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THE STUDY OF COGVITIVE STHRICTURE

OF CHEMICAL CONCEPTS

IN SCOTTISH SECONDARY SCHOOLS

An Abstract

The thesis considers the role of existing cognitive structure
on the learning of subject-matter in areas of Chemistry studied by
14 year old Scottish School pupils. It also examines the comparison
between cognitive structure and content structure* of an ideal
model and raises questions about the structural basis of the Scottish
Chemistry Syllabus. A word association test is used to map cognitive
structure in pre-instruction and post-instruction groups for areas
of chemistry covering atomic theory. A word association test is
used to map cognitive structure in Chemical combination, Covalent
bonding, Fuels and related substances and Carbohydrates. An
objective test is used as an achievement test to measure the extent
of éorrelaticn between performance in word association tests and
in an achievement test. Two hundred and sisty six Third Year pupils
(age approximately 14 years) in five Scottish Secondary schools
were tested.

The literature referring to work in mapping of cognitive
structure and associative meaning (which is operationally defined
by a word association test) is reviewed. The theories central to
the study (Piaget's and Ausubel's) are reviewed in the light of their
development relative to other theories of learning. The research
findings would seem to indicate that:

(1) Cognitive structure was shown to be similar to content structure

of an ideal model but with certain changes in emphasis.

(2) Cognitive structure as reflected by associations in a woxd
association test was shown to correlate positively with

performance in an achievement test.



(4)

(5)

(a)

(b)

(¢)

Existing cognitive structure has a bearing on pupil's ability

for learning and retention.

The extreme detail of Atomic Theory taught to Scottish School
pupils in their first weeks of formal instruction may not be

necessary or desirable at that stage.

The cognitive structure of "Poor" pupils (see 3.5) showed

significant differences in detail from "Good" pupils.
The major recommendations from the report were:

The teacher should evaluate the existing cognitive structure

of the pupil prior to instruction.

Instruction should be geared to the existing cognitive

structure of the pupil.

Teachers should know how to map cognitive structure.

¥*
Structure in this thesis refers to the ordering of the content

of instruction to coincide with what is likely to take place

in the cognitive structure of the pupil.



INTRODUCTION

1. The research undertaken in this exercise was designed to

answer the question: To what extent does cognitive structure
resemble content structure of areas of The Scottish Certificate

of Education Examination Board Syllabus? The method of mapping
cognitive structure which was used is a word association technique.
From the word association tests a model of group cognitive structure
is obtained. This model is then compared with a theoretical model
where appropriate. The statement of the problém, the propositions
on which the research is based, the assumptions inherent in the
propositions and the aims of the research are outlined in Chapter 1.
2. The work covered was that area of the SCEEB Chemistry Syllabus
described by Sections 7, 8, 9, 10 (See Appendices 2.6 and 4.4):-
Atomic Theory, Carbon Chemistry, Covalent Bonding and the Mole.

The Pretest was issued to 62 Third Year (age approximately 14 years)
pupils and the subsequent Word Association Tests (1 and 2 ) and
Objective Test were issued to some 266 Third Year pupils.

3. The results of the Word Association Tests were analysed using
Garskof-Houston relatedness coefficients. These coefficients

give a measure of the Ielatedness‘between the stimuli by comparing
the overlap of response hierarchies for any two stimuli to the
maximum‘possible overlap. The Ielatédness coefficients were
tabulated in half matrices and the structure inherent in the

group half matrices is graphed using Waern's technique. Garskof-Houston
relatedness coefficients and Waern's techniques are discussed in
greater detail (Appendix 2.3 and Appendix 2.4 together with 2.5-
Results). The implications of the structures produced have been

_ discussed both from the point of view of the learner and from that



of the teacher. In this study an attempt was made to record the
acceptable responses in the word association tests. This was done
by awarding a mark for each acceptable response (see 2.5). The
implications of a stable cognitive structure on subsequent learning
as indicated by performance in word association tests and an
objective test, are discussed following statistical analysis
(mainly non parametric) of the results.

4, Is there a logical structure to the Chemistry Syllabus?

Does pupils' cognitive structure reflect the content structure

of the syllabus as printed in text used by chemistry pupils in
Scotland? Should we subject pupils to such a detailed
introduction to Atomic structure in the first weeks of Third Year?
These and many other similar questions discussed frequently with
colleagues prompted this research exercise.

5. Other relevant investigations in the area of word meaning and
in tHe area of mapping cognitive structure are discussed in
Chapter 1 (1.5.1; 1.5.3; 1.6). A new approach in this exercise
is that of awarding a mark for each acceptable response as
outlined in 3 above.

6. The limitations of this exercise are those of any exercise
involving substantial field work with 266 pupils in five schools
spread over a large area of Strathclyde Region. Personal contact
with all of the pupils was not possible and in my view this is
desirable particularly when introducing a new assessment
instrument such as word association to pupils and teachers. This
problem was offset by close contact with the Principal Teachers

and Teachers of the schools involved.



CHAPTER 1

COGNITIVE STRUCTURE - Setting the Scene

"If we had to reduce all of educational psychology to
just one principle, we would say this: The most
important single factor influencing learning is what
the learner already knows. Ascertain this and teach
him accordingly".

1.1 Structure in Science and Mathematics Curricula

The development of the new Science and Mathematics curricula
of the Sixties represents a movement away from the situation
where the sequence of learning materials was left to the teacher,
to one where the sequence is based on the logical structure
of subject matter.z-s It has been suggested that with an
emphasis on the larger conceptual structure of science the
student is in a better position to recognize and understand
changes in scientific knowledge.6 Bruner3 points out that
curricula should be constructed in such a way that the pervading
and powerful ideas and attitudes are given a central role.
Ausubel and Robinson7 identify the powerful ideas as those
constituting the structure of the discipline. The besf type of
structure for a body of knowledge must always be related to the
status and gifts of the learner.8 Shavelson9 identifies the
following reasons for the emphasis on learning of structure of
a subject matter:

(a) knowledge of structure is required for a full understanding
of the subject matter

(b) structural knowledge enhances retention of the subject matter

(¢) structural knowledge facilitates problem solving

(d) structural knowledge leads directly to transfer to similar
and perhaps new situations

(e) structural knowledge results in intellectual excitement and



(f) structural knowledge leads to an aptitude for learning.

1.2 Theories of learning which attempt to describe man as a

cognitive system

The research reported in this thesis has to do with mapping
cognitive structure of Third Year (age approximately 14 years)
pupils in area of the Scottish Certificate of Education Examination
Board Chemistry Syllabus.lo It is appropriate, before any formal
definitions of terms such as "cognitive structure" are made, to
look at pupils as a cognitive system and to review curient
theories of cognition. Flavell11 points out the difficulty in
defining and limiting the concept of cognition. He takes a broad
view of cognition (what you know and think) which he sees as
including such types of psychological entities as knowledge,
consciousness, intelligence, thinking, imagining, creating,
generating plans and strategies, reasoning, inferring, problem
solving, conceptualizing, classifying and relating, symbolizing,
fantasizing and dreaming. He includes in the cognitive domain
motor movements, perception, imagery, memory, attention and
learning. In fact he poses the question: "what psychological
processes can not be described as 'cognitive' in some non-trivial
sense or do not implicate 'cognition' to a significant degree?"
What emerges then is a picture of man as a very complex but
organized "system" of interacting components. Psychologists
have taken different views of human cognitive processes depending
on the particular "school" of psychology to which they belonged.

Thorndike50 published a theory of learning in 1898 based on
animal experiments and using a trial and error model. He expanded

and developed this approach over the yeaIs_51,52,53



The behavioural unit was an association between sense impressions
and impulses to action. The learner, when confronted by a problem,
will produce a number of responses until he eventually solves the
problem. When the problem situation is repeated several times the
correct response becomes fixed. Thorndike was not concerned with
problems of perception or interpretation of the situation - the two
important things in the theory are that an internal connection took
place between sensation and response and that reward and punishment
have an automatic effect in increasing or diminishing connections.
Thorndike's work, when applied to human learning, stresses the
specific responses of persons. It dealt with aspects of motivation
and in general the emphasis on repetition seemed to be more in line
with drill and habit formation than with learning requiring insight
and understanding. Pavlmr“s,l2 research centred on the conditioned
reflex. In his famous experiments with dogs he found that they were
capable of attaching existing responses to new stimuli. He found
that secondary conditioning was also possible and the implications
for learning theory would seem to be that substituting one set of
stimuli for another could build behavioural reactions which were
very much removed from the original stimulus. Watson54 who founded
the behaviourist school of psychology used Pavlov's work to produce
the unit of stimulus and response as the basis of behaviour. Watson
tended to explain learning without recourse to Pavlov's concept of
reward and to Watson all behaviour is learned by the pairing of
stimuli and responses. Guth11955 adopted an approach which centred
on movements of the organism. Behaviour can be reduced to a series
of movements., Learning to produce particular movements in connection
with a set of particular stimuli is called "one-trial learning".

Exactly the same movements will take place if the same set of stimuli



under the same conditions are repeated and in this theory there is
no place for reward or reinforcement. If reward or reinforcement
is seen to be effective it is only because the conditions have been
changed. Hull56 showed that familiarity with a concept in a great
many different contexts is more important than intensive experience
in a few situations. He sees learning as the association of
stimuli and responses under conditions of need. Need in the
organism provides the drive towards activity. The responses which
satisfy the need reduce the drive and this reduction of drive
provides the reinforcement. Skinner57 was moTre concerned with
responses than stimuli as he pointed to certain responses with no
known stimuli. His study of responses has been the basis of the
development of programmed learning. Informatlon to be learned is
placed in small frames and to each of these frames the learner

must make a response. If correct there is immediate reinforcement
in fhat the learner is told that he is correct. A different view
of learning was developed by the Gestalt school of psychology
following the work of Koffka58 and Kohler.l3 The Gestalt school
was interested in the unknown region in between the stimulus and
the responses. They argued that the significance of a situation or
pattern of stimuli is in the total pattern and not in its separate
elements.14 This conflicts with the view of behaviourists which
Gestaltists criticized as being a theory which looked at the separate
elements while ignoring the total situation. Learning was the
perception of a situation, recognition of the problems, solution

by perceptual insights followed by action. Lewin59 inserted into
the Gestalt view a personality theory of learning. Lewin was the
first to introduce cognition (i.e. thinking and the organization

of knowledge) into the Gestalt view. Tolman60 distinguished between



learning and performance in that we observe performance and from it
we can only infer learning. He sees learning as the gradual
acquisition of cognitive sophistication and he postulates the
formation of "cognitive map" in the process of learning as
observed in experiments with rats in a maze.

Saugstad and Raaheim15 argue that thinking must be understood
in terms of learning as well as perception and also in terms of
principles for memory. In earlier workl6 Saugstad had shown that
the difficulty of any problem rests in the unavailability of its
necessary "functions" rather than in any difficulty of combining
these functions. The important point here is that "functions"
can involve past experience which in the Gestalt concept of
insight was not considered important. Hull16 discussed learning
in terms of concept formation and Gagn§l7 suggested a model of
concept learning which links it with language. This model is
like that suggested by Brunerl8 in his paper on the course of cognitive
growth. The model of man's cognitive system which forms the basis of
this research exercise is a combination of the structuralist -

organismic approach of Jean Piaget19

20

and the information - processing
approach of Simon and Newell,

1.3 The Piagetian Approach

Piaget infers that the cognitive system has a complex internal
organization and his definition of intelligence involves biological
adaptation, equilibrium between the individual and his environment,
and a set of mental operations which permit this balance. His
theory is developed from studying the organization underlying
a child's thought rather than the contents of the thought.
Inherited physical structures set broad limits on intellectual
functioning. Functioning in general can be divided into two

aspects:



(a) Organization - the tendency to organize processes which is
common to all species
(b) Adaptation - occurs as a result of interaction with the
environment
Adaptation is further divided into Assimilation and Accommodation.
Assimilation11 is defined as interpreting or construing external
objects and events in terms of one's presently available and
favoured way of thinking about things. Accommodation is noticing
and taking cognitive account of the various real properties and
relationships among properties that external objects and events
possess, Assimilation and Accommodation are complementary - a
chemical analogy might be that of Reduction and Oxidation - one
process does not take place without the other process also taking
place. This in any cognitive encounter with the environment
Assimilation and Accommodation occur in a mutually dependent way.
Fl&Qellll argues that Assimilation-Accommodation is a very useful
model of cognitive development and holds true for any mind
interacting with any environment at any given moment in time.

1.4 The Information-Processing View

In this view man is regarded as a complex machine with
"programs" capable of processing information similar to a

20-23

computer. This theory is oriented strongly towards content

20 has two main advantages:

which according to Simon and Newell
(1) It removes a barrier towards extension of the theory
(2) 1If content is a substantial determinant of human
behaviour then information processing theories have

opportunities for describing human behaviour veridically

that are foreclosed to theories unable to cope with content.

10



Shavelson9 represents the flow of subject-matter by the following

diagram: Flg 11
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Ausubel and Robinson7 define cognitive structure as the quantity,

clarity and organization of the learner's present knowledge which

consists of the facts, concepts, propositions, theories and raw

perceptual data that the learner has available to him at any point

in time. Shavelson9 sees cognitive structure as a hypothetical

construct referring to the organization (relationships) of concepts

in memory. A concept is an abstract from objects, situations, or

events of the attributes these phenomena have in common.14

The words we use symbolize or stand for these concepts. Cognitive

structure can be represented by a model of human information

. 9
processing. ;
Fig.1.2
STIMULUY [Short-Term
INPUT | [PERCEPTIONSILOTE

Working
Memory

- RESPONSE

Long-Term
Memory

Simplified Model of Human Information Processing

The information processing model is divided into two parts,

perception and memory. Memory is closely related to the definition

of cognitive structure9 above. Simon and Newell20 identify the

12



smallest units of information as symbols which are steored in the
long term memory (LTM).

"The human memory is usually described as associative,
and associativity is achieved in the information
processing system by storing information in LTM
in symbol structures each consisting of a set of
symbols connected by relations. As new symbol
structures are stored in LTM they are designated
by symbols drawn from the potential vocabulary.

These new names can in turn be embedded as

symbols in other structures."
In the learning process stimuli or patterns of stimuli ("chunks")
become recognizable. The symbols which are stored become an
internal representation of the "chunks". Cognitive structure
therefore is to be found in LTK while short term memory (STH)
and working memory (WM) @mich unlike LTM are not permanent and
can only store material for short lengths of time) are channels
which link perception and LTM to assist in the retrieval and

decision process.

1.5 The Ausubelian Approach

Ausubel1 has developed a learning theory which he sees as
being applicable to "reception learning". Reception learning
is that kind of learning where the content of the learning is
presented to the pupil. This is in contrast to "discovery"
learning where the content is discovered by the pupil. Ausubel
distinguishes between "rote reception learning" (i.e. learning
that is not associated to form a basis for further concepts or
is not associated with previously learned concepts) and
"meaningful reception learning" (i.e. learning which is associated
with concepts in the pupil's cognitive structure). Ausubel states
that for teaching to be effectivé, the instruction has to be
planned so that meaningful learning can take place. The new

knowledge which is associated with an existing concept is "subsumed"

to strengthen the concept in the learners cognitive structure and in



Ausubel's view meaningful learning has taken place. Knowledoe that is not
"subsumed" is either rejected by the learner or is rote learned. Subsumers
allow related new information to be accepted into the pupil’'s

cognitive structure. The distinction between rote learning and

meaningful learning is not clearcut and it is difficult to guantify,

as in the real situation there may be a concept available and

depending on the stability and differentiation of the concept the
learning which takes place can be to different degrees of

meaningfulness. Ausubel suggests that "advance organizers" can

facilitate learning where existing cognitive structure contains no
available subsumers. He suggests that organizers7 (deliberately

prepared sets of ideas presented to the learner in advance of the

material to be learned) should have a high level of generality

and inclusiveness and he distinguishes between expository

organizers (for completely new material) and comparative organizers

(for material not completely new).

1.6 Concepts and Word Meaning

Stones14 defines concept as a generic term. A concept may be

(1) operational (a way of doing something)

(2) classificatory in the sense of a taxonomy or

(3) relational representing a relationship of two or more

bits of information e.g. pH = -log [Hf]

Individuals form generalizations as a result of interactions with
the environment and these generalizations are called concepts.24
In this process the stimulus not only produces a response but also
becomes part of a person's understanding of the environment.
The way in which we perceive and interpret our interactions with
the environment gives meaning to these concepts. Concepts are
normally symbolized by words and when the thing or phenomenon

which the word denotes has been experienced by the individual then

14



the word can stand for the concept itself.25 Vygotsky further

distinguishes two types of concept: Scientific and Soontaneous26

(1) Scientific concepts are consciously taught whereas spontaneous
concepts are picked up automatically in the course of living.

(2) Scientific concepts depend on verbal exposition whereas
spontaneous concepts depend on our contact with reality.

(3) Scientific concepts provide systematic general structures,
whereas spontaneous concepts provide the substance of
experience which can make the former more than just empty
symbol categories.

Vygotsky focuses attention on language as the vehicle for

internalization of concepts,

1.7 Meaning

1.7.1 A word may have several meanings depending on the different
experience that embody the concepts for which it stands.27

Evidénce for this was demonstrated in a preliminary study in which
a word association test was used on second year pupils in an Inner
City Comprehensive and a Comprehensive with a Rural/Urban intake.
The responses to the stimulus LAW produced a high incidence of
responses such as EVIL and BAD from pupils in the Inner City school
which implied subjective meaning for a word standing for a concept
that was the result of unpleasant experiences with the environment.
Osgood et al.,28 call this type of meaning connotative and point
out that it is an aspect of overall word meaning and in certain cases
can predominate. Word meaning can be influenced by context and
words such as ELEMENT will have meanings depending on the context
in which they are used, Furthermore in Science Education many
words will be labels for concepts which will be formed in a

non-scientific environment and it is essential that the teacher takes

15



this into account when these concepts are used in a Science context.7

1.7.2 Measurement of Meaning

In the analysis of word meaning, the linguistic approach29 does
not take into account the subjectivity that is present in word
meaning. The psychological approach tends to focus on the processes
that give a word its meaning. Evanechko et al.,BO postulate an
hypothetical "semantic space" which represents all the various
possibilities of meaning for each word for a particular individual.
These possibilities are as a result of past learning experiences
of the individual. "Semantic space” is multidimensional and any
given stimulus activates only certain dimensions. Thus in a
stimulus such as ELEMENT there is a contest between the everyday
meaning dimension and the Science meaning dimension (if it exists)
in the semantic space. Word meaning has been measured using word
association tests. The technique was first used as a clinical
tool by Sir Francis Galton (1880) but is has since been used as
a quantitative method for analysis of linguistic behaviour.31’32’33
Davis Howes34 points out that the average probability that a given
word will be emitted as a response in a word association test is
the same és its probability in general discourse. |

1.7.3 Associative Meaning

Deese35 sees associations as being cast in the language that
embodies thought and thus it reflects sequences in thought.
Associations are seen as reflecting organisation of ideas that are
brought together from all the experiences that an individual
possesses, Pollio36 agrees with Deese in this view of word
associations. Deese37 defines the associative meaning of a word
as the frequency distribution of responses produced by a stimulus

word from a large group of individuals, on the basis of one
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Tesponse for each individual. Associative meaning will not predict
the tendency of one word to elicit another but it should predict
the words that will occur in the verbal environment of a particular
word., Deese argues that if a particular word appears in some
verbal environment then a word related to it in associative meaning
should appear in the same environment. The closer the relation,
the higher the probability of the two words appearing in the same
environment. The words may appear in the same environment either
as substitutes for one another or as part of each other's
environment. The suggestion offered by Deese as to the origin

of associations is that they derive in whole or part from the
structures of the human mind.

1.8 Mapping Cognitive Structure

If follows from the discussion in the preceding paragraph
that if we wish to externalize the internal representation of
the structure of a subject matter then word associations should
provide a means of mapping cognitive structure. Other techniques
are available such as:
(a) problem solving
(b) card sorting
(¢) tree construction (graphing)
(d) digraph analysis and
(e) similarity judgement tests
Deese,35 Johnson,38 and Preec939 note that problem-solving tests
are too drastic as tools for initial exploration of cognitive
structure, The concept of semantic proximity of two words which
allows for a geometrical representation of cognitive structure
is at the root of the other methods mentioned above. Card sorting

involving rating difficulties of twenty concepts in Physics on a
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nine point scale has been used by Kass.AO Multidimensional
scaling techniques were used on the data and the results suggested
that the group average perceptual space could be characterized in
terms of either four or five dimensions. A similarity rating
method has been used by Johnson38 and card sorting has been used
by Miller.41 Tree construction tests in which subjects are asked
to draw graphs (trees) in which the vertices are words and edges
are relations between words has been used by Rapoport.42 In

this research exercise a tree construction test was used as well
as a word association test on words from Section 7 of the SCEEB
Chemistry Syllabus.lo Because of the complexity of the
instructions for pupils it was not used in the next phase of the
research. Digraph analysis of language has been used by Berge43
and Shavelson and Geeslin.44 The Word Association method is the
most widely used and the degree of overlap of the response
hierarchies is taken as a measure of the semantic proximities

of the stimulus words.35 In comparative studies on the various
methods for mapping cognitive structure good agreement has been
found between word association and tree construction tests by
Shavelson.g Shavelson and Stanton45 compared digraph analysis
and card sorting and again found that both techniques compared
favourably. Preece39 compared graph building with free and
controlled word association tests and found that the results were
in good agreement on all three tests. Johnson's46 earlier work
showed that word association responses could be linked to success
in problem solving. Shavelson47 found essentially the same
result in a study in 1973, Preece39 identified three clusters

of concepts in mechanics:
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(a) a kinematic cluster containing speed, velocity, acceleration,
distance and time
(b) a statics cluster containing weight, mass, density, volume
and area
(¢) an energy cluster containing work, energy and power.
The clusters were linked by the concept force. In an investigation
of Ausubel's48 theory of meaningful learning Ring and NOVak49
found a positive correlation between group achievement and

associative structure.

1.9 A Staterment of the Problem

The quotation used at the beginning of this chapter is central
to this research exercise. It would seem reasonable to attempt to
map the cognitive structure of chemistry pupils to ascertain what
the pupils already know at the start of the Third Year Chemistry
course. This initial test would then be followed by tests after
cerfain periods of teaching. To ascertain whether learning had
in fact taken place an objective test would be used. An attempt
to investigate the correlation between achievement and associativity
would also seem logical from the discussion which has keen
developed in this chapter. The propositions upon which this
research is based are:

(1) Cognitive structure should be similar to content structure
of the subject-matter.

(2) Cognitive structure as reflected by associations in a word
association test should correlate positively with performance
in an achievement test.

The assumptions inherent in these propositions can be summarised

as follows:

(a) The content of subject matter should be structured

such that meaningful learning takes place.
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(b) The possession of a stable cognitive structure in
an area of subject matter is fundamental to the
learning process and is the principal factor
determining meaningful learning and retention in

that particular area.

(¢) Word associations provide a map of cognitive structure

in a given area of subject matter.

(d) The map so obtained is not necessarily a complete

externalization of internal structure.

The aims of the research programme are:

1.

2.

To investigate the above propositions.

To investigate the cognitive structure of pupils before and
after a course of instruction.

To investigate vocabulary used as responses in word association
tests.

To compare a word association technique with a graph building
technique for a group of pupils from the sample.

To compare performance in a word association test with
performance in an objective test statistically.

To use the results of the research to provide pointers for

learning in the light of current learning theories.
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CHAPTEL 2

MAPPING COGNITIVE STRUCTURE IN ATOMIC THEORY OF THE

PRE-INSTHUCTION GROUP

2.1 Introduction
It was decided to investigate the cognitive structure of a
sample of pupils prior to any formal teaching of Atomic Theory.
The rationale behind the investigation was that pre-instruction
pupils would be expected to possess no stable cognitive structure
in Atomic Theory but after instruction stable cognitive structure
should be evident. The area of the Chemistry Syllabuslo investigated
was Section 7. (see Appendix 2.6) The content structure was
identified by seven stimulus words - MATTER, ELEMENTS, ATO!S,
PROTONS, NUCLEUS and ELECTRONS. These seven words were the labels
used in a diagram in Chemistry Takes Shape Book 3,63 Page 1.
This diagram (Figure 2.2) was chosen as the theoretical content
strbcture model for this area of the syllabus. These seven words
were used as stimuli in a Word Association Test which was issued to
62 pupils on their first day at Chemistry in the Third Year at a
Scottish Secondary School (age approximately 14 years). '
2.2 The Sample
The sample consisted of 62 pupils (32 boys and 30 girls) in
the Third Year of a non-denominational comprehensive school.
(Roll - 500 Mixed)
2.3 The Method
Each pupil was issued with a Continuous Free Word Association
Test containing the seven words listed above as stimuli.

A free word association test places no constraint on the type
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of response and in the test issued no 1limit was placed on the
number of responses. For administrative purposes the stimulus
was printed on the response sheet ten times.

2.4 The Test

The test contained the following instructions on Page 1:-
"When you hear or see a word, it often makes you think of other
words. We want to find out what other words are brought to mind
by some words used in Science. On each page you will find the
same word written many times. Say the word to yourself, and
then write down the first word it makes you think of next to
Number 1. Then say the same word again and write down the next
word you think of next to Number 2. Continue in this way always
saying to yourself the same word (which is printed on the page)
until you are told to turn to the next page. There are no right
answers and do not worry about spelling mistakes - just write as
quickly as possible.”

The second page of the test contained an example of responses
to the stimulus EAGLE. The test pages consisted of the stimulus
words printed on the top of the page and then printed down the
side of the page ten times (see Appendix 2.1)

2.5 Results

Frequency tables of all the responses to the seven stimuli
are included in Appendix 2.2)

To get a measure of how each pupil relates a given stimulus to
another, half matrices of Garskof and Houston61 relatedness
coefficients were constructed for each pupil. The mean half- matrix
for the group was calculated. The relatedness coefficients

measure the degree of overlap of response hierarchies by comparing

the actual overlap to the maximum possitle overlap(see Appendix 2.3).
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The structure inherent in the group similarity matrix was

represented in the form of a graph using a method proposed by

Waern®? (see Appendix 2.4).

Table 2.1 is an example of an individual pupil's half matrix

of relatedness coefficients.

TABLE 2.1

Individual pupil half~matrix of relatedness coefficients

PROTONS  ELEMENTS  ELECTRONS  MATTER  NEUTRONS  ATOMS
NUCLEUS 0.000 0.000 0.000 0.000 0.000 0.000
PROTONS 0.000 0.056 0.000 0.148 0.215
ELEMENTS 0.000 0.359 0.000 0.086
ELECTRONS 0.000 0.239 0.274
MATTER 0.000 0.000
FEUTRONS 0.359

School Number: 2

Mean = 0.083
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Table 2.2 is the mean half-matrix for the pre-test group obteined

by taking the arithmetic mean of the cell entries in the

individual half-matrices.

TAELE 2.2

Mean half-matrix for pre-test group (N = 62)

PROTONS  ELEMENTS  ELECTRONS MATTER  NEUTRONS  ATONS
NUCLEUS 0.052 0.019 0.033 0.014 0.046 0.072
PROTONS 0.127 0.088 0.016 0.096 0.081
ELEMENTS 0.060 0.027 0.028 0.050
ELECT RONS 0.012 0.070 0.b90
MATTER 0.008 0.061
&EUTRONS 0.063

School Number: 2

Mean = 0.053

24




Figure 2.1 contains the representation of the structure inherent
in the half-matrix (Tatle 2.2) after analysis by a method due

to Waern62. In Waern's method a cut-off point is chosen and any
links between concepts involving overlap coefficients greater
than, or equal to, the cut-off value are noted. The cut-off
point is then lowered, and new connections are noted. If new
connections are revealed which can be linked by paths already

in the graph, these new connections are not noted. Thus if the
first cut-off point indicated connections between "a"«—>"L"

the graph is drawn as aetbesc. If on lowering the cut-off point
further a connection is noted between a€¢c/this is not noted in
the graph as the connection already exists in the graph. This
preveﬁts the collapse of chains into clusters. The cut-off point
is lowered successively until no more meaningful information is
obtained. The criteria for choosing cut-off points are listed

in'Appendix 2.4.

FIGURE 2.1

Graphical representation of structure inherent in the group

mean half-matrix

First cut-off point 0.095 (—)
Second cut-off point 0,080 (~==-ww- )
Third cut-off point 0.060 (.......)

ELEMENTS
PROTONS - — — — = — —ELECTRONS
]
]
NEUTRONS !
ATOMS
NUCLEUS MATTER
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For comparison purposes the theoretical "ideal" structure from

text63 is drawn in Figure 2.2.

FIGJRE 2.2

Theoxretical "ideal" structure

MATTER
ELEMENTS
ATONS
NUCLEUS ' ELECTRONS

PROTONS NEUT RONS
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To get a measure of the number of chemistry responses the
following procedure was adopted. Each pupil was awarded a
mark (maximum 70) for each "acceptable" response to the
seven stimuli. An acceptable response was a response which
related to the stimulus in a chemistry sense. The "acceptable"
responses were chosen from responses by 266 pupils to a word
association test used later in this research exercise. In
the later test the maximum mark was 35 and therefore for
comparison purposes the total mark in Appendix 2.6 is taken
out of 35 i.e. each individual's total mark is divided by
two. A list of acceptable responses is contained in
Appendix 2.5. A frequency table of acceptable responses is
listed in Appendix 2,7 together with each pupil's mark

out of 35.

Table 2.3 contains the number of acceptable responses which

were elicited by the seven stimuli.

TAEBLE 2.3
STIMJLUS
NUCLEUS PRCTONS ELEWENTS ELECTRONS MATTEE NEUTROHWS ATOMS
o. of
ccep-
able 28 41 135 100 171 54 103
esponses

TABLE 2.4 contains the average mark (out of 35) for the test

together with the standard deviation.

TABLE 2.4
Number of Pupils Average Mark Standard Deviation
62 5.121 3.357
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2.6 Discussion

The results are consistent with an unstable cognitive
structure in the group. This is shown by the low scores in the
Garskof-Houston Relatedness Coefficient Group half-matrix
(mean = 0.0533) coupled with the average score of 5.121
(maximum = 35refer to table 2.5 It is important at this
stage in the report to make clear the following points:

(1) The Garskof-Houston relatedness coefficients measure

the degree of overlap of response hierarchies in a word
association test. It is not possible to make assertions

with regard to achievement based on the absolute value of a
coefficient or the mean value of coefficients from a half-
matrix. They are very useful coefficients for getting

at the structure which underlies responses in a word
association test. While very high values (in the region of
0.5 - 0.6) would seem to imply a very stable structure this
may not always be the case and low values may not always imply
an unstable structure. Two stimuli may produce response
hierarchies that do not overlap to any great extent which would
produce a low value for the relatedness coefficient. On
examination of the responses however all could be found to

be acceptable and thus it would have been wrong to infer that
because the relatedness coefficient score was low that an

unstable structure exists.

(2) To guard against the problems just highlighted I introduced
the idea of a score for the number of acceptable responses.

In individual cases an examination of the score for acceptable
responses together with the scores on the relatedness coefficients

half-matrix will give a firmer basis for interpretation.
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(3) Cognitive structure can vary tremendously between individuals
and consequently the best analysis possible in a study of this
sort is based on group cognitive structure. The group cognitive

structure is extracted as indicated above (2.5).

2.6.1 The cognitive structure graphed in Figure 2.1 represents
a very confused picture of the structure of MATTER. The most
closely related stimuli were ELEMENTS, PROTONS and NEUTRONS
with ELECTRONS and ATOMS 1related to the original cluster
through ELECTRONS. The inter connectedness: of these stimuli is
mainly through responses such as electricity, negative, neutral,
bombs etc. reflecting concepts learnt in the First and Second
Years at Scottish Secondary Schools (age approximately

12 and 13 years) or in an everyday context. As can be seen
from Figure 2.1 there is no logical structure te the Graph and
MATTER and NUCLEUS are the least closely related to the
ofher stimuli. There is no comparison between Figure 2.1 and
Figure 2.2 and this is to be expected from a pre-instruction
group.

2.6.2 The vocabulary used in the responses came to a total of
492 words. (see Appendix 2.2) Connotative meaning28
predominated and the science-meaning contribution was small.
The influence of Integrated Science on the underlying cognitive
structure can clearly be seen e.g. MATTER gets a high number
of responses as: liquid, solid, gas, particle, molecule. This
is an example of a positive contribution from previously learned
concepts. An example of a negative contribution (in the context
of Chemistry) can be seen with ELEMENTS which elicited high
numbers of responses such as - electricity, light, fire, kettle,

plug, etc. ELECTRONS elicited a high "electricity" type



response (power, amps, volts, etc.) By and large the high
incidence of idiosyncratic responses indicated a lack of any real
structure relating the seven stimuli to each other. Applying
Deese's37 definition of associative meaning to the seven stimuli
in the pretest the associative concepts named by the seven words
would be as follows:

NUCLEUS =~ (cell, nuclear, bomb, eggs, Dr. Who, Biology, atomic,

Science, centre, middle, power, brain ..ceceeceesss)

PROTONS - (electricity, protein, food, electrons, neutrons,
atoms cieeecenee)

ELEVMENTS - (Science, particle, gold, silver, hydrogen, oxygen,
electricity veceneoss)

ELECTRONS - (electricity, Physics, Science, molecule, particle,
power, amp, volts, wire, batteries, protons, neutrons,
atoms eeecesess)

MATTER - (gases, liquids, solids, particle, shape, atoms seesscss)

NEUTRONS =~ (neutral, bomb, electricity, Newts, Newton eeccecsaes)

ATOMS - (bomb, molecule, particle, liquid, solid, neutrons,

matter, electrons, protons, NUCleus seeeaeves)

The complete associative meaning of each of the stimuli can
be seen by studying the table in Appendix 2,2. The significance
of the low average mark in Table 2,5 will be discussed in Chapter 3
when comparison will be made with the results of exactly the same
test on the post-instruction group.
2.6.3 The implications for teaching and learning centre on the
knowledge that the cognitive structure as mapped and the associative
meanings of the stimuli as shown in Appendix 2.2 indica£e a lack
of an ordered stable cognitive structure. The concepts already

in the cognitive structure that will make a positive contribution
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to learning will have to be enhanced and those that make a
negative contribution reduced or eliminated. These implications
will be discussed in the broader context of the entire results

in Chapter 6.
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CHAFTER 3

MAPPING COGNITIVE STHICTURE IN THE POST-INSTRUCTION GROUP

3.1 Introduction
The word association test which was used with the pre-test

Control group was issued to the 62 pupils in the Control group

and a further 204 pupils. The objectives of the test were

(a) to map cognitive structure of the entire group

(b) to analyse associative meaning in the post-instruction group

(c) to compare performance in the pre-test with post-test for
the group of 62 pupils

(d) to investigate if a positive correlation existed between
performance in pre-test and post-test; this has implications
in terms of Ausubel's model for assimilating new information
into existing cognitive structure1

(e) to compare cognitive structure for the Control group from

| pre-test with that from post-instruction

(f) to compare the post-instruction cognitive structure with
that of the theoretical model.

A tree construction test was issued to Schools No's 2 and 3 and

details of this can be found in Appendix 3.1. It gives an

interesting comparison of two methods for mapping cognitive

structure. It is not, however, included in the main body of

the Chapter as it was not a method which was subsequently used

in later tests.

3.2 The Sample
The sample consisted of 266 pupils from five Scottish

Secondary Schools distributed as indicated in Table 3.1.

The 64 pupils from School No. 2 were tested in the pre-test and

thus act as a Control group. The distribution reflects the
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National trend in Non-denominational, koman Catholic and
Independent Schools. The size of the sample (266) is large
compared with the size of samples in the literature cited in
this thesis. The smaller size of sample used by other workers
may be due to difficulty of processing the data which in this
exercise using a pre-test and two word association tests will
produce a maximum of 32,230 responses (not all of which are
different responses). It was felt, however that the results
would carry greater weight if a reasonable statistical sample
was chosen and therefore five schools were selected. The number

of pupils from School No. 5 was however disappointingly low.

TABLE 3.1

TYPE OF SCHOOL

1- 8ix Year Comp. R.C. 1100 Mixed 74
2 3-6 Year Comp. N.D. 50 " 64
3 Six Year Comp. N.D. 1000 * 44
4 Six Year Comp. N.D, 1150 » 65
5 1Independent N.D. 450 ¢ 19
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3.3 The Nethod

Each pupil in the sample received a Controlled Continuous
Word Association Test in which the responses had to be words
used in a Chemistry context. They were invited to make a
maximum of five responses to each stimulus word. The stimuli

were the same seven stimulil used in the Pre-test.

3.4 The Test

Word Association Test 1 (WAT 1)

Instructions
On each page you will find a word which you are likely
to use in your Science/Chemistry class.

Put down next to Number 1 the word which you have used in

Chemistry and which is most closely connected with the given
word.

Then put next to Number 2 the second most closely connected
word and continue in this way until you have filled all five
spaces.

There are no absolutely right answers - we just want to

know what you think.

EXAMPLE

EAGLE
EAGLE ., _ Living
EAGLE p, _ Animal
EAGLE ' 3. Vertebrate
EAGLE 4. Feathers
EAGLE 5, _ Bird
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Page 1

NUCLEUS

NUCLEUS

NUCLEUS

NUCLEUS

NUCLEUS

Page 2

PROTONS

PROTONS

PROTONS

PROTONS

PROTONS

NUCLEUS

5.

PROTONS

1.

2.

4,

S
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Page 3

ELEMENTS
ELEMENTS 1.
ELEMENTS 2.
ELEMENTS 3.
ELEMENTS 4,
ELEMENTS S.
Page 4
ELECTRONS
ELECTRONS 1.
ELECTRONS 2.
ELECTRONS 3.
ELECTRONS 4,

ELECTRONS 5.
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Page 5

MATTER
MATTER 1.
MATTER 2.
MATTER 3.
MATTER 4.
MATTER 5.
Page 6
NEUTRONS
NEUTRONS 1.
NEUTRONS 2.
NEUTRONS . 3.
NEUTRONS » 4,
NEUTRONS 5.

-
3
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ATOMS
ATOMS 1.
ATOMS 2.
ATOMS 3.
ATOMS 4,
ATOMS 5.




3.5 Results

Half-matrices of relatedness coefficients61 were constructed
for each pupil using a computer program (Responses). This
program and subsequent programs which were used during this
research exercise are included in a pocket inside the cover of
the thesis. The mean half-matrices for each school and for
the whole sample were calculated (Tables 3.2 - 3.8). The
structure inherent in the similarity matrices was represented
graphically62 (Figures 3.1 - 3.6). The relationship between the
pre-test and post-test half-matrices and between all post-test
half-matrices were investigated further by calculating Euclidean
distances between the pairs of matrices. (Table 3.15. See Appendix
3.2) Preece71 points out that the Euclidean distance between
matrices may be an inappropriate tool for calculating distances
between the half-matrices because the absolute values of the
cell entries as well as the different pattern of cell entries
is taken into account. Consequently rank oxder coefficients after
technique of Johnson69 were calculated. (Table 3.16) Marks were
awarded for acceptable responses as in the pre-test. (Table 3.11)
The marks for the control group in pre-test and post-test were
correlated, (Table 3.13) and the regression equation calculated
using Minitab65 (Table 3.14). It was felt necessary to separate
the pupils in the sample into "good" and “poor" to investigate
the differences there might be in cognitive structure of the two
groups. Since the mean mark for the entire sample was 22.9 I chose
a value of 2 17 as the cut-off point between "good"” and “"poor"
pupils. The mean half-matrices for "good" and "poor" pupils are
listed in Tables 3.9 and 3.10. The graphs of the structures inherent

in the half-matrices are drawn in Figure 3.7 and Figure 3.8.

39



For a brief outline of the statistical procedures used see
Appendix 3,3. The complete list of words which were used as
responses together with their frequencies is contained in

Appendix 3.4



TABLE 3.2

MEAN HALF-MATRIX - 74 PUPILS

SCHOOL NO.

1

PROTONS  ELEMENTS  ELECTRONS  MATTER  NEUTRONS  ATOMS
NUCLEUS 0.4950 0.1402 0.3755 0.1348 0.4356 0.4222
PROTONS 0.1673 0.5625 0.1126 0.5626 0.4153
ELEMENTS 0.1632 0.1596 0.1521 0.2212
ELECTRONS 0.1195 0.4974 0.3937
MATTER 0.1240 0.2483
NEUTRONS 0.4288
TABLE 3.3

SCHOOL NO. 2
POST-TEST - 64 PUPILS - MEAN HALF-MATRIX

PROTONS  ELEMENTS  ELECTRONS MATTER NEUTRONS  ATOMS
NUCLEUS 0.469 0.093 0.256 0.063 0.451 0.395
PROTONS 0.140 0.488 0.066 0.212 0.480
ELEMENTS 0.117 0.125 0.115 0.232
ELECTRONS 0.050 0.434 0.405
MATTER 0.047 0.160
NEUTRONS 0.421
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TABLE 3.4

SCHOOL NO. 2

PRE-TEST - 64 PUPILS - MEAN HALF-MATRIX

PROTONS ELEMENTS  ELECTRONS  MATTER  NEUTRONS  ATOMS
NUCLBEJS 0.052 0.019 0.033 0.014 0.046 0.072
PROTONS 0.127 0.088 0.016 0.096 0.081
ELEMENTS 0.060 0.027 0.028 0.050
ELECTRONS 0.012 0.070 0.090
MATTER 0.008 0.061
NEUTRONS 0.063
TABLE 3.5

SCHOOL NO. 3

44 PUPILS - MEAN HALF-MATRIX

PROTONS  ELEMENTS  ELECTRONS MATTER NEUTRONS  ATOMS
NUCLEUS 0.482 0.159 0.280 0.065 0.436 0.389
PROTONS 0.173 0.454 0.046 0.452 0.422
ELEMENTS 0.157 0,161 0.172 0.493
ELECTRONS 0.064 0.340 0.397
MATTER 0.057 0.180
NEUTRONS _ ‘ 0.361
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TABLE 3.6

SCHOOL NO. 4

65 PUPILS - MEAN HALF-MATRIX

PROTONS  ELEMENTS  ELECTRONS MATTER  NEUTRONS  ATOMS
NUCLEUS 0.496 0.144 0.275 0.134 0.478 0.409
PROTONS 0.163 0.454 0.117 0.492 0.426
ELEMENTS 0.142 0.249 0.134 0.324
ELECTRONS 0.109 0.364 0.350
MATTER 0.103 0.214
NEUTRONS 0.369
IABLE 3.7

SCHOOL _NO. 5

19 PUPILS - MEAN HALF-MATRIX

PROTONS  ELEMENTS  ELECTRONS MATTER NEUTRONS  ATOMS
NUCLEUS 0.411 0.049 0.137 0.044 0.416 0.410
PROTONS 0.042 0.245 0.048 0.296 0.350
ELEMENTS 0.020 0.092 0.030 0.143
ELECTRONS 0.026 0.138 0.253
MATTER 0.047 0.140
NEUTRONS 0.288
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TABLE 3.8

ALL PUPILS

266 PJPILS - MEAN HALF -MATRIX

PROTONS  ELEMENTS  ELECTRONS  MATTER  NEUTRONS  ATOMS
NUCLEUS 0.481 0.126 0.290 0.100 0.448 0.406
PROTONS 0.152 0.478 0.087 0.496 0.430
ELEMENTS 0.136 0.168 0.133 0.288
ELECTRONS 0.084 0.398 0.376
MATTER 0.084 0.199
NEUTRONS 0.391
TABLE 3.9

MEAN MALF-MATRIX
“GOOD" PRJPILS

PROTONS  ELEMENTS  ELECTRONS MATTER NEUTRONS  ATOMS
NUCLEUS 0.529 0.147 0.322 0.113 0.512 0.459
PROTONS 0.179 0.525 0.097 0.562 0.476
ELEMENTS 0.158 0.185 0.154 0.310
ELECTRONS 0.098 0.442 0.420
MATTER 0.097 0.223
NEUTRONS 0.441
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TABLE 3.10

MEAN HALF-MATRIX

"POOR" FRUPILS

PROTONS  ELEMENTS ELECTRONS MATTER NEUTRONS  ATOMS
NUCLEUS 0.277 0.032 0.152 0.039 0.168 0.173
PROTONS 0.029 0.283 0.034 0.200 0.232
ELEMENTS 0.036 0.100 0.042 0.204
ELECTRONS 0.022 0.214 0.188
MATTER 0.022 0.099
NEUT RONS ‘ 0.172
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TABLE 3.11

MEAN SCORES

PER SCHOOL ON ACCEPTABLE KRESFONSES

KEY: 1 = NUCLEUS 2 = PROTONS 3 = ELEMENTS 4 = ELECTRONS
5 = MATTER 6 = NEUTRONS 7 = ATOMS
No. of STIMJLUS WORDS
School ° Total
Pupils Mean
Nimgen Sorg . | 1 2 3 4 5 6 7
1 74 22.5 3.1 3.8 2.9 2,7 3.5 3.3 3.3
2 64 22.5 2.6 3.8 3.0 2.8 3.3 3.5 3.5
3 44 21.8 2.9 4.0 2.8 2.7 2.6 3.2 3.5
4 65 25.0 3.2 4,2 3.5 3.0 3.6 3.9 3.7
5 19 21.5 3.0 4.2 2,9 2.8 2.3 3.2 3.2
ALL 266 22.9 3.0 4.0 3.0 2.8 3,2 3.5 3.B
TABLE 3.12

MEAN SCORES FOR SCHOOL

NO. 2 (CONTROL GROUP) ON PRE-TEST AND POST-TEST

KEY: 1 = NUCLEUS 2 = PROTONS 3 = ELEMENTS 4 = ELECTRONS
5 = MATTER 6 = NEUTKONS 7 = ATOMS
STIMILUS WORDS
Test Total 1 2 3 4 5 6 7
Pre-test 5.1 0.22 0.33 1.08 0.8 1.38 0.43 0.83
Post=-test | 22.5 2.6 3.8 3.0 2.8 3.3 3.5 3.5
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TABLE 3.13

SPEARMAN RANK ORDER COEFFICIENT FOR CORRELATION OF PRE-TEST AND
POST-TEST CONTROL SCORES

N = 58
Correlation t= PJN’Z Significance
coefficient 5 level
\} - €
0.478 4.636 p < 0.0005

Ho : The correlation coefficient = O
H, : The correlation coefficient is positive

Ho 1is rejected at the 0.0005 level of significance.

TABLE 3.14

PREDICTION OF POST-TEST SCORES (v) FR20M PRE-TEST SCORES (X)

(1) The regression equation is:
y = 21.1 + 0.442 X

(i1)
n .
. St. Dev. T=-Ratio = Signif.
Coefficient of coef. coef. Level
S.D.
21.069 2.074 10.16 p < 0.0005
X 0.771 0.330 2.33 p<0.01

(iii) The standard deviation of Y about the regression line
is s = 8.464 with 56 degrees of freedom.
(iv) Coefficient of Determination = 8.9%

Coefficient of Determination adjusted for
degrees of freedom = T.2%
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3.6 Analysis of Results

3.6.1 Graphic representations of the structure inherent in the

half-matrices are to be found in the following diagrams.

FIGURE 3.1

SCHOOL NO. 1

First cut-off point 0.55 (depicted by lines)
Second cut-off point 0.40 (depicted by dashed lines)

Third cut-off point 0.20 (depicted by dotted lines)

ELECTRONS

PROTONS------ NUCLEUS

ELEMENTS - MATTER
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FIGJRE 3.2

SCHOOL _NO. 2

First cut-off point 0.48 (

Second cut-off point 0.40 (------- )
Third cut-off point 0.15 (eee.e.e )
ELECTRONS

- NUCLEUS------ PROTONS----

NEUTRONS
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MATTER

ELEMENTS




FIGJRE 3.3

SCHOOL NO. 3

First cut-off point 0.48 ( )

Second cut-off point 0.40 (-~=-=-- )

Third cut-off point 0.18 (eeeeen. )

ELEMENTS NUCLEUS
ATQMS ------- PROTONS ---- --ELECTRONS
MATTER NEUTRONS
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FIGURE 3.4

SCHOOL NO. 4

First cut-off point 0.49 ( )
Second cut-off point 0.35 (~-==--- )
Third cut-off point 0.24 (....... )

NUCLEUS
.- ELECTRONS
PROTONS=Z_
" ~ATOMS
NEUTRONS ;
ELEMENTS
MATTER
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FIGURE 3.5

SCHOOL NO. 5

First cut-off point 0.41 ( )
Second cut-off point 0.20 (~=----- )
Third cut-off point 0.10 (....... )

NEUTRONS MATTER

NUCLEUS ATOMS-- ---ELECTRONS

" PROTONS ELEMENTS
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FIGURE 3.6

WHOLE _SAMPLE

COGNITIVE STRUCTURE OF SECTION 7

10

First cut-off point 0.48 ( )
Second cut-off point 0,40 (==-=--- )
Third cut-off point 0.18 (e.eece.. )

ELECTRONS-- - -- PROTONS - - -

NEUTRONS
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ELEMENTS
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FIGURE 3.7

"GOOD" PUPIL'S COGNITIVE STRUCTURE

First cut-off point 0.529 (

Second cut-off point 0.475 (~------ )
Third cut-off point 0.222 (.e.c..s )
NUCLEUS

ELEMENTS

ELECTRONS---—--PROTONS - - --ATOMS: "

NEUTRONS
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FIGURE 3.8

"POOR" PUPIL'S COGNITIVE STRUCTURE

First cut-off point 0.276 ( )
Second cut-off point 0.213 (~-=-wu-- )
Third cut-off point 0.203 (eeecen. )

Fourth cut-off point 0.100 (xxxxxxx)

NUCLEUS

PROTONS-- - - -ATOMS--- - ELE)["IENTS

X

ELECTRONS MATTER

NEUTRONS
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3.6.2 Comparison of the half-matrices with one another.

(a) Euclidean distances were calculated for each pair (see
Appendix 3.2) and are listed in the half-matrix on Table 3.15.
The purpose of calculating Euclidean distances is to show
how clesely the mean half-matrices from each school were
related. As pointed out in 3.5 however more weight will
be placed on the Spearman Rank order coefficients for the
cell entries in the half-matrices when interpreting the
results.

(b) Spearman Rank Order coefficients were calculated for the
cell entries in the mean half-matrices and are tabulated

in the form of a half-matrix in Table 3.16.
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TABLE 3.15

EUCLIDEAN DISTANCE HALF-MATRIX

for all pairs of schools and pre-test group

SCHOOL OR GRQUP

Whole

Pre-test

2 3 4 > Sample Group 7
1 0.013 0.019 0.013 0,034 0.010 0.062
2 0.015> 0.011 0.026 0.006 0.057
3 0.012 0.025 0.006 0.057
4 0.027 0.006 0.057
5 0.026 0.038
6 0.054
IABLE 3.16

CORRELATION COEFFICIENTS* OF GRQUP HALF=MATRICES

* All are Spearman rank order coefficients and they are significant

at

P £ 0.001 on a two tailed test.

SCHOOL OR GROUP

Whole

Pre-test

2 3 4 Sample Group 7
0.970 0.890 0.934 0.793 0.974 0.746
2 0.899 0.958 0.835 0.982 0.742
_3 0.904 0.819 0.902 0.657
4 0.891 0.980 0.682
5 0.881 0.486
<1 0.718
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3.7 Discussion

3.7.1 The Control Group

The results show that after instruction the cognitivé
structure of pupils alters and becomes more stable and conforms
more closely with the ideal structure. (Figure 2-2)The contrast
between the cognitive structure of the control group in Word
Association test 1 (WAT 1) and in the pre-test is great as
can be seen from Figures 3.2 and 2.1. A confused structure
has changed into an ordered structure consisting of three clusters:
(1) ELECTRONS —— PROTONS ——— NEUTRONS
(2) NUCLEUS =-~=- PROTONS =---~ ATOMS
(3) ELEMENTS .... ATOMS .... MATTER
The shift in cognitive structure is confirmed by the values in
the Euclidean distance half-matrix. A more realistic picture is
given in Table 3,16 where the lower coefficients are for
correlations with the Pre-test. The high correlations for each
group with the whole sample and with each other would seem to
indicate that mapping cognitive structure for each of the schools
serves no useful purpose. A close look at Figures 3.1 to 3.8
confirms this view - there is no great change in structure and the
high correlations (Table 3.16) between each school and the half-
matrix for the whole sample is further evidence. School No.5 has
the lowest correlation coefficient (0.881) but the size of sample
here was very small and this possibly has an adverse effect when
comparisons are made with the other schools and the whole sample.
Furthermore there can be great differences in individual
conceptualizations of any given area or topic70 and therefore it
was decided to identify types of pupil as "good" or "poor".

"Good" pupils were separated from "poor" pupils using a score of 17

on acceptable responses (see Appendix 2.5). Clearly there is a
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difference in cognitive structure of "good" and "poor" pupils as
can be seen by inspecting Figures 3.7 and 3.8.

The comparison between the mean scores for Pre-test and
Post-test (WAT 1) in Table 3.10 shows a dramatic increase from
5.1 to 22.5. The list of words used as Iesponses falls from 492
words to 386 but with a large increase in constrained responses
which is as a result of instructions to pupils on the Test (Page 34)
and the increased knowledge of the subject as a result of being
taught. An increase in constrained responses from pre-test to
post-test has been shown by earlier workers in this field.38’68’69
A word in this context is the label by which the concept is
identified. Thus "relative atomic mass™ is counted as one word
when listing responses. There was a positive correlation
(Spearman's Rank order coefficient = 0.478 at significance
level p<0.0005). The value is lower than would be expected
from the values on Table 3.16 and this reflects the subjective
nature of the scoring procedure adopted for "acceptable" responses
(see 2.6). It was felt however that a degree of subjectivity is
permissible when one is trying to introduce a control on inferences
made from relatedness coefficients by introducing a score based on
raw data i.e. Tesponses to each stimulus for each individual.
The importance of this value and the values in Table 3.16 is
that they give credence to Ausubel's view of existing cognitive
structure having positive or negative effects on new meaningful
learning and retention. The learning experience results in transfer
by modifying existing cognitive structure. The existing cognitive
structure in the pre-test group was not clear, stable and well
organized even though some concepts produced reasonable "Integrated

Science" clusters. Because of the lack of stability in the structure
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a very high correlation coefficient would not be expected.

A positive correlation is however to be expected as some pupils
had a "reasonable" existing cognitive structure as shown in the
Pre-test. The results verify that this assumption is true.

The vocabulary used in the post-test shows that the concepts
associative meanings change to ones where the Science meaning
predominates.

3.7.2 The Whole Sample

Each school group in the sample shows a stable, organized
and clear cognitive structure. The graphic representations of
the structure inherent in the half-matrices (Figures 3.2-3.7)
show that in most cases the cluster of sub-atomic particles
(PROTONS, NEUTRONS, ELECTRONS) or (PROTONS, NEUTRONS, NUCLEUS)
are the most closely related of the seven stimuli. (ATOMS and
NUCLEUS) or (ATOMS and ELECTRONS) are less closely related and
they are normally linked to the original cluster through PROTONS
or NEUTRONS. MATTER and ELEMENTS are the least closely related
either to each other or to the other stimuli.

An interesting feature of the cognitive structure for the
whole sample as represented in Figure 3.6 is that more emphasis
is placed on the "micro-structure" of matter (i.e sub-atomic particles
and the atom). Only tenuous relatedness is made to the "macro-
structure” of the physical world as represented by ELEMENTS and
MATTER. Thus the cognitive structure of the whole sample
resembles the content structure as represented in Figure 2.2,
but the cognitive structure centres on NUCLEUS, PROTONS, NEUTAONS.
The cognitive structure of Atomic Theory in Long Term Memory (LTH)
would seem to centre on the sub-atomic particles. School No. 3
produced two separate clusters (ELEMENTS, ATOMS) and (NUCLEUS,

PROTONS) which was consistent with a more mature cognitive structure
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in that it seemed to separate and then link the "macro" structure

of matter with the "micro" structure in a meaningful way. Two

clusters were also produced by School No. 3 in the Tree Construction

Test. This result and the fact that the structure produced for

School No. 2 was similar to that produced by the Word Association

test provide further evidence for the production of similar

results from Word Association and Graphing techniques.g’39
The associative meaning37 of the seven stimuli now includes

the following words:

NUCLEUS: (proton, atom, neutron, centre, electron, cell,
positive, element, particle, c.ceveas)

PROTONS 3 (electrons, positive, nucleus, atoms, neutrons,
Atomic Number, charge, elements, particles,scesecss)

ELEMENTS s (atoms, periodic table, compounds, gases, protons,
electrons, liquids, metals, solids, atomic number,
CaTboN, ecesececes)

ELECTRONS: (protons, negative, atoms, neutrons, nucleus, clouds,
charge, elements, ceeecess)

MATTER: (solids, liquids, gases, atoms, particles, elements,
everything, molecules, substance, protons,
electIonS, eesececs)

NEUTRONS: (protons, nucleus, atoms, electrons, neutral, atomic
mass, negative, elements, mass nNUMber, eececoces)

ATOMS: (protons, electrons, neutrons, elements, particles,
molecules, matter, ececec..)

It appears from the above that a clear, stable and organized
cognitive structure in atomic theory exists after teaching Section 7
of the Chemistry Syllabus.lo
It was considered that the stimuli themselves might be
producing an‘effect whereby they were being used as responses
simply because their presence in the test suggested that they
might be suitable answers. It was decided to alter the instructions in

the next Word Association test to try to minimize this effect.
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CHAPTER 4

An Investiqation of coagnitive structure of an area of the Chemistry

Syllabus10 and its interdependence on existing cognitive structure

of Atomic Theory.

Word Association Test 2.

4,1 Introduction

It was decided to map cognitive structure of the area of the
syllabus taught immediately after Atomic Theory i.e. Sections
8, 9, and 10 of the Chemistry Syllabuslo. This area of the
syllabus covers chemical combination, covalent bonding, fuels,
and related substances and carbohydrates. A detailed listing
of the topics covered and the depth to which they are studied
is contained in Appendix 4.4. A Word Association Test
containing 15 stimuli was prepared. The stimuli were selected
after discussion with colleagues. It was decided to leave out
words such as "Carbon Dioxide" and "Alkenes" which form a
considerable part of Section 9 (see Appendix 4.4) in order to
investigate if these words would appear as responses to some
of the other stimuli. By leaving out such words as stimuli
a contrel could be set up on the "stimulus" effect mentioned
above (3.6.2) One of the stimuli was a chemical equation which
was inserted to investigate the kind of response such a stimulus
would elicit. The objectives of this test were:

(a) to map cognitive structure of that part of Section g0
involving Carbon Chemistry, Covalent Bonding, Equations
and the Mole

(b) to investigate the interdependence of the structure mapped

in (a) with existing cognitive structure
(c) to analyse associative meaning in the fifteen stimuli

(d) to investigate if a positive correlation existed between
performance in Word Association Test 1 (WAT 1) and Word
Association Test 2 (WAT 2).
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4,2 The Sample

244 pupils of the original 266 were tested. The distribution

of the pupils is drawn in Table 4.1

School Number of pupils
1 62
2 58
3 42
4 63
5 19
Total 244

4,3 The Method

Each pupil in the sample was issued with a Controlled
Continuous Word Association Test (WAT 2) in which responses had
to be words used in a chemistry context., As a further control
on the "stimulus" effect of the stimuli teachers were instructed
not to allow pupils to turn back to pages where they had left
blanks earlier in the test. In an effort to cut down on
responseé being produced from other influences, e.g. Periodic
Table on wall of laboratory, bottles of chemicals on shelves etc.,
teachers were instructed to monitor carefully the test and each
pupil was allowed a maximum of one minute to produce five responses.
4,4 The Test

PUPIL INSTRUCTIONS

1. Your teacher will help you to make entries in the boxes

on Page 2.

2. When your teacher instructs you, turn to Page 3. You will
see a word printed at the top of the page. This word will

remind you of other words which are closely connected with it.



2. These must be words that you have heard or used in Chemistry

and in your opinion are most closely connected to the word

printed on the page.

3. You will be allowed one minute to list the first five Chemistry

words which the given word reminds you of.

4, Your teacher will then tell you to turn the page and continue

with the next word in the series.

5. Try not to leave any blanks and remember the words must be ones

that you have met with in Chemistry.
The format of the test was exactly similar to WAT 1. The
following stimuli were used:

1. CARBON

2. COMPCUND

3. COMBUSTION

4,  VALENCY

5. MOLE,

6. COVALENT BOND
7. CARBON MONOXIDE
8.  ALKANES

9.  UNSATURATED

10,  SUBSTITUTION
11.  ISOMERS
12, ° ADDITION
13.  PHOTOSYNTHESIS
14, CaCO,—>»Cal0 + CO

3 2
15.  CHAINS

4.5 Results

Half matrices of relatedness coefficients61 were constructed
for each pupil. The pupils were divided into "good" and "poor"
by choosing a cut-off point of greater than or equal to 47 on the
combined scores obtained for acceptable responses on WAT 1 and WAT 2
(see Section 3.5). The list of acceptable responses to the fifteen
stimuli in WAT 2 is contained in Appendix 4.3. The mean half matrices

for "good" and "poor" pupils were computed with the mean relatedness
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coefficients for WAT 1 included in the half-matrices. The two

test results were combined so that a map of cognitive structure
of the entire sample for all twenty two stimuli could be drawn.
Tables 4.2 and 4.3 contain the mean half-matrices for both sets

of pupils.
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The cognitive structure for both sets of pupils are graphed
in the overlays to Figures 4.1 and 4.2. The different overlays
give the new structure which emerges as the cut-off point is

lowered.
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Cut-off pt

0.35

The mean scoXes per school on "acceptable" Iesponses are
tabulated in Table 4.4. The list of "acceptable" responses was
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gonpiled from the entire list of responses to each individual
-
sf?mulus. It will therefore not contain words which in other
circumstances would be eminently acceptable if the words were not

elicited as responses by a stimulus in this test.
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The mean scores per school on "“acceptable" responses are
tabulated in Table 4.4, The list of "acceptable" responses was
compiled from the entire list of responses to each individual
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circumstances would be eminently acceptakle if the words were not

elicited as responses by a stimulus in this test.
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A scatter plot of scores in WAT 2 versus scores in WAT 1 is

drawn in Figure 4.3.

FIGURE 4.3
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Table 4.5 contains the twenty two most popular responses with their

frequencies.
TABLE 4.5

List of most popular responses and their frequencies in WAT 1 and WAT 2.

WORD FREQUENCY

as
RESPONSE

*ATOMS 1198
*¥ELECTRONS 971
*PROTONS 798
¥ELEMENTS 692
*NEUTRONS 618
*Carbon 507
*NUCLEUS 470
Oxygen 446
*Compound 413
Carbon Dioxide 403
Molecules 395
Bonds 382
Gases 376
Reactions 300
Formulae 299
Positive 294
Alkenes 286
Negative 265
Atomic Weight 230
Particles 224
Solids 218
Hydrocarbons 206

* Words asterisked were used as stimuli.
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Table 4.6 contains the rank order correlation coefficient for
WAT 1 and WAT 2 together with the hypothesis being tested which

is the null hypothesis - there is no correlation hetween scores

in WAT 1 and WAT 2.

TABLE 4.6

Spearman Rank order coefficient for correlation of WAT 1 and WAT 2

sSCoYres.

N = 236

Correlation Significance

coefficient J_‘:’p‘{ level

0.332 5.384 p < 0.0005

Ho : The correlation between scores in WAT 1 and WAT 2 = O
H| . The correlation is positive between scores in WAT 1 and WAT 2 |

Ho is rejected at the 0.0005 significance level.
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Table 4.7 contains the regression equation and statistical data

concerning regression of scores in WAT 2 on scores in WAT 1.
TABLE 4.7
PREDICTION OF WAT 2 SCORES (y) FROW VAT 1 SCORES (X)

(1) The regression equation is
Y = 21.1 + 0.442X

(ii) ~ T—Ra'bb = . .
co iCIE ST.DEV? Sie Mt FICANCE
EFF NT OF COEF. coe%.bé\/‘." LEVEL
21.106 1.4 6 10.57 () p< O0.0005
x 0. L2 0.082 5.37 )b <0.0005

(WHo : @a=o0 and @QH,: =0

(where "a" and "b" are the coefficients in the regression equation).
The null hypothesis is rejected in both cases at the 0.0005 level

of significance.

(iii) The standard deviation of Y about regression line is
S = 8,030 with 234 degrees of freedom.

(iv) Coefficient of Determination = 11.0%.

The frequencies of the complete set of responses to all
twenty two stimuli for the 244 pupils who took WAT 1 and WAT 2

are contained in Appendix 4.1.
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4.6 Discussion

The mean values in the half-matrices showed lower values than
those obtained in WAT 1. This is to be expected as the stimuli
cover a much broader area of the éyllébUSlo. The graphic analysis
using Waern's technique (Figure 4.1 and Figure 4.2) results in the
emergence of different patterns for "good" and "poor" pupils.
4,6.1. In Figure 4.1 for "good" pupils the first words to emerge
are the subatomic particles (PROTONS, NEUTRONS, NUCLEUS and
ELECTRONS). This cluster was then enlarged by the addition of
ATOMS. On lowering the cut-off point to 0.30, ELEMENTS is added
to the cluster followed by COMPOUND on lowering to 0.25. Then
two distinct clusters emerge:

(1) the atomic cluster referred to above and
(2) (SUBSTITUTION, ADDITION)

This marks the emergence of a separate "organic" cluster.
Then (CARBON, CARBON MONOXIDE, COMBUSTION)emerges as a third cluster
through which the linkage between the "organic" cluster and the
*atomic" cluster is made. On dropping the cut-off point to 0.05
CaCO—>»Ca0 + COQ, ISOMERS and MOLE emerge. On further dropping
the cut-off point to 0.04 PHOTOSYNTHESIS emerges linked to
COMBUSTION.

The data in the mean half-matrix for "good" pupils represents
a stable cognitive structure in which an "atomic" cluster and an
"organic" cluster have a fundamental role with both clusters
interlinked by the "organic/inorganic” component of Section 810
identified by (CARBON, CARBON MONOXIDE, COMBUSTION} It is interesting
to note that of the concepts which emerged last PHOTOSYNTHESIS was
clearly defined by most pupils in terms of an associative meaning

as encountered in the earlier years of Secondary School Education.
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It did not therefore show much overlap in response hierarchies
with the other stimuli. It overlapped most closely with COMBUSTION
because of responses such as oxygen and carbon dioxide.

In Figure 4.2 for “poor" pupils a linear structure for the
atomic stimuli emerges with no branches as the cut-off point is
dropped to 0.25. The (CARBON, CARBON MONOXIDE) cluster emerges
separately from the "atomic" cluster on a cut-off point of 0.20.

On dropping the cut-off point to 0.15 COMPOUND emerges linked to the
"atomic" cluster through ELEMENTS. When the cut-off point is
lowered to 0.10 the two clusters are linked through CARBON-COMPCUND
to produce a linear structure with five new concepts linked to the
oTriginal two clusters. An isolated cluster, ADDITION, SUBSTITUTION,
is also produced. The overall structure as graphed then is of two
clusters:

(1) A linear structure - very simple and confused
in places.

(2) An isolated "organic" cluster - ADDITION, SUBSTITUTION.

Lowering the cut-off point to 0.05 links the isolated cluster
to the main cluster through CHAINS and ISOMERS linked to NEUTRONS,
while MOLE linked to VALENCY and ALKANES linked to UNSATURATED all
emerge. PHOTOSYNTHESIS linked to ATOMS emerges on lowering the cut-off
point to 0.02. In contrast the "good" pupils graph (Figure 4.1)
reflects a mature cognitive structure with complex meaningful
branching linking the "atomic" cluster with the "organic" cluster.
4.6.2 The vocabulary extended the original 386 words from WAT 1
to 789 words. (See Appendix 4.1) The most popular responses are
listed in Table 4.5. The words asterisked were those which were
used as stimuli. The problem that a lot of responses would in
fact be stimuli themselves (suggested by the test itself - see

4,7.2) did not arise in any noticeable way. In fact stimuli which
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were considered for inclusion in the test such as CARBON DIOXIDE,
ALKENES, OXYGEN but were deliberately omitted did in fact show up
as responses far more frequently than some of the stimuli.
Choosing a cut-off point of 99 responses overall produces 51
different responses which include only 11 of the 22 stimuli used
in both word association tests. This is very strong evidence
that the problem of the stimuli eliciting themselves as responses
to other stimuli does not exist to any great extent and that word
association tests can be used to get at underlying structure.

The associative meanings of the 15 stimuli to WAT 2 are listed in
Appendix 4.2. In most cases the constraints imposed by the test
instructions have ensured that the science meaning predominated but
in some concepts there was association to everyday meaning e.g.
UNSATURATED elicited the response “dry" probably from SATURATED =
WET =» UNSATURATED = DRY.

The presence of acid and alkaline in the associative meaning
of ALKANES is interesting and might imply a “visual" or "aural"
association of the "ALK" in alkanes with alkalis. In the objective
test which was used as an achievement test in this exercise an
item was included to see if this inference had any substance.

(See Chapter 5.5)

4.6.3 There was a positive correlation of 0.332 (see Table 4.6)

on the scores for WAT 1 and WAT 2 (significant at the 0.0005 level).
The fact that performance on a word association test has to be
scored on the basis of intuition or as in this research exercise

on the basis of norms suggested by the pupils' own responses (my
procedure for picking "acceptable" Tesponses) plus a level of
intuition, will ultimately mean a fair degree of subjectivity in

the scoring method. For this reason I would propose that a positive
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correlation indicates that existing cognitive structure has a
bearing on the learning of new material as indicated by the
assimilation and accommodation of the concepts labelled by the
words used és stimuli in WAT 2. An important corollary to the
above is that the extent to which the existing cognitive structure
has made a positive contribution to the learning of the new
subject-matter in Section 8 may not be as great as expected.

This point will be further developed in Chapter 6.

The regression equation is Y = 21.1 + 0.442X with the null
hypothesis being rejected in both cases ((\) Hoiaz=0 @) Ho:f-=0
where a, A~ are the coefficients in the regression equatioq)

at significance levels of 0.0005.
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CHAPTER 5

The relationship between existing cognitive structure and performance

in an achievement test

5.1 Introduction
A short multiple choice objective test was issued to 256 of the
original sample. The objectives of this multiple choice test were:

(a) to function as an achievement test for the sample covering the

area of chemistry examined in WAT 1 and WAT 2.

(b) to see if there was a positive correlation between performance
on a word association test and performance on an achievement
test and

(c) to investigate the effect of introducing distractors (which were

suggested by responses to WAT 2) into a multiple choice item.

5.2 The Sample

The sample drawn from the original sample of 266 was distributed
as follows:

TABLE 5.1

School No. of Pupils
1 67
2 62
3 45
4 63
5 19
ALL 256

5.3 The Test
The test consisted of twenty multiple choice questions nineteen

of which were chosen from the objective paper in the Summer exam of
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school No. 1. The idea behind this was to introduce a degree of
objectivity to the choice of objective questions. The Principal
Teacher of school No. 1 was unaware that he was preparing a test for
this exercise until his permission was sought after his examination
had been prepared. Most of the questions are from former Scottish
Certificate of Education Examination Board O-grade examination
Question No. 20 was added to investigate if the distractors
mentioning "acid" or "alkaline" would be chosen. The test is
contained in Appendix 5.1.

5.4 The Results

Table 5.2 contains a summary of responses with facility values
corrected according to the equation:

corrected facility value = nx (facility value) - 1

n-=-1
where 'n' = total number of responses per item and facility value =

fraction of pupils who answered correctly.



TABLE 5.2

Response Frequencies Figiiity Invalid
Question 1 2 3 4 (corrected)

1 219" 11 | 13 7 0.807 6
2 5 202" | 29 15 0.718 5
3 17 2 | 12 | 196" 0.688 5
4 18 173" 40 17 0.568 8
5 37 1747 | 26 14 0.573 5
6 176 21 | 33 | 21 0.583 5
7 17 128" 28 | 79 0.333 4
8 33 42 | 108" | 59 0.229 14
9 g8 | 98 | 50 15 0.125 5
10 21 1377 | 21 62 0.380 15
11 23 33 163" | 21 0.516 16
12 36 s6 | 48 | 107" 0.224 9
13 26 33 | 48 | 1417 0.401 8
14 42 57 122" | 25 0.302 10
15 59 go | 87" | 21 0.120 9
16 40 34 18" | s7 0.281 7
17 33 156" | 32 | 27 0.479 8
18 87 79 | 27 577 | -0.036 6
19 69 73 | 16 | 90" 0.135 8
20 2 1357 | 63 | 25 0.370 11

* . »
Correct response frequencies are asterisked
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The mean and standard deviation for the test scores were

11.02 and 3,708 respectively.

A histogram of the test scores is drawn in Figure 5.1.

FIGURE 5.1
HISTOGRAM OF OBJECTIVE TEST SCORES
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A histogram of the combined scores (WAT 1 + WAT 2) is drawn in

Figure 5.2.

FIGURE 5.2

HISTOGRAM OF COMBINED SCORES (WAT 1 + WAT 2)
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The number of pupils who took both word association tests
(WAT 1 and WAT 2) and the objéctive test was 236.

Correlation coefficients (Pearson) were calculated between
each pupil's score in WAT 1 + WAT 2 and their scores in the
objective test, Spearman rank order coefficients were also
calculated. These coefficients are tabulated in Table 5.3
together with Means and Standard deviation for both tests and
the hypotheses tested. The null hypothesis (Ho) was that there
was no correlation between the two tests, This was rejected
with a degree of confidence of 5 in 10,000 in favour of the
hypothesis (Hl) that there is a positive correlation between

the marks in both tests.
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TABLE 5.3

CORLRELATION OF WAT ) + wAT 2 SCOLi.. D ORJECTIVE TEST SCOLES

HO: Correlation coefficient = 0 (€=:°)
Hy: There is a positive correlation (??0>

Ho was rejected in each case at the 0.0005 significance level.

No. of Pupils (N) Mean Standard Dev'
WAT 1 + WAT 2: 236 54,843 12.2
Objective test: 236 10.852 3.9

Correlation Coefficient Significance
Pearson 0.456 P < 0.0005
Spearman 0.426 P < 0.0005

The correlation coefficients for "good" pupils (score = 47 in
WAT 1 and WAT 2)scores in WAT 1 and WAT 2 and their scores in the
Objective test were calculated. This procedure was repeated for
"poor" pupils (score < 47 in WAT 1 and WAT 2). School No. 5
performed unexpectedly poorly in the objective test and the
correlation coefficients were calculated for the sample with School
No. 5 removed. Spearman Rank order coefficients were also
calculated and the results are tabulated in Table 5.4. The null
hypothesis (HO) was that there was no correlation between the two
tests. This was rejected with a degree of confidence of 5 in
10,000 in favour of the hypothesis (Hl) that there is a positive

correlation between the marks in both tests.
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TAELE 5.4

CORNELATION COEFFICIENTSAFOR "GOOD" AND "POOR" PUPILS' SCOHES IN

WORD ASSOCIATION AND OBJECTIVE TEST

H :
o

Hlx

Correlation coefficient = 0O

Correlation coefficient is positive

Ho was rejected in each case at the 0.0005 significance level.

No. 5

Group No. of |Correlation|Significance | Correlation {Significance
Pupils(N)| coefficient|level coefficient |level
(Pearson's) (Spearman's)
"Good" pupils| 182 0.425 p< 0.0005 0.388 < 0.0005
WAT 1 + WAT 2
"Poor" pupils
IWAT 1 + WAT 2 54 0.302 b < 0.0005 0.416 p< 0.0005
Entire sample
minus School 217 0.475 b < 0.0005 0.456 p £ 0.0005
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5.5 Discussion

The Objective test proved to be a reasonable achievement test
with a positively skewed distribution (see Figure 5.1). The
reliability coefficient for the test using the Kuder-Richardson
formula 2071 was 0.810. The formula is used to determine a

reliability coefficient from item statistics:

| 2
Reliability coefficient = KTT g, -qu,}
c;l

where N = number of items in the test
G, = standard deviation of total scores
p = facility index for each item
¢ = 1—p for each item

The histogram of the combined scores in WAT 1 and WAT 2 shows
a negatively skewed distribution. Both sets of scores (objective
and WAT 1 + WAT 2) do not differ greatly from normal distributions
though with WAT 1 and WAT 2 the distribution does not tail-off at
very high values between 80 and 110.
5.5.1 There was a positive correlation between performance in the
word association tests and in the objective tests. The value of the
correlation coefficients (Table 5.3) lay between 0.4 and 0.5 and
with the removal of School No. 5 (See Table 5.4) the value of
Pearson's product moment coefficient was 0.475 significant at the
0.0005 level. The performance of School No. 5 highlights the
problems inherent in Field work with school pupils. On discussion
with their teacher it was found that they resented taking an
objective test during the particular week (Surmer Term) in which
it was administered. Personal interviews with some pupils in
School No. 1 and discussion with the Principal teacher in School

No. 2 confirmed that some pupils who did relatively poorly on the
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Word Association tests but performed very well in the objective
tests did not have the right attitude to the former test and did

not treat it seriously enough. Perhaps a reward (monetaryl) in the
tradition of similar exercises reported in American literature

might overcome these problems. The fact that a positive correlation
was found between performance in word association tests and in an
achievement test supports the second proposition on which this
research exercise is based (See Chapter 2, Section 2.7).

5.5.2 Correlations between performance in (WAT 1 + WAT 2) and the
objective test for "Good" and "Poor" pupils were also positive

(See Table 5.4). The objective test contained four questions

with facility values less than 0.2. These questions were numbers
9,15,18 and 19. As further evidence of the correlation between
performance in a word association test and in an achievement test in
was noted that the number of pupils classified as "poor"™ who
performed well in the four questions mentioned above was exceedingly

low. This is illustrated in Takle 5.5.

Question Correct No. of Correct
No. Responses responses from
"poor" pupils

9 88 4
15 87 7
18 57 2
19 90 13
Questions 9 and 18 (See Appendix 5.1) in particular required

the solution of dependent sub-problems before the final selection

of the correct response could be made. In the case of Question 9,
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for instance, the possession in coanitive structure of subsumers
(see 1.5) which related a positive ion to the number of electrons
lost by the neutral atom together with a knowledge of which
numbers in the symbol f;Al3+ referred to Mass Number or Atomic
Number and what the 3+ referred to, would all prove necessary
before solution of the problem could be attempted. The low
numbers of "poor" pupils who managed to get the correct answer
is further evidence that if a pupil possesses an unstable cognitive
structure in a particular area of subject matter then problem
solving will be inhibited in that area. Novak et al/+ argue that
the primary determinant of learning success is the availability
of relevant subsumers in the learner's cognitive structure.
5.5.3 It was noted earlier (4.6.2) that ALKANES elicited responses
such as "alkaline"/ "acidic". By inserting these words in two of
the distractors in Question No. 20 it was found that 33.2% of the
Sample chose these responses. The implication here for teaching
and learning is that the distinction between ALKANE and ALKALINE
should be clearly made. Further evidence, that responses to a word
association test reflect underlying cognitive structure and that
cognitive structure has a bearing on performance in an
achievement test, can be cited in that 83.3¥% of those pupils
who gave "acid" or "alkaline" or both as responses to ALKANE
choose the distractors mentioned above in Question No. 20.

5.5.4 It is interesting to note that the correlations reported
are in fact supported by an item analysis of the test. Quite
frequently statistics mask the fine structure which can only be
elucidated by looking closely at the test items. In this section
the test items are categorised and predictions are made about

expected pupil performance in relation to the cognitive structure
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mapped in Figure 4.1 and 4.2. These predictions are then checked
against the facility values quoted in Table 5.2.

As pointed out in 5.3 the test was not specifically prepared
in order to link questions directly to the fine structure drawn in
Figure 4.1 but was meant to be a genuine objective test in those
areas of the syllabus covered by WAT 1 and WAT 2. It was felt
that this was the most objective method of preparing a suitable
achievement test. The test does however reflect in performance
the underlying fine structure of the cognitive structure as mapped
in Figure 4.1. Where existing concepts are firmly linked in the
cognitive structure facility values for questions testing these
concepts are high. The concepts concerned can either be stimuli
in the word association tests or responses to the tests e.g.

item No. 1 requires knowledge of the meaning of atomic number

and mass number. Both of these appeared as responses to the
word association tests (frequencies of 341 and 171 respectively)

and judging from the many related responses such as atomic mass

unit, atomic mass etc. it is reasonable to assume that these concepts

would reflect a stable cognitive structure if they had been used
as stimuli in the word association tests. This is reflected in the
high facility value of 0,807 for item No. 1. The test items can

be divided into the following categories listed in Table 5.6.
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TABLE 5.6

A.

BI

C.

Testing Atomic Structure

Item Numbers

Facility Values (Corrected)
(See 5.4)

0.81
0.72
0.69
0.57
0.57
0.33

0.13

[ 4

Testing Equations, formula weights and the mole

Item Kumbers
8
10
11
12.
13

14

Testing Carbon Chemistry

Facility Values (Corrected)
0.23
0.38
0.52
0.22
0.40

0.30

and bonding

Item Numbers
6
15
16
17
18
19

20

Facility Values (Corrected)
0.59
0.12
0.28
0.48
~-0.04
0.14

0.37
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The seven stimull in WAT 1 on Atomic Theory are firmly linked
in the cognitive structure mapped in 4.1 and consequently high
facility values are expected from the questions listed in
Category A. Questions No. 7 and 9 show lower facility values
than expected - this may be due to the fact that since Ionic
bonding had not been studied by the pupils' concepts such as ions
which would be mentioned in the study of Atomic Theory may not
héve been reinforced. Certainly in the case of item No. 7
there is confusion between the type of charge on a fluoride ion
and the charge on a sodium ion. Question No. 9 has already been
discussed in relation to performance of "poor" pupils (See 5.5.2)

In the case of Category B questions the concepts tested were
weakly interconnected in cognitive structure mapped in Figure 4,1
and consequently low facility values are expected. This was
found to be the case (see Table 5.6 ). The higher value in
Question 11 may reflect a facility with Arithmetic rather than a
firm grasp of the mole concept which pupils clearly do not have
at this stage (See 4.1).

Category C questions would also be expected to have low
facility values based on the cognitive structure as mapped in
Figure 4.1. This was again found to be true with guestions 6,
17, and 20 showing higher values than the other questions in this
category. The choice of carbon dioxide as the correct response
in this item is to be expected as carbon dioxide was used as a
Tesponse 403 times in WAT 1 and WAT 2 from which we can infer a
familiarity with the compound. Question 17 may have a higher
facility value because the equation is a typical example of
cracking which would be used frequently by teachers to illustrate

the point. The confusion over substitution and addition (which
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emerged as isolated clusters in Figure 4.1 and 4.2) is seen in the
responses to item 16 (see Table 5.2) again being further evidence
of the link between performance in a word association test and
performance in an achievement test. Question 18 shows a negative
corrected facility value and this reflects the very weak
interconnectedness of the stimulus ISOMER (see Figure 4.1 and 4.2)
as shown in the cognitive structure which was mapped. Question 20
has already been discussed in 5.5.3. The link between facility
values and cognitive structure is summarised in Figure 5.3 where
expected and actual facility values are superimposed on the
cognitive structure of "good" pupils (See Figure 4.1).

An item by item analysis of the test questions then supports
the positive correlations reported in Tables 5.3 and 5.4 and lends
support to the conclusions that have been drawn in this Chapter.
One can further argue,that since the questions were not originally
specifically hand-picked to produce results that would reflect
what the research worker was trying to prove,that the results are

in fact all the more convincing.
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CHAPTER 6

CONCLUSIONS AND _RECOMMENDATIONS

6.1 The two propositions (see 2.7) on which the research was
based have been shown to be true by the results of the exercise:
(1) Cognitive structure was shown to be similar to content
structure of a theoretical model (Chapter 3). However
it would seem that pupils place more emphasis on the
"microstructure" of the atom (see 6.2).

(2) Cognitive structure as reflected by associations in a word
association appears to correlate positively with performance
in an achievement test.

6.2 The research would seem to support Ausubel's view of the

effect of existing cognitive structure on new meaningful learning

and retention. The cognitive structure of Atomic Theory as mapped
in Chapter 3 showed that pupils related the microstructure of the
afom (i.e. the sub-atomic particles) more closely than the
macrostructure (i.e. MATTER and ELEMENTS). Moving up through

the syllabus10 shows a cognitive structure which identifies

separate inorganic and organic clusters (see Chapter 4). The link

between the clusters is through ELEMENTS (See Figure 4.1).

The seven stimuli which were used in the word association
test on Atomic Structure did not emerge to a great degree as
Tesponses in Word Association test 2 and if one accepts that
Yesponses in a word association test can be used to map cognitive
structure then one could speculate as follows:

The cognitive structure of syllabus Sections 8, 9 and 10
(Chemical Combination, Fuels and Related Substances, and

Carbohydrates - see Appendix 4.4) as mapped in Figure 4.1 is quite
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a long way from the "ideal" structure which would be found in the
minds of those who conceived the Scottish Chemistry Syllabus in
that they would probably give Atomic Theory and the seven stimuli
of WAT 1 a more central and unifying role. While it is mere
speculation to attempt to quantify the structure in the minds of
those who wrote the syllabus the emphasis as propounded in teacher
training - in schools = in textbooks etc. is on the urgency of
learning Atomic Theory immediately one embarks on a Chemistry
course. This is logical and necessary when chemistry is being
studied at an advanced level but the results of this research
exercise prompt one to raise the question: "Is the teaching of

Atomic Theory in such detail as is required by the Scottish Chemistry

Syllabus10 justifiable and necessary at such an early stage in a
pupil's chemistry course”? It would be helpful for the non-Scottish
reader if I were to include a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>