
T‘Hﬁj are CArnying fadder so. That
Fk’cc'\ can wead “ao window, Which of
fhe follewing 'y omest likely te be
t%"(&ﬁ ? Puf Ll Cress IAV\ {he box,

Freds wfe (s fczyrjinq a heavier
toad thew Fadis canyvg.
Fred 19 (‘u.rvy.'no) h heavier lead
than hig wife s C'cth’.‘jiﬂ(‘?},

T"\(ty e th Cc‘u*n{ ' Qb,;;u‘{” flag
Savme | o ad \)
{t depends o thew welafwe »fmmgﬁxs

= 0 > D

o

2- This % o P((Wi

C?*a\&_ JQ Q‘?‘ 2 E’)a”a.avd

Fabie with fouv
Pc.cket% N umbered
2, 3 and be.

(f euch of Ihe
balls (A A CondD)
5t with the
b 1X ’rgch’ oumeoml &F
{ﬁ‘;"ce, exacﬂj ™
tHie ceanlve oF
the ball) and
of beunces off the

D k\ Cushien at X

Y 0 oo

'\/L}' Vihi(.'h bnli( :' S

mest Likely te !
Yo wte Pocket §7

a cras  in (ke a;;()'rzp:ia»t;, boy
£
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Answer Column

® e ki s o plan ef Freds
qua":ff,,m as his  wife
wanlts F to be.

Rectanj‘e b s the {»}d.rden

) ¢ .

shec{) f&’chnﬁle s the
greenhcuse and Kectavgle
i o rred's wifes flower
I I T bed . Al the rest of the
g}a.fder\ (s }:_C_: be laken u
bj/ lawn. tred doesat
| (ke Mawim} jowns. He
P‘"Cf‘%es obher gv’mmgmmtﬁ
Shown in Drawings A, 68,
C and D.

80 0 > >

— = . of
: F} @ il thewm

: _ ! 1 X | oy
N [ i ‘J
A B C >

Wl«;c(n" {{ any . o{: ﬁ’\cse ﬂrrawﬂam«zu{s wewkd
qive him  ess gmss f/.) Cx&t? Put a cress
i the a})f)m(wéate bfx,x/baxe5> in  the

answer  Column .

This  drawing shows

@ o bicycle ,;?WA ;qia,, 9
a belf wstead of a
chain. The belt %
twisted inte «a
?(ﬁuref of - ij‘lt. lf
you P@gkeci i’ix'e '
pedal in the diredion
shown by the avrew,
which way would
the. bfg.bfc le 6’0? L
Choese  one of the Fcllcw'mg and ,Ou,t'
o Cross in the  bow.

A Forward

8 Packnavd

C. ch chuﬁlﬂ M‘&fmaii&n (jib"mx.

D it ci@,pevn{ﬁ en the amount of

P P sS5U e

& 0O o>
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16

;)NWW Ccfutwm ,

(lo> Freds wife wb o o~
ba“ O‘F P,&Q’»t«fzﬂ\ﬁ }m w
o Flower vase To hold
L P§n~§‘\olde«f for ﬂ;«/:f
a}rranqeme»ﬁ‘ She found
that the water sver-
Q {lewed Ftred card,
“Why dont yeu asl
er\j plastic.ne (?ﬁ, then
bee wabey (eue?f'uon‘f
viese abs Miudhkh,
Wes Fredc dea wuseful? Which of e
’f'a“cw.ng de Mo thanl 1§ c.cm,g,t?Put,’
a croes n the aPp{'vpriate bex .
g~ ‘t df’PﬁmcLS Tl biowg 'MOLC;"; S‘f‘se
sguashed it
B It souldn't rmake an difference
¢ The wolber level would rise more

D The watee lewvel wowtd rise less.

[ S
A RPN« S

- O @ >

mﬁ‘dm‘ﬂin shows two begkegs with
water in them, and two balls. Ball Ne.l is
Maa(e,___;o{ p(cest;c,m&. and Ball No.2 v madeof
lead. The balls are exactly the same size,
but the ball of lead (& much heavier than
ﬁqe Fiastecme ball. E)eake;r Ne !l (s @Ma(_‘ﬁg
the same size as Beaker No2.and beth
beakers have exactly equal amounts of waler
in (hem,
If the pfa.st«'c'me ball 13 P[aa:oi in Peaker!
and the ball of lead is p!aced in Beaker 2,
which of the following weuld be carrect?
A. The waler level in %#qker{ wowld be h;gk&r‘
than the watev level jn Beaker 2. y
B The water level in Beakey 2. would be higher
than the waler fevel” 1 Beaker .
C.The watev level (n both beakers would be
lower b the same amcounl.
D The water level sn belh beakers weuld
be higher by the same armounl .

YO0 wm >
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Tfmd

VR A

sowld  affect  the mte of swing
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8.
C.
D

E
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fut
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b i A o i A s i
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:me,'m} I shews
fFred @ poul Lo
Swng A qeadufum

made From' a piece
cf slrmg and &
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—
Y

wants te rmake the nelulum
faster Whick o the fcﬂawing

wy m}rmtc:) of
t faster?

f)em{w(um,mqkmq i

QQP(QC‘A(& ("i‘\c Ne.jht b\j o
heavier A€,

}/‘\}dpch,}mq [he w)e&jiﬂ‘ b\j &
'xg}'\l[,&‘(” CHE

Cixf#nci the pend,v.fum =1 harder
) Pwsh_

(ji\/{ij the laevw(,u(u.m o c}en{:(ev

PWCJ"\.

&crfcfmnq the sf'r{n%

Len}jttfwmng fhe st'."«'ng.

Nowne c{"' thens.

as /v\o.n:{ Ccrosses  aA jcu {/ksw{(

necded  1n the boxea v

answey c;'c‘u.mn -
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e e i o e

Answer  Column

|3

i

i

{
T

’_1_,.'—-—«0-\‘
SSecfh e

Y
B [ life 1 D |

A ,
The abeve  plany shows the pesiliens ‘
o frur art Stadeats (A B CaudDd) wivo |
are t:;aini"mg o stili-life group  of ebjects
Pfa('m( onn a tavle 1w thée dentre.

vietw of the stilt-fife

Draen! ng TS (e ‘ c
gresp  painted by fhnter A
FYCW\ I\—I/\Q Ve€w s SHCWH, b({’,!CNI (:angf;g_{__ . D !

ti’vj Vi€wh nﬂat @tkt\ of t‘he cfh(—t(‘ E
fhree 'Nmfem vicald f’law-:-‘, fhen inut”
the wambers cf  lhe Aruni ngs ‘n
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Commn_
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me'.nq 1) above  shows « side-v.ew of
Fred watfmﬁ fer his  wofe bj a l.ghted
‘streef~famq.

D‘”GWM%G") s a P‘On view cf The scene,
lndmat’g bg (l»awmq on the Cwe Views,
VJWZVC Fn’d; fhc(/(cvu weuld be

The dmwmﬁ Shews
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cach of the {mnt g(ass‘es

<how {jhe fevel of half « Pmt‘ of beer.

In each ot the space s below
make a  draw of [he cbj&f
Nnamed there. /V\ak_g the drzwuings
as lavge as Fosskbte as Shewn
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APPENDIX X

The !Everyday Phenomens! Test: Distribution

of Responses, 1974.
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APPENDIX X

The tRvervday Phenomena! Test: Digstribution

of Responses, 1974.

1974 Administration. N.115.

In the tables below, for most multiple-choice items, the number
of students choosing each option is shown. For Items Nos. 12,
13, 14 and 16, the number of responses accepted as correct and
the number judged incorrect are shown.

N.R. (no response) indicates the number of students leaving
the item unanswered.

Preferred responses are underlined.

(i) A 1 1(ii) A 100 2 A 2

B 22 B 15 B -

c 92 C - c 42

N.R. - , N.R. - D 51

B 18

None 1

N.R. 1

3 A - 4(i) A 8 4(ii) A 1

B 1 B 9 B 29

c 85 ¢ 97 o 34

D 21 D 1 D -

B 3 N.R. - B 49

None 4 N.R. 2
N.R. 1

5(1) B 7 5(ii) A 14 6 A 6

g 102 B 5 B 70

Neither 5 c 93 ¢ 23

N.R. 1 N.R. 3 D 16

N.R. -
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57
26
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A 10
B 9

Correct
Others
NQR.

66
46
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B b \D ] R

Others
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288

12

W ool =

B
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16

N.R.

Correct
Others
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26
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8
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APPENDIX XTI

The !Everyday Phenomena! Test: Distribution of

Responses, 1976.
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APPENDIX XTI

The 'Everyday Phenomena! Test: Distribution of

Responses, 1976.

1976 Administration. N.86.
In the tables below, for most multiple-choice items, the number

of students choosing each option is shown. For Items Na 12,
13, 14 and 16, the number of responses accepted as correct and
the number judged incorrect are shown.

N.R. (no response) indicates the number of students leaving the
item unanswered.

The numbers in brackets show the responses from the 1974
administration of those students who completed the test on both
occasions.

Preferred responses are underlined.

1(i) 1974 1976 1(ii) 1974 1976
A (-) 1 % ( 7;) 72
R RS I

N.R. -) - o - -

2 1974 1976 Pl 1974 1976
A (=) - A - ) 1
B g - ; - B 1; 1
¢ 30 31 [} 59 67
D 40) 38 D 19) 10
E 14 16 E 3) 2

None 1 1 None g Bg 5
N.R. 1) - N.R. 1 -

4(4) 1974 1976 4(ii) 1974 1976
4 ( 8) 2 A (=) -
B 8) 4 B ( 21) 18
[o} g 69§ 80 ¢ ( 24) 39
D 1 - D - 1

N.R. - - E g 403 27
N.R. ( 1) 1
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5(i)

B
C

Neither

N.R.

jon

%ume

5]

Hawk

None

N.R.

?uom>

=

12

E
Others
N.RQ

14
Correct
Others

N.R.

1974 1976
é 6) 3
76) 81
( 3) 2
( 1) -
1974 1976
g 6 6
50 48
(16 24
g 14 8
1974 1976
-~ 1
¢ 1) :
g 1) 1
84; 83
( =) 1
¢ -) ~
1974 1976
! 63) :
69 76
1) 1
% 6) 5
1) 1
1974 1976
(12 25
g T4 61
1974 1976
g 49) 55
33) 26
( 4) 5
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APPENDIX XIT

Final College Grades of Discussion-group Members.

Student Main Combined HEducational School
Identification Subject Subjects Studies Practice
Numbexr
4 C+ C+ C C
17 B B~ C B
18 C+ C+ C B
20 C+ C+ B C
22 B~ B+ B B
2% B B+ B B
31 B B B C
35 C C+ B B
36 c B- C C
37 c C+ C B
40 C+ B+ B B
41 C+ B~ B B
44 B~ B~ B c
47 C C+ C C
49 C+ B~ C C
50 D C+ C C
51 C+ C+ C C
55 C+ B~ B B
62 C B~ C D+
69 C C+ C C
70 C+ B+ B C
71 B B+ B B
12 B B~ B C
19 ¢ C+ ¢ B
80 B- B~ B B
90 B+ C+- B B
93 C B- B B
101 C C+ B B
106 G- C+ ¢ C
111 C C C+ C
115 C+ B~ C B
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APPENDIX XIIT

The 'Bveryday Phenomena'! Test: transcripts

of discusgsions of the test items by students
in groups.
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APPENDIX XITII

The 'BEveryday Phenomena! Test: transcripts

of discugsiong of the test items by students

in groups.

'R.B.! indicates the writer speaking; an asterisk indicates a

student speaking.

GROUP ONE (8 Students)

Item No. 12.

R.B. When you looked at this one did you find that any of the
items - er - any of the answers which you could eliminate
right away?

(Pause)

* G

R.B. Yes G. ©So that reduces it to .... six answers doesn't it?
Was there anything that looked obviously a good possibility?

* c

R.B. But was it difficult going down to some sort of a selection?

* Mommmmm, Mommmmmm (Murmurs of assent).

R.B. Can you remember any of your thinking .... what sort of ...
er .... did you go back in your mind to physics lessons

at school?
* Mommmmm.  Yes.
R.B. Did you?
* My dad hanging wallpaper.
R.B. Yesg?
* Mmmmmm, plumblines.
* I was thinking about the experiment we did on this.

R.B. At School?
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* ses. and what we did.

R.B. What sort of things did you use in making your choice?

* I got more and more confused .... in the end it was just
pot luck really.

* Just sheer elimination .... until in the end you get to the
stage where you don't know what to put.

R.B. Can you remember any of the reasons why you eliminated some
of them?

* Mmmm, D, giving the pendulum a gentle push - well that would
make it go slower so that's out, yes? Right? It's not
going to go very fast is it? TFor very long, right?

* Harking back in my mind was this business of physics, you
know, now was it if you put a heavier weight on the ....
the way you took the pendulum back, or was it the string ...
you know. I found that with a lot of them especially, you
know, the ones with the level of the water ....

* What I imagined was that if you shortened the string and
gave it a hard push it's bound to go faster.

* I think T reduced it to A and E.

I couldn't remember whether you shorten the string or put on
one of the weights.

R.B. But you actually tried to think of the consequences of er ...
doing it, imagining?.....

* Mmmmmm. Yes.

Item No. 14.

R.B. Is it fairly clear .... was it easy to follow, you know the
instructions (instructions read aloud). No problems about
what is a plan-view .... or side-view?

* (Lavghter) .... well we don't know whether we're right or
wrong.

R.B. We'lre not particularly interested in right or wrong answers ....
you may have perfectly plausible reasons for doing something
that somebody else says is wrong. There may be perfectly good
reasons for saying 'I do it this way' even if somebody else
says 'that's the wrong answer!. When it came to making a

mark on the paper, the moment of decision, what sort of things
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RQB.

R.B.

R.B.

RC:B.

did you have in mind?

A guess, I think.

The thing with these is, a lot of people, you read it through
and think, it's bound to be that, and then you think sort of
what type of test it is, and think well maybe it's not that
after all, maybe it's some deep psychological meaning that
influences what you put down and you tend not to put down
what you «... well I did anyhow ..... what I sometimes really
thought the answer was.

It was too easy - can't be that ....

Did this (Item 14) come into that category?

No, here I put down what I thought it was. But there again
it could be quite a few things. The light is falling all
around, it's not like a spotlight. And I've put my shadows
more like a spotlight.

Did you actually think of a spotlight .... on the stage or
something like that?

I was trying to think of standing by a lamp - what would
happen.

Did you find yourself having difficulty in sorting out the
two views?

(Silence)

Did you find yourself using words when you did this .... were
you trying to put a principle into words? You know, when
therets a light here and an object here, such-and-such will
happen.

No, not with that one.

I do main Art .....

Could you put a principle into words do you think? Is there
a principle there that could be put into words or is it
purely something to do with being able to draw? A description
of what happens when shadows are cast like that?

(Long pause).

I just came to the conclusion I wasn't very observant. I've
never noticed which way shadows have fallen.

Did you have to spend a fair amount of time on this ... thinking?
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* Yes.

* I found this one of the most difficult omes.
I went on the basis that if the light was in front of me the
shadow went behind me, because you are stopping the light ...

you know.

* I didn't have any theories to work on.

* I seem to remember doing, goodness knows what, something at
school, to do with a light and an object ....

* I felt I ought to know the answer .....

* Yes, and there ought to be some sort of theory that you

could put into practice and get the answer right ....

Ttem No. 16.
R.B. What did you think of Number 167

* Thirsty
(Laughter)
* I remember thinking ....... Piaget ...o...

I was more wary of this one ..... I was frightened of getting
it wrong because I know that children of such and such an
age should know what they're doing .....

R.B. What were you concentrating on, the amount or the level?

* The amount.

* The level.

* The level.

* That little chap with his face over the wall .....

* No, it wasn't till I'd actually done it that I started thinking

about what the amount should be.
* You try and tilt the glass upwards as you look at it and see

where your line is going to level out to.

Item No. 1.

R.B. What sort of things did you do with this one?

* The B line on both of them is the same as the first one so
that couldn't be right. The second bottle was bigger so it
should be lower down, and the third bottle was smaller so it
should be higher up.

* I think I did it the same WAy 88 eeveecon
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Item No. 2.

* I was standing with a hose-pipe.

R.B. You were harking back to actually watering gardens, were you?

* Mommom.  The height the water reached, and .... how far it
Would Z0 covsnce

R.B. How did you go about eliminating seseees?

* A can go out ..... I though it was between C, D and B.
C would make it about the right height .....
* +eeses S21d %0 4oe.... about putting E, but somebody said that

was wrong because it was C. But if you put your finger over
the end of the hose sevncuvvons

R.B. What made you choose E in the first place?

* Just seemed to me that if you stuck it out in front it
should go farther.

R.B. Less force to waste?

* Mn, if you chose C it would have to go up, but if you
pointed it directly it would just have to go straight.

* Doesn®t it depend on how much water is coming out of the
hose pipe in the first place?

* But surely if you just put it on the ground .... were you
measuring from where the water touches the ground or how far
it goes, if you do from ...... going Up it eeeve... goes
up and then lands and that would be farther, wouldntt it?
(Means distance along the curve — not between two points)

Item No. 4.

* There's something vaguely reminiscent of physics lessons
in that as well.

(Discussion of physics lessons)

R.B. Have you used a balance beam in college?

* Vo eoecee

R.B. But you remember doing that in school?

How about remembering see-sawing?

* I remember see-sawing last summer .... that's what I related
this to. I was always one of the heavier ones and T always
had to sit nearer the middle bit ev.ss..

R.B. Did that help in choosing how near to the centre .......
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* .ees. a8 she was twice as heavy as her brother she'd be
in the middle.

* That's what put me off - as soon as I saw it was Hwice!
I thought, 'Oh, it's got maths in it, that's me out for a

startt.

Item No. 4.

* Oh, this one with the sUgaT svovenecs
(Discussion of other tests)

* A body in water displaces its own weight ..... I remembered
that but got confused when we got to the sugar.

* esse.. if you put in half a ton of sugar it's bound to go up,

isn't it ess.... unless it dissolves ....... Oh dear.

* If it dissolves it must dissolve in something, mustn't it?
Therefore there must be more of something than there was
before cevveess

* I put "The same!.

* I didn't put anything.

Item No. 5.

* I remember playing with things like clocks - but again I
couldn't remember which one went which way. I was trying to
remember what it did used to do. I expect it Wag e.....

a child's ...... plastic cogwheels ..... tried to sit and

think, if T turned that one which way did that one go. 1

played for hours with it but I couldn't visualise it sufficiently
well to actually see it.

R.B. VWhat did you do, when you were tackling this, did you use
your finger to trace round the outside ......?

* I put down the first thing that came into my head because I
haven't the faintest idea, simple as that really.

R.B. Try to imagine movement is difficult isn't it, especially
when one thing!s acting on another .....

(Discussion of whether test was timed or not)

Item No. 6.

* Oh dear, ¥€8 eenconsen.
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R.:B.

RQBI

R.BQ

* % k%

*

Could you eliminate any of these pretty easily?

D

Now I see a different answer to this one. The person

behind is always the worse off - T mean is better off than
the person in front, because they can't see how much the
person behind is carrying, can they?

--.. the person behind might only have his finger tip on it
as far as you know.

eeses. like on a tandem - yes.

Are all the answers pretty plausible - er - probable?

I'd say C you could get rid of because to carry the same
load you'd have to be further along down to the bottom of
the ladder .... yes.

A

What sort of things did you think about - T don't suppose
you've carried many ladders in your time?

One thing that I thought about was that if Fredls there

he's sort of supporting fhe end bit that his wife's carrying
but he's got nobody supporting that bit (other end) so that
would tend to drop down a bit.

Oh, I've just noticed, Fred is actually dead in the middle of
the ladder. Therefore it should belance on his shoulder.

So in that case Fredts carrying a heavier load than his
wife.

Not necessarily. .

Not necessarily if his wife isg carrying all the first bit.
Well, if it balances it might Just be leaning on her shoulder.
How do you know that? How do you know she'!s not carrying a
heavier load than him - he might Jjust have his handm it?
But he's dead in the middle.

Yes, but she might be just as strong as him, so she might
pull heavier so she'!ll be carrying more than him.

+»ees. equal weight on each side so that he'ls carrying
virtually all the weight of the ladder.

No, I don't agree.

Yes, if his wife wasn't there, he'd still balance the ladder

on his shoulder.
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% %k ok ok

It would drop down at the front ......

eeesses 1f you count the stiles on the 1adder eeeee..

I don't think it mekes any difference to it.

If you put a pencil on the middle of your finger it
balances, doesntt it?

It depends on how much they were carrying, doesn't it?
No. (Demonstration of pencil balanced on one finger with
another finger near end).

I think they both carry about the same weight.

One, two, three, four .... (counting steps of ladder).
Well, I've got that Fred's carrying a heavier load but I
couldn't tell you why I got that in the first place because
I definitely didntt think of what I just said.

Item No. 1.

*

R.BD

R.B.

R.B.

seeee I was trying to remember what I'd seen on television,

I was trying to work out what I'd seen, but I couldn't ....
the principle that any ball that bounces off the side bounces
off at a right-angle. So therefore you drew a right-angle
from where JoU .eeso... make g right-angle with x.

I'd got some idea that it had to bounce off at the same angle
that it bounced on .....

(General laughter)

Did you remember that from some work at school?

I think it goes back to some time in physics.

Were you able to eliminate some of these pretty eagily?
(Discussion of shots made by skilled billiards players)
Really, any of them could have gone in.

It (the test ?ﬁﬁé) says, 'If each of the balls is hit with
the right amount of force ....! (etc.). I believe that in
order to put spin on a ball you have to hit it at the side ....

Yes, but we're not to know that, are we?

Item No. 8.

*

I immediately thought of the psychology we did - what was it

-~ conservation of space or something where the children knew
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all the fumny answers .... it's sort of the same.

Item No. 9.

R.B. Motor-bikes used to have belts at one time - well, some
did anyway.

* Twisted into a figure-of-eight?

R.B. No.
(Laughter)

* It's like that cogwheel, you can't really remember.

* A chaint's not a figure-of-eight is it?

R.B. On an ordinary bike? '

* Yes.

R.B. No, you can't very well twist a chain.

* When I looked at this I thought .... you know, inside a

Hoover ..... the band is a figure~of-eight v......

* I tried to work it out ..;;. if the band was going like
that ...... oh, I don't know what I thought now, but I
remember thinking that if you turned the pedal forward, which
presumably you could do with that, if you forced the pedal
forward then what would happen to the band? It would snap.

* I thought it would be a pretty useless bike if it didn't g0
forward anyway.

R.B.  Well, the arrow does suggest that the pedal can be pushed
forward ..cevvese

* It makes you think that it's going to g0 backwards.

R.B. Why should it do that?

* What?

R.B. Go backwards.

* Because the chain is on a twist and it probably won't do

what it normally does.
R.B. But you actually traced it round with your finger, didn't you?
* Yes.
* It's one of those things you just can't visualise in
your mind.
R.B. Is it the fact that you are trying to imagine movement?
* Mommmmmm — Mmmommmmm
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R.B.

R.B.

R.B.

R.B.

R‘B.

Once you've worked out one stage, youlve forgotten one stage.
It was the same with the cogs .... got so far round ......
but then I got confused and I couldn't remember what the
first one was doing, in relation to the second one, when T
came to the third one.

Which was the confusion point on this one?

It was the twist .....

In spite of your finger going round?

Yes. If it had been a three-D picture I might have been able
to eee... but because I couldn't actually go round it
PrOPETLY seesncees

Actually, I think I stuck to the cog thing «..... the band
thing .eee.e

You put cogs there?

Mmmmmmpmm

Because we'd done the cogs.

You saw it as being related to the cogs?

Yes

Did 4, B, C, and D seem equally plausible - er - likely?
Were there any that you could get rid of right away?

D

Item No. 10,

RUB.
*

*

R.B.

You all know what a pinholder for flower arrangement ig?
Yes.
Depends on the size of the plasticine. Is that what it's
supposed to be in relative size to the jaxr?
Well, it's the change in shape that's in qustion really.
It says, (item 'stem' read out).
I didn't think about that.
I thought again, in physics, the man displacing the water ....
(comments on the term 'mass!)
So you would be able to get rid of one of these?
B
Cand D
Yes, but that was the point of the question, D, would it
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R.B.

make any difference ....... because I was thinking it was
BorD cvavesseo

But surely if you put anything in the water it would rise ese
I took that to mean it had risen before .... if you squash
it, it would rise less than if you put it in as a ball.

But they're still the same ..... Oh I dunno.

cecsess.. the plagticine hasn't got any smaller, itts still
got the same amount, mass orwhatever it is ..... Just
because it's been squashed eoveve...

You see, I immediately thought it would be B, then I
thought perhaps it wasn't.

sssseeas it's the surface area ...eee..

The only way you can find out is to do it %o prove it .e...
we'lve all got different ideas so the only way you can prove
anything like that is to try it ...... it's difficult to
see it in your mind ...... I sat there and sat there and sat
there ....... but then I thought that the water would have
gone into the plasticine ...... like paper ..... what's the
word it eseeseanss

Absorbs?

Yes - the only way you could really do it is to try it.
Some people can do it in their minds but I can't, I have to
do it. I haven't got that sort of mind.........

Item No, 11.

*

R.B.

This one, I immediately thougt, 'Ah, he's trying the cup
of lead is equal weight to a cup of SUgar tYPe sevvvas
Again I tried to remember the theory about mass displacing
the water, and then I couldn't decide whether the mass
was the weight or the size or what ...... was the mass the
weight or was it the size of the ball?

You remembered the formula, the words, but one of the words
'mass', you were having trouble with it?

Yes.

If it had been 'which ball would sink to the bottom quickest?)
that would have been the weight, therefore it couldn't be
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B.B.

X ok ok %

anything to do with the weight, and it would be something to
do with the size sovevas

Which of these, then could you get rid of pretty easily?

A

C

So it must be D

You've still got B left.

No, it's not likely to be B.

Item No. 15.

*

R'B.

R.B.

R.B.

I tried to think it out logically, where you would be
standing.

I drew mine.

What sort of things did you - try to imagine yourselves
standing in these positions? Or did you work out a verbal
formula - 'the bottle's in front of the book .....!

When I found that I couldn't visualise it I did it from

one of the objects, the bottle.

You used the bottle as a sort of reference point?

Yes.

Did this remind you of any of those Piagetian experiments?
The ones with water .e....

I kept thinking that I should be able to do it s seeo Somebody
of my age ought to be able to do thi§ +.... we had it
drummed into us so often in Child Development that children
of this age can do this and this eeseeecs.

So funny you've just been thinking about that Pigget ....

we didn't give it a thought ..... no, not during these tests
at all.

I just thought there are certain things I Just ought to
know «.....

I related ...... (Item No. 1.) .... to the children, thinking
they could do it and I couldn't.

General Comments.

R.B.
*

Which of these (items) gave you most to think about?
The plasticing ones, and the SUSAT +vvvsvss.
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* The SULAT eevsvoan

* seesss0s Gigplacement of water.

R.B. Were they worse than the shadows?

* I thought the shadows were the most difficult, but I
knew that there was some sort of answer I ought to be
able to get.

* That shadow ¢........ you had nothing concrete to work on.

At least with the others you could eliminate things.
* You get four clues, don't you, but there's absolutely nothing
with the shadows one.

GROUP TWO (8 Students)
Item No. 12
* I tried to put myself in Fred!s place.
R.B. Do you mean you imagined yourself holding a weight?

* Yes

* I was trying to remember a theory we did in maths.
R.B. In college?
* Yes. I tried to recall what happened and reason it out

from there.

R.B. Were you remembering the actual feeling, the swing of the
thing, or watching it go backwards and forwards?

* First of all the result. I tried to recall the result.
Then I went through each one of the possibilities .... tried
to imagine how the «s..oeee it felt vevesee

R.B. When you say you tried to rememberthe result, do you mean a

sort of rule in words?

* Yes, it was almost like remembering a formula.
R.B. But it wouldn!'t come ~ it had gone?
* No, it was there, but I wasn't certain.

R.B. Did most of you go through an elimination process, getting

rid of unlikely ones?

* Yes.

R.B. Which one went first?
* A gentle push.

R.B. Why?
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* If you only push it gently it won't go fast. Then I thought
it wouldn't be A because if you put a heavier weight on, it
would slow down. If you think of a swing, if you push
someone on a swing, someone light, it's easy to push and it
goes further, but with a heavier person it doesn't go so far.

R.B. So A and D went out.

* And lengthening the string. If you put a lighter weight on,
it will go faster, so therefore G was out.

R.B. What were the hot favourites then?

* B and C.

* I put E as well.

R.B. Was this general, trying to imagine what would lmppen?

* Yes .. Yes .... Vommommmmm.

* Well, shortening the string and lengthening the string is

a matter of opposites really, so if you decide to put one

the other must be out.

Ttem No. 13.

R.B. Anything about the illustrations?

* One of them didn't fit in with my mental picture.
R.B. Was it No. 3%
* I think so. The bottle's quite a long Way «o.. Drawing No. 1

may be deceptive, you can't see whether theres a gap in
between the book and the bottle.

* No, but you can see the bottom of the bottle, can't you?
That's true.

R.B. Did you use ...... reference point seee....
Yes.

R.B. How hard was this one?

I puzzled over it for ages ....
I'd change my answel eeve...

Item No. 14.
R.B. What did you think of this one?

(Loud giggles)
R.B. Did you find any difficulty in relating the two views?
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R.B.

R.B.

R.:B.

R.B.

R.B.

RQB'

RQB.

RQB.

(Murmurs signifying no difficulty)

I remember doing these things at school and being told
that I was an utter idiot because I didn't know where the
shadows came. I just couldn't visualise - I just couldn't
work it out any way. I can look at this and I know I've
done it wrong, but I don't know why I've done it wrong and
I haven't got a clue about how to put it right.

(Plan view no shadow)

Anyone else feel like that, one of the things could be
right and the other wrong?
Yes .... Yes.

What makes you feel that they're wrong, then?

There's something about it I think is wrong, I'm sure is
wrong.

The first one's 0.K.?

I think so.

And the second one is wrong?

Well, it's just that I didn't know where to put them, so
it's likely to be wrong.

Could you go in imagination to the point where you are just
going to put your pencil to the paper, you know, if you
were doing it now, what would be going through your mind?
I'd say that the light's there, the man's there, the shadows
going to be behind.

So it would be a verbal formula, so to speak?

Yes.

And T sort of drew lines from the top of the lamp-post by
the head, down to the ground, then back to where he stands
and said "That's the length of it", I'm not sure that's right
but that's what I thought anyway.

And how about the other one? (Plan view)

I wasn't sure on this one whether to draw shapes .... I
wasn't sure what shape he would be.

So on the first one you actually drew a line and that
determined where the shadow would be?

Yes.
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R'B.

R.B.

ROB.

R.B.

R’B.

R.B.

R.B.

But on the second one it was a different thing altogether ...
there was no help from drawing lines?

Mmmmmmm  Yes.

What I tend to do is if I can't work it out one way, if I
can't reason it out verbally, I sort of look at it again
from a different level and try to think of it, what does
physically happen. What has happened when you were standing
by a lamp-post and your shadow has been cast, or what happens
when you're in the sunlight and your shadow's been cast, which
side does it occur, is it bigger than you are or is it smaller ...
And did you actually do that?

I remember thinking about it - trying to picture in my mind
what has actually happened - I came up against this barrier
again .... I knew it was wrong but I didn't know where it

was wrong and I didn't know how to put it right ...... there's
some gpecial way of doing it ..... I've been told over and
over again, and I don't remember.

Did anybody else try to go back to experience e.......

I thought about football ....... we used to play football in
the evening .....

Did you think about reading lamps - you know, in your rooms?
Do you have reading lamps in your rooms?

Yes.

You didn't use that ..... as a reference point?

eseeess. When I was a child we used to stand, and we were
always fascinated by shadows and we were always chasing our
own shadows and I thought of that.

It depends where the position of the SUN 18 eeevevvnnons
Mmommmmmm - Mmmmmmmimm

seeees you know, in relation to the figure, and that's what

I found difficult.

How many people found your difficulty, that it was all right
on the first ome, you had ways of dealing with it, but not on

the second one where it was a plan view? Four out of seven ....

Item No. 16.

R.B.

*

Did you concentrate on the quantity or the level?
Ievel .... Vommmm
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I reckon that was the easiest of the lot ~ I've been a

barmaid.

Item No. 1.

R.B.

*

Did you assume that the bases were all the same?
Yes .... Mommmmom.

Item No. 2.

(Jumbled conversation)

R.B. You remembered using a hose-pipe?

* Yes.

R.B. Do you know of any rule that might apply?

* No.

R.B. Could you eliminate any of the answers fairly easily?

* A (Laughter)

* B

R.B.  But the other three are worth considering?

* Yes.

* No, E, it's either C or D really.

* Course, it does depend on the force of the water.

* Does it?

* Yes.

R.B. You mean, in addition to these .seve...

*  Mommmmmm

Ttem No. 3.

* There's a rule to this, isn't there, the distance from the
fulecrum or something e......

* The work at school was confusing in these questions. We had

to remember so many different factors that affected something.

Ttem No. 4(i)

*

*

It won't go lower.
(Jumbled conversation)

It depends on the size of the olive too.
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Item No. 4(ii)

*

R.B.

R.B.

I guessed this.

Well, how did you go about guessing, was it again a matter
of getting rid of improbable ones?

Thinking about the sugar and whether it dissolves or not.
YeSeeeeooes YOSsuuoaes

So the steps were - decide whether it dissolves or not,

and if it does, do one thing, and if it doesn't, do another?
Yeseos. Mmmmmm.

<ee-.... EXperience as against reason. Reason says that when
it goes in it's displacing something, but if it's being
dissolved it must be adding to the liquid ee«ee.. it must be

a fraction higher, you know, it's not really perceptible.

Ttem No. 5(i).

*

R.B.

R.BQ

I was trying to think of a watch ... you know, what you find
in a watch with the back off, wheels going round. For some
reason I thought that if one goes round one way the other must
go round the opposite way, so the other one, the tiny one,
will go the same way as B.

Did anyone trace round the drawing with a finger?

Yes ..... Monmmmmm.

Did it help?

YeS LRC I S

Ttem No. 5(ii).

No comment judged to be significant.

Ttem No. 6.

R.B.

Is there anybody who has never carried a ladder or something
similaxr?

(One person had not)

General conversation.

Obviously +.... can't both be carrying the same load.
(Laughter)

I threw that one out ..... because the weight of the ladder ...
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and whether you are stronger or not just depends on how
easily, it makes a difference on how easily you 4o it se...

R.B. So you threw that one out, did you?

* Yes.
R.B.  Sorry, I missed that (interjection by student)
* I put that they both carry about the same load.

R.B. What sort of argument did you have t0 eee...

* I can't really remember ...... I didn't like the question ...
because oseee €T soevoe. I didnt't think there was enough
information. Because I think it depends on their height ....
I mean if Pred is sesveee

R.B. It says they are the same height ......

* Yes.

* Fred is half way along the ladder so there's half of the
ladder over his shoulder, and he is balancing on the ....
(Interruption - person coming into the room)
eseos I took it that he was half way along the ladder so youtve
got half of it in front of him with his wife holding it,
and half behind, er ..... now you could be more definite, er
ees+. certain about the answer if you knew the length of the
ladder and what position on the left and where his wife was ...

* Yes, but it tells you.

* She's holding the end of the ladder there .....

* Yes, precisely, itts just an approximation; it could be ...

* eseee. but then youlve got to sit and measure it, haven't you.

* ssees Well, er .....

* «+.. to make sure that whoever's drawn it is accurate.

* Thatt!s what you assume.

* «ess. not enough information given.

* I thought there was enough information to answer the
question, but then .....

Item No. 7.

* I've watched billiards on television.

R.B. Pot Black?

* Yes, I tried to think of that.

* I was trying to visualige the angle it would come off «...
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R.B. From the bumper?
* Yes.

R.B. Through doing that were you able to get rid of any of the

possibilities?
* Yes.
R.B. Which one first?
* D.
R.B. What made that one come first?
* I was visualising some somebody holding a cue ... if he

was holding it there, it wouldn't .... go over there.
R.B. If you were pressed, could you say why?
* It just seems reasonable, I don't really know why.
R.B. If you get rid of D, what'!s the next one to go?
* A
R.B. Whyts that?
(Unintelligible)
R.B. So that's got rid of the two extremes .... How did you
decide between the other two?
* You just had to weigh up the angle ......
Mommmmm ... or try to.
R.B. When you say "weigh up ..."?

* I mean, you know «eevv..

R.B. See which looked better?

* Yes.

* Well, T tried to see it on an actual table.

R.B. Does this remind you of any of those principles you learned
at school that you were talking about earlier?
(Pause)

R.B. It doesn't ring any bells?

* It does somewhere.

R.B. So you had to rely almost entirely on trying to imagine
how the ball would behave?

* Yes weneo. Mnmmmm

Item No. 8.
No comment judged to be significant.
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Item No. 9.
*

RﬁBh

R‘B.

R.B.

R.B.

R.B.

R.B.

I traced that with my finger.

Did it help?

Yes it did.

I haven't even a vague idea about bicycle chains or
anything like that. I just couldn't figure it out.

Where did it start being difficult? You said you ran your
finger round it, didn't you ....

No, I don't tend to do that. I look at it and try and
measure it.

When you were looking at the larger of the two wheels with
the belt round it, I imagine it was fairly easy to see
that turning that way, wasn't it?

Mmmmmm

Where did it start to get difficult?

Well, it wasn't .... I mean if you ..... could just put A,
saying it was going forward ..... because to me the arrow
is pointing that way, it's almost biassed.

Oh, you mean that's acting as a cue to make you say "Yes,
itts going forwardnz2

(Unintelligible)

I's necessary to mention it, isn't it, otherwise .....

But surely, if it pointed backwards, you'd go backwards.
Yes, but surely, if that's going round that way .... yould
go forward ...... N0 ¢.c.... twisted ....... the push comes...
That's where you've got the push, and the wheel will go
round the way the push goes, and that wheel will be going
backwards.

(Unintelligible comments)

Then the pull bit will go round under .....

ssesese pushing at the top which will start the wheel in
motion backwards, and then the pull ...... underneath which
continues ...... in other words, it's going backwards.
Yes.,

Well, I don't know, I've just looked at it again, it would

break, I mean it's silly.
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* I thought of it going forward, but I wrote backwards.
Looking at it now, I'd say forwards.
R.B. What would make it go forwards, did you say?

* Because of the arrow and this little thing.
* Yes, it's a figure of eight.
* If it was a chain it would go all round one way, and that's

twisted isn't it, so it starts off that way and pushes round

that way.

* Do you agree with what I said - it's a push as it goes round,
and a pull underneath .....

* Yes.

R.B. Did you say that the belt would snap?

* I thought so. I put that ....

* I don't know - that would make that one turn backwards, and

it couldntt turn ceee 80 cvcoos

R.B. So one wheel would be going one way and the other would be
going the other way, and therefore the belt would snap?

* Yes.

R.B. Did anybody consider D to be worth thinking about?

* No.

Item No. 10.

R.B. Did any of these answers seem to be completely useless?
* Yes, "It depends on how much he squashed it".
(Iaughter)
R.B. What sort of considerations did you have in mind in getting

rid of the others?

* Piaget.
(General hubbub)
* I just thought of the BEureka thing .....
R.B. Back to school?
* Yes.

Item No. 11,
R.B. eass. & lot of words in this, werentt there?
* Yes, Mmmmmmmm.
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R.B.

RDB.

Which could be thrown out?

A

C

So that leaves B and D as worthy of consideration.

No, I don't think B was worth considering. I worked out
the answer and then looked down the answers, A? B? C? D?.

I just decided that was the ome.

On completing the paper, discussion returned to several of the

items.

Item No. 9.

*

R.B‘

R.B.

Why does it go backwards? I've written it but I don't
know why.

(Attempt to demonstrate the path of a point on the belt
as it travels round the two wheels)

But then, if you're pushing that way, going like that,
you'lre going forwards this way but your back wheells going
backwards.

But it's only your leg that goes forward, isn't it, the
machine itself wouldn't go forward.

(Unintelligible)

This seems stupid to me, you pedal it one way and it goes
the other.

Item No. 14.

R.:BO

(Attempting to explain) .... the principle is that if

you have a light source and an object near the light source,
the shadow will be on the side away from the light source:
and the principle would apply wherever you were looking at
it from -~ you know, wherever your view of the thing was,

the same principle would apply. And because these (diagrams)
are identical events, so to speak, you know it's still the
same fellow standing there and it's still the same light
shining there, and the shadow would be the same length .....
soessee it's the same shadow eseesss

It would still be the same? It wouldn't come out like that?
(Further expressions of doubt, not intelligible on tape)
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GROUP THREE (3 Students)

Item No. 12.

R.BD
*

RDB.

R.B.

R.B.

Could you eliminate any of these?

D. G. B.

What did you have in mind when you were thinking, "I'1l
throw that one out, or that one ....?

You have a sort of visual picture; you imagine yourself
swinging the pendulum ...covs

esseseas you watch the results.

There is a principle, isn't there, that you could put
into words ..?

Do you remember doing anything like this at school?

Yes T don't remember the questions but I should know what
the answer was. I remember reading problems like it in

books, something to do with Piaget's stages of thinking.

Item No. 14.

R.B.
*

R.B.
*

*

R.B.

R.B.

R.B.

Did you have any problems in reconciling the two views?
No.

How did you set about this?

It was just a guesss, I think.

It was very hard to visualise where the shadow would be.
When ....... you were going to make a mark on the paper,
can you remember WHY e...?

I think you mentally take a line from the light to the
man.

That's because of something you know, isn't it. Is it
possible to put that into words?

I think it's imagining, actually.

So if you were coming to this now, you would think about
standing near a lamp and imagine what would happen?

Yes.

Item No. 16.

*

R.B.

I can remember doing this in school.

Did you go for the quantity or the level?
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* sessse. the line you should use and the angle it should be.

Item No, 1.
R.B. Did you look at the bases of the bottles?

* Mommmmm

* No.

* I did.

R.B. Which could you eliminate on Bottle 29
* A.

Item No. 2.
R.B. Which could you eliminate?

* A, straight away.
* I just considered each in tumm.
* I'd say B was a possibility, but not B, it's not much

difference from A to B really.

* No, I wouldn't say there was any possibility of E.
Item No. 3.

* I went back to childhood .....

* T related it to science - we used to try to get rules

to balance ......
R.B. So you were thinking of a general principle?
* Yes.
R.B. TIs it one you could put into words?

* No.

Item 4;12.

* You really had to think about this.
R.B. Which could you eliminate?
* A. D. B.

Item No. 4 (ii).
R.B. Could you eliminate any of these easily?

* D. A.

R.B. B deserves consideration?

* Itt's difficult.

* At first sight you'd consider it.
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Item No. 5.

No comments judged to be significant.

Item No. 6.

R.B. Which could be got rid of?

* D.

R.B. Which were worth considering?

* C. B.

R.B. VWhat decided the issue?

* The amount of ladder and the fact that she's carrying the
first half so ...... there was pressure on the back.

Ttem No. 7.

* I've played a lot of pool.
(Conversation about pool)

R.B. Which of these were improbable?

* A.

* When you play pool you can hit them from all angles.

R.B. But it says "exactly in the centre of the ball with the
right amount of force ...."

* Tt depends on where the actual ball you're hitting is being
hit from.

R.B. Do you know any principle - theory - which would explain
what would happen?

* I was under the impression it should make a right angle with
the line the ball travels to X.

R.B. S0 between C and X and 1 there would be a right angle?

*

Yes, thatt!s what I worked on when I did that.

Item No. 8.
No comments judged to be significant.

Item No. 9.

*

*

I couldn't answer it. I got half way and couldn't get back.
I think what put me off, I can't ride a bicycle, I don't
know anything about them.
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R’B.

R.B.

Did you try tracing your finger round it?

Yes.

It didn't help?

No. I think I decided that would be pulling against that
and the belt would break. If you pushed the pedal forward
that would go back and it wouldn't work at all .....

That would go forward ('Gear wheel!) that would go backwards
(Rear road wheel) therefore it wouldn't work at all.

It would depend on the amount of pressure. The bike would
stay still and the belt would eventually snap or something.

Ttems 10, 11 and 13.

No comments judged to be significant.

GROUP FOUR (6 Students)

Item No. 12.

*

R.B.

R.B.

R'B.

R.B.

We'ld been doing something in maths like this just the week
before we did this.
You had actually swung pendulums?

Yes, we'd fixed it up to one of the windows. It was to do

‘with things we could do in school.

How did you go about this question ..... which of the answers
is clearly out?

C. G.

Most of the others deserved a bit more consideration?

Yes.

Did one stand out as being highly likely?

(Long pause)

Discussion of imaging.

Item No. 13.

R.B.
*

What sort of strategies did you use on this one?

I thought about being in place ... thinking of an artist's
impression.

I tried to look at them as though I was standing (in each
of the places).
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*

I took a plan view (stood in one place and 'bent over!
the objects)

Item No. 14.
*

R.B.
*

RDB‘

R.B.

R.B.

R.B.

R.Bl

Difficult .....

Is that general?

Yes. Yes.

You don't really think about where a shadow is when youltlre
standing under a light.

Did anyome have problems with the two views?

No. No.

If you were doing it now, what would be .....

I'd put myself in the situation .... standing under a light.
In his place?

Yes.

I just couldn't visualise this one at all.

I just can't remember where it shoud go,

Did anything that you did at school or college come into mind
here?

Something we'd done about reflection of light, but I
couldn't remember the actual ......

We had some DPrisms seceses.

Do you think it would be possible to put the prineiple into
WOTAS osses

Yes, I think so.

Can you do it?

No.

Item No. 16.

R.Bl
*

*

Did you go for the amount or the level?
The level.
When I worked in a bar I measured half a pint in a glass

for pint shandies.

Item No. 1.

*

R.B.

On thinking back I wasn't so sure.
What sort of doubts?
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* With the sides being wider would it really go higher or

would it be the same if it wag that bit lower?

Item No. 2.

No comment.

Item No. 3.

No comment.

Item No. 4(i).
* I thought of the theory of the weight of something going

into the container and the amount of water being displaced
being the same as the weight of the object that was placed

into it.

Ttem No. 4(ii).
R.B. Which of these deserved a bit more consideration?

* I thought about A and B.

* Whether it dissolves or not the sugar is still there, isn't
it?

Item No. 5.

No comment.

Item No. 6.
R.B. How did you go about deciding between A, B and C?

* Well, Fred was really the balancing point.

Item No. 7.

* There'!s a principle.

* I tried to imagine what would happen.

R.B. What was the principle?

* Angles of reflection -~ it had to be the same angle going

on as going off.

Item No. 8.

No Comment.
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Item No. 9.

After discussion of difficulty of predicting movement:
R.B. When does tracing your finger round cease to help?
* When it comes back the other way.

Item Nos. 10 and 11.

No comment.

GROUP FIVE (6 Students)

This group did not wish their discussion to be tape-recorded.
The students agreed to my taking written notes. This procedure
was awkward, since T had to agk for time to make a note on many

occasions, thus producing lags in the conversation.

Item No. 12.
Two members commented immediately that they had done no physics
at school.
Five said that they had imaged swinging pendulums.
Five said that they "ought to remember the answer'.
"I only put one answer, but there may be more - I don't know what
happens if the weight is changed".
"The obvious answer is E. But a harder push would give a faster
rate of swing initially, although this would slow down, so you should
keep pushing every now and then."

Item No. 14.

"I thought of the sun and how it made shadows longer as I moved about.
"I thought about standing in the sun to decide where to put the marks".
"Fred takes up space and blocks the light rays and creates a

mass of darkness in front of him" (In front of him?) "Er .. yes".
(Asked to explain the idea of plan and elevation) Various
contributions e.g. "looking down from above", "looking directly

from the side.

Five members agreed that the two views (in diagrams i and ii)
represented the same objects seen at the same time.

There was no response to questions about the light in the room

and where the shadow would be if I held my hand Up.
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Item No. 16.

"I had to think which way the glass was tilting."

"It would have been easier to decide where the marks should go
if the difference between the amount of tilt had been greater"
(After top-of-wall cue was pointed out)

"I never thought about the top of the wall being level™.

Item No. 1.

"I imagined the straight bottle placed over the top of the others"
"I looked at the amount of white paper inside the lines and thought
about how much there was".

Item No. 2.

"If you point the hose pipe straight up it comes down next to you,

so the one furthest away from that must be the one that goes furthest,
g0 I chose 'hose-pipe levelt."

"I imagined myself looking at the place where the water had to £0,

and chose the middle one."

"I picked D because it was nearest to E - I thought that there must
be a catch in it so I didn't put E".

"It depends on the pressure of the water".

Item No. 3.
"I kept thinking about the word !'fulcrum!."

"I thought about see-sawing when I was at school. One of us sat at
one end and two of us would work our way up from the middle +ill

we balanced."

Item No. 4(i)
"I put C but A could be right."

Do olives float?"

Item No. 4(ii)
"If it dissolves, how can you see a difference?"

Item No. 5.

"Circular lines are difficult to see."
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Item No. 6.

'"He is balancing the ladder so he's not taking so much weight:
If you balance something you're carrying, it's easier to carry.
His wife's taking the weight."

Item No. 7.

"It depends on where you stand. You can hit X from anywhere."
"I drew lines and chose the one that looked right."
"Itve played pool, but I don't understand the geometry."

Item No. 8.

No comments noted.

Item No. 9.
"T think the belt would smnap."

"You need more information'.

"T dont't think the bike would move at all. Surely the wheels

would go in a different direction and prevent movement either

way."

"If you pedal forwards this gives a slight forward momentum to
the bike, but it wants to go backwards - you would fall off."

Item No. 10.
"Tt'm not sure whether the surface area would make a difference.”

"A11l I could think of was a story the teacher told at school -

'when a body is immersed in water the telephone ringst!."
Item No. 11.

"These words, mass, weight, are confusing - weight was used when

I was at school, not mass."

"The more you think, the more possibilities there are. I have doubts
about my answer now."

"fou get bored reading this one half way through."

Item No. 13.

No comment noted.
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APPENDIX XIV

Diagram of Re-direction of Study.
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APPENDIX XTIV

Notes on Diagram.

Note 1
Comparison of scores on M.H.V. and C.C.F. tests, average number
of 'O' and 'A' level passes, average age; using figures given by

Lomax (1969) as criterion.

Note 2

Bach item asks subjects to identify a principle which explains cause
and effect in everyday situations. The principle may be known by
the subject.

a) so that it can be put into words or diagrams and recognised as
being at work in different contexts.

b) intuitively so that, although it can not be put into words or
diagrams, its effects can be predicted in different situations.

c) vaguely, so that its effects may be recognised in familiar
contexts but not in unfamiliar ones.

d) As a verbal response-chain without the necessary underlying
concepts capable of generalisation to different contexts.

e) the subject may have no grasp of the principle.

'Type 1! Errors. Responses which indicate a genuine misconception
of the event in the 'real world! which the test item describes.
These responses would indicate levels (c), (d) and (e) above.

'Type 2' Errors. Responses which indicate that some aspect of the
item itself has led to misunderstanding. Subjects giving Type 2
responses may or may not understand the event in the 'real world!
described by the item.

Note 3.

Information on the nature of errors will come from approximately

thirty subjects, interviewed in small groups. Subjects chosen so

328



most kinds of response on the second administration of the testare

represented.

Note 4.

Riegel's (1973) notion of 'dialectic operations! provides possible

theoretical framework.

Note 5.

E.g. idiosyncratic ways of interpreting text and diagrams, unnoticed

ambiguities, etc.
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