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ABSTRACT

4 model is proposed in which the learning of a physical science
18 related to the reception and perception of information through
behaviour expressed in terms of cognitive preference and to the
transformation of information which is examined in terms of judgement
ability. The nature of cognitive preference and of judgement s
defined, and the validity and other statistical credentials of the
instruments used to measure these concepts is reported. The nature,
stability and structure which is found to underlie cognitive preference
supports the contention that cognitive preference may be classified
correctly as a cognitive style. The relationships between cognitive
preference and the usual parameters of psychological measurement are
_examined and the whole body of data is related to a tentative
model of learning behaviour in order to determine whether deeper insight

ig avatlable than is possible without the model.
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CHAPTER 1 : LEARNING ACTIVITIES

Section 1.0 : Introduction

Learning concerns the incorporation of information into existing
cognitive structure; cognition refers to‘the processes by which
knowledge is acquired. It has been customary in psychological research
to relate and evaluate learning agaiﬂst constructs like ability (i.e.
levels of skill), personality and valuing. Cognition is intimately
concerned with innate capacity and information processing habits.buf
its study has been essentially theoretical and far removed from classroom’
learning.

A fruitful and important area for research was seen to lie in the
relationships between practical classroom learning and the manner and
form of the cognition. The briﬂcipal purpose was to study both learning
and cognition in adolescent minds while they were actively engaged in
learning-in an acédemic diséipline. Throughout this study the term
tlearning' 1is considered to bg the acquisition of knowledge. ‘A three-
stage sequence of classroom learning was hypothesised. In this sequence
a stimulus statement was thought to initiate a reception response.
Reception was thought to be followed by a perception response and then
by transformation. It was further postulated that the three stages occur
before incorporation into existing cognitive structure is possible,

This research is a logical development of the work which has already
. been done on cognitive styles. These have been variously defined.
Messick (1970) defined them as “information procgssing habits"; Scott
(1973) preferred "the patterns that an iﬁdividual may use in coping with
environmental stimuli" and Field (1972) simpl; ~described them as "the
pattern of thinking", 1In each case, the pattern is assumed to be

relatively stable and consistent within an individual. One common feature



of the work in this field has been the absence of situations which
might be embraced by the syllabus of an academic discipline; 1i.e. of
material which might be described as classroom learning material. The
logical development, then, was to seek to trace the relationships, if
any, between established cognitive style theory and the learning of
material with curricular content.

Witkin et al. (1971) described cognitive styles in terms of two
types. The first type of style was concerned with "the extent of the
development of particular capacities, and when used in this way it is a
capacity variable." The second type embraced the notion of choice and
they were related to "the manner in which a person chooses to use his
capacity." Witkin related the stylistic behaviour of individuals to
scales with poles of extreme behaviour at the extremes. Both these two
types of style and the differentiation of the individuals in a population
are of great significance in.the.work which follows., This significagce
stems from the claim that the manner and form of individual response to
the factual material of an academic discipline may have many of the
characteristic attributes of cognitive styles which lack curricular contené.
Two cognitive styles of 1earn1hg were postulated. The first of these was
concerned with the first two stages of the learning sequence (information
reception and information perception) and the third to the final stage of
the sequence (information transformation).

In 1964 Heath described work which was concerned with choice
behaviour in response to the learning of factual material in elementary
physics, Heath differentiated behaviour in terms of four scales and he
gave the title cognitive preference behaviour to the patterns which he
observed. 1t was one of two principal aims of this research to relate
the fi£st two stages of the learning sequence, in so far as they can‘be
measured in terms of cognitive preference behaviour,'to a choice style

of cognitive learning. The second aim was to examine the transformation
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stage of the learning sequence, which was measured in an exercise in
judgement, in terms of a capacity style of cognitive learning.

Now the analysis.éf psychological development views behaviour in
terms of component pieces and then sums the pieces with the expectation
that the sum will be more significant than the isolated pieces. The
conjectural learning sequence was proposed in ofder to divide classroom
learning behaviour into some of its possible components. Of necessi&y,
other components of proven importance like short and long term memory,
motivation and intellectual abilities were largely omitted. The first
of the three stages of the sequence, information reception, was thought
of as a passive activity, i.e. as the acquisition of information withbut
it being altered intellectually by the individual. The rote learning of
poetry may be thought of as an exemplar of this activity. Information
perception was conceptualised as an intuitive recognisory action; 1§
was thought of as the internal response by the active cognitive structure
of the individual to the stimuli from elements of new information. The
final stage, information transformation, was seen as a precondition of
information utilisation particularly in problem solving and, in the
context of this research, of Jﬁdgement.

The implications of cognitive style theory which is now well established,
are closely related to the sequence; in particular, it is style of
information perception and style of information utilisation that are of

relevance here. The former is considered further in Section 1.1 and the

latter in Section 1.2.

Section 1.1

Information Reception, Information Perception and Cognitive
Preference

The first two stages of the proposed sequence are information reception
and information perception. The reception of information may be considered

to be a somewhat "mechanical” process which was not affected by the
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prevalling cognitive structure of the learner. At this stage the learner
does not impose ordering or the selecti;n of material. The perccption

of the learner to new material maybe postulated as being subject to the
material which is already in the learner's cognitive structure. Thus

the distinction between the first two stages may be thought to reside in
the réle played by existing cognitive structure.

It is reasonable to suggest that the perception of new infarmaﬁion
inevitably entails its comparison with information or knowledge which is
already firmly embedded in the student's cognitive structure. If the new
material has characteristics which conflict with the existing cognitive
structure, it is likely that intellectual tensions will appear, with the
result that the new material may be difficult to assimilate. 1If, however;
the new material harmonises with the learner's existing cognitive structure,
no major intellectual tensions will occur and the new material will be
assimilated readily. A further suggestion that may be advanced is that
}he learner, when confronted with different stimuli, will choose from
the set the one or ones which least conflict with his existing cognitive
structure. In doing so he would keep the inteliectual conflict or tension
to a minimum., Likewise in a process requiring different stimuliito be
ordered according to the preference felt by the student for them, it may
be held that the order at which the student ultimately arrives reflects
the order of increased cognitive conflict so that the least preferred
stimulus would be the one which produces within him the highest
intellectual conflict.

It may be supposed that in expressing a preference in any field the
person concerned is revealing an aspect of his cognitive structure. It
may thgs be argued that cognitive preference orderings or measurements ’
may legitimately be.interpreted in terms of a respondent's cognitive

structure.

The test which was devised by Heath (1964) for the measurement of



cognitive preference consisted of items each of which contained a certain
amount of factual information, followed by four options reflecting four
different response modes. These four modes were construed by Heath as
being representative of four of the ways of approaching factual information
and they are described in detail in Chapter 2. vIt may suffice here merely
to label the four modes of response as recall of information, application,
questioning and principles and leave the description of them until later.
Heath's instrument consists of items in multiple-choice format; in each
item there are four options, one for each of the four modes of response.
Respondents are asked to indicate which one of the four modes of response
they found "most appealing".

The intellectual process of selecting the one mode in each item is
believed to be an exercise in comparing modes with one another until the
one which causes the least éonflict with the intellectual material which .
is already in the respondent}s cﬁgnitive structure has been chosen.

This is the "most appealing" option for that item and in selecting it the
respondent has expressed a éreference for one of the four modes of
response and rejected the other three modes. The same activiyy is
performed on all the items of the instrument and the sum of the
preferences cast in favour of each mode reveals the respondent's
orientation towards that mode of response; the relative scores of the.
four modes arecalled his 'cognitive preference orientation’',

Heath, in his review of his findings concluded that

"the generally positive results obtained suggest that this type

of instrument can identify, in a meaningful context, curriculum-
related differences in cognitive style."

Heath (1964)

This statement by Heath implies a relationship to exist between cognitive
preferences and cognitive styles, albeit in a’'context related to a curriculun
Although a number of workers followed Heath in‘étudy;ng cognitive

preference, the notion that cognitive preferencés could be related to

cognitive styles was not taken up until the rescarch by Kempa and Dube”
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(1973). They suggested overtly that cognitive preferences might be

scen as an aspect of cognitive style. ‘In this argument they relied on
Messick's definition of cognitive style as "information processing

habits " (1970). They saw cognitive preference tests as measuring
certain traits but they left open the question whether these were
acquired through curricular influences or whether they were latent in

the students themselves. One particular finding in support of the notion
of styles, reported by Kempa and Dubé, was the existence of two
dichotomous relationships between the four modes which had been suggested
by Heath. These relationships are discussed later (Chapter 7).

Brown (1975) discussed anew the relationships between cognitivév
preference measurements and cognitive styles. In doing so she used a
wider definition of cognitive style compared with the definition given
by Messick, of the type given by Witkin et al (1971) and by Kagan, Moss

and Siegel (1963). The latter for example suggested that cognitive

styles represent

"Stable individual preferences in modes of perceptual organisation
and conceptual organisation of the external environment."

She questioned the validity of Kempa and Dubé's argument on the grounds

that a cognitive style is a complex system of interrelated behaviours

wvhich cannot be described adequately by measurements based on the constructs
for the modes which were used by Heath. (She also questioned the validity
of the ponstructs). Tamir (1975), responding to'Brown's critique,

argued in favour of cognitive styles, but he suggested the term "cognitive
Preference style" as an alternative. This he conceptualised as having

three elements, viz: (a) a general characteristic of the individual

student which may consist of two components, one inherited and the other

acquired by experience; (b) a discipiine or subject dependent element;

and (c) a subject matter specific element. This effectively constitutes

an elaboration and refinement of the view which was held by Heath and

by Kempa and Dubé.



The reception of information cannot be measured in isolation from
the perception of information because fhe two cannot be distinguished
in operational terms for independent measurements but this first stage
is still considered to be an important part of the learning sequence.
In all the work which follows it is proposed that an assessment of a
student's cognitive preference embraces both the notion of information

.reception and of perception.

Section 1.2 : Information Transformation and Judgement

It will be recalled that the third stage in the suggested leaving
sequence was information transformation. The concept of information
transformation is seen in the following way. It starts with the premise
that a learner has available to him a body of .nformation in his cognitive
structure., Any new piece of information which is presented to him for
learning or testing has to be related to some part or parts of this
existing coénitive structure. If the new piece of information is already
embodied there, no transformation is required. Alternatively it may be
that the information is recognised as an exemplar of a generalisation
which is already established in the learner's mind; in this case, the
new information is assimilated by the learner without his cagnitive structure
being affected. This may be said to be a situation in which rote learning
ensues. The situation is different if the learner's cognitive structure
does not embrace the conceptual framework to which the piece of information
can be readily related. In this case a meaningful response to the new
information must involve some modification of.ihe iearner’s cognitive
structure: the activity whicp it invokes is seen to be an activity of ,

J udgemén t.

The act of judgement requires first that the learner shall fail to
find a reference in cognitive structure fo the item of information which
he encounters. He must then conceive as many hypotheses as possible
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which will serve to link tho new information with as much of the existing
framework as is available., It wi}l thén be necessary for the learner

to scan his cognitive structure in order to establish which hypothesis

is mqst tenable and which items of previously accepted information could

be unified with the new item by the same hypothesis, If all the hypotheses‘
are rejected, the information 1s not transformed or it is either lost
-completely,or perhaps, retained in some less meaningful manner. If
one (or more) of the hypotheses makes no contradiction with any of

the facts or principles which are already in the cognitive structure of

the learner, the new information is transformed and bound into the cognitive
structure in association with the relevant material that is already present.
In practice it is inevitable that in the Scrutiny of most hypotheses there
will be a greater or lesser degree of contradiction and the hypéthesis

which is accepted is the one which is found to produce minimum cognitive
dissonance. Thus the correctness or accuracy of the accépted hypothesis
will often fail to concur with accepted scientific fact. It should also-

be noted th;t classroom teaching of science is often concerned with
Judicious application of facts which are unified by hypotheses of
unimpeachable quality, i.e. by laws; the practice of using unfamiliar
.situations for which no hypotheses have been supplied is well tried in
teaching situations (and is referred to.as heuristic teaching) but is
uncommon in testing. |

An example may clarify the transformation. Suppose that a student

is told that a soft green solid is commonly found in laboratory solutions

of manganese (II) sulphate and that he is asked to explain the cause or
origin of this material. He will know that I;boratory solutions do not
normally contain insoluble mgterials_and therefore he is unable to relate
this ihstance to his previous experience of liquid r;agenfs. To "explain"
the phenomenon, the student would have to generate new hypotheses which

would include, e.g. the possibility of é reaction between manganese (II)



salts with glass, or of contamination through careless use, or of impurity
in the water which is used to prepare £he reagent, of a reaction between

the salt and the aii, énd of the existence of an air-borne holophytic
organism flourishing in this apparently inhospitable habitat. (See footnote).
The student will be in one of three situations. He may already know the
cause and therefore no element of judgement arises in his selection of

the correct hypothesis. His scientific exéerience may be devoid of all
‘information on plants in inhospitable habitatand so he is unable to make

a judgement because he creates no hypothesis with this notion. The third
possibility is that he is aware of the colonisation of inhospitable environ-
ments by simple plants but he is unaware of this particular instance.
Ideally he considers all possible hypotheses and rejects all but the last.
In actual 1life this third situation occurs infrequently but it forms a
significant part of much téaching in science. In the exercises which

were written to test this skill there is.a considerable element of cueiqg by
}nclusion of relevant ideas in the suggested hypotheses. Thus the hypotheses
‘included in the item on the plant might have included ideas on the
importance of daylight and on the gradual increase in the mass of the
material in the reagent bottle. These ideas together with the 1nf6rmation
that the material is 'soft and green' was thought to lead the respondent.l
to the correct cause. The information about the green solid is thus
transformed into a statement about an unexpected plant and it is
subsequently absorbed into cognitive framework as an instance of plant
behaviour, as a facet of manganese (II) chemistry and as ah example of

- natural and harmless contamination,

In the context of the study which is reported here it was postulated,
therefqrg, that Judgement is required only if the learner is faced with’

items of information which he has not previously encountered or which he

Footnote: these suggestions were all submitted by students in an open-

ended test.




cannot accommodate readily into an already established cognitive structure.
Further, the item of information is such that for itsﬂ"assimilation"

by the student his cognitive structure has to be modified. The process
which 15 hypothesised fpr this involves:- (a) hypothesis generation and

(b) scanning of the new information with regpect to the hypothes;s
generated, leading (in a positive instance) to some kind of "accommodation"
of the new information in a modified cognitive framework. Failure“to
accomm;date the information would leag to its rejection. Thus the act

of judgement is séen essentially as an assessment of the "reasonableness"
of the various hypotheses vis-a-vis the new information. In the assessment
an attempt is madé to match the item of information against the various
hypotheses on the grounds of the student's personaZ 1ogic. The

comb}nat#on of item and hypothesis would be deemed to be the best because’
it appeared to be the most }ogical, it does not transgress any accepted
principle §r established faqt and it minimises cognitive conflict.

Finally the tfansformatioh of information ;s the outcome of the
process whereby hgw information becomes ihtegfated_?i;é;uggéah;;ﬁégééfM"mr
into cognitive structure which has itself to undergo change in order to
allow this integration. Judgement in tﬁe sense which has been déscribed
above is the, or a, means whereby the transformation of information is
achieved. It is evident, therefore, that the key issue is the effective
transformation of new information by a learner in his judgement ability,

in terms of both "hypothesis generation" and the matching of these against

the new information. Hence an investigation of Judgement abilify seems

fully warranted.

Section 1.3 : The Research Problems

The one central issue which this research work explofed concerned
the learning sequence and its implications in the classroom. It was
undertaken in full awareness that‘the sequence is an incomplete theory

. 10



of learning. In essence there are two aspects which pervade the work and
éach aspect has an origin in the sequen&e. The information perception
stage of the sequence led into the cognitive preference aspects and
information transformation stage initiated the study of Judgement.-
The decision was taken to examine each of these two aspects from three
angles viz:~ (a) the psychological nature; (b) the measurement; aqd
(¢) the value of each in terms of assessmeﬂt of pupils. 1In the closing
section of the work the two aspects were drawn together.

' bThe cognitive preference testing was originally introduced by Heath
in order to assess curricular 1nf1uence§ in behavioural terms., The
psychological issues which were examined are concerned with the behavioural
traits and the relationship between cognitive preference and cognitive
styles. It is the nature of cognitive styles that they should be
relatively stable with time and broadly apparent in people's thinking
over a wide range of situations. Thus hypotheses were formulated to
examine the stability across both time and different disciplines and
the differgntiation of cognitive preference behaviour.‘ The character
of cognitive preference concerned the'étruéture and the significance
of ihe subject matter within the 1tems; In addition, as will be éeen,
several unresolved aspects concerning the measurement of éognitive
preferences exist which, it was felt, reqﬁired attention. They are
essentially technical in nature and they e@brace»the alternative scoring
procedures, the validity, item desigh and testvlength. This analytical
work is readily juséified‘on the grounds that it would lead to gféater
confidence in subsequent cognitive preference_data. The specific aspects
which were examined will be found in Chagtef 4.

_Jgdgement has previousiy been'dgspribed‘as an intellectual skill.o‘

The ps;chological examination made in Chapter 3yexpiores thé relationsﬁip
between judgement, critical thinking and understanding. In broad terms

the character of judgement 18 considered to relate to the assessment of
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"reasonableness". This mus£ be viewed in the light of both broad
scientific principles as well as the issues germane to the particular
situ;tion in question. Thus the topics which arose from this and which
warrante& the study concerned the ;elationship between the knowledge of
those scientific principles and "reasonableness" and between the
experience of scientific things in a broader context and "reasonableness".
A number of technical questions about the measurement of judgement are
also examined in Chapter 8 and consideration is given to the value of

the instrument in classroom situations in Chapters 9 and 10.

The detailed structure of the thesis is as follows.

Chapter 2 of this thesis includes a detailed description of cognitive
preference and of the evaluation and interpretation of cognitive préference
scores, It also includes a review of the relevant literature and a
detailed statement of problems for investigation. Chapter 3 contains
a detailed account of the na;ure.of judgement and its measurement as;well

as a review of the literature on critical thinking. This is followed in
Chapter 4 by an account of the research problems. The hypotheses which
were researched are stated and a general description of the sample

populations and ancillary tests is included., Chapter 5, 6 and 7 form

Part I of the research work and are exclusively concerned with cognitive

preference. Chapter 5 contains the discussion of the technical aspects,

Chapter 6 is concerned with structure while those aspects which relate

to stability with time qnd to cognitive style are examined in Chapter 7.

Part II contains Chapter 8 where all aspects of the judgement exefcisg are

discussed, Chapter 9 which contains the work which draws cognitive preference

' and judgement together and the new work is cogciuded in Chapter 10 by an
examination of the relationship between these‘two with a number of R
1mportént variables so that the importance ofqinformation percepfion'and
fransiormation can be related to work in the classroom, .The Iindingé are

sumnarised in Chapter 11,

12 ' )



e v ebes

CHAPTER 2 : THE NATURE OF COGNITIVE PREFERENCE

Section 2.0 : Introduction

R

The first section of this chapter contains an account of the principles
of cognitive preference testing; an example is given and the task which

confronts the respondent is explained. Section 2 presents a consideration

of the methods of responding and scoring cognitive preference instruments.

The problems of evaluation and interpretation of the scores in terms of

— :

both validity and statistical treatment are discussed in Section 3.

This is followed in Section 4 by a review of earlier studies and, in the fina) ‘

section, more specific statements on the problems for investigation

are given.

Section 2.1 : The Principles of Cognitive Preference Testing

The cognitive preference tgsting in physics first introduced by
Heath in 1964, was seen by him as a procedure to supplement traditional
tests and measures employed in order té assess the avowed goals of new
science curricula, Heath argued that the different approaches and
aspirations of modern courses might lead to differences in the modes in
which the learner attends to the knowledge portrayed by the curricular
materials, Thus, he suggested that our interest should focus upon what
a pupil does with information intellectually and not merely on whether

he can identify the 1nformatiop as correct or incorrect, Thus his cognitive
preference test was designed to permit the st;dents 'to exhibit some
prefgrence in cognition'. Heath analysed the objectives of a modern
syllab;s and selected four modes of éttqnding to the material in the
syllabus; a preference exprecssed by a student for a mode was termed by

Heath a 'cognitive preferenco'. The four modes were labelled 1) recall

of specific facts or terms, 2) practical application, 3) critical
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questioning of information and 4) fundamental principles.

Heath's test comprised 20 items in multiple-choice format. Each
item contained an 1nfr6ductory statement (or stem) followed by four
alternative statements or options from which the respondent was required
t6 select the one statement that 'most appealed to him'., All the options
were, of'course, factually correct and : the-choice of a particular
option was a matter of personal preference only. Each option related to
the stem and to one of the four modes. The cognitive preference behaviour
of the respondent was quantified by counting the preferences cast in
favour of each mode. One of the items which was used in a recent cognitive

preference test is given as an illustration,

A Cognitive Preference Item

Lime Water

(1) Carbon dioxide reacts in solution with calcium ions to
form insoluble carbonate of calcium, this is precipitated;

(2) A solution of lime water is-turned milky by carbon dioxide;
may go clear again if "lots of gas is used;

(3) A solution of barium ions would serve just as effectively
as a solution of calcium ions;

(4) Provides convenient method for distinguishing carbon dioxide
from other gases.

The brief title serves only to locate the syllabus area of the material
which is embodied in the item. The first option in this example refers
to the chemical principle which underlies the simple test for carbon (IV)

oxide in the laboratory. The phrasing of the option is slightly unfamiliar

in order to minimise mere recall of chemical information. It was considered
that both the appearance and the disappearance of the precipitate were
suitable obvervations for inclusion as recall responses. The rdle played

by barium ions as substitutes for the calcium ions was thought to be both

sufficiently unfamiliar and a warranted extension of data that might
initiate quizzical thought about the property that these ions have in common
»
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hence this option is the questioning option. The fourth option signals
# possible application for this reageng.

Subsequent workeré with cognitive preference tests include Marks
(1967), Atwood (1966, 1969), Kempa and Dubé (1973), Mackay (1971, 1972),
Tamir (1975, 1976, 1977a, 1977b), Tamir and Kempa (1976, 1978), Williams
(1975), Rogel (1974) and Brown (1974). It will be apparent from the
defailedsurveyof the literature in a latef section that although
differences in administration have occurred most basic principles of
cognitive preference testing have remained unaltered from the original
proposed by Heath, For example, it has been standard practice to prepare
items of the type described by Heath using factual material which is
already in the cognitive structure of the respondents and taking care
that the linguistics;wgil within their intellectual range. It h#s also
been customary to submit items for rigorous scrutiny by a panei of adults
competent to assess whether the options correctly reflect the intended

.mode and to guarantee that the content will be familiar to respondents
and then to pretest the items. The number of items in the tests has
varied but each test constructor has endeavoured to sample the syllabus
which had been used with the respondents prior to the moment of testing,
as widely as possible. |

It was tentatively suggested in Section 1.1 that the act of making
& preference for one option (or casting vptes between all the four options)
indicates the nature of the existing cognitive structure of the respondent.
If the material in the option generates some conflict or tension with the
respondent the option will be neglected or relegated to a low preference
position in the rank ordering of the responses. If, however, the information .
in the option is in sympathy with the material already embedded in the
student's cognitive structure there will be an unconscious attachment
for the option and it will reéeivo high pre#erence. If similar attachment
is felt for all the options of that mode over a test.as a whole, that
mode score will be high. Thus a high mode score may be taken to indicate
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both maximum attachment and minimum cognitive conflict with the mode in
question,

It must be acknowledged that different intensities of attachment
may bé felt for the options representing a particular mode; for example
the degree of preference for the selected option of one item may be
different from that for the selected option of another item. It has not
been customary to make allowances for this difference and, instead,
preferences expressed for particular options have generally been accepted
as being quantitatively and qualitatively the same. This matter is
discussed in more detail in the following section.

It has already been stated in Section 1.1 that it is hypothesised
that the response to a cognitive preference item involves a minimisation
of cognitive conflict. This raises the questfon about the extent to
which such conflict relates to the content of cognitive preference items
on the one hand and to the mode implicit within each option on the other.
Williams (1975) raises the question whether the selection of an
option, say an A-type optipn, is inspired by the A character of that
option or by the subject matter in the option without reference to whether
it is A type or not. Tamir (1975) extended this to a division of the
content element into a 'subject matter' aspect within a discipline and
a 'discipline' aspect. Tamir's tentative hypothesis is that there are,
therefore, three facets to cognitive preference response behaviour of
which 'subject matter' and 'discipline' are two. The third is a genefal
and stable characteristic of the individual student which is, in part,
inherited and due, in part, to experience. Williams conducted an analysis
of variance in order to determine the common variance attributable to
preference as distinct from éontent ahd method. He found that preference
contributed less to a score than eithér content or method but they d6
contriSute sufficient variance to make tﬁem worthy of examination (Williams

1975, p.73-75). One part of this research was to seek evidence to clarify
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our understanding of the position. This is reported in Section 5.3.

Section 2.2 : Methods of Responding and Scoring

For his test of cognitive preferences, Heath (1964) required the
respondent to select only the one most preferred option from each item,
Thus, with a twenty item test, a maximum of 20 preferences could be expressed
and these could be distributed over thé four response modes adopted by
Heath. The four mode scores thus have a high degree of inter-dependence
and, in consequence, should be treated and evaluated with procedures
applicable to ipsative scores only. This severely limits, as it did in
Heath's case, the range of statistical procedures employable. 1In
particular all, or most, of the conventional normative statistical techniques
are, in the strict sense, inapplicable to ipsative data. Marks (1967)
in an attempt fo overcome this, prepared four parallel subtééfs
.An order to arrive at four mode scores which were not inter-dependent,

i.e. were normative, Because of the large number of items required Marks'
instrument was rather too lengthy for qomfort and also appeared wasteful in
terms of the limited use which was made of each item. Kempa and Dub& (1971)
and most subsequent workers have required their respondents to vote on all
four options presented in each item in the form that four votes are gi?en
to the 'most preferred' option, three votes to the next, and two; and one
to the 'least preferred',* Mode scores are then obtained by summing the
votes cast on all the options of that mode. These mode scores are still
ipsative but Kempa and pubé felt that their scoring procedures ensure that
better use is made of each item without loss of discrimingtion. Subsequent
analysis of the data was done with normative procedures but the results

were treated with considerable caution,

Footnote: This voting procedure is identical with rank ordering, except in
that the numerical values &re reversed, and with a system which requires two
ticks for the most preferred option, a cross for the least preferred and

one tick for the more preferrcd of the two remaining options («;f0,x). It
was suggested that more reliable voting is obtained if tho most and least
preferred options are identified first,
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King (1971) showed that Kempa and Dub&'s scoring procedure 1is
identical with pair comparison betwecen six pairs. On the strength of
this evidence a cognitive preference test by pait comparison was used iq
this research. '

Mackay (1971) conducted an exhaustive study of scoring procedures and -
in the light of this he required his respondents to indicate only the
most and the least preferred options of each item. Brown (1974) did
likewise, Williams (1975) omitted the Questioning mode and worked only
with the remaining three modes. He utilized a normative scoring procedure
by instructing respondents to rate each option on a 6-point scale. He

accepted the loss of a considerable degree of discrimination but he was

h
L

able to place confidence in correlation analyses.

It is important to note that it the total score for each mode that is
taken as the quantified orientaéion of cognitive preference. The contributioy
made by each item separately can be anal&sed for the purpose ofiidentifying
-faulty items. Careful sampling of the entire syllabus which 1is availéble
and the inclusion of the maximum number of items is also important. The

actual number of items is governed by the time available for the adm:ln:ls'crat1.:))1

of the test and by the degree of maturation of the respondents,

Section 2.3 : Evaluation of Cognitive Preference Data.

Part (A) : Validity and Reliability '

. The four constructs which Heath first identified have generally been
accepted and they are a pré-requisite that,while other construcis may also
be valid, it is not possible to validate the constructs w}th an instrument
which is already formulated in terms of those construéts.Brown/&%&%&%ered,
also; that there is insufficient evidehce of reliable relationship between
the options and the modes which they purpoft to ;epresent. Further; she .
poihtéd out that the preference orientation may have little bearing pn how

respondents do behave though it may be indicative of how they can behave.
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It is a fact that cognitive preference tests have not becn validated by
independent measurements and it has therefore been possible only to
establish 'face validity'. This has invariably been done by "judges",
usually experienced teachers or academics who were requested to examine
the items of cognitive ﬁreference tests to ensure that the construct o#
the mode.was accurately reflected in the option to the exclusion of other
constructs and that both the language and terminology and the syllabus
content were familiar and readily intélligible to all members of the target
populations. Although this procedure is generally satisfactory, it does
not guarantee completely that pupils are fuily familiar with the syllabus
content reflected in the test items.

Many workers have assessed the reliability of cognitive preference
tests; recently a summary of test-retest and =-Cronbach coefficients
has been published. (These.have been gathered together into a useful table
by Tamir (Table 3, p.115, 1977a) and this shows that the values of these
coefficients differ quite widely and it is possible that students may - -
respond to linguiétic features in the options. The table shows that the
Bubject matter for the tests has been drawn from science subjects, from
mathematics and, even, from s;cial studies. The number of iteﬁs has been
as lowas 10 and as highas 60 with consequent differences in reliability.
Brown (1974) reported low coefficients for «-Cronback reliability, due,
no doubt, to the brevity of her test and to the immaturity of her sample.
In her consideration of the higher reliabilities obtained by other workers,
she wondered whether verbal cues implicit in the wording of the item

. Were responsible but Tamir has effectively disputed this.

Part (B) : Statistical Evaluation

It has already been pointed out that the usual voting procedure for
responding to cognitive preference items leads to ipsative data. This
in itself may be scen as a disadvantage, but it offers the important

v
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advantage of providing a discrimination,ﬂetween the response modes and
thus enhancing the distinction between students in relation to their
cognitive preferences.. The consequence of ipsative scoring is that all
conventional analysis and allied statistical procedures give rise to
problems of interpretation, basically because the scores are inter-dependent.
For example, Hicks (1970) demonstrated that random ipsative scores on a
four item test automatically give correlation coefficients of -0.33;
if the data are non-random it is found that this base is flexible.
This lays severe restraints on the use of normative statistical procedures
with ipsative data and the need for restraint has been fully acknowledged
by several workers using normative procedures: for example by Kempa and
Dubé (1973), and subsequently by Tamir, who employed normative procedures
for analysis of their data.

Mackay (1972) endeavoured to interpret his data in terms of a
different form of data evaluation known as multidimensional ungoldihg.
The essence of this procedure is to locate thg gtiqg}ggwp919§Vf§§9q}g§E§“

with each response mode in a three-dimensional data space, thereby 'unfolding’

the structure of the answered data. The general theory underlying this

procedure was developed by Coombs (1964), although other workers had ¢

previously considered special cases, e.g. the location of three stimulus
points and of four stimulus points (Wish, 1964; Bennett and Hays, 1960;
Hays and Bennett, 1961), From a data-theoretical point of view, it is
apparent that a stimuluscan always be accommodated in an (n - 1) -
dimensional data space. However, an attempt is invariably made by users of
the multi-dimensional unfolding procedure to apcowmodate data in an (n - 2) -

dimensional space, or a space containing even fewer dimensions, thereby
'simplifying' the data structure (this is essgntially analogous to the
process of factor analysis as used for normative data), .

An interesting analysis of the data reductlon of four stimulus points

into two dimensions was made by McElergin and Keats (1961) on the basis of
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geometrical configurations. They developed a set of differcnt geometric
configurations into which four stimulus points could be located in a two-
dimensional way, and provided guidelines for the choice of the 'best'
configuration for a given set of data. Invariably, such reduction in

the number of dimensions entails the rejection of some of the original
data as 'not fitting' the model. The problem of the McElerain and Keats
.method is that it does not provide a reliable means of determining how

much data which failed to fit the model could be tolerated without

invalidating the model.

Section 2.4 : A Review of the Studies of Cognitive Preference Tests

It will be recalled from Section 1.4 that one of the specific aims
of this work is to examine cognitive preferenée testing from three angles,
namely validity, scoring procedures and item design, and test length.

No previous workers in this field have been concerned with the psychological
nature of cognitive preferences and there are no reports or discussion of
the intellectual processe; which are involved. One of the principal aims

of this research is to examine the extent to which cognitive preferences
-possess the attributes of cognitive styles: stability of behaviour is

an important aspect of the argument and in consequence a review of the
literature on stability is given in Part A below,

Hitherto no mention has been made of the observation first reported
by Kempa and Dubé (1973) and subsequently confirmed by numerous other
~ workers that a relationship appears to exist between cognitive preference
modes, such that those respondents with a marked preference for the Recall
Mode tend to be associated with a low preference for. the Questioning Mode,
and also that a high preference for the Application Mode tend to be
accomﬁanied by a low preference for the'Priﬂciples Mode, and vice versa,

This is an important aspect of the second aim of this research, namely to
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investigate character and measurement of cognitive preference and the
feview of the relevant literature is given below in Part B, The literature
on the aspects of cognitive preference which relate to pupil assessment

and treatments (the third principal aim) is extensive. A summary of
relevant facets is given in Part C of fhis review under four headings viz:-

i) academic ability, ii) the origin of cognitive preference testing

(curricula and teacher influences), i1ii) interests and occupational choice

and iv) sex.

Part A : Stability

Cognitive styles have been shown to be fairly stable with time and

under different conditions of intellectual functioning. Therefore, these
are the characteristics that have become associated with the noﬁion of
cognitive style. In consequence, in an exploration of the question whether
cognitive preferences have the quality of cognitive style, one must
_inevitably pay attention to the stabilitx approach.

The stability of cognitive preference within each individual over a
period of time has not been explored. .Witkin, Goodenough and Karp (19é7)
in a study of cognitive styles (e.g. field dependence - field independence
and the rod and frame test) found that the evidence showed that groups |
clearly maintained their positions on the score continuum over.a long
period of time (age ten to twenty four) even though there were marked
changes in the scores of the groups. They observe that the evidence
suggests a high degree of continuity during an individual's deveiopment in
relative level of differentiation. Kagan, Moss and Siege; (1963) have
shown that an individual's style of categorisation progreéses from a
relatiyely global approach toward one that is more analytical but the
development is a steady and continuous one, a student generally refains

his stylistic position relative to the other students. The cognitive

style seems to be somewhat resistanf to changes of a wholesale nature.

It seems rcasonable to anticipate, therefore, that if cognitive preference
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behaviour is to have the characteristics of a cognitive style, it should

also be resistant to change both during the duration of the administration

of the test instrument and between one administration and the next.

The stability of cognitive preference behaviour has four dimensions,
Stability of response behaviour within a single administration is clearly
one dimension. The values of the four intérnal consistency c;efficients
are widely reported and the values quoied are generally amply sufficient
to inspire confidence. Thus, in five tests reported by Tamir (1977a, p.1;5)
with 20 items or more, the mean valuesof the coefficients are 0.70 (:06),
0.66 (.07), 0.54 (.16) and 0.56 (.21) for the four modes in the order R,
A, Q and P. (Standard deviation in brackets). For five tests with 30 items
or more these values rise to 0.81 (.05), 0.71 (.08), 0.83 (.05) and 0.74 (.1]_)
respectively. The measures which were used to generate these coefficients
register the students' behaviour in putting the mode in question first but
.they afford him no credit for consistency in other placings, The.scoring
procedures which permit expression of preference for all items generété
important information which is not utilised in computing the normal
coefficients of consistency.

Stability within a discipline or academic subject but across the
individual topics which constitute that discipline has been examined
by Tamir (1975, p.254-257). He administered a 30-item cognitive preference
test in biology to 989 students. The 30 items were classifiedAinto six
subject areas: one area (botany) received 15 items and two others (human
biology and micro-organisms) received only 4 items. Some items were
allocated to two or more subject areas so that the Studenfs' behaviour
was ac;ually examined on the test as though it.comprised 41 items, He
comments that correlated t values Aerived from the scores "point at the
existence of remarkable dependence of cognitive preference styles on

specific subject matter areas" (p.256).,



Part B : The Structure of Cognitive Preferences and their Measurement

1) Structure of Cognitive Preference

Kempa and Dubé (1573) were the first to report on the structure of
cognitive preference scores. Principal components from factor analysis
of the inter-mode correlation coefficients followed by varimax rotation
gave two factors which accounted for all but 15% of the variance, On one
.ot the factors the R mode was loaded heavily with -Q mode (and a small
contribution from -P mode), on the second factor the A mode was léaded
with -P mode. From this information they 1dent1fied.two bipolar, orthogonal
scales. The R/Q scale was described as a '‘curiosity' scale, and it
distinguishes those who are satisfied by recall of the chemical ipformation
that is already familiar from those who have a preferencg for information
that appears to raise queries about their knowledge and to present it with
a different slant. The A/P scale distinguisheé those with pure science
learnings from those with more applied interests and it ha; been identified
as a 'utility' scale. They found that high achievers scored high P and
ﬁigh Q scores, while low achievers scored high R and h;gh A scores.,
‘ Very similar results Qere obtained by King (1972) using the same
test with a fresh body of post O-level students and?gogel (1975) who
'used the test after translation into Hebrew and administered it to an
Israeli population. Tamir and Kempa (1976) and Tamir (1977a) used a 66
item test divided equally between chemistry, biology and medicine and their
findings afford unequivocal support from Kempa and Dubé's dimeﬁgiohs.
Tamir (1975, 1977b) also reports the results of the analysis'ot'é éognitive
preference test which was administered both to teachers and to students;
there 1s further support for two scales from the analysis of tAéiteachers'_
scores (N = 37) but not from the scores obtained by the étudents (N = 748),
Tamir (1975) interprets the students' scores on slightly modified and

more flcxible scales whereby a high score on the Q mode might expect to be

associated with a low score for either the R or P modes, and students with
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a low R mode score were generally found to have a high A mode score and/or
a high @ mode. )

There is no evidence of structure in Williams (1975)'s work and
it would be reasonable to attribute this to his use of normative data.
Mackay (1972a) subscribes to this view and on the strength of his reanalysis
of King (1972)'s data he suggests that the orthogonal bipolar scales are
merely an artefact of the statistical der1§ation. It has been shown
subsequently that principal components factor analysis of the correlation
coefficients on the three tests which he administered himself gave

for Kempa and Dubé's structure

unambiguous support mefore he modified the coefficients but it was the
factor analysis after his modification which was confused. Brown (1975)
contributed no fresh evidence on the subject but she registered dgep
misgivings on this form of analysis (p.58). She is equally unwiiling to
accept the 'unfolding analysis' as employed by Mackay (1971, Chapter 5)
and first described by Coombs (1964). Unfolding analysis has the advantage
of using rank ordered data. Mackay gathered data on large bodies of
students and he analysed them both by unfolding analysis and by Q-type
factor analysis, He claimed that the structure which was revealed showed
orthogonal axes with the R mode opposiée the P mode (not Q as Kempa and
Dubé found) and with the A mode opposite Q. (Evidence wiil be produced
later to show that Mackay's work was incomplete and that Kempa and Dubé's

structure is at least an equally acceptable interpretation of hisdata).

(See Section 7.1, Part B). Brown suggested that a Q-type factor analysis

treated rather differently from the method used by Mackay might reveal

the structure of cognitive preferences but she cautioned that loadings

must exceed 0.917 for p < 0.01.
ii) Measurement

A brief account of some of the earlier work on this tsﬁic has been
given in Section 2.2 and therec are two aspects of measurement which are
well worth reviewing. The point that ipsative §ata should only be_
subjected to the statistical treatments reserved for nbrmative data if much
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caution is exercised in the evaluation of the cevidence, has been made.
The suggestion that cognitive preferenc;s should therefore be measured
in such a way as to yiéld normative data has the merit of permitting
normative statistical evaluation but the method may lose discrimination,
In a recent paper an account is given of the analysis of ipsative and
normative data which has been gathered from the same population with
the expressed intention of comparisbn of tﬁese two data types. Closs (1976)
collected ipsative data on career interests from a large sample of under-
graduates (N = 2200) by pair comparison between eight categories by
career-type. The normative data was 1nténded to gauge the intensity of
that interest in careers and it was gathered by asking the respondents
whether the options of the pairs were 'liked', 'disliked', or 'don't know';
a score of +1 was given to 'liked' options, -1 to 'disliked' and O to 'don't
know' and a 'like-disliked' total was computed for each respondent. Closs
used this normative data to identify three patterns of behaviour which
Pe showed to be unresolved in the analysis of his ipsative data. He
demonstrated that the distortion which occurs when ipsative scores are
normalised or when 'percentile equivalents' are computed can lead to.
erroneouws careers advice. Attention is.paid to the Qifficultyiexperienced
by respondents which arises from personal differences in response styles.
Idiosyncratic differences in breadth of feeling generated by terms like
'like' and 'dislike' lead to differences tpat have only slight relevance
to demonstrable differences in career selection. Closs uses ﬁormative data
. . .. :

to identify respondents with differing intensifies of feeling but he‘g#ves
no indication of the distribution of the diffgrent‘ré;ponse types withinh
the sample. The general conclusion drawn by Closs is that there is little
to choqse, for a number of reasons, between the two types of data,

The pecond aspect of measurement which is of interest concerns the
bipolarity since it has been suggested that there are artefacts of the

pseudo-normative treatment of ipsative data (Mdckay 1972). Tamir and

Lunetta (1977) sought to clarify the point, They gathéred cognitive
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preference data from a sample of high school students (N = 177). An
éstablished instrument was divided int; two equal parts and scored
differently to ébtain fhe two types of data. Normative data was obtained

by scoring on a four point scale. (It is presumed that only integer
responses to the scale were provided for). Half the sample made ipsative
responses to the first half of the instrumgnt and normative to the second,
whiie the other half scored the instrument in the reverse ordér. Moderately
strong correlation coefficients were oﬁtained between ipsative and normative
mode totals. Inter-mode scores were correlated and it waé found‘that
coefficients with ipsative scores were in general less than those obtained
with normative scores. Factor analysis of the intermode correlation
coefficients of the four ipsative mode'tofal scores and the four normative
mode total scores showed loadings of all normative scores positively

loaded on the first factor with no significant ipsative loadings,{ the
second factor loaded R/Q. with both ipsative and normative scores and the
third factor showed significant loaﬁings of ipsative A/P only. Their
evidence is, therefore, that the . bipolarities do exist with normative

data and that normative data treatment_does provide support for‘the ipsative

results of many workers in this field, e.g. Kempa and Dubé.

Part C : Pupil Assessments and Treatments

1). Academic Ability

Brown (1975) examined the findings of Kempa and Dubé& that on the

basis of the two bipolarities claimed by them (R/Q and A/P) a major
differentiation of academic ability categories appeared and on the strength
of the findings she postulated a strong relationship betwéen cognitive |
Preferénce modes and the levels of academic ability in the hierarchies of
Bloom (1956) and of Krathwohl et al. (1964), She carefully related the
individual modes to appropriate levels on the scale and she used the

relationship to predict that reliability would be highest for the R mode

since, in hor view, this is the least demanding academically, that the
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rcliability of the P mode would follow, then A and finally Q since this
mode was the most challenging and fewest pupils would respond to it with
reliability. Her work'with young students followed this pattern and
supported her contention that students respond to preferred cognitive
levels rather than preferred cognitive modes. Tamir (1977a, p.115) has
gathered together the coefficients of internal éonsistency of previous
cognitive preference studies. Examination of the twelve studies in which
all four modes were used furnishes no other instance of coefficients in
the order predicted by Brown and affordslittle support for her contention.
Tamir examined the relationship further by a factor analytical study of
cognitive preference data with cognitive abilities scores related to the
three rplevant Bloomian levels (Tamir, 1977a, p.116-118). He concluded
that 'cognitive preferences are not expressions of cognitive abilities '
of the student’',

1i). The Origin of Cognitive Preferences

Heath developed the éognitive preference test for the evaluation of

curricula. This use was taken up by later inveétigators, e.g. Marks,
Atwood, Kéﬁpa and Dubé, King and Tamir, Implicit in the selection of

a cognitive preference test for this purpose is the assumption that
cognitive preferences are influenced by curricula and teaching approaches.
Two aspects emerge: (a) curricular influence through exposure to
different subject treatments, e.g. enquiry modes; (b) influence of the
teacher through his/her emphases on particulhr aspects and facets, which
may reflect the teacher's personality more than subject matter influence,
Both aspects have been the subject of some re§earch.

(a) Curricular influence

Tamir (1975) summarised the findings of six‘previous studies on the
relatignships between cognitive preference measurements and curricuia~
(Table 1, p.239), In each of the six studies the cognitive preference of
behaviour of a sample of students engaged in a hodern curriculum is comparedq

with the behaviour of a sample engaged in a traditional course; 1in two
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of the studies high achievers are compared with low achievers. Behaviour

in the four modes 1is therefore compa;ed eight times making 32 comparisons
in all and sign?ficant'differences are found in 23 of them. Thus for fhe

R mode, the traditional sample scored higher preferences in four studies,

in two the low achievers on a modern course scored higher preferences than
the low achievers on a traditional course and in two there was no significaht
‘difference. The modern course favoured Q mode in 4 studies, the traditional
favoured Q in one and there was no significance in the remaining 3 studies;
for P the figures are 5, 1 and 2 and for the A mode they are 2, 4 and 2.
There is therefore some contradiction but the evidence of a relationship
inwhich modern curricula favour Q and P modes is quite strong. Elsewhere

he provides evidence that confirms early work of Kempa and Dub& (1973) in
which higher achievers were found to have high P and Q mode scores (Témir
and Kempé, 1976) . He also found that a modern curriculum (BSSC) promotes
curiosity even among low achieving students and that a high A mbde score

is associatgd with high achievement on a traditional course. Brown'(1974)
found no evidence of a difference between students who had studied an
integrated science course and those who had been taught the fhree scignce
subjects separately. King (1972) compared the behaviour.of students who had
received a Nuffield Chemistry course with those whose training to O level
had been more traditional and he found that the differences in scores of
cognitive preferencel(and critical thinking) were significant in directions
which suggested that the Nuffield course, or some inherent property of it,
did lead to the genuine and estimable differences which were‘anticipated

by the designers of the tourse. Mackay (1971{ gave sufficient information
| in Table 5.4.1 (pages 147-150) to demonstrate that the 640 studenfs who
had studied a PSSC course in the 11 and 12 grades had higher mean A mode
and Q mode scores and lower mean R mode and P mode scores than the 239
students who were similar in all respects except in thaf they had studied
a traditional course of physics but onl; the difference in A mode score
wvas found to be significant (t =

2,35, p = 0.02)., (The examination was
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done on Groups 5 and 6 in Mackay's data).

The conclusion is that while. there is widespread evidence of relation-
ships in the literaturé, the extent to which a modern treatment favours
one mode at the expense of another is unclear but it is possible to

generalise and say that modern courses do tend to promote the Q and P

modes.

“(b) Influence of Teacher

A number of studies have examined the relationship between cognitive
preference scores and teacher influence. Schedemann and La Shier (1967-68)
unsuccessfully attempted to detect relationéhips between pupil cognitive
preference behaviour in physics and the pupils' pérception of tﬁeir
teachers and between pupil behaviour and teachers' cognitive preferences.
King (1972) was no more successful in demonstrating a post-instruction
correlation between teachers' cognitive prefefénces and the scores of
their pupils. Mackay (1971) found no evidence that the change of cognitive
preference after a one year period could be related to the cognitive
preferences of the physics teachers, Barnett (1974) found that
non~-directive teaching promotes academic achievement and he also found
that differences in mode scores in the R, A and Q modes in groups d:l.st:inguish(}':1
by student perception of teachér directiveness were not significant.  Tamir

reference to

(1976) separated teachers into two groups by/their attitude to the use of
new syllabuses in biology and he reported a number of interesting and
significant differences in mode scores between pupils of those who suﬁported
the new programmes and of those who did not. The contention,ﬁy Brown

(1975, p.55) that cognitive preference patterns adopted by pupilg merely
| reflecp extraneous influences from the past,particularlytho;eot the‘teacher,
inspirgd Tamir to 1h;estigate the extent to which thg claim was valid

(Tamir, 1977b). He reported that he found little evidence that pupils
conform iﬁ patterns designed to gain teacher approval. Vinton (1972)
revealed that the greater the match between a pupil's preferred learning
/proceas (not cognitive process in this instance) and learning structure, -
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the greater will be the learning style_'actualisation' and the more

the individual will learn., Similarly Crawley and Shrum (1977) reported
that physics students Qho experienced learning conditions compatible with
their preferred learning structure register greater gains in preference
scores (again, not cognitive preference scores) for physics than did those
students who were in incompatible learning situations, (Students of
'chemistry, biology and geology also registered gains but they were not
significant)., Tamir postulated that the "high Q, high P, low R" scores

of teachers promote similar behaviour in the patterns of those of their
students whose patterns match'theirs. The research evidence which has been
cited would serve to encourage support for Tamir's hypothesis but there
is, of course, considerable difficulty in "correlating" the response of

& teacher with the average response of his class.

LY

11i) Interests and Occupational Choice

Tamir and Kempa (1976) reported significant differences in cognitive
preference behaviour between students who selected training in physics and
biology from those Qho selected medicine and engineering. The former were
found to be more curious aﬁd to have less preference for the R mode while
the latter students were found to have higher preference for the Application
'mode. Williams (1975) found that *vocational technical' groups selected
the Application mode more strongly than other groups and he attributed this

course
to the influence of the practically orientated svhich they were following.

iv) Sex
King (1972), Williams (1975) and Tamir and Kempa (1976) examined the

cognitive preference scores of males and females and found no significant
difference. Kempa and Dubé (1971) used an all male sample, Barnett (1974)
and Brpwq (1974) did not investigate this parameter. Tamir (1376) showed
significant relationships between sex, academic ability and cognitive
preference mode scores by two-way analygis of variance: for the Q mode,
for instance, there were two significant differences between girls of high

ability and girlsof low ability, between boys of high ability and boys
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of low ability and between boys and girls both of low aﬁility. Another
fwo—way analysis of variance found sigﬂificant relationships between type
of school, mode scores and academic ability and extension of this analysis
to include sex showed further complex relationships. Tamir did not offer
any explanations for these findings. In the same study he reported that.
he ' found no relationship between mode scores and career expectation of
Canadian college students but he found somé distinction between Israeli

students with a medical career in mind and those with an interest in pure

sciences.

Section 2.5 : Cognitive Styles, a brief review of their nature and of the
Literature

An account of cognitive style theory is 1nc1ﬁded because the suggestion
has been made that cognitive preference behaviour resembles in some
important respects, behaviour which is mbre broadly classified as stylistic.
"The extent of the conformity of cognitive preference behaviour to cognitive
style behaviour is an important part of this study. The method of study
of human personality in terms of styles involves the separate study of each
of the psychological levels at which a person functions in each of the
many domains of human behaviour. The rationale for this approach is that
the analysis of the cluster of characteristics subsumed under the
differentiation process will, on u1timate'comp1e£ion, aggregate into a
valid description of the whole individual, This is as valid for learning
styles as it is for styles of behaviour from wider psychological fields.

This approach is justified only if experimental evidgnce of different-
iation in one aspect of behaviour is repeated in cogent form in other areas
as wéli. The concept that perceptual ﬁnd intellectual tasks Qerve to
assess broader and more salient dimensions of behaviour is deép rooted in
the history of psychological measurement, Tasks.of an esaentiélly cognitive

nature have been used in the measurecment of facets of behaviour; many of
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the facets which the tasks illuminate have been designated 'styles of
béhaviour' or ‘'styles'. Cognitive stylé theory insists that complex
behaviour can be partiaied into a myriad of inter-related, self-consistent
modes of functioning and that the sum of these modes will fully describe
the perceptual and intellectual activities of the individual. - The method
approaches the individual from the perspective of the actual person engaged
in the activities; experiment has shown that essentially the same ways

of functioning pervade both perceptual and intellectual behaviour and
learning and that these are characteristic of the individual,

Psychological differentiation is conceptualised as a high order
construct; lower orders include perceptual and intellectual functioning,
the articulated body concept, the sense of separate identity and structure
and specialised defences (Wilkin, Ottman, Raskin and Karp, 1971). Each
cognitive style is a subset of perceptual and intellectual functioning
and is therefore a still lower order concept. Embodied in each cognitive
style are two process, one is concerned with the perception of information
and the individual's response to external stimuli and the second involves
the processing of that information. The stéps tentatively proposed follow

this pattern.

Warr (1970) described "the hablitual ways or modes of dealing with
information about onself and one's environment which are to a large degree

independent of the content of the information being handled" as cognitive

8tyles. Messick (1970) described them as "information brocessing habits",
' a3



He claimed that they would "promise to provide a more complete and
effective characterisation of theAstudént than could be obtained from
intellectual tasks alone" and he foresaw future research into the course
of 1ndi§idua1 learning and of didactic interactions through thg examination
of cognitive styles. Leach (1967) in reviewing work on creativity commented
that the term cognitive style, though variously defined, always embraced
‘a flexible approach to life and marked response to environmental stimuli.
Scott (1973) defined them as "the patterns that an individual may usé in
coping with environmental stimuli" and Field (1972) simply described them
as "the pattern of thinking".

Ausubel (1968) in a more exhaustive study refers to "self consistent
and enduring individual differences in cognitive organisation and

functioning" as cognitive styles.

"The term refers both to individual differences in general
principles of cognitive organisation and to various self consistent
idiosyncratic tendencies that are not reflective of human cognitive
functioning in general. It reflects differences in personality
organisation as well as in genetically and experimentally determined
differences in cognitive capacity and functioning; and in a very
real sense, it mediates between motivation and emotion, on the one
hand, and cognition, on the other". (p.1l70).

He goes on to comment that the inter- and intra-task generality of
function of the measures has not been adequately established. This was
true at the time when it was written and much subsequent ?esearch principally
by Witkin, Gardner, Kagan and co~workers hgs shown that cognitive styles
are indicative of stable and generalised cognitive traits.

Finally, in a lengthy review of the educational implications of
cognitive styles Kagan ( 1971) examined the réle played in educa?ion by
each of the nine cognitive sfyles which he describes. He observed that
the research evidence of interaction between the variables of classroom
instruction and cognitive styles is limited and he found little evidence

of shared variance with cognitive styles and traditional indices of ability.
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He drew an interesting distinction betwecn styles which possess the
quality of a capacity (e.g. analystic - global dimension) and are found
to be resistant to chaﬁge by didactic means,whereas those having the
property of a strategy (e.g. conceptual groupings in sorting tasks) are
more readily modified. Scott (1973) has since reported that exposure
to two or three years of enquiry strategy in science classes did enhance
the analyticalscores of elementary and junior high school students in
tests of categorization style. The improvement was significantly
greater than that of a control group which was denied the training.
Kagan found strong evidence that the traditional measures of verbal
and mathematical ability have little predictive value beyondtheir
immediate classroom context while measures of associative thinking are

related to a wider range of accomplishments., He concludes that

"though the practical pay-offs of cognitive-style research are
still quite meagre for the teacher, the promise of future rewards

is strongly indicated if energy and imagination are applied to
the task". (p.292). ’ - e LLeQ Y

Section 2.6 : Problems for Investigation

The aims of this research have been stated broadly in Section 1.3
and the research problems will be outlined in detail 1n-Section 4.1, It
will suffice here to indicate the nature of the problems in so far as
they relate to cognitive preference. The first group of problems, called
measurement problems, are essentially technical in that they relate fo
; issﬁes such as the nature of cognitive preferénce and the design of the
items which are used to measure it, to the scoring procedures and to the
Btatisticallanalysis of the data which is obtéined and also to the validit&
of the 1nstrumenté. All these problem; are similar in that they'd; not
felate to the dimension of time and they are therefofe grouped together

in Chapter 5, 'The problems for research which will be found in Chapter 6
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are all concerned with the structure of cognitive preference and their
use for the evaluation of pupils, Earlier workers have found conflicting
evidence and as the work is of considerable importance in determining

the psychological nature of cognitive preference much attention will be
paid to resolving these conflicts. Further work on the actual nature of
cognitive preference has been assigned to Chapter 7 but in this chapter
.the interest centres on the change, if any, in behaviour over a span of
time. The suggestion has been made (King 1972) that cognitive preference
behaviour has the characteristics of cognitive styles.

The use which cognitive preference tests might have for teachers in
assessing the behaviour of individuals and treatments has received scan£
attention. Much interest rests in their potential for classification of
students into meaningful categories beyond the divisions which are already
possible through traditional tests. The study which will be found in
Chapter 9 concerns the broad inter-relations that weré thought to exist
between the main variables which are examined in this research (i.e.
cognitive p?eference variables and judgement variables). The study
concerns their relationships to one another and, in Chapter 10, to other

variables which have important connections with classroom behaviour and

achievement.
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CHAPTER 3 : JUDGEMENT

Section 3.0 : Introduction

The aim of this chapter is to scale down the broader aspects of
Judgement to the narrow aspects which were researched. In Section 1.2
a concise account was presented of the relationship seen to exisf between
the third stage of the learning sequence, namely information transformation,
and that part of the judgement process which was referred to as the
assessment of reasonableness, The intention in that section w;s to
postulate how judgement might form an important part‘of the learning
sequence and to show it might be relevant to the alteration of an existing
cognitive structure. The rationale was that learning is synonymous with’
modification to the existing cogntive structure. In this chapter the issue
of 'reasonableness' is tentatively related tb the hypothesis generati;n
aspect of judgement since the two aspects were studied separately and in
relation to each other, S

The first section (3.1) develops the ideas of judgement so that the
inter~dependence of 'assessment of reasoﬁableness' and ‘'hypothesis generation’
can be appreciated. The literature review in Section 3.2 concerns first
the literature which deals with philosophical aspects of the study of
Judgement and it embraces reports of work by Kelly (1955) and by Ennis (1962) .,
These reviews are given so that the broad context in which work of this type
is undertaken may be appreciated. The work of Peel on the Judgement of
Adolescents (1971) is quoted extensively in the practical section of the
.review because of its strong relevance to the work which was undertaken
here. The last two reviews are from the work of Abercrombie (1960) and
elsewhefe from Peel (1971) and they were included because both were céncerned
w;th the processes and strategy_that,judgement dituat;ons invoke.

The report in Section 3.3 is concerned with earlier work done by King
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in which he attempted to explore judgement and critical thinking, since
these qualities had been advocated as deliberate outcomes of modern
Curricula, The work was valuable in that it led to a refinement of the
Process for the assessment of reasonableness and revealed the new

‘hqrizons which were examined here. These are listed in the final secfion.

§E££199 3.1 : The term 'Judgement' as it is understood in this study

It is impoftant to establish the meaning of the term judgement. For
the limited purpose of this study, judgement is defined as a logical
°P§ration of thought which embodies some measure of creative process
and Possibly some degree of value or improvement to the individual
®ngaged in the act of Judgement, Valuing , assessing, forming an opinion,
°rit19a1 thinking and evaluating are allied thought processes: in judgement
a1°¥e. & strand gf thoughﬁhs generated from a body of information which
Seeks to unify the evidence. The thought itself is not 1n the evidence and
the act of thinking itself is an act producing new insights. It is a
highyy egocentric process and it demands the highest level of intellectual o
activity (as judged in Bloomian terms) The condition of self 1mprovement
re(luires .that a Judgement must be made and a decision must then be- taken
in the light of that Judgement. ik | |

Judgement 1s the facet of human fhought in which the new and unique L
 Teatyyeg of a particular situation are assgssed“and evaluatgd ;n,th?_lightfl: 
°f previous experience, Novelty of the infbrmatidnfto be évéiuatéd;iéx*
 .essentia1 to Judgement. If the situation has no aspect that 15 in some‘:p?,

Way novel the activity may be more accurately described aa evaluation'

8n act of evaluation by a person with wide experience may well ba judgement

,f°r another with limited or restricted experience.-
; Tho point in the foregoing paragraph may be amplified in relation to

the formulation and evaluatiou of hypotheses. A hypothesis 18 a i

,Beneralisation', the generation of a hypothesis 1nv01ves a atrand atf




novelty in that it represents some kind of intuitive leap from accepted
fact to generalisation. Testing the extent to which a hypothesis is
tenable requires the exercise of evaluation and if inconsistencies between
the reliable data and the novei generalisation are revealed, the hypothesis
is rejected. There are two elements in the process in which judgement
is embodied. The first is the intuitive leap, and the second is the
evaluation of that leap. If there are alreédy sufficient instances of
the fact in the reliable data at the person's disposal the unifying
generalisation is essentially called a conclusion. The creative act is
then the generation of the conclusion, and the evaluation decrees the
tenability of the conclusion. 1In practice one hypothesis may embrace a
succession of minor hypotheses which are all f'chained" to one another
by the circumstances of the problen.

An attempt may now be made to apply this to scilence learning. It
may be argued that the first step in the operation of scientific method
is the aggregation of observations, There follows the acknowledgement of
; problem which is related to those observations, whereupon & hypothesis
(see Footnote) 1is generated and subsequent experiment is devised to ;est
their validity. It is reasonable to suégest that both the number and
quality of the hypotheses vary greatly from person to persgn when confronted
with the same data. (Indeed, evidence in support of this will be produced
later). It seems that both facets are personal to the individual who is
engaged in the act of making a judgement although they are not normally

articulated, nor differentiated.

The second element in the overall act of {udgement is, as has been

.1ndicated, an evaluative act. In the context of this study, this has been

restricted into an 'assessment of reasonableness' but even this has a number

3

Footnote: Although the term 'hypdthesis' is used here, it should be
understood that, under certain circumstances, the term ‘'conclusion' might be

more appropriate., This would be the case if the range of observations is so o

extensive that the process of generalisation becomes essentially 'deductive’
in nature, rather than predominantly 'inductive' as would be the case in
true hypothesis formation.
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of dimensions. It will be evident thn@ a hypothesis cannot be regarded as
reasonable if it is in any way in gonflict with established scientific
facts or principles in so far as these are known to the person making

the Judgement and in so far as he understands and interprets them
correctly. The judgement may be false but 1f.no conflict is apparent

to the judge he will be unaware of the e;ror. Similarly there must be

no conflict with the information which is available on the specific
problem and again the judge may make a false judgement without creating
conflict. Besides beihg true to scientific fact and principle in both
broad and narrow contexts, a judgement can only be deemed to be reasonable
if it is strictly relevant to the problem in hand and it must also make
complete use of the dat;; a judgement which makes anything less than full
use of the data is inadequate. Again it is possible that the judge may

be either unaware of the irrelevancy or inadequacy in which case there

is no cognitive conflict,or,if he is aware of 1t,he/:§?2ct the hypothesig

which serves to produce a minimum of congitive conflict.

Section 3.2 : A survey of the literature on Judgement and Critical Thinking

The literature on judgement is extensive but the problem is that the
word judgement is used in several different meanings. Much of the
11teraturé is concerned with judgement of personality, with consistency
and with value judgements of intrinsic qualities. The importance of
Judgement in the statistical sense (like levels of probability and
adequacy of sample size) has also received much attention in psychological
‘work. However, the treatment of the cognitive aspects of Judgement is
less extensive,

Juégemené was seen by Bloom (1956) as a part of gis cateéory of
"evaluation" which he pla;ed at the highest level of his Taxonomy of
Educational Objectives., To quote Bloom 41t (i.e. judgement) is regarded as
being at a relatively late stage in a complgx process which involves some
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combination of all the other behaviours”. Bloom subdivided his level
into two; judgement in terms of internal evidence like accuracy and
logical fallacy, and J;dgement in terms of external criteria. The

latter embraces a wide range of activities including the judgement of
aesthetic attributes and of the merits of alternative courses of action.
Cognitive judgement as such is mentioned only as "the comparison of
éeneralisations" (p.192).

Kelly (1955) considers that the proéess of judgement follows a

cycle of circumspection, pre-emption and control. 1In his view,
circumspection entails masterihg the environment and then generating

a series of propositional constructs to establish the diversity of the
possible decisions. Pre-emption results in the selection of the moét
relevant axis on which to construé this situation and control leads to
the selection of the one alternative. He deviéed a test of cognitive
complexity in which the constructs for the assessment of character were
provided. Kelly assumed (and Bieri et al. (1966) subsequently verified)
that the use which is made of the constructs is representative of the
constructs available to thé assessor, 1.e. of the cognitive complexity

of the assessor,

Judgement and critical thinking are terms often used synonymously

in research reports. . Therefore, consideration
must also be given to the work concerned with critical thinking. 1In his
careful study of the abilitiés which constitute critical thinking, Ennis
(1962) used three dimensions: a logical dimension, a criterial dimension
»and a pragmatic dimension. He claims that these "if appropriately weighted
and empirically supported" furnish a framework upon which the whole study
of crifical thinking can be based. The logical dimension covers élleged
relationships between meanings of words and statements. Thus, a persoﬁ
who is‘competent in this dimension knows the meaning of the basic terms

in the field in which the statements are made. The criterial dimension is
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rigorously defined into twelve subdivisions, called aspects of critical

thinking, and further subdivision of mahy of the aspects is given. The
pragmatic dimension covers the background purpose of the Judgement and
it covers the decision whether the statement is good enough for
the purpose.

Part of the 8th aspect is quoted here as an example, not only
because it explains the approach to criticél thinking which Ennis used,

but also because it is relevant to the exercises developed for this ;tudy.

Judging whether an inductive conclusion i8 warranted
Inductive conclusions are of three types, simple generalisations,
explanatory hypotheses, and theoretic systems. Though similar in

many aspects, they are different enough to warrant separate treatment.

1. A simple generalisation about experience. Such a generalisation
is warranted:

.11 to the extent that there is a bulk of reliable instances

of it
.12 to the extent that it fits into a larger structure of ‘-
knowledge
. .13 to the extent that the selecting of instances is unbiased.

(Four methods of obtaining unbiased samples are given)
.14 to the extent that there are no counter instances

For example, the generalisation that red-headed people tend to have
hot tempers would be warranted to the extent that there is a large
number of reliable instances of red-heads with hot tempers, to the
extent that we are able to account for red-heads being hot tempered,
to the extent that our instances of red-heads are picked without
bias and to the extent that there is a lack of reliable instances

of red-heads with even tempers.,

The criterial dimension is involved here through knowledge of the
above criteria. There is a vast literature on Judging the adequacy
of samples, which very rarely are purely random,.

The logical dimension is involved in the recognition of instances and

the application of the above principles. And the pragmatic dimension
is invoked in deciding that there is or is not enough evidence for
the purpose of the inquiry.

The paper continues with discussion of explanatory hypothesis and

theoretic systems in similar vein. The section on hypothesis concludes

with this paragraph:

But most important of all, the so called 'inductive leap' utilizes this
(the pragmatic) dimension. Deciding that the evidence at hand is enough
to establish the hypothesis requires consideration of the degree of
satisfaction of the criteria, the purpose, and how important it is
to be right, then the leap may or may not be made. (p.95).
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Later in the paper, Ennis goes on to say that he would cxpect a
sizeable correlation with IQ even though all three dimensions are
learnable rather as academic subject matter is learnable: he expects
the logical dimension to have the highest correlation with IQ and the
pragmatic dimension to have the lowest. He predicts that age will
correlate well with the logical discussion with children in elementary
and- secondary schools and ,as experience might be expected to strengthen
pragmatic and criterial thinking, these might be expected to correlate
more highly with age after the age of sixteen.

A different approach to the analysis of thinking (and judgemént)
is made by Peel (1960) in his book "The Pupil's Thinking." The first
chapter of his book is devoted to an analysis of the different kinds of
thinking., Peel identifies three kinds of thinking which one might expect
to encounter in the classroom. (There is a fourth which is primarily
the preserve of only the most lucid thinkers at the sublime moment when
man}s thinking makes a significant surge.) Thinking which is free from
éonstraint is described by Peel as thematic. 1If the thinking is constrained
by having to describe and explain events and things, it is classified
as explanatory. Finally productive thiﬁking is said to have occurred
at the point when explanatory thought has provided a jumping-off point
for control over or manipulation of the environment. This kind of
thinking gives rise to material changes, inventions and new products. It
is invoked in school when a student is told to apply his knowledge or

to make use of his explanations in & new situation. Many problems in

science require this type of thinking; for example, the analysis of an

unknown compound in the laboratory may require it to a marked degree,
The conditions which, according to:Peel, must be fulfilled by

thought-when it is to be classified as productive, are five in number,

(1) It must contain an element of forward thinking beyond mere
explanatory thought.

(11) It becomes effective by changing the problem aituation
materially in order to achieve solution.

43




(111) Some old problems may be solved by restating them in the
light of the established explanation.

(iv) It always appears when a new problem situation is met.

(v) These situations may be material, social or personal.

It has already been argued that the learner's cognitive structure
is modified in the process of making a judgement. If this does not
happen, the information is merely accommodated and incorporated into an
already existing cognitive framework. Thus existing concepts and notions
provide adequate explanation of or for the "new" information. Peel's
first point is that productive thinking "must contain an element of
forward thinking beyond mere explanatory thought”. Explanatory thinking

clearly represents the accommodation of information within an existing

cognitive framework, without the jatter being materially modified or
altered. "Going beyond mere explanatory thoug?t" must therefore mean
that in the process of absorbing new information and applying existing
knowledge to problem-solving, this kno&ledge itself is modified in its
qonceptualisation: hence, the cognitive structure is altered, This is
essentially the interpreta;ion of judgement which is used in this research.
In his later book, 'The Nature of Adolescent Judgment®, Peel (1971)
addresses himself directly to the issue of judgement, but in so doing
makes only a passing mention of his own earlier work (Peel, 1960) and that
of other workers in this field. Of particular interest, in relation to
the present study, is Peel's definition of judgement. He sees judgement
as a form of thinking which is invoked in those situations where there
is no ready-made solution, nor is there necessarily a single correct
. response "but rather a spectrum of responses satisfying different number
of different criteria". Again, this view is fully compatible with that
adopted in this study and prdclaimed.egrlier.
It is also of interest to make brief reference to the satrategy
" adopted by Peel ond co-workers (mainly higher degree students in Peel's

department at Birmingham University) in their investigatiohs into adolescent
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Judgement, Their technique was to present short passages to students.

The questions which followed each passage could not be answered adequately
on the basis solely of the information which was supplied and the student
was obliged to draw on independent experience in answering the questions.
The analysis of the answers led them to prOpose‘three basic response

categories, each representing a different form of Judgement:

Type of Judgement ~ Characteristics

Restricted - tautological, premise-delaying, irrelevant

Circumstantial - bound solely by the content of the passage,
often taking account at first of only one
element

Imaginative-comprehensive -~ involving the invocation of independent

ideas and the consideration of the
problem in their term

The results obtained by Peel and others indicated that there is a
noticeable increase in imaginative judgements in the year between the
13th and 14th birthday and that the most mature judgement is not established
until a chronological age of 15 (a mental age of 16) years gg;NSeeﬁﬂ;ééégéd.u
Furthermore he finds that maturity of Judgement is associated with the
socio-economic level of the home. Also, the provision of more information
in a passage tends to spark off more acts of judgement than passages in
which slightly less information is given, and identical passages with
responses in multiple choice format evoke many more imaginative responsés

than do open-ended questions starting with ‘why?'

These are findings of considerable interest, both in the psychological

and measurement sense. A most important finding, of particular relevance

to this study, resulting from Peel's work is that each subject responded

with a fair measure of consistency when working in passages of similar
quality. This 1s clearly indicative of a "stability" aspect in the
exercise of judgement ability, which suggests that judgement may have a

'styles’ quality. In other words this finding of Peel's points to the

Possibility of judgement styles which, like other styles (and
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especially cognitive stylesf, appear fairly stable. Peel also reports
that a high degree of consistency of the category of judgement exists
across different test situations, and this again lends support to the
'styles' argument.
Passing reference may be made here into the work of Bruner, Goodrow

and Austin (1956) into concept acquisition. The& found that subjects,

in trying to identify concepts from given {nformation, tended to use *
particular strategies (of different types) with considerable consistency
and stability. The particular strategies jdentified by Bruner et al. were
(8) simultaneous scanning, (b) successive scanning, (¢) conservative
focussing and (d) focus gambling, with the subject being free to use any
one of them for the purpose of concept jdentification. Although Bruner

et al. did not see this work 1n the context of judgement as such, it is
evident from the process of concept acquisition that this involves
judgemental behaviour. Therefore, their finding of a relatively consistent

and stable use by individuals of particular strategies again supports

the 'styles’ argument.

In Chapter 4 of his book on adolescent judgement, Peel considers
pProcesses involved in making a.judgement. It is beyond the scope of
this review to give a full discussion of his argupents. However, it is
of interest to point to his view that the most mature thought requires
imagination ana the generation of hypothesis and that the number of
imaginings is some measure of creativity. Selection of the most appropriate
hypothesis and rejection of the remainder is then required to resolve
the conflict between the student, as & processor of information, and a
‘Problem situation containing previously unexpe;ienced information, Hé
also makes the most interesting point that "it may be inadequate and
nisleading to talk of observations as objectively unasssailable data, since
they may be partial and selected as a result of direction by the hypothesis
held" and asserts that reasoning from hypotheses 1s a most sophisticnted
thought form calling for experience and intellectual maturity in the thinker.
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He concludes the chapter with a summary of the capabilities required

for intellectual judgement:

This work of Peel's is essentially in agreement with the definition
of judgement which is given in Chapter 1 with the stress on hypothesis

generation and the requirement to assess the "reasonableness" of the

hypotheses.

Section 3.3 : A Measurement of Judgement.

The exercise in the measure of judgement which was used by King
(1972) had its origins in the various notions of judgement in the works
which have been quoted. The main focu; of this work by King was to
examine critical thinking and judgement as it developed 1# the context
of the chemical education of O level students. New chemistry curricula
stressed the desirability of pupils acquir}ng critical thinking and
Judgement abilities, but left unanswered the question whether these

qualities were actually acquired. Against this background, the study‘
- by King was conceived and carried out. It inyplved, among other things,
the clarification of what might be meant by "Judgement" in the chemical
educat%on context, and the developments of appropriate judgement tests.

The first exercise of judgement (called "Judgement Exercises")kwas
written at the University of E. Anglia in the Spring of 1972: The
first part of the exercise had ten problem situations.each of which was
followed by six statements representing conclusions or'hypotheses. The
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student was required to judge and decide whether a statement was

(a) sound and satisfactory in that it might serve either as a
partial explanation of the information or it might help to
resolve the problen,

(b) sound and satisfactory but irrelevant because it either fails
to explain the information or it fails to help in resolving
the problem,

(c) unjustified either for chemical or other reasons or because
use was made of information that should have been given.

Each student was awarded a ‘'conclusion score' and a 'hypothesis
score’ but early analysis of tﬁe data showed that the distinction between
a conclusion and a hypothesis to be an artificial distinction to the
student, and therefore this distinction was dropped for all subsequent
analyses.

The second part of the exercise, called 'Next Line of Action'’, had
eight chemical problem situations. Four possible actions were appehded
tp each situation and they were rank ordered by each respondent in the
order in which they were thought to be most likely to elucidate the
problem which was inﬁerent in the description of the situation. In each
situation one of the four optiqns proferred the opportunity to obtain
more information by a fresh experiment on a relevant parameter, an
experiment on an 1rre1evaﬁt parameter was contained in another option,
recourse to another source of information was offered in one of the four
options and spurious information was furnished by the fourth.

The findings from the study of chemical judgement behaviour have

. been described elsewhere (King's M.Sc. thesis, UEA, 1972), and no details

need to be given here. However, it is probably justified to point out
that, notwithstanding minor Shortcomihgs in the test materials develoﬁed
for the study, much neﬁ ground was broken in that fof the first time
Judgeﬁent in a chemical education context was examined and meaéured, whereas
previously generalised judgement tests (e.g. the Watson-Glaser Critical |
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Thinking Appraisal) had uncritically been accepted as valid measures,

Section 3.4 : Problems for Investigation

The problems for the present study have been touched upon in
Section 1.3 and they will be described in greater detail in Section 4.2.

The act of judgement is exercised by giving the student some information
about a chemical situation which is beyond his previous experience. A
question is posed and six, or so, statements are made. It is axiomatic
to this research, for the re#sbns given in Section 3.1, that the student
makes an act of judgement by (a) creating a hypothesis (or more than one
hypothesis), to "explain" the chemical information and (b) evaluating .
the statements in the exercise singly in the light of the hypothesis that
he has made, If he considers that more than Qﬁ; hypothesis is tenaple
he must decide whether to proceed with both or reject one. He may find
that clues embodied in later statements help him to reject one and he
may have to re-evaluate earlier statements.if he changes his hypothesis
during an exercise.

It is also axiomatic to this research that judgement can be
élassified in terms of the fouf attributes, labelled sense, relevance,
adequacy and justification. Two of these attributes (namely sense and
relevance) are concerned with the scope of the Jjudgement and the other
two are concerned with quality. In the broad sense the judgement will
be considered to be good if it conforms to the body of established
scientific experience, i.e. it must be sensible. In the limited sense
of the particular judgemental situation, the judgement must also be
relevant in that it relates the information available to the problem
which has been posed. The actual quality of the judgement is mcasured
by thé extent to which the Judgement makes full use of the information

and 1f it does so it is said to be adequate. A timid Judgement fails

to make full use of data but one which requires excess information
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beyond both the body of knowledge which might be expected in cognitive
structure and the information in the item is said to be unjustified.

The measurement 6£ judgement for the purpose of this study is the
sum of all the acts of judgement in the test document. This contains
some test situations which are theoretical and others which are practical
since thé study of chemistry in the classroom anﬁ laboratory requires
both these activities. Sub-test scores which arise from the attributes
described above will be prepared and analysed in order to explore the
psychological differences that there may be in the attributes. The
validity of the test is difficult to establish because there is no
recognised test of chemical judgement but comparison with a similar test
is made in Section 8.1. The number and quality of the hypotheses aré
examined in Section 8.2 and the méasurement of judgement both alone andl
with other variables is reported in Section 8.3. The differences beﬁween
'scope' and 'quality' are also considered in this section.

The act of judgement is also seen to have wider implications, In ;
particular it was proposed, most tentatively, in Chapter 1 that
Judgement ability constitutes that part of the learning process called

information transformation. If this proposal is to be sustained some

bearing of judgement upon academic achievement must be expected, and,
also, the relationship between information transformation and the other
part of the learning process which is incorporated into this work,

namely information perception, was also expected to be a fruitful avenue
for research. Judgement in its restricted sense is confined to Chapter 8

but these more global aspects are treated in Chapters 9 and 10,
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CHAPTER 4 : THE RESEARCH PROBLEMS AND STRATEGY

Section 4.0 : Introduction

The learning sequence was introduced as the principal theme of this
study in Chapter 1 and two of the three stages of the sequence were

described at some length in Chapters 2 and 3. At the end of these

chapters some problems for investigation were posed in outline form.

The purpose of this chapter is to describe these problems in more

specific terms and to identify additional problems which may be resolved

by unifying the evidence from the two separate strands of the study,

dealing respectively with cognitive preferences and judgement. It will

be recalled from the earlier chapters that the first stage of -the learning
sequence, information reception, could not be distinguished from the second
stage, information perception, in operational terms that would have éermitted
investigation of the two stageé separately. For this reason no work has

been done on the first stage, In Chapter 2 tﬁé'bre;;;émﬁa;ﬁ;e of the )
second stage was described and it was related to cognitive preference
behaviour; the relationship between the third stage and judgement w#s
explained in Chapter 3. |

It will be recalled from the brief summary of the problems for
research given in Section 2.6 that the research problems which relate to
cognitive preference are of three broad types, The first of these are
techﬁical in nature. - It relatesto the actual measurement of cognitive
Preferences and include statistical evaluation and item design, and it
will be identified in Section 4.2 and the resﬁlts will be reported in
Chapter 5. lThe second type 18 concerned with the structure of cognitive
preference behaviour and will be ?eported in Chapter 6. The third
gart of this work is contained in Chapter 7 and  embraces the dimension
of time. It concerns the change, if any, of cognitive preferenée behaviouyp

in the same sample population in order to explore the possibility that

- e
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cognitive preference behaviour ﬁay be interpreted as ; cognitive style.

| It will be evident from this brief survey of the work which will

be reported that two different strategies were required. The first
required the use of populations of students with sufficient experience

in chemistry to ensure that the examination of preference was a valid
exercise and to furnish sufficient chemical_background for the exercises
in judgement and also with sufficient time available for testing in depth’
on both the major and the minor variablés that were considered to be
relevant. (These latter variables are reported 1n.Section 4,.5). The

ropulations were subjected to 'one shot' testing and the data which was

obtained furnishes evidence in Chapters 5, 6 and 8.

The second strategy required that the same population of students
should be availgble over a period of years for 'ldngitudinal' testiqg.
It was considered essential that all the students should have some
experience of chemistry before measurement by the first test of the Series.
It was also deemed to be important that the series of tests should
coincide with a period of proven change to strengthen the case for the
cognitive style issue. The tests which were used for the 'longitudinal’
study with the same students were reused for comparison with three
separate bodies of students of<equiva1ent ages and class levels.

The sample populations were drawn from several secondary schools.
The test series for the 'longitudinal' study starfed when the population
had completed the IIIrd Form year, the second test battery was administered
to them at the end of the IVth Form year and the final battery coincided
with the '0O' level examinations at the end of the Vth Form year. All
the students in the samples were engaged in an 'O’ levél course in
chemistry during this time. (There was a considerable decrease in the
8ize of the sample after the IIIrd Form because/;ﬁﬁEZnts discontinued
chemistry), The use of chemistry for the test medium was fortuitous:

other factual material could have been used. Both the 'one shot'
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and 'longitudinal’' studies required information from a number of
ancillary tests. These are described with the justification for their
inclusion in Section 4:4 and a full description of all test instruments
i8 included here. A brief account of the test samples and the programme
which was used in order to resolve the research problems is given in
Section 4.3. A summary of the investigations using evidence from all
measurements together with special intent to seek out aspects with direct

relevance to the classroom is contained in Section 4.5

Section 4.1 : Information Perception

The purpose of this section is to amplify the three broad areas of
research relating to cognitive preferences which were described in
Section 2.5, and develop them into more specific areas and then into
individual research problems. The three problem areas were identified
as (a) measurement of cognitive preferences, (b) the structure of cognitive
pfeference and (c¢) their stabiiity and possible character as a cognitive
style. The evidence which relates to these area will be reported in

Chapters 5, 6 and 7 respectively.

Part (A) : Measurement Aspects of Cognitive Preference

It was pointed out in Section 2.3 (A) that cognitive preference
instruments cannot be fully validated by independent measurements and
that it has been the practice invariably to establish 'face' validity
by employing experienced teachers to scrutihise the tests. The scrutinee£s
were asked specifically to ensure that the construct of the mode was
iaccurately reflected in the option to the total exclusion of the other

three constructs.

Research Problem (A.l)

It may reasonably be argued that (a) the modes in a cognitive

preference instrument are not perceived in the manner intended by
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the designer of the ingtrument and by the scrutineers and (b)

the four individual options of the items are sufficiently

‘mode specific' to ensure the validity of the test instrument.

The restraints which are imposed on the analysis and evaldation of
cognitive preference data by its ipsative nature have cast doubt on the
strength of the evidence. Confidence in the research evidence requires
that the procedures used with cognitive preference data have secure
statitistical foundation, It may be recalled from the discussion in
Section 2.2 that cognitive preference tests may be scored in a numper of
different ways. Several workers including Heath (1964) required'the
respondents to select the one most preferred option. Kempa and Dubé
(1973) specified that all the four options of each item should be rank
ordered; Mackay (1972) and Brown (1974) asked for onl& the most préferréd.
option and the least preferred option of each item.

Research Problem (A.2)

To explore the degree of confidence that resides in normative

treatment of ipsative data. This is fo bé do£e‘gy“first measuring

cognitive preferences on a normative scale, then to rank order this

data in order to obtain both normative and ipsative data for the

same preferences, to subject both sets of data to the statistical

procedures which are normally employed for normative data only and

finally to compare the evidence from both.

Clearly the length of the test instrument is relevant to this problem.
Investigators who used moderately sized tests have invariablytréported
adequate internal consistency of the answers} suggesting adequate
reliability. Brown queried the reliability‘aspect on the basis of her
own findings! but she paid inadequate attention to the fact that hef dafa
was derived from a test with only ten items, Potenfially, the questién
0# how test length affects test reliability in the case of cégnitive'

pPreference instruments might be thoughtby some td require attention, In
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the author's view, however, this is not so: the general issue is
adequately covered by the Spearman-Brown prophecy relationship (the
longer a test the more-reliable it tends to be), and no a priori reason
exists to assume that this relationship would not also be fulfilled in
the case of cognitive preference tests.

The (pragmatic) decision taken for the purpose of the present researchl
was to use cognitive preference tests with a minimum of 24 items,

Attention has als0  been drawn to Tamir's claim, made in 1975,
that cognitive preferences have the following elements: genéral,
disciplinary, and subject specific, The first is characteristic of the
individual student and Tamir pcstulated that it may have two components,
one inherited and the other acquired through experience, Tamir went
further to postulate that it is the discipline dependent element which
is measured by a cognitive preference instrumenf. It is the intention of
the administrator that the instrument which is used should sample the
discipline sufficiently broadly to ensure that the third element that
Témir proposed, the subject specific element, should have no specific
bearing.

Tamir's claim was made more in the nature of a prediction than a
conclusion reached from direct research enquiry. In the context of the
present study, the opportunity was seen to exist (and taken) to examine
one particular aspect of the Tamir claim, namely the subject-specifity
of cognitive preferences, It may be argued that, if cognitive preferences
do indeed contain the subject-specific element suggest by Tamir, items
with common subject matter should give rise to_preference scores which
correlate more strongly with one another than with preference scores
from i@ems with no common subject matter.

Research Problem (A.3)

Cognitive Preference items will be examined to determine whether

subject-specificity can be demonstrated.
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Part (B) : The Measurement 61 Cognitive Preference and the Evaluation of
Pupils :

Part I : Structure (Research Problem (B.;)).

The structure of.;ognitive preference behaviour has already been
established by earlier workers and their findings are reported in Section
2.4 Part B. The structure described by Kempa and Dubé (1973) involves
two bipoiaritiés which were identified as an R/Q scale (curiosity scale)
and an A/P scale (utility scale). Confirmation of the evidence using
normative data was sought and the alternative structure reported by
Mackay (involving an R/P scale) when a different analytical procedure
was employed, was thought to merit investigation.

Part II : The Evaluation of Pupils (Research Problem (B.2)-(B.7))

(Research Problem (B.2)

Kempa and Dub@ (1973) found a relationship between cognitive
preference orientation and academic achievement as measured by 'O' level
grades, They reported that students with high aéﬁievement preferred the
Q and P modes while those with low achievement preferred the R and A modes.
Kempa and Dubé's heasure of academic achievement (O-level grades), though
convenient to use, can only be regarded as a coarse measure for it is
not known what qualities such érades reflect. A further point; made by
Brown (1975) for example, concerns the question whether the expression by
@ person of his cognitive preference might not simply be an expression
of his academic ability. This type of question is no doubt prompted by
the use of two terms in connection with cognitive preference testing which
are also used by Bloom in his Taxonomy of Educational Objectives (the
_two terms are :- Recall and Application). In consequence evidence was
sought to establish whether the relationship was as strong when academic
achievement was measured by scores in a test of recall of chemical
information and when measured in a test of unéerstanding of chemical

pPrinciples,

Kempa and Dubé's finding about the relationship between academic
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achievement and cognitive preference orientation applied to students
subsequent to their completion of the {0' level chemistry course. In
view of the fact that for the present study a somewhat younger population
was uged,( viz 11Ird formers) it cannot automatically be assumed that the
same or a similar relationship would apply here also, This, of course,
provides an additional justification for the pursuit of this part of the
investigation.

(Research Problem (B.3))

One difficulty which is inherent in the measuremenf of chemical
achievement in a situation in which the student population originates
from several different schools, stems from the likelihood of differept
curricular structures existing in the different schools., Although tests
of chemical/science achievement can be designed which, at leaét sﬁbefficially,
take into consideration such differences in so far as they are Ai;coverable
by interviews with teachers, fullrcertainty about the 'fairness' of these“
tests cannot be gained since curricular differences may exist in differént
schools, F;r this reason, it was thought essential in the context of
this study to obtain scores on a more global measure of ability/aptitude
as a reference measure. The tests which were selected for this purpose
were the Bristol measures (Achievement Test, Study Skills, Level 5)since
these arebroadly 'science' related.
Attention has already been drawn to the point that the stability of
cognitive preference can be conceived of in relative terms, i.e. where
the position of an individual in relationship to others remains fairly
constant with time, despite there being a gradual overall shift in such
orientations with time. If, indeed, such a gradual overall shift takes
" place (evidence for or againsg this was sought as part of the study), the
questioﬁ arises what causes or might cause such-shift. A number
of obvious variables and factors present themselves and these included
1) pupil maturation as measured by classllevel.ii) syllabus content and

cu
rf‘icular influences, iii) school and/or class environment, iv) teacher
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attributes, v) the science'interest and bias towards or away from
sclence of each respondent and vi) sex. The psychometric problems and

the need for substantial, or even vast, sample populations together limited
the issues that could be examined to the following three research problems.

Research Problem (B.4)

To investigate the relationship between pupil maturation (as measured
by class level) and cognitive preference behaviour.

Research Problem (B.5)

To investigate the relationship between science interest and bias

towards science and science studies and cognitive preference

behaviour,

Attempts were made to examine these relationships in so far as‘they'
exist by appropriate correlational analysis.

The final problem which was attended to in this section was to

examine whether there is any difference in cognitive behaviour between

the sexes (Problem (B.6)). The particular intention was to repeat the

wvork by Tamir on older students (Tamir 1976) to é;e'whetﬁérrfhe-differences
in cognitive preference behaviour between the sexes is also apparent with
pPre '0' level students. At the same time an investigation was undertaken
to see whether there is any difference in cross relationships between
cognitive preference and academic achievement for the two sexes.

Part (C) : Stability and Style

(Research Problem (C.1))

The interest in this section of the research stems from the belief
that genuine style characteristics may be associated with cognitive
breferences. The most important evidence which could be gained in support
of this concerns the stability of cognitive preference ratings for an
individﬁal since that would point to a qonsiste#t deep-rooted responsé
paﬁtern. Stability in this context‘has two dimensiong: (a) stability

across subject boundaries and discipline divisions. This has been explored
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and, by and large, been substhntiated although the claim by Tamir (1967)
to there being in existence a distinct subject-specific element to
cognitive preference ratings must inevitably weaken the usefulness of
stability in this respect (i.e. the acroés—subject stability) as providing
firm evidence in support of the styles notion. (b) the more impqrtant
line of enquiry concerns stability with time since this has been used by
workers in cognitive styles areas as major evidence.

Two propositions are worthy of consideration:

b(i) retention of absolute position in a styles network (i.e. no

shift or adjustment is occurring with the passage éf time)

(i1) retention of a relative position (i.e. relative to others

in a stylés network.) |
Previous.findings by workers in cognitive styles seem to suggest that (1)
is hardly ever found. There.is indeed some shift, but (importantly) an
individual's position in the 41sttibution pattern obtained for a 1argéish
population has been found repeatedly to be and to remain fairly constant.
It is this that tends to be taken as evidence in favour 6£m§ty1e;";ﬁdwww~MMW#
their existence. In the present situation, this type of stability will
be looked for, i.e. the stability of an individual's position in a relative
sense, although the absolute position will also be explored.

The notion of stability in cognitive preference orientation differs
from the stability which is normally associated with styles in that four,
usually ipsative, measures are involved, It is therefore necessary that
the stability of the four measurements together is examine§ as a single
relationship (hereafter labelled relationship stability) It is also
necessary that the examination of relationship stability is preceded by
evidence to show that the respondent's behaviour is stable du;ihg the
administration of each test instrument and that;eachﬁof the four modeﬁ

Preferences from which the relationship is built is separately stable

1. e. that there is an acceptable measure of mode stability). An extension
of the\atudy of stability takes the cognitive preference relationship and
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and examines it in the light of the structure of cognitive preference

behaviour.

Section 4.2 : Information Transformation

The term judgement and the relationship between judgement and
information transformation has been discussed in Section 1.3 and in
Chapter 3. In brief, the principle is that judgement is a two stage
process in which the learner, as the "Jjudge",has first to create hypotheses
and then to assess their reasonableness; Subsequent 'adjustment' of the .
learner's cognitive structure as it exists prior to the information
transformation permits the new information to be embedded in new or
modified cognitive structure. This part of the study was designed to
examine each of these stages separately and, alsé, together. The assessment

of reasonableness is the principal objective of the Judgement Exercises.

Each of the 1tems in Part I (the theoretical part) provides the respondent'
with information about a chemical situation, a problem relating to that
situation and some statements. The respondent is required to create one
Or more hypotheses which relate the information to the problem and then
classify the statements into cafegories of reasonableness in the light of
that hypothesis. (If the respondent has more than one acceptable hypothesis
he must assess reasonableness with each and arrive at a category that he
deems most likely). The items in Part II (the practical part) are similar
€xcept in that an experiment is proposed and its outcome, it positive, has
to be assessed for reasonableness ; an experiment is reasonanable if it exploress
@ parameter -
/that g both relevant and useful in resolving the problem.
The quality of the hypotheses is examined by Part III of the
Judgement ﬁxercise. The items are similar to those which are used

previ°“81y but only the information and the problem are given, The student

has to devise experiments which he thinks will give relevant and useful
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outcomes. The quality of the experiment is then assessed by an adult

chemist.

It will be recalled from Chapter 3 (Section 3.4) that the categories

were chosen so as to embrace both scope and quality. The classifications

which offer the parameters of scope are (a) 'sensible' in that the statement
is in harmony with the whole body of science and (b) 'relevant' in that the
statement has bearing on that part of the body of science which is germane
to the problem situation. Quality 1s .a notion that is specific to the
actual problem; if the statement makes full use of all the information that
is given it is classified as being 'adequate', if it requires no more
information than might reasonably be expected to be present in the cognitive
structupe of the respondent it is classified as being 'justified'. Copies

of the Judgement Exercises are given in Appendix D, E and G.

It is therefore deemed .to be axiomatic for the purpose of this research
into Judgement behaviour (a) that the act of judgement is initiated by

.

an introductory statement of genuine chemical fact and a question which

relates to that fact, (b) that the respondent creates a hypothesis (or

more than one) and (c)/ﬁga:valuates the statements which are 1ncorporatgd
in each item (using a classification procedure with multiple choice format).
The hypothesis that is employed by the respondent is not revealed but the
extent to which it accords with accepted scientific fact is revealed by the
responses which are given. This procedure was adopted by King (1972)

and the test instruments used in this study were developed in the light of
that research,

The research problems.which arise in the new study are of three broad
types. The first concerns the conceptualisation of what constitutes
Judgement in the chemistry context, and how such judgement might be
measuréd. Essentially this concerns the development of suitablg '1n§trumentsﬁ
89# it is discussed in Section 3.3. The second‘type pf problem concerns’£he
évaluation of the instrument for the mgasurement of judgement ability, in
terms of its validity and reliability.  The third type 1s the relationship,
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if any, between Judgement ability and generai chemical competence and

achievement, and curricular influences upon the student. Research problems

(D.1), (D.2), and (D.3) relate to the second problem type and Research

Problems (E.1) -~ (E.4) to the third.

Research Problem (D.1)

Reliable measurement of judgement in the manner prescribed requires

hould have
that the instrument /S c*&ace' validity and that the individual

should ’
statements/respond well to item analysis,

The 'face' validity of the instrument was examined by chemistry

teachers.

Research Problem (D.2)

It was considered reasonable to ask respondents to write their
responses to the test; in a supplementary test respondents were asked to
state the
/experiment(s) that they would perform in a number of further
situations similar to those encountered in the test in which problems
. of similar type had been given. It was theorised that respondents who
were consistently able to suggest experiments which were considered
by the 1nvestigator.to be relevantvto the problem, had consistently
hypothesised correctly in the supplementary test and it was anticipated

that they would score better on the main test instrument.

Research Problem (D.3)

Instruction in scientific method is not a specified requirement of

the syllabus of most examination boards. While it is likely that most
teachers of science dwell upon this topic at some time during the

0 level course it is unlikely that it would be in the forefront of the
minds of the respondents, It was deemed to be imporfant to establish
vhether or not brief training in the réle of the hypothesis in.
sclentific method would 1mprbve the performance on a test of judgement,
A sample population was divided at random into groups which received

different training and all were then required to respond to the instrument
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Research Problem (D.4)

It was postulated that the facility of an item might be related to

the number of 'caQse-and-effect' links between the observations in the
opening statement'and the parameter for investigation proposed in the
ensuing statement.

It will be evident from the discussion on the curricular differences

between schools (see under Research Problem B.2 above) that similar

differences might be relevant in the study of judgement ability and general
.Chemical competence (the third problem mentioned above).

Research Problem (E.1)

It was considered to be important that the scores in a test of

Judgement ability should be related to the scores in other and more

global measures of achievement in science, i.e. O Level grade and

other scores in chemical tests. N

It may be argued or at least thought possible that judgement ability
should in some form be linked to what may be described broadly as "intellectual
m#turity". Since the subjects involved in this study as a whole were
students in the critical pﬁase of intellectual development during which,
according to Piaget, formal reasoning ability develops, it was thought
idvisable to explore whether sfudents' developmental levelsdo in any
significant way influence or correlate with their judgement behaviour. For
this reason a suitable test of Piagetian tasks was administered as part of
the investigation. It should be pointed out that this aspect of the study
Vas decided upon for exploratory reasons and not in pursuit of a definite
‘hYPOthesis perceived in an a priori way.

Research Problem (E.2)

T9 explore the relationship, if any, between developement level and

Judgement behaviour.
‘Intellectual maturity’ cannot be seen simply in terms of some Piagetian

or other developmental process, but must also encompass broad intellectual
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skills, e.g. those customarily measured in terms of I.Q. or similar tegts.
It was thought desirable therefore to examine the extent to which

Judgement ability reléées, in a correlational sense, to an accepted measure
of intellectual skills which, at least in part, reflects on science
orientation. The particular measure adopted for the séudy, was the Bristol
Achievemént Test, Study Skills, Level 5. Detailg of this test are given

in Section 4.5, Part E and a copy will be found in Appendix F,

. Research Problem (E.3)

To explore the relationship, if any, between intéllectual awareness

for science (as measured by the Bristol Achievement Test) and

Judgement behaviour.

The Bristol Achievement Test is 2 standardised test and does not cover
chemical situations as such. There is thus no information to be gainedv
from the comparison of the Bristol Test scores and judgement scores qbout
the effect which chemical achievement has on judgemental competence,
King's (1972) study indicated that such effect, if it exists, 1s of 1imited
magnitude only, but this result was considered b& him to require confirmat{on.
In consequence this facet was re-examined in the context of the present
study, by comparing judgement thaviour of students with their‘chemistry

achievement grades obtained in O Level examinations as well as in end-of-year

tests in chemistry.

Section 4.3 : Multivariate Analysis

In the previous sections cognitive preference behaviour and judgement
ability have been dealt with as unrelated (i.e. separate) variables. It
was suggested in Chapter 1 that they are in factllinked through the }earning
model.. In consequence an attempt will-be madé in Chapter 9 to explore
whether any such link is borne out by the data ;hich<was obtained in this

study, Questions such as whether judgement abilities can be related to
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Particular types of cognitive prefercnce behaviour are of interest here.
It 8hould be stressed that no particular hypotheses are advanced beforehand
because no adequate tﬁeoretical 1ink has been established between the

Processes o judgement and those of cognitive preference choicesto allow

Such hypotheses to be formulated. Instead the exploration which is to be

tade heré is of a tentative nature, in pursuit of hypothesis-generation,
Tather than hypothesis~testing. In the course of this work a popu;ation |
ot Btudents‘will be subdivided into groups by scores on all four cognitive
m"’fﬁ*rence modes together and the within-group similarities and d;fferencés
O other variables will be considered, as will the intgr-group comparisonsf

In Chapter 10 this learning model will be studied in the light of

conventiona]_ ¢classroon variables in order to explore its authenticity and.

its relevance and value in the process of learning

§EE£122_§;4 : The Test Samples snd Research Programme

All the students 1n 311 the samples which were used were actively
involveq in a course of chemistry at the time of the administration of the
test, Students from grammar and 1ndependent secondary schools.were‘
x'ex’l‘etsem;ed in approximately equal numbers in the ‘'longitudinal study’ but
there Were more boys in the sample than girls. The students in the ‘one-
shot study' at third form level were all boys and they were all from the
Same 1ndependent school. All the students were belng prepared for '0' Leve1_¢
exﬂminations- some intended to take Chemistry ag a separate subject while |
-°thers planned to take it in combination with another science subject a 'O'  '
Level The sample which was studied at ‘third torm level in 1974, at fourth
tOrm level in 1975 and at fifth level 1n 1976 numbered 830 at the beginning
&nd 439 at the end. The loas occurred because a number ot atudents,
particularly girls, decided to abandon Chemistry in favour ot the other

sciencea two years before '0‘ Level and because the administration of the ‘1- 

Etests at the end of the tifth form level conflicted with the '0' Level
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Zable 4.1 : The Test Samples

~———
'Longitudinal' Study ' !
Year Test Instruments = no, of no. of no. of class
" sonools | classes | respon- | level
dents o
\ H
1 . :
974 | Cognitive Preference 9 . 40 717 Illrd
Test~I and Bristol
Achievement Test.
Study Skills, Level 5 |
1975 - -
975 Cognitive Preference 9 31 606 Ivth
Test~-II and Judgement
Ex-11
1976 Cognitive Preference 9 39 729 Vth
Test-III and Judgement
' Ex-1I1
\_—__

Note: (a) Judgement px-I1 was used and reported by King (1972).

(b) The total number of respondents who completed all -
‘tests was .439.
(¢) A schedule of tests 18 givén’in ﬁ?g?§§#$ﬁ

(d)'UCPI-IiI and JE—III~were also administered to 123
respondents inl;?76.

" +One-Shot' Study

Tosts Administered Year : 1976

1)~ C°gn1tive Preference Test«III L « ‘ No. of Classes 1 7 |
- 2) Judgement Ex-III ”‘; e C kClass Level H IIIrd Form
3 Differential Aptitude Test - Number* . . Resef
e IR . o respondents : 161
5 Enalish Comprehension Test* 1'
6),‘Pinget1an Test (combinatorial)

N1 Q. (Otis « & B)

8). End-oi-year examination of achievement s“”~t! .
1n chemiatry ' :

: NOte~ the data from the tests marked (*) were gathered and processed but
they wero not used extonsively.x;_;',f\ T i




Xaminationg whicﬁ were goiné on at the same time.

Tests were administercd by class teachers. DBefore each period of
adminiatration of test, each school was visited, the invigilators were
1nstructed on test procedure and whenever possible the students were
Blven gp outline of the project in sufficient depth to permit them to
fPPreciate the importance of the work. The care which the students took

¥ith their tests was generally most satisfactory; the 8 scripts blighted

by POSt '0' Level euphoria were jettisoned. Each test or combination of

tests ¥as designed to last for the duration of one class period of 40
Dinyteg .

Three different preference tests were administered to the same students

10 June and July 1974, 1975 and 1976 and the data used for the research

Vhich Yequired 'longitudinal' treatment. The same students were tested
Qn the Bristol Achievement Tests,Study Skills, Level 5 1n 1974 a test of
Judgement in 1975 and a second edition of the edition of the same Judgement

test 4n 1976. Most of the 'one shot' datawere gathered from 1976

used for a cognitive

Hrd pory students but a IVth Form sample was also
Dreference test and a test of judgement in 1976 and anotherIIIrd Form sample

Vas ygeq for a judgement test in 1977. All the 'O' Level grades which

Vere uﬁed were awarded in the Summer of 1976.

§331122_§,5 :_The Test Instruments

The six different types of tests which were used are grouped as =
follows, (a) cogniti#e preference test, (b) Judgement test, (c)

achievement, (d) science orientation,. (e) '1nte11ectuai developmént and

(f) Other tests,

Eﬁi&.&él,: Cognitive Preference Tests

Three 1nstruments were used; the first two are similar and both

follow the model used by Kempa and Dubd and used some of their 1tems.f
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Seven items are common to the two instruments. The third was written

8fter the publication of Brown's paper (1975) and it contained only original

Ltens,

ey

The first cognitive preference instrument, called *Thinking in

Chemigtry 1+ suitable for IInd and IIIrd form students

s contained concepts

% chemistry, The pretest version of the test was issued to 55 IInd form

$tudents 1y June 1973 and subsequently amended in the light of the pretest

xi“dings, it was used with 717 Illrd form

In its operational format,
8tudentg in 9 schools during June and July 1974. It contained 24 items
®3¢h with 4 options and responsés were given by allocating 3, 2, 1 and O

Votes to the options in order of preference, (This scaring procgdure is

identical to the 4, 3, 2‘ 1 procedure used by other workers. It leads

0 emaller mode totals and facilitates the mental arithmetic involved in

Processing response sheets but it may seem misleading in that it accentuates

pr°P°rtiona1 differences between mean mode scores ) The pretest data iﬂﬁmw_”

Blven in Table 4.2.

The pretest was achieved by sending the material to Onﬁ, two OI‘ three

8tudents iq each of 27 schools. in each of thesa schools the science

teacher was asked to scrutinise the 1anguage and content and to say whether

€ach of the items had been covered during routine school work. The 1tems

¥ere further examined by three experienced teachers of chemistry who had

Teceived instruction in cognitive preference test construction and had
€Titically examined three previous tests. All the items of this instrument
_w°re new and: the only innovation was an attempt to minimise student anxiety
by 8tressing that each person's way of approaching data is unique and not
“ecﬂssarily 1nferior or superior to that of others.. The anxiety arises
becnuse the administration of 8 cognitive preference instrument places the'   o

atudent 1n a novel aituation. He is accustomcd to expressing preferencas 3_f s

in Artg aubjecta but he ™ not normally 1nvited to do so- in 'y Science aubject;1;

:'A °°Dy of this 1nstxument will be found at APRGﬂdix ﬁv,‘ 

6,8,‘._ ‘



Taby
4.2 : The Pretest Data and Operational Test Data of Cognitive
Preference Tegt-I, II and III

Py

et .
\‘*EEE-REEE= No. of students : 55, Class Level - IInd Mean Age : 12,11
(s.D. 3.7
month)
No. of items : 24 Scoring Procedure : (v/: 0, 0, 0)
Mean Mode Scores : R 7.5 (S.D. 2,3)
A 5.9 ( 1.3)
- Q 5.1 ( 1.2)
P 5.4 ( 0.9)
Comments from the respondents and their teachers were
invited; 8 items were altered and 4 were replaced,
Cpy

"l Thinking in Chemistry - I (Appendix A)

No. of students : 606 Class Level - IIIrd «
No. of items : 24 Scoring Procedure : (3, 2, 1, 0)

R 38.42 (S.D. 8.09)
A 32,93 ( 10.64)
Q 33.90 ( 7.45)
P 38.40 ( 10.01)

Mean Mode Scores }

€p1. .- , . v
I-11 Thinking in Chemistry - II (Appendix B)

No. of students : 426 Class Level - IVth

No. of items : 28 Scoring Procedure : (3, 2, 1, 0)
Mean Mode Scores :"R 41.81 (S.D. 11.09):

A 41,13 ( 9.97)

Q 37.70 ( 8,66)

P 47,27 ( 10.85)

s .
®Ven items in CPI- II'were also used in CPI-I (Nos, 5, 8, 16, 29 23 27

a
nd 2g), These were the so—called '1ink items',
Cpy :

~III Teaching Notes (Appendix C)

No. of students : 439 Class Level - Vth

No. of items : 28 ’ 'Scoring Procedure :,(vé/lvzfeo;‘*)
d Mean Mode Scores : R 13.39 (s,D. 9.07) = IR
oy e A.10.88 ( .9.84)
Q. 9.98 ( . 8.86)
p

11.82 ( 9,44)
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The Second cognitive preference instrument, called 'Thinking in
Chentatry II', contained 28 items each with 4 options. 17 of the 28 itcms
vere Written by Kempa and Dubé (1971), 4 were new and 7 were from CPI-I,
The intention of these 7 items was to repeat them a third time in CPI-IIX
and then €xamine the stability of students' cognitive preference behaviour

on thesa ltems in each of the three years, The need for extensive modification

of CPI-111 frustrated this plan, CPI-II was administered to 606 students

in 1975; 477 of these had also worked CPI-I in the previous year. A

Py of the instrument appears as Appendix B.
Cpr..
420 974

The papers by Williams (1975) and Brown (1975) stressed the need to

bal cuein ‘
1llimize the factors/JﬂiéL %gg?%ere withsihe examination of preference.

williams measured the contribution made by prekerence to a cognitive
preIe!‘ence score and found it to be small in comparison both to. method
Variance and content variahcé buﬁ he conciuded that "prefgrences»dor_
*"tribute sufficient variance to make them worthy of examination” (p.74).
Brown (P.53) had raised the'possibility;that the tests used by Hegth and by
°thers could ha?e provided extensive cueing with linguistic flags and that:
fhis might have been responsiblé for the high internal consistency reported
5 thege investigators. In the light of this criticism by Brown & drastic
°Vision was undertaken of the instrument which had already been written.:
°r§tinised and pretested. The new document was written during the Spring'“
ot 197¢; 3¢ was scrutinised and discussed but/not pretested through laqk
91 time before administration, No 'item-total score' analysis vas done and ,"
. thus Some imperfections survived 1n the final document. .
A particular innovation made for the third cognitive preference

1nStrument (CPI~ III) concornod the 1ntroductory statemeht of each 1tem. ;

The rﬁle of the statement 1s to identify a small part of subject area and I

88 a rulo it 18 interchangeable with the R (= Rocall) mode option., It 18 f Erhy
‘n°t clear whethor respondents perform a triangular exercise ‘when declurinﬂ"
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8 preference between every pair of options bY relating each to the

introductory statement separately; or whether they simply lgnore the

1ntr°d“°t°ry gtatement after jdentifying the subject area which entails

2 straight comparison between options, either on 8 pair-wise pasis or in

Some other pattern., If in ¢he preference rating, reference is consistently

Tade to the introductory gtatement, this might possibly bias the response

towards the mode implicit in the introductory gstatement (for instance,

the introductory statement of 1€l 13 of CP1-1I has & p mode implicit in

it, of 15 has an A mode and of 28 has 2 Q mode) . The decision was made,

therefOre to prepare four items on each of six topics, to assign the four

itens to the same page of the instrument and to give each page and each

item brief titles. The reduction Of the introductory statement to a title

¥as thought to minimise any cueing or bias in the act of expressing

Preferences, it also eased the construction of test items bY releasing

the customary 1ntroductory statement for utilization as an option.

Analysis of the draft jnstrument showed that most Q and P options were at

% higher level of abstraction though not necessarily more complex than the

Rand A options. Uniformity geemed to be eagsy to achieve and small

alterations were made to the fow items ‘which required modification.

CPI-1I11 was administered to 439 Vth Form students, 123 1Vth Form

Students and 161 111rd Form students in June and July, 1976. It was

thought that ' Vcalv/i o, X' 5cor1ng'procedure might facilitate an easier

€xpression of preferences and nence this mode of responding was chosen.

A °°PY of CPI -111 is given 88 #2232235,93

As an alternative exercise the four items on each of the first three

Pages of the CPI were broken into 24 pairs and used with 45 IIIrd Form -

Students for the Pair Comparison Exercise (Section 5.1) ‘and the scoring o

Drocedure was altered for 45 Ivth Form students to permit them to rate each’fff

Teésponse on & 100 point scale. The data . from the former was. used to gauga ; A,;j;

Commitment and construct vnlidity of the four modes and the data from the o
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latter furnished an opportunity to view each item 88 an independent

test unit with normative BScOYe, to assess nytem-total score" correlation,

to see how various scofing procedures and methods of analysis pehave after

the alteration to ipsativé scoring has been superimposed on them, to

e€xamine fluctuations in intensity of response preferences and to j{liuminate
the concepts of internal consistency and reliability when applied to

cont ,
Ognitive preference measurements.

Part (B) : Judgement Tests

The Exercises of Judgement set out to present'genuine judgement
8ituations. They were intended to be genuine in the sense that the
Yespondent had sufficient ‘knowledge of the general situations but no
SPecific knowledge of the problems: They were also intended to be well
Within the intellectual capacity of garget samples of respondents. It
%111 pe evident that the geverity of these restraints ensures that no
document will be ideal for any one student and that the test exercise
?ust‘represent some'compromise for both sbility and experience.

A sound scientiflc judgement was theorised as having four attributes.

labelled sense, relevancy: adequacy and justification. These are described

in Section 3.4. The classification procedure which was used by the

Yespondents was related to these attributes.‘

It was also thought necessary to accommodate within the set of Judgemént

Exercises ‘both the theoretical and the practical dimensions which are

°hﬂracter15t1c of the sciences. For this reason the Judgement Exercises

Were divided into two parts. 10 the first part judgements of each of the

. 4 attributes were demanded in relation to theoretical situationa. In the
fecond part, further judgements ‘were required concerning the practical
Problems. For the latter purpose judgements of these attributes only were

’°Quifed.; The fourth attribute, 'Justified', was not used here because

it 15 a necesaary condition of the 1tems in this part. '(Judgement k:}}_f;ff

Exercisa - II which aerved as the protest for the ensuing document. CWRB

i “ructured snghuy differently).
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A third part was added to the new edition of the test in order to
e*Plvre the respondents' ability to devise useful experiments for
themSGIVes, It was opén-ended and asked only for a written record of
®Xperiments which weré thought to be helpful and worth further study to
®lucidate four further practical problem situations. The proposed
“XPeriments were scrutinised to see whether they'examined even remotely
*elevant parameters.

. The exercises were scrutinised by adult chemists to ensure face

validity and the score which was allocated to each respondent was simply
the gsypy of those of his judgements which matched those judgements of the
adultg, |

A test (called JE-II) which purported to measureyjudgement was
Prepared in 1973, (JE-I was the test which was used and reported by
King (1972).) 1t contained five theoretical situations and five practical
Ones. Eacn situation was described briefly and in each a problem was posed.
The theoretical situations were followed by some atatements and the practical
Oheg by some experiments, The statements and experiments were intended to.
stimulate the student into making hypotheses which would unify the problem
8nd the statement/experiment. The test rubric required the statement/
e"Deriment to be classified in terms ox the four attributes of judgement.,
The sum of correct classification of responses was taken as a measure o£
ability of judgement. Response was made in multiple—choice format and
Ro EU1dance was given on the number of exemplars of each attribute., A c0py
°f the test booklet appears as _322391§_2~ | B
: The responses of JE- II were ‘subjected to an 'item' analysia. Thié
Vag done by hand with a top and bottom group ot 82 scripta (27% of the
total gample). Only 25 statements were found to have both a discriminationvi

°°°fficient greater than 0 30 and.a facility ccefficient greater tban 0 50

,23 had coefficients greater than 0,10 and O. 25 and the remainder were even s

1658 sntiatactory. These coetticients would not have been acceptable

"4
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f°?khe usual normative tests of cognitive ability but in the present case it
Vas thought justifiable to retain items with lowish statistics on the
Brounds tpat the test 18 operating at the highest level of intellectual
abilitY. It was particularly noticeable that respondents had considerable
difficulty in discriminating between items keyed as Znadequate and those
koyed ag Justified and also in Part II between.inadequate practical operations
in Part I1 and those which were keyed as useful.

The restriction on the choice of material which was imposed by the
feed to Belect situations with some‘chemical flavour, which were readily
c°mpreﬁensib1e to students at '0' Level and yet which were sufficiently
flovel to ensure that they would not have featured in normal classroom
teaching, made the task of item construction .. rather difficult.
Even go further items were added to bolster categories and situations which
PPeared tq have a deorth of suitable items wiih adequate statistics and
the €Xpanded version of JE-II was administered to 23 teachers of secondary
Bchoo] cheoisfry.* The body of information gleaned from the students and
teacherg was carefglly examined and a new version of the test was produced,
Tt wag called "Chemical Judgement" and is abbreviated'JE-III.

The instructions to the new edition of the test were amplified A copy

appears as Table 4, 3(3) for part I of the test (relating to theoretical

1tuations) and Table 4. 3(b) for Part II (dealing with practical situations).

A COpy of the test booklet appears as Appendix E. ‘A sample situation is

h°Wn With the postulated thoughts of a respondent at Table 4.4(a) and '

~¢$&E~ respectively and -an example of a situation from Part IT is given

,at Table 4 5(a) and 4. 5gb). The terms which are used in the instructions
' respondents are defined as follows:

~—

11 at the University of E Anglia, 2 at the University of Keele and 10
in schools in Kent. L uh
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sensible This means that the statement is in harmony

with the whole bedy of scientific experience
‘in its widest aspects. All statements in the JEs

were intended to be sensible.

Justified This means that the statement is in harmony with

.

the facts‘and observations which are described
in the situation in the test booklet., It is an
essentially local concept.

adequate A statement is adequate if it makes full use of

e

the information which has been given in the
descriptton. This is both local and pragmatic,
The decision at issue here is the point at which
the use may be judged sufficient,

relevant : The statement has bearing on the problem; not

merely on‘the situation alone.
There are five situations in Part i each with 8 statements (two for
ach of the 4 attributes) and there are a further five situations in Part II
€ach with g proposed actions (two for eech of 3 attributes: as noted before,
the attribute 'justified' was omitted)-‘ Some simple illustrations were
intrOduced to generate interest and to enhance comprehension. |
The third part which was incorporated into JE-III was treated eeperately
Trop the other two partg,_ Four new problem aituations were presented.
The Yespondent was required to devise experiments which he thOught would "
8erve o elucidate the problem, he was told that the experiment should
be sUitable for an 'E’ classification (lead to relevant information ggxggg
that already given) He was. 1nvited to devise ten experiments and he was

rre
° to distribute the ten between the !our situations in any combination.

The ‘
Purpose of this part was tWo*fold.' it was designed to examine the nstureuﬂ-

of
thﬁ experiments which were suggested and it waa designed to turniah ‘5
ey S
rvldence on whether students were able to devise experimenta to explore [= -
e - (to page 81)
(1 '



Table
\\L@__Ql_) : Instructions to Respondents for Part I of JE-III

;I;HIS IS A 7asT oF CIEMICAL JUDGEMENT, It is desirned for those

uxl:o do not necessarily know a great deal of chemistry but have an
arderstanding; of the subject., - You are given information and you
mal(z asked to say whether some further observotions and experiments
Th € sense, There are no catches, no mistakes, no false statements.
% . te‘ft is in THREZ parts. Work carefully and sufficiently fast

© finish the test in the time allowed (40 minutes),

MSIRICTIONS for PART 1. |

I Part One there are five situations which are typical of the
Uany situations which & chemist encounters., Each situation
is described briefly, a question is posed and some statements
8re made, You are asked to put en 'X' in one (and one only)
of the four boxes for that statement.

Put an 131 40 the A Box if the statement has a SENSIBLE bearing
°n the problem and if it is also JUSIIFIZD end HELPNUL in
relation to the facts and observations which are given,

Put an 1x1 45 the B Box if the statement has a SENSIBLT bearing
on the problem but it is NOT JUSTIFIZD because it makes use

Of inportant infornation AbGit the sifuation nhich has not
en given in the description.
Put an g in the € Box if the statement has some bearing on the

3

Problem but contains information which is TADSJUATE AND
Qi@_lﬁl«‘.gi because it merely restates the information which has

been given already or feils to throw any light on the problem,

Put an 'X' in the D Box if ‘the ‘statement, though sensible, is
IRRSIEVANT to the problen given and so has no bearing on it.

REMZNBER Choose A if the statement is JUSTIFIED

B NOT JUSTIFIED
c . | INADZQUATE
p IRRELEVANT

THINK CAREFULLY about the DIFFERENCES betweon these choices
BEFORE you start. When you have started, think about

each statement carefully and quite independently of all
the other statements. ' ‘

Put onB 'x¢ ONLY in EACH GROUP OF FOUR BOXES.
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Tab}
—=24.3 () : Ingtructions to Respondents for Part II of JE-III

J}_.‘P&I.‘t T\V_g‘ e e ceere

"teeeess Of this test you will meet five further situations,
This time experiments are suspested which mipght
be undertaken to shed light on the problem which is

Posed,

P '
U an X' in the B column if the experiment which is suggested
will lead to information BIYOND that already given,
AND this information is RELEVAIT to the problem
stated, '

P
Woan 1xr 4y the F column if the experiment which is surpested
will lead to information BEYOND that already given,

BUI this information is IRRZIEVANT to the problem
stated, '

Put an 'X' in the G column if the experiment which is suzzested
will merely give information which is ALRTADY

AVAILARLE,
P e .
WO ONE X' ONLY in RACH GROUP of TIREE boxes.

Do not | |
a$a§°t assuze that information from other experiments is
lable; .consider each experiment according to its own merit,
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. 1‘@&;4,;'4 (a) : Situation 4 from JE-III

‘P Volume
InlS -y -~ Sample
0 S
.’ .- Sample
2 A
” -
’ ’.'
4 P
’/ PR e
ot e
Sar\jple A ot
\N\ Sq l B o”
[~ mp e - -
g UL Pt
~— low N P T3 high
Temperature
d _ . :
Tepq iagram Shows two tubes containing samples of gas trapped by a drop of
%lggw' The tubes are held in an oil bath which can be heated. The
Baph o the tirg gases at different temperatures can be measured, The
?he hshows the volumes of the samples over a range of temperatures.
- Ly
% \S\l&i“sm.b@&ve differently, _ Why?
:QQ- “ple B ey be turned into a Iiquid by cooling,
3 %ﬁatemperatUre T3, there are more molecules of gas in 3anple B
2, s U there are ip Sample A. : :
K Rk undergoes e reaction when heated. R
b§§&8raph shows that at temperatures higher than T,, the two gases
%, g Ve differently,
o, Bample B Was dinitrogen tetroxide (NZOA)'~ .
oth Sanples are gaseous at temperatures below To.

?1:(3 gas hydrogen iodide would behave like Sample A atotemperatures
R 51 1009 ang like Sample B at temperatures near 500°C,

Q .
®Xperiment was conducted at constant pressure.
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23&l2~1;2~(b) : Thoughts postulated for a respondent while he 1s

2Mgaged on Situation 4 of JE-ITI

Postulated thoughts

(11) ; The following must be in the cognitive structure of fhe

student:

~ ability to interpret graphs

- comprehenéion of phase change/temperature rela%ionéhip

- kinetic theory of matter
= Arogadro's hypothesis
.= Charles' Law

(i11)
. student:

- knowledge of thermal dissociation of gases.

70

 The following must not be in the cognitive structure of the

Decision and

of student Classification
(possible hypotheses)
Th ‘ :
‘;2~E!2 Interpret the graph/decrease in Accept - D ,
E;%EE Vol B/T, could be b.pt. of B. data says tubes
Fread = , filled with gas,
wifferentl
h ' .
~y? more molecules/greater volume/ Accept ~ A 5
change in no. of molecules. :
change in no. of molecules Accept - A j
T\ZE&‘Q ‘kink in curve/more molecules of Accept - C
§~EE§ : , B/behave differently Does not explain ;
ehave cause of difference, :
yiiferently '“
hy? N_O, 6 must react when heated Accept - B ;.
e Uses extraneous .
information v
Interpret the graph/both are Accept - C o
gases., Does not explain .
cause of difference. ¢
' . ammbnia not react at lower teﬁp., Accept - B E
does at higher Uses extraneous :
information, 5
interpret graph/a straight line Accept - D 3
therefore no pressure change irrelevant : same
for both gases,
5232: (1) Postulated hypothéses/inferences‘uhderlined.
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I&%‘-?_La) : Situation Z from JE-III

The poainted iron posts which

are used to support the netting
round playgrounds and tennis
courts rust far more ranidily near
the crownd (i.e. within 25 cnm,

of the rround) than they rust
elgevhere.

The rusting is uneven.  _ Why?
Asswe that one or more poles are
treated in each of the following
ways and -they will be carefully
examined for rust at suitable
intervals of time thereafter,

25. Provide a shicld to
prevent rain water from
splashing up from the
ground on to the post.

26, Raise a pole and replant it with the buried section encased
in polythene.

27, RePlzice an iron pole with another which is identical in all
respects except in that it is made of aluuinium.

28, Raise a pole and replant it the other way up.
29. Replant the poles with rust resistant paint.

30, Shorten a pole by cutting it through at 25 em. above ground
level and reset it in the ground.

Tahle , ' ’
“~Elﬁ~24§_jb) : Thoughts postulated for a respondent while he is

en :

v , . : ‘

‘125 Postulated thoughts Decision and
: ' of student » Classification
5 ’ - .
S rusting is due to chemicals accept - E
leached from the ground,

2 RE o

, 6 rusting is due to chemical accept - E

interaction with soil water
~and/or solutes/polythene will
serve as bharrier,

« Th : '
12233351123 . aluminjum may or may not behave .accept - F .
Whraneven similarly, | new info, but .,
~51 , 7 o - _ ~irrelevant Lo
28 . UL R
rusting will recur ; . accept - G
‘ ~ info. already
29» » ; available -
rusting may be delayed, . accept - F o
S : ; new info, but -
irrelevant
30 rusting will recur  ° : ;:accepfﬁ;'c‘“
: : o ” " info, already

~available,

9t°;. the galvanic nature of rusting must not .
- o be in the cognitive structure of the
. student, - : : L
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8lternative parameters (It will be recalled that Mealings (1961, 1963)
found that this was an area of difficulty for students). A record was

hade of all the E-Category (E = beyond and relevant) experiments which

Were Submitted, each student was awarded a point for each of the experiments

¥hich he devised if a relevant parameter was implicit in it and his total
8Core was recorded. If an experiment involved more than one apparently

Televant variable two points were awarded; a mere explanation (which

®mbraced no relevant parameter) did mot'score even if it was the correct
®Xplanation,

The final exercise (designated JE-1V) comprised seven problem

Situationg (drawn from all three parts of JE-III). Each of the seven

Problems had proposed experiments and the student was required to say in
¥hich of the experiments he thought that the effort necessary for the |
“ompletion of the experiment was justified on the grounds that the experiment
®Xplored a parameter which was both useful and relevant. Extensive use
peen proffered by other :
was made of experiments which had previously / studenta in their responsea
to Part 11T of JE-III. The rationale for the test was that the student
in responding to it would have first to generate one or more hypotheses
8d then review the exﬁeriment in theirvlight. The instructions merely
®8ked that the student should indicate whether the experiﬁent was worth
doing‘ He was not’asked,to give ﬁ réason nor to provide»any éléséificétion.
% 0f tne 70 items were keyed as eategory E (= beyond and relevént)vitems'

8nd the remainder were equally divided between category F (= beyond and

1rrelevant) and G (= information already available). A copy “of the booklet

®Nd of the response key appears at Appendix G.

Xﬁliﬂizy of Judeement Exercises

The construct validity of these must ba a matter of ‘definition. It
ves asaessed by 23 judges who tound ‘the items representative of what was.
1nt°nd°d Concurrent validity cannot be eatablished because there 15 no

Tecognised other measure with which to compare the judgementa as they are -
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defined hero and assessed by the judgement exercises.

I8ble 4.6 : Analysis of Judgement Data (JE-IIT; N = 439/Vth/1976)

(a)~_¥§§§i_§2d Standard Deviations

Sub tests
Total Theoretical Part Practical Part
. A B c D E F G
Mean | 32.70 | 4.00 | 4.61 ] 2.71 | 4.12| 6.03| 5.60 | 5.51
L:if? 9.29 1.78 2,07 1.72 1.82 1.98 2.03 2.39

Note: Maximum poésible sub-test score : 10; maximum possible total score : 70

(b) QEEKQlEIiOn Coefficients between 'total' score and sub test score
(x 10%) ('total' score = sum of other sub test scores)

A B C D E F G
47 49 30 - 48 48 59 57

2
’ fc)‘ Correlation Coefficients between sub test scores (x 107) and factor

analysis

B | 23

c [ oo o6

p |16 15 10

g | 40 20 03 17

F | 23 22 14 24 39

¢ | 27 25 16 29 33 42
A B c D _E F

(r <-.123, p < 0.01)

Rtated Factor Analysis (factor loadings x }0 )

Factor I II 111 v
A 70 -16 | -o01 23
| 15 | o5 09 | 97
¢ o1 | 94 o1 03
D 08 -02 95 1 o6
gl e8| o0 | o4 | 00
v ler | 30 | 2 | 05
6 | s | 29 42 16 -
(loadings > ,163. p_< 0.01)
Eigenvalues' | 2.371] 1,071 [0.852 [0.843
Cumul.. %age 33.o | 49.2 ler.3 [73.4




Inspection of Table 4.6(a) shows that Sub tests E, F and G have a

higher facility (larger mean values) than sub tests A, B, C and D, 1.e.
that the Practical situations appeared to be easior than the theoretical
Onesg, This is due, in part, to the fact that the practical statements
Tequired classification into only three categories while the theoretical
Statements required classification into four. There is no obvious
Utterence in standard of the situations in the two parts and the
°0ng1u81°n that respondents are ﬁore confident in practical situations

1s J“Stified. The mean scores and correlation coefficlents may be regarded
as Satisfactory but the low mean score in Sub test C is interesting. This
®ategory required an éssessment of whether the statement made adbqudte

Use of the information which waa supplied.y The concept of adequacy was
evidentiy too demanding for O Level students (the mean score is scarcely
Ereater than the random value of 2,5) and the lower correlation of this
®Wb test in parts (b) and (¢) of the table suggests that itdid not

Reasyur e '3Udgement3 as'definéd previously. It could be argued that at

the 1eve of the sample under inspection it was no more than an exercise

in éemantics.
No testg of r§113b111ty were undertaken. The very nature of the
: : would have been
Xercise precluded 'test-retest! and 'split-half’ tests/  equally
1naDDr0pr1ate because no 'parallel' halves can be defined.“The’bbrréiatibn
0efficients between total score and sub-test scores were détérmined,to
Provige some evidence of internal consistency as was the rotated factor
falysig, Therlattér reveals that sub-tests E, F and G (the pfactiéal |
.suh tests) load together with Sub,test.A (= sensible and justitied) aﬁq
that Sup tests B, C and D are three independent‘measures. The distinction
hetweén the ‘global’ sgb tests (A'and E, D and F) and"quality'nofwdaigAﬁ
Buh teété (B, C and G) Which was drawn in Cﬁagtef 3 ;é not ohvious‘iﬁ the
#RCtor analysis. ('Global’ concerns a Judge@ent whighriﬁvokes the who;e ’ 
b°dy of aciéncé whiie iquality'”iaimmedigte’togthe'uéagé that”is being
'ﬂm§§9§i the datn’within the 1teﬁ iﬁ‘queétion)* D is not loaded witﬁ‘thq,,;;i‘

83




'global' gup tests but it doos load with G (Factor III); B and C load

Beparately and even when fewer factors than four were used they appeared to

share no propertieg‘in common, Sub test C proved to be much the most

difticult for the respondents (and for the test constructors) and later

1t wil1 pe shown (Chapter 8, Table 8.7) to have greater facility for students

w
1th less academic achievement,

B
‘£££~ga~‘_Achievement Tests

AS was mentioned in Section 2.4 Part C some relationship has previously

been Teported to exist between cognitive preference behaviour and chemical
abuity/achievement. In view of this appropriate measures of such ability
werevrequired in relation fo the thrée age levels involved in the study &s
. ¥hole, i.e, vthn Form, IVth Form and IIIrd Form levels.
W yth‘Forﬁ Level

Rather than develop ag independent achieve ‘ent test for this levgl
1t wag decided to accept O Level grades in Chemlstry as an adequate and

reliablé measure of/ﬁupil's achievement in chemistry. This was not merely

. : . » }
% matter of éonvenience:  it also eliminated the considerable problem that

hel

Yould have ariseﬁ if a éingle achievementbtest cqéering the content of
Ueterent examination syllabuses had had to be'designed o

The basic assumption that has to be made in accepting 0 Level grades .
from different examining boards as measures of chemical attainment is
that 4 B*grade awarded by one board ia equivalent to the same grade awarded
by another board.‘ It is generally accepted that this assumption 18 Justified

in terpg ot the percentile rangas of candidates obtaining the different grades.”«

i
L EX&D Form Level

The end~of-year examination scores were available but no use_Wﬂslmadéif-f‘
t thig 1n£ormatlon.

11y) IIIrd Form Level

e

The test 1natrument which appears at EE endix H allocates seventy per‘

Cong of the availableAscore to Knowledge’nnd thirty»per cent to Underatanding. ‘
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Iﬂ§l2~2l7 : A Breakdown of thc O Level grades awarded to the students
in the 'longitudinal' study. (N = 439/Vth/1976)

&\—_

Grade

A B Cc D E u Total
\_._

Non Nutfie1q
hemistry

62 99 73 12 9 6 261

ghemistry.in -
(:’"bination 1 15 27 1 5 2 61
€e note)

Nuttieyq

chEmistry 7 15 42 16 10 27 117

\

70 129 142 39 24 35 439

Note; Chemistry in Combination embraced Physics-with-Chemistry, Chemistry-

With-Biology and Combined Science.

IEE£2—$L§ : Test of Achievement in Chemistry at IIIrd Form Level

(N = 161/111rd/1976)

’\_
Mean - S.D Max,

: Score U Score
\

A 7 - : ; ‘

Bility 1 (Rnowledge) 27,84 10.64 70
-~____‘2 (Understanding) - 9.40 4.62 30
Total | 309 5.94 100
\ .

No. of structured items : =25
No. of longer questions : “, = 10

See Appendix H.
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The test was scrutinised by the six teachers of the classes involved

t0 ensure that the classification of content to Knowledge and Understanding
vas torrect and thaf the test was of reasonable standard for their

Students, Both the multiple choice and structured items were pretested
Qring the previous years and subsequently modified.

Part (b) : Tests of Intellectual Abilities

The homogeneity of the sample populations which were used in this‘

8tudy causeq concern. The 'longitudinal’ research was done with respondents
Tron nine different schools and the ‘one shot' population, even though it
Y85 a1l from one school, included a wide range of young students who had
Only fairly recently moved schools. It was deemed gecessary, therefore,

to adopt instruments for standardising the behaviour of the students in

the samples and these had, of necessity, to be as close to the area in

Question ag possible, Normally IQ tests are employed for this but these

Are generally inadequately differentiated in relation to different
Intellectual ability traits. The Differential Aptitude Tests are

®xceptional in that they do distinguish between such traits (e g.“ numericalyv

8111ty mechanical reasoning, space relations. spelling and grammar,’abstract
reasoning ete.). Of thése,three‘we:e thought to be particularly relevant

to thig study as givihgiinfcrmatibn which might broadiy relate to science
nameiy nﬁmerical ability; mechanical reasoning and space relations but it

Vas decided not to adopt the mechanical reasoning test ﬁecause iﬁ is

"tr°ngly sex dependent.._

VEEEE_LEQA: Bristol Achievement Test, Study Skills, Level 5

The dev010pment of achievement tests which have validity at the IIIrd
‘F°rm LeVel poses major problems, in view of the enormous (and now readily
q“antifiable)curricular difforences. that exist in different schools'
e3p9°1&11y during the first twa or three yeara. There 13 relatively little L

°°ntent that may be relied upon as ‘common to all schools. thua, the_i

’hotion of a content~ free test (at laast in relation to direct curricular _:,'-

,:?QQntent) mst be considered. :
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Tah
le 4,9 : Tegts of Intellectual Abilities (N = 161/IIIrd/1976)

(3

Score Mean Stan.
Range Dev.
P —
Dt
fferential Aptitude Tests:
Numerical Ability (Form M) 0 -~ 40 22.32 5.62 | Note (1)
Space Relations (Form M) 0o - 60 34.98 8.67 Note (ii)
N ———

Not
e (1) : Standard score for Grade 8 students is 16,3 and for Grade 9
is 18.7. Third Form students are comparable in age to Grade
8 students but the sample 1s from the upper range of the total

population of that age.

(11): Standard Score for Grade 8 : 25.6 and Grade 9 : 25.7.

Tah ' ) .
<8ble 4,10 : Analysis of Bristol Achievement Test, Study Skills, Level 5
with 11Ird Form Sample (N = 326/111/1974)

?:;zi Mean S.D.‘ Correlation Coefficients (x 102)
Payy
T IProperties 15 8.49 | 2.17
I |structures | 15 |11.39 | 1.96 | 35
1T Iprocesses 10 7.25 1.63 2 3
v Explanations 10‘ 6.65" .1.59 32 . 24 35
L Interpretations | 10%* 7.10 1.84 28 20 .. 38 30

65  40.97  6.18

* Note: Mean chronological age Qf‘éample 13.8 months
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In the pPresent case, the Bristol Achicvement Test, Study Skills,

Level 5 vas considered to be a suitable instrument whereby general scientific
achievement (and aptitude) could be adequately measured for the group of
Ulrg formers, The test which is intended for use with 12 to 13,11 year
°lds attempts to test and measure in 5 sub~tests the skills and competences
that are réquired for the study of science without prescribing the form and
conténts of the curriculum. Part I of the test strives to expose properties
o haterials and situations that enable them to be characterised and assessed,
Part I examines structures in which there is interdependence af parts, Part
1y ®nables respondents to display their ability to deal with processes and
seq“ences and so carry out extrapolations and interpolations. Part 1V
r°°“88es on explanations and on the level of concept-making through which
explanation is generalised and Part 5 is concerned with interpretation of
inrormation that is symbolic or graphical. A copy of the test is appended
Lepenasx 7y,

| The administrative manual specifies that the students should be allowed
50 Binutes, Qpe schdol-period of 40 minutes was allotted to the test and
the Students who had failed to finish were encouraged to use the next ten
minutes.' teW'incomplete booklets were submitted. The test was administered
to 864 studenté, Mean part scoréﬁ, stahdard deviatiohs,/igter~part |
c°rre1ation coefficients are given at Table 4,10,

The mean age of the sample of astudents was rather greater than the* age
ntended by . the test designers., Therefore the test statistics provided by
the designerg cf the test were thought not to be strictly applicable. Inbv

» ,°"5°quence the multiple choice items were subjected to item. analysia (top
fing bOttom groups = 164). A satisfactory dispersion of facilities among
the 40 items analysed was observed but no item had a discriminaticn grenter

than 0 50 and only 15 had & discrimination greater than 0 30 In only 9 of

th° items were all the distractors acceptable to at least 2% of the sample,¢i A

, each ot the remnining 56 items had one,,or more than one, unsatiafactory

13t’“¢tor




A modified form of the Bristol-AChievement Test was prepared from

.

%0 multiple choice items sclected on the evidence of the jtem analysis.

The significance of cartography in the original was diminishedbut in other

Tespects the balance was preserved. The new test was administered as a

Power tegt to the third form sample (N = 161) and the time allotted to it

¥as 20 minutes. The mean score for this cost was 16.21 (S.D. @ 3.5%

max, score 30).

P
=8ry (F) : Science Orientation

T i ——————

It has previously been argued that cognitive preferences reveal aspects

% cognitive structure and that they must therefore be held to belong to

the cognitive part of human pehaviour. Further, it 18 not inconceivable

that at jeast one of the scales of cognitive behaviour, the R-Q scale

Bight reveal a ‘leaning towards science’ in that the question behaviour
8% one extreme may be thoughtof 8 being more acientific than mere acceptance

behayiour at the other extreme. 1f£ this 18 accepted it is not unreasonable
Y0 enquire whether there is a relationship petween sclence and scientific
8ctivities and the respondents position on the R-Q axis. For this reason

% briet questionnaire‘was'compiled to BSSess orientation to seven scientific

%ctivities (namely science classes, scientific pursuits and hobbies, science
Teading in books, magazines ;nd journals, work in the laboratory, the use of
Ecientific tools, sciencé programmes on television end scientific‘careers).
Each of these was covered by one question which was answered on @ 5 point’
Likert scale thus giving a score range of +14 to -14. This waS’nét a major g
Measyre and no undue 1mportance should be attached to 1t., 1t was only. .
Validated by inspection and no estimate of reliability was taken. The test
is appended (Appe endix J) . | ‘

Anotner measure with 1ntent to measure orientation was 8150 madé.‘Th}B:
e“dBavoured to assess attitude to chemiatry in particualr rather than scienca:4‘

in general. Students were aaked ta 1ist in order their three most preferred.~'

B“bdects for study at A Level and to name in any order thcir threa least ib

)
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Dreferred . A five point scale of chemistry bias was established
U8ing points 1, 2 and 3 if chemistry featured in the most preferred list,

Point 4 49 no mention was made of chemistry and point 5 1f chemistry was

14 ‘
sted‘amQUE the least preferred subjects.

M Chemistry Bias of Vth Form Students (N = 439/Vth/1976)

Number of respondents

Chemistry most preferred A Level ‘ 30 ;
2, :
second most preferred A Level 72 ; 173
a ' third " ” ” " 71 )
4,
unplaced = 118
S, ‘
-among the three mostkdisliked 148
A Levels ‘)
439
p

‘E£E~S§l__ Test of Intellectual Development

It wil1 be recalled from Section 4.3 that one cf the problema which-

v
Y350 be regearched concerned tha relationship, 12 any, between intellectual

d
QVEIOPment and Judgement (Research Problem (F, 1)) The intellectual

deVelopment was assessed by the piagetian combinational test and the
Drocedure Which was used was ‘the one which Rowell and Hof!man (1975) found  :   
to ‘be satisfactory for use with a class of students. In this test the ;‘jj: fﬁ_
at“dents are shown that a brown colour is observed when two sclutiona from
‘,a grOup of five numbered but otherwise unidentified solutiona are mixéd. |
Thﬁ student is given the zive 11quids and a warksheet on which he is ﬂ“f:?73ﬁ{i;x
: equired to keep a 1og of his experiments to determino the behaviouf ot
®ach 1n relation to the chemical change which produces the brown eolour. The
ive 801utions which were provided wero.‘g(l) dilute minerul acid, (II) watar

V(III) hydrogen peroxide, (IV) sodium thiosulphate ond (V) potassium 1odide.‘42}

. QOJ =




[3

1t was Possible for him to make one or more of the following findings:

(1) II1 and V are essential but slow
) 1 asgists

(©) 1T makes 11ttle difference

@ .y hinders

(e)

I and v and I fast
"The students were assessed at one of the seven levels as follows:
Level 1. (a) to (e) found.
2. (a) or (e) and one from (b), (c) or (d) omitted.
3. (a) and (b), (a) and (c) or (a) and (d).
4. III essential or V essential and either (b) or (c) or (d).
5. III essential or V essential.
6. obvious plan but no deductions drawn.
7. no plan and no deductions.

It wag félt that the restriction imposed on the accuracy of the
meaSUrement by the use of only a single test and by the group administration
Procedure gshould limit the use made of this data. The'adminiétration was
Batiéfactory but the circumstances precluded the use of the prompts and
Cues Which are valued by some authors £6r improving the precision of the
test; The levels which were assigned to students should bé treated with -

“@ution put the marking procedufe allows a reliable distinction between

piaget's Level IIA andeIXA at Level 4 on the scale above,

o1




QWPTER 5 ; COGNITIVE PREFERENCE : MEASUREWENT ASPECTS

8e
~Stion 5.0 : Introduction

Much of the work in this chapter stems from the fact that it is
1mp"’ssible to validate the instruments which are used to measure cognitive
Drererence orientation by any other comparable instrument. The nature of
Ognitive preference and the 11tereture which covers the research on it

aredisCuseed in Chapter‘z. Section 4.1 deals with the division of the new

rese&rch into three areas for study. The measurement of cognitive preference

1a the first of these areas and it is treated in this chapter. The work

ls divided fnto two parts and it is assigned to Sectiorms 5.1 and 5.2: the.
to r§8eerch problems which are concerned with the instrument (Research
Problems (A.la) and (A.1b) are'eovered in the former section and the aspects
Yhich gyq related to scoring procedures will be found in Section 5.2. Tamir
(;975) Postulated that cognitive preference measurements comprise three
ele&entS; The third of these he called the aub;éetlépéeifzé'eiéméﬁi'Ahé””

it ig that part of cognitive preference behaviour which can be specifically
ssi8ned to respond to the fragment of syllabus within an item. He euggested
that Fesponse to different fragments may vary. The opportunity to investigate
the dirferences; if any, between such_fragments, wasetaken and the research
ls repdfted in Section 5.3. The evidence for new information on measurement

of Cognitive preference is summerieed in the final seetion

§32£12§_§l1 t Cognitive Preference Modes and Items (Research Problems (A. 1a)‘e ;

and (A lb)

. 1

The‘natuee end deeelopmeet of cognitive preference atudies has been ;e-ib
youtlined 1n Chapter 1, It will be recalled that Heath (1964) culled the R
‘t°“r Cognitive preference modca from the literature which described the new j‘J
v;c°“?aes in science but he gnve no 1nterpretation or the nature of these ‘?ﬁf
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todos of Psychological theory. Subsequent resecarch has either revolved
Tound thege four modes or three only have been employed and little attention
has beon paid to the manner in whi;h they are perceived by the respondent.
The Criteria which respondents employ have not been reported and no attempt
has Previously been made to explore differences in intensity of preference,
The Siugle aim of the evidence which follows is to demonstrate that
rgsp°ndents do perceive the four modes in the manner described by Heath
anq the four items in each option accurately reflect the mode intended by
the désigner of the instrument,
The evidence which is described was gathered by administering a pair
omparigon exercise and followed immediately by an interview, ‘
Tt Wag Postulated that the evidence would furnish information on the extent
to which'the respondents were actively involved and intellectually committed
*o the Preferences which they were expressing.
The rationale for this piece of work stems from the belief that
1 5 ‘Student 1is presented with an option which embodies R mode 1nformation,
for Instance, and 17 he first signifies that he prefers it to the other
threg options and subsequently justifies the preference with a statement
Vhicn also reflectg the R mode. his behaviour supports the thesis that he is
Kercising a genuine cognitive preterence. ,(It is obviously egsential»that
b Should select thé option before he is told that he will be requiredkto
stity 4pe selection since the knowledge might modify his selection)
consistent behaviour towards this mode and towards the other three modes
alsg confers validity on the existence of the four cognitive Preferences"w
e the behaviour 15 further repeated acrass a population 1t has the hallmarks*z
°f q COgnitive style. R , | : ,- )
I? the atudent gives as reason for selecting the R mode option a :
tatement containing extraneous information about his teeling with no R

"0de thougnt 1mplic1t in it (or worse, with one of the other three modes

.1m911°1t in 1t) his decision to choose the R mode option ia suspect. 1:iﬂm:a%w ’$

‘Athﬁ Student is unable to choose consistently it‘must bo either’thatQhe‘ia,f‘




Unconscyioyg of the perceptual process,and so is unable to justify his

Chotce It is also possible

’°r;¥xgtperceptua1 process has no existence.
that 8nalysis of the extraneous material might reveasl modes of attending
to lnformation beyond the four described by Heath.

The simplicity and the well-established credentials of the pair-
eomparison procedure (see Guildford (1954)) commended its use for this
Purpogg It is recognised that an instrument which is operating in the
arre°t1Ve doﬁain might prove to be unreliable when the constraint of
JHStiticafion is imposed on the respondent. Possible interference was .
toreatalled by gathering the information in two parts. It has previously
been Shown by King (1971) that scorés which were obtained in a cogpitive
Preterence exercise with the traditional multiple choice format of
introductory statemeﬁt and four options correlated perfectly with scores
obtained from an analysis which treated the rank orderings as decisions
between 8ix pairs of options (i.e. (é) With (b), )ﬁ%ﬁhand)?g§’ () with (e)
ang (d) and (c) with (d). Pair comparison was thereby shown to be a valid

Drocedure for exploring cognitive preference . hence its adoption for

Part I of this experiment. Part II involved a private interview with each
rQSpondent . N |

352&39533

233&_{ ! A pair compafison instrument was prepared in which 48 stimulus
tatements were arranged 1n 24 pairs. Each statement concerned a small
1r58ment of the 0O Level syllabus and each was familiar to all respondents.
The respondents were told that all the information was correct science and
they were asked to pay apecial attention to the selection of the preferred
tatement 1n each pair because the intormation would be used far subsequent
erinement and 1mprovement of syllabus.l The statements were structured to
Dair each mode with each of the other tﬁree modes twice and the pairs were
distributed randomly within the test. The 8tatements which were used were

the Options of the four items on pagea 1, II and 111 of CPI- III (Appendix E).':

~ The m&ximum score for each student for each mode was 12 and the scores were‘f‘L
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ipsative, The two classes of students were selected because together
they embraced students with the full range of abilities which one might

EXpect o find in any normal group of '0' Level candidates and because

they hag the same chemical background and had been instructed by the

Bame teaéher,.
Eﬁ}l__ll ! When all the respondents had completed the pair comparison
éxeréise. they were asked to consider their decisions again, and without
altering any, to select ten or so and explain why the favoured statement
waslpreferred, This was done initially in mote form and then.more fully
in discussion with the tester in private to ensure correctness of responQent
intentiOn. Great care was taken to ensure absence of cuelng and of any
indication of 'tester preferred' responses.
The data which weregathered in Part I and analysed in Table 5.1 show

that the R mode Was strongly preferred to the $£her three modes and particularly
%0 the p mode. It should bé noted that the respondents were IVth Form
Btudents. No attempt w111vbe'madé to rationalise tho difference but it 
Y11 pe discussed further in Chagter 6 in relation to maturation (Résearch
Problen (B.4)). The standard deviations are predictably close because the
scoring was ipsative; the’éorrelation coefficients and the factorlload;ngs
"T¢ familiar in that they closely resemble, in both size and direcﬁion, the
!13Ures Obtained by Kempa and Dubé (1973), by King (1972) and by others. 
N°thing new arises from them but they do confirm that gathering cognitive
Prererence data by pair comparison is acceptable and they lend credibility '
' the data whichyere gathered in Part II (the interviews)., | |

» The 45 respondents each selected ten or 80 responses and explained
he Teason why one option in each pair was preferred to the other option.~
The reasons which they gave were then assigned to categories; the principai5
1Vision which was used separnted responsea which confirmed the mode implicit

1n the eelected option from those responses 1n which the mode 1n the option

Was contradicted by the response.; Example of four confirmatory rcsponaea are vfi

95

A




Tabie 5.1

M

Means

: Analysis of Cognitive Preference Data gathered by Pair Comparison

(N = 45/1V/1976)

3
—218, Standard Deviations and Correlation Coefficients (x 107)
R 8.13 2.11
A 6.38 1.74 | -104 (p < 0.01 = .372)
Q 5.16 1.87 -572 -100 A
P ‘ - ~590 ~229
P ] e 2.19 374 59
R A Q
ROtat‘ed ' 2
Factor Analysis (loadings x 107)
\-_ '
Factor 1 II
\—___‘
R 88 -22
A -04 -~75
Q -82 ~-20
P -09 96
[ ———
Eigenvalue: 3.84 3.56
Cumulative %age , U
°f variance: 42.0 81.3
L\_‘
Zéélg_gég*; Classification of responses to Pair Comparison and Interviews
(N = 45/1V/1976) :
T Top Bottom Total
(N = 25) (N = 20) (N = 45)
\
No
ro‘ 8nd %age of confirmatory : ~ : .
®Sponseg : o 135 (&57%) . 114 (61%) 249 (59%)
N .
ro, and %age of contradictory . ‘ S
®Spongeg : ’ 21 (8%) 5 (3%) 26 (06%)
ro: 80d %age of unclassifiable | -
®Sponges ‘ 82 (34%) 68 (36%) 150 (35%)
238 187 425
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gly
en below with the pairs to which they refer:

.
Sz lo. 8
(1) .

) The bleaching action of chlorine on wet litmus serves a8 a good test

“for the gas.
ectrons, sulphur dioxide bleaches by

(1
) Chlorine bleaches by removing el

adding electrons.

Pajy
~EINo. 24
y ‘chlorine pecause their structure

(1
) Coloured chemicals are oxidised b

d colourless) chemic

is changed to different (an als by altering their

. electron structure.
er or alkali bleach discoloured

(11 ~
) Dilute solutions of chlorine if wat

fabrics and ink stains.
hese are the A, Q, P and R mode options vespectively of Item 3 from JE~I1I1).
g}assification

udent gtatements

St

ffect ’ ’
ngives use of bleaching effect ot  , preferred to Q

what bleach it 15

"I would 1ike to have this explained
to me. It -is interesting because - o _
bleaching can be done bY oxidising Q preferred to»A

‘and reducticn .

8
t:mple responses
> Pair No. 8

: "description of work done more
interesting than more

: complicated one.

Sa )
Mple responses

to L :
?“ir No, 24 R preferred to P

“"to £ind why chlori

ne bleaches ~?7~, £~__,a«‘ e
o chemicals | S preferre “to g s
This piece of work shows that in about 60% of responses Yeﬁpondents

pair and give, as justification fcr the fiv

Ve

Te able to select one option of a

th L

°1°° a reason whicn embodied the mode which was implicit 1n the option.'"”'

Th ’v_,_ .
3 Tespondents as a whole had a bias towards R in Part I but the top group ffj

more nearly equally when asked £or

-
, 1e°ted Options for all four modes

e bias towards R was 1ntensified by the battom'l°

reg
aSOns ‘in Part II,rwhile th

8r

0“9- Careful scrutiny of the responses which were given show that the
10 i
four mﬂdes do have real 1dentity 1n tho perception cf the respcndents and :

etween the modcs they are making conactaus

P

t
h“t 1n making preferences b

' é?li'z;j?f"




docisiong without being aware of the structure of the test ynstrument.

They are not responding merely t© the cues in the options 83 Brown guggested.

mprected features which emergedinclude the stress which was placed on
the lahoratory and on practical gkills bY both groups'and py the pottom
group n particular. The smportance °F precision of languag® and the

Beneralisability of information were featured bY ¢he top BTOUP only but

little stress was placed OF teaching styler o rolovance, on Importance and
° -
n familiarity with the material Y either gTOUP’

Section 5.2 : The Evalustion of Cognitive preference Datd

Cognitive preference aata may be collected for two proad purposes;

' {llustrate the jpherent properties of the response pehaviour itself
wnd to . relate this pehaviour to other vari apbles and examines

nplications. Underlying both/%%ese avenues of researchliesthe ultimate

%bjective of demonstrating - cognitive preference pehaviour as 8 cognitive

Style, Unfortunately this work is bam mpered bY the fact that cognitive

Preference data 1s‘ipsative; ,Examination of ipsative data with procedurgs

¥hich are insensitive to data type (-8 means gtandard deviations and

®halygig of variance) geverely restriCts the scope of the analysis and SO

Tesort has been made tO normative analysis procedures followed by cautious

1nterprétation. The work which i8 described in this section was done in ‘f‘ L Ei

Order to estimate the congxdeﬁce which can Pe placed in this préctice. ‘ , ; fg
NOrmative cognitive preierence data was gathered by requlring the ‘ |

Tespondents to us® 1inear scales instead of the more usual voting or ’most L

Dréferred oétion'_procedures. They were told to use the whole of the scale .

and they were asked not to give equal preference to any two options in the

a“mﬁ item. This dats was then examined poth in 1t8 ravw state and after it  ﬁ 

'had been made ipsative by rank ordering and by aubtraction of the mean

Dreterence score for each 1tem £rom each of the four option scores of that  "

o8




ter the similarity of the properties

ite
n. 1t was postulated ¢hat the gred

of
these two types of dats, the greater is the confidence which accrues ta

ve coguitive prcference data.

th - ;

e practice of normative analysis of jpsatd
It

» in addition, other procedures which are tolerant of ipsative data confirm

dence in the practice is

the
practice and none are found to refuteit, confi

b4 :

Urther enhanced.

A sample of 45 gtudents at IVth Form jevel weTe asked t© respond 1o
n a 100 point linear scale.

Co o
gnitive Preference instrument = 111 (cp1-111) ©

Ou )
¢ such scale was provided on the response sheet foF each of the 24 items

ot
the instrument. Indication of intensity of preference for each option

e .
8 achieved by marking the scale at the appropriate point with a thin 1line

an : ) .
4 identifying the 1ipe with the numbeT of the option. The ends of the

8 , ‘ , » v ¥
2le were marked 'gatisfying’ and « The items on pages 3

an .
d 4 of the instrument (1.€. 8 jtems in all) were readministered 35 days

la
ter; no warning of the retest wee given and a period of gchool holiday

- T }
eounted for the entire 1nterva1 petween the two administrations.

The position of each 1line 0P each scale was measured andnrccordedvas

'y
tumber between O and 09. It was not possible t0 analyse the 96 % 96

na v _ :
trix (i,e. 24 items each with 4 options) and recourse Was pade to analysie

ot : :
the 16 options on each o£ the 6 pages of the jnstrument separately and
to

uﬁﬁle ana&xsis* cn the 24 OptiO“ 8

This method of scoring has not peen in general use ‘pecause 1t i -

lay
orious and because of misgivings over differences in intensity between :

8t :
udents and between 1tems by 1ndividua1 students.

_ Scrutiny of the data was conducted 1n order to see whether it hcd )
de |
fectg. Four qualities wer

fo
r each of the four modes,Z) item 1ntensity. 3) option-total correlation.

. ,
) ?eliability;

¥ : 2 ' N S S ‘ S Rus
Y»ByPﬁS.S.‘ Rcliability Analysis for_Scalcs ;.Vcrsicn‘s,
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cores of the iour modes separately. ,

e examined. namely 1) 1ntensity o: preterence,‘

. -0




1, ‘
Intensity of preference gor ecach of the four Modes

ng for each of the

It was postulated that the sum of the 24 optio

t
our modes should be the game., 10 gact it was gound that the mean R

Preference mode score Was significantly greater than the mean q preference

n
ode score and the mean P preferenc® mode score and that all other

gures are given in Table 5,5

a1
fferences were not gignificant. The relevant 1

It 43 evident that the stimull of the four preference modes do differ and that

) .
he scoring procedure OF the 1nstrument,or poth are defective 2t P < 0.01 -

in 2 of the six t-tests: 1t will be ghown lateT (§ggg}gg_§;3;,g§zfﬂg) that

b ,
Oth the ipsative datd generated grom this data and the jpsative datad

tollected with the same 1nstrument on another gample of IVth year students

u
8ing the normal voting procedure have gimilar patterns. Every effort was

fede during test construction to minimise differences (and when expressed

a .
8 percentages (Line (), Table 5,3 they are geen to be small) but they i

. |
Te a feature of cognitive preference® neasurements. The differences are

therefore a goature of the jpstrument and not of the gcoring procedure:

They do not invalidate the £indings reported jater in this chapter and

they are/gt%%vant to the study of change 1% cognitive preference pehaviour

wi
th age in Chapter 8 for 1ngtance.

Table 5.3 ; Total and option preference Mode Scores and t-tests

(N = 45/IV/1976) -

f ‘ R Mode \'A Mode \~Q fode | P Mode

M

ence Mode Score 11427.56 1342,27 ’1231.69 , 1233.69
n of (8) | 309.48 280,62 | 238.87 254.27

grand total | 27.26 25.63 23.62 | 23.56
- - 50,48 55,93 51.32 "51.{2J

P e et o R e T T .

(8) Mean Total Prefer
(b) "Standard peviatio
(¢) (a) as @ %age of

(d) Mean Option Score

M

t-tests on Mean Total Preiefehce Mode Scores!t

- R~ A 135
| R - Q¢ 3.32¥% A ~q: 1.99 ; e
gop ot 3.2 ATTE 1e0 Q- P 004 et

(p » 0.0 t = 2.69, shown **)._ﬁ
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2,
Item Intensity

It is inevitable in 8 forced choice situation that each of the items
Contribute equally to the £inal total. 1t was postulated that in a well
balanced ingtrument with scale scoring if snould still be possible to
Ahieve this obviously desirable quality. The data in Table 5.4 shows
that the total mean score of each item differ but the standard deviation
18 only 8. 29, of these totals and that 17 of the 24 items are within one
standard de&iation of the mean. The item on fireworks (page 4, item 3)
Yo thé’most preferred item and the second that on distillation of
8leohol (page 2, item 1). High4scores for these jtems might have been
toresee“i the low scores for the item OR golubility (page 5, item 1) and
Sublination (page 1, item 1)were less easy to rationalise. It is difficult
o substantiate the argument that familiarity with jtem content is @

Televant factorv §3§§§¥%§'and 1nte11ectua1 stra.1 do not appear to have

oh
Vious bearing on item totals either.

IEE£L§.4 : Total mean scoreginggﬁLzé.iifﬂEL°f cPI-I1I with normative
—~—— scoring (N = 45/IV/1976)
Page 1 9 3 a | 5 6
\\ . :
Hem 106.76 | 246.08 | 214-20 222.31 | 182.54 | 231.00
2 220.98 | 209,62 225.42 213.45vw>209.43 1244.06
3 - | 226.18 | 209.94 229,98 | 254.74 | 200.35 196.91
4 ~ 204.02 | 191.05 220,04 | 237.42 | 215.81 222,93
L | : 1 , ,
Lfisi!f?tals - 1 8a7.94 Lﬁéa.sg | 880.64 |927.92 | 808,13 | 894.90

" Mean of the item totals = 217.72 (S.D. - 17.88)

The topics on each of the six pages of CPI-III made iairly equal ,j;/'

°°utr1bution apart from the aolubility topic on page 5 which was noticeablyg f«l‘

éisdainéd. lt is considerod that thia examinntion of 1tems hns not revenled
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By gross failing and that all the items could be rotained in a nevw

edition
ition of the instrument.

3,
Option-Total Correlation

Total Score pProduct Moment Correlation coefficlents

Ta
sible 5.5 Option—Mode4_*~_~__ﬂ_____,_.,__,______——————w

(N = 45/1V/1976)

\
2
Correlation Coefficients (x 107)
Page 1 2 3 4 5 6
Item 1' 2' 3! 4. 1. 2. 3. 4. 1. 2. 3. 4- 1. 2- 3. 41 1. 20 3: 4- 1. 2. 3. 4,

R| 53 62 61 52|72 60 45 67[74 54 31 6261 6o 13 26|49 37 30 6672 49 36 56

al 24 14 16 17|28 61 88 40|74 46 7210 g2 74 31 57(14 61 57 4855 59 32 44 ,

a| 36 12 0o 03|52 37 67 24|54 62 62 sa|72 30 35 57 |04 53 59 52}52 33 41 56

P| 30 16 43 35(29 47 47 42151 54 66 21137 41 33 33137 57 49 5854 32 60 69

(r > 0.288, p < 0.0%5 T~ 0.372, p < 0.0

The interest in the correlation coefficients in Table 5.5 lies in the
exteFt to which they generate confidence in the quality of the instruments.
Only 16 of the 96 options failed to correlate with significance less than
0.05 anga 8 of these were onPage 1 while the iigures would be of value

o the author of a new edition of the CPI- III.v there does not appear to

e et 5 s e e SR

s A

b
® any obvious reason why the A and Q options of the first item on page 5

have failed. There are 8 number of instances of optlons which correlate

Nore StrOngly with a ‘mode total other than their own; thus Option 12 on

Dag“ 3 which is an R option correlates more strongly with the A total and =

et

0
Ption 9 which is an A option correlates nore strongly with the Q total.

This evidence p01nts to some weaknesses 1n test construction but 1t 18  ‘

al“able 1n enhancing construct validity because reexamination ot these R

o ‘
,Dtiohs reveala 1mpurit1es which escnped notice when the 1nstrument was

ferutingged,
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, vlt.is interesting to speculate why so many poor thions appear on
te first page, It 18 reasonable t0 postulate that the four items are
Unsatisfactory but as 7 of the 8 options which gailed to reach the 0.05
8ignificance level are on the ¢irst page this seems unlikely. It is &
fact that gtudents of science are not generally asked for information on
Preferences Qnd they may therefore take time to adjust to the new task.
I thig 14 so,and there is some evidence to sustain it 1n the analysis
of reliability it suggests that further . _examination of the phenomenon
18 calleq for and also that it 18 advisable to discard the scores which

¥ere registered on the first four items on cognitive preference tests in

the future,
4,

Reliability
— R A Q P
reliability
coefficient
Cronback © B 0.833 0.693 | 0.520 0.796
ist half: 2nd haiz 0.617 0.632 0,758 0.626

These figures, with the possible exception of the Cronbach = :igure
for tne Q mode,afe similar to the figures quoted by Tamir from 9 di:ferent[
B°“‘"°es (Table 3, P- 115 19772) . )

The eight 1temg on pages ‘3 and 4 of CPI-II1 were retested 35 days

Wter the first adminigtration. No warning of the retest was given at

bbb 2 PR g T TR ES G e PR ER O

the xirst test and only school holidays‘bccurred petween the two events.
Test“retest correlation coefficients were calculated an& fhese are shoﬁn
in Table 5.6. The aignificance 1evel of 28 of the 32 options exceeded o
0.01 and only one Option failcd to exceed signiticance level O 05.‘v' 7
ThiB 1s'conaidered to bg evidcnce ot the satisfactory quality of tﬁek. 
n°"mative data.

A1l possibie measures oi data quality have been examined aﬁd:repqrféd f S

‘1“,th?8 section.' Important informatiOn ‘about some 1nadequnciea of - tha
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2 -
Zggktéie : Test-Retest Correlation'Coefficients (x 107) (N = 45/IV/1976)

P ——
Page 3 page 4
\
tten 1. 2. 3 4 1. 2. 3. 4,
 ——
Option
R 66 59 49 69 50 75 45 63
! 59 52 70 46 .39 63 48 52
¢ 50 49 37 52 56 40 35 - 59
Lji-_‘ 34 671 3L 47 L,;_,gg 39 57 44

Note (1) r > 0.288, p < 0.0% ¥ 0.372, p < 0.01

IR

(2) coefficients underlined are not significant.

instrument has been revealed put the evidence supports the contention
that this procedure for gathering normative data on cognitive preferences

18 reliable and that statistical comparisons petween normative and ipsative

lata are justified.

The next stage 1n this study starts from the prémise that the
Measﬁreﬁent of cognitive preference on a normative scale is the most
Satistactory method of measurement. Confidence in the quality of the data .
Vhich is gathered in this way rests on the tindings reported above. It 18 vii
Yelieved to be the best method because it reflects preference with greateet‘ v : b
8ccuracy and because it exposes weaknesses in the test 1nstrument with n
Drecision. (It is, however unlikely that the method will be adopted for o
purposas other than jnstrument evaluation and improvement because 1t is
1&b0rious and data analysis requlres extensive computer memory)

The interest moves on to the relationahips between normative data

fnd both the 1psative data which may be generated from 1t as well as

1paative data which is gathered 1ndependent1y of 1t, ~Speciax attention fV 1'

,xwill be ‘paid to features which sppear during analysia of ipsative data &
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¥hich might be described as mere artefacts of the procedure which was
U8ed rather than as properties inherent in the data.
Ipsative data cau'ﬁe generated from normative cognitive preference
data 4p 2 number of ways. Firstly each item can be treated as a subtest
*ileh 1 distinct from all other subtests, the mean score for the four
Ptlons of that item can be calculated and then subtracted from each of
the Options of that item. This method yields ipsative scores which preserve
the intensity of preference. Another method was to subject the normative
ftores to the scoring procedures which have been used in the past. Thus
88 Heaty (1964) required his respondents to select only the most preferred
“Ption 'Heath data' was prepared from the normative scores by counting
the Dumber of items in whigh each mode was most preferred. Kempa and Dubé ?
(1974) and later Tamir in several studies required all options to be votéd
Upop, (by scoring = the four»options 4, 3, 2, l)and then sunmed the i?em
8toreg yield a total score: for-each mode. Kempa and Dub® data were
Drepared by assigning votes in the order of Pre???°“°?'!MM?°k9Y,(¥?7?)h.Mﬂ;.
&g later Brown (1964) asked their respondents to giva +1 to the most prefe?red
tpion and -1 to the least preferred option, i.e. +1, 0; 0, -1, and then
they summed to obtain the>tota1Agiven to each mode. In’like mahner, Mackgy
%8ts can be obtained from mormative data. It was postulated that the
students mightybe mbre aware otfdislike than preference'aﬁd sb é 0, 01 0, -1 :'
Procedure was 3180 examined. The analysis of all four methods ot acoring, ’ fi“kiii

Lie, Heath Kempa and Dube, Mackay and dislike. will be reported.‘ In

additiOn the normative data whichweregathered on 45 IVth year atudents

ie Compared with normal (1. e.~iPsative) cognitive preterence data which ’1 N

Vere gathered on 78 1V year students. The data are given in Table 5. 7. -
It is necessary to postulata that if the respondents had been asked

to score their preferences in one of the four methods described above they[:f¢Q;gzw

°“1d have done 80 in a manner which 7 dbe predicted exactly rrom

the normativo method which they dld 1n fact use. The loss of reliability L 17
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in
curred by each of the methods is examined

no y
de total scores bY analysis was undertaken to see which portrayed

be .
haviour with least damage.

co
officients were calculated 07 cach mode to 8s8€ss the

.
ach method of scoring.

Table 5.

Tab_ & Z-—

The coefficients in

the 4,
4,3,2,1 method of scoT

/n .
d that the indication of least preferred options i

to
the reliability. The figures

are
particularly interesting

sc
ores which were gathered in the normal manner.

Co. : )
efficients with scores made ypsative BY 4,

cronbach ¢ coef

8 show that with all three stat

jng is superior to 1, O,

here and examination of the
normative
t—retest

ficients and tes

reliability of

istics
0, 0 and 1, O, o, -1
s actually detrimentalﬂ

of Table 5.8

LA ———

pecause they were obtained with jpsative

The Cronbach < relisbility

3, 2, 1) gcoring (i.e.

a . .
nd Duhé'g method of scoring) compare very closely with those jn the note

to
. the table. The general conclusion to this part of the

the :
Te 18 no difference'between the Te

t R .
. ?e ipsative dats which may be prepared ¢yrom it or traditional jpsative

dat :
a. Thus, it is reasonabl

1psatiVe data.

ble 5,7 : Means and standard peviations ©

Jpsativedata repared fro? them 3ifferent scorin rocedures
N = 45/1V/1976) 3 _ , T ‘ | :
R ‘ A’ \ _Q P

1iability of normative data andeither

e in B8O far as reliability is

t N

study 1s that

concerned, to use

ormative acores and of - :

e T

Kempa . S

Yo
Tmative: 141,09 (33-41)

1p8at1v8:

1

@ 0,0,0 2.96 (1.70)
egth)

4 n
X 3, 2,1 22.62 (4.33)
empa &’ Dubé)

.0 0 -1
Mackay)

13.11 (6.23)

132.53 (29.35)

1.96 (1.33)
10,86 (4.79)

9.71 (4.39)

123.44 (23.52) 122.73 (25.25)

‘1.40 (1.a1) | 169 (1.48)
'17.98 (4.68)

8.69 (5.08)
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%ﬁﬁlﬁ_§¢ﬁiproduct Movement Correlation Coefficients betwe:n No:z::éx:es
28ta and Ipgative Data prepared fromthemby different scoring p .

W= 45/1v/1976)

3
Coefficients (x 10)

gzgﬂéﬂsﬁfK Scoring Procedure R. A. Q. P,
1,0,0,0 ' 566 478 | 467 712
4, 3, 2, 1 750 | 635 | 541 | 1771
1, 0, 0, -1 o 721 566 447 731
0, 0, 0, -1 732 464 249 | 600
(Normative 833 693 520 7?6)
Test-Retest Correlation Coefficients | ;
1,0, 0,0 | 401 | 354 | 393 | 347 | ’ ?
4, 3, 2, 1 366 | 651 583 | 399 :
1, 0, 0, -1 o 362 | 197 | 340 | 341 ,i
(Normative 585 | 689 | 567 | 501) o

gzgﬂﬂsﬁ_Movement Correlation between Normative Scores and Ipsative Scores

1, 0,0,0 ' ) 715 617 572 | 436
4, 3,2,1 | | 719 | 720 | 736 | 557
1, o, O,k-l E ‘ ' : 677 486 438 366 S

5233:‘the Cronbach X coefficients obtained with CPIf; and a pppulétion
9% 717 students (scoring procedure 4, 3, 2, 1) were:~ o o

633

776 | 548 | 669

These compare faéourably with the figures given for 4, 3, 2, 1 scoéing"' P
8bove ang they are interesting because they were obtained with traditional =
: Psatiye ‘gcores, . i : . o : R &
It is not adequate, however, to rély_only uponrreliability;befcre;
®mploying ipsative scores. It is also important that the two ﬁypeé'O£ 7{;;“
data ghould furnish the same information on inter mode correlation and

‘  °n factor analysis, - The correlation coefficients which are reported in . =

.;;zﬁhlp 5.8 are étrong and’particuiarly}so for the'(q,:g,'zy 1)€§cqf%ng‘fé ” ; t

o




Procedure. The rotated factor analysis data foTr {his data aregiven in

Table 5.9 and arenot quite 89 gtraight torward. 1t may be recalled thet

Rempa and Dubd (1973) and Kin€ (1972) amoné other WOTK

o one factor of a two factoY analysis with +R and -Q and on the second

ta°t°r_they found +A and ~P. These 1oadings are found on Factoys 11 and

- 111 with (4, 3, 2 1) scoring when 8 three factor analysis is performed

.

b‘,lt under these circumstances s50% of the yariance ig on ractor 1 with

loading on R and -P. The othe¥ scoring procedures with three factors

e gimilar., When WO gactors are examined the loadings with ipsative

BCOres are not as previougly reported by'any earlier wquers other than

Yackay (1971). Inspection ghows that the loading® are +R and -p on Factor 1

and +A apng -Q on Factor 11, The original normative,data fromvwhich the

Ipsative data was derived joads +A and +R on FactoT 1 and -Q and -P

o Factor II but‘when three gactors 8reé used Q alone is heavily 1oaded

on Factor III and +A and -P 1oading® are found on Factor 1I. The 1oading '

Pattern for scores made 1psative by gubtraction of item mégn in which score

1nten81ty is preserved resenbles the patterns of other 1psati¢e gcores

nore closely than it resembles the factor joading on normative gcores,

The general conclusion which may be drawn is that the act of obliging

the respondent to 'quantise' nis scores by 8 voting or rank order procedure:

© Using whole intervals 18 not responsible ¢or differences in gactor loadings
But rather 1t is the act of turning normative ccores into ipsative ones

that 1s responsible. xpsative scores in which intensity is preserved N l%

‘Tesemble other 1psative ‘gcores ‘more closely than normative scores and | R  \

' i

!

one must conclude. very tentatively; that there is 8 di!terence in behaviour .

th&t requires further examination.‘ This conclusion must be tentative because e e

I
8

b
he pample size W88 small (N = 44).

Section 5.3 ¢ The rgubject-~S ecific

” 'Tgﬁ1rt9 guggﬁstion that cognitive preterence behavioﬁf has thr
" 108 |
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MO Rotated Factor Analyses of Normative Data and of the same

fata_aftor being made Ipsative. (N = 44/IV/1976).

L2
loadings (x 107)

N
, Two Factors
~—— \ Three Factors Two Factors
|
Factor I I1 I1X 1 Il
\___‘
%ELS,@,@& R 170 25 -20 72 25
n S——
Ormative) A 50 55 -15 50 49
Q 12 -27 | 12 01 -64
P -18 -49 36 -23 -59
Scores made | B 77 | 04 | -5L L) 26
28tive b . - 25 89
Sbtraction | A 20| | % -
& Item Mean | @ - -31 | -37 81 . -44 -74
P -69 | -60 o1 -67 -44 | ’
; 0,0, 0 R 86 | -12 -45 93 08 |
(\‘1:9'123i A 06 92 -26 09 . 89
~~Psative) = ‘ - ‘
Q -23 -26 87 -38 -68
p -83 -44 -12 -79 -22
: 3, 2,1 R 79| 03 -52 87 25
%r‘e‘s; A 19 89 -29 23 88
Sative) == » =
Q -29 -42 81 -42 -7
P -72 -59 | 03 -69 ~40
Lo,0,-1 [ R 85| <15 | -39 91 | o2
Cores _
O -25 0
{psative) A 01 83 ot 4 - 82
Q 18 -15 | 81 -33 -56
P , -:lg g -36 et 2 ! ’ ) -z_§_ R —16
Eigenvalues - 10.308 |3.116  [2.583 10.308 | 3.116
[ ——
Cum o
of 3i;12352 51.5 | 67.1 80.0 | s1s | 671
~ Note: 7 Loadings » .39, p < 0.01  'loadings > ,38, p < 0.01.




hasbeen reported in Chapter 2 (Section 2.3). He described thege three

asgenergl, disciplinary and subjeqt-spécific. The subject-specific
®lenent has not been confirmed so far by experimental data, but the
mmortgnity for checking on it was seized. The 24~item cognitive preference
feet wag administered to 44 students at IVth Form Level. The administration

Permitted the respondents to give each option any preference score between

Y ang 99 (as described in Section 5.2). The test covered several distinct

Areas of chemiatry, including physical properties and purification techniques,
m‘epal‘ﬂtive aspects of chemistry, specific chemical featurés in relation
tothe halogens and to ammonia and aspects of rate of reaction phenomena.

tt ¥ould pe expected, from Tamir's hypothesis, that cognitive prefefences
Youlq show pronouﬁced’consistencies within such subject,areas and this was

*Xanineq,

The strategy for this examination was as tullows., Preference ratings

Foceiveq for each of the four response categories were factor-analysed

Using the usual technique involving principal component analysis followed

by varimax rotation. In each case, the Varimax rotation was restricted

to foyr factors which ensured that at least 50% of the total variance was
°“Sidered (Listing of variance percentages - see Table 5. 10). Loadings of
tteng . on one and the same factor were. taken as evidence that such items

Yere “undifferentiated" in terms of their subject—matter content. Where

ltemg loaded on‘differenf factors, the possibility was cdnsidéréd of this

being due to subject~matter intluences, as proposed by Tamir. Separate e
Malyses were carried ‘out for R, A, Q and P responses. (See Table 5. 10).\ |

It should be noted that the data used was : normative rather .
thap ipsative and there was consequent loss of some discrimination. (This f '
Proh)en is discussed‘in Section 5, 2)., Further, the total sample size of

44 WOUId not normally be regarded as adequate for a fully valid tactor~ 

&nalytic data evaluation but 1t is thought to be acceptable tor the purpose;M

ot this provisional analysis. A third point uoncevnlng the format oiftﬁe e

o

’
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Table 5.11 : Item pescri tion and Qualitative ractor Loadingg_(Summary o
hown in Ap

Aotual Loadings 8 pendlx K) N = 45/1V/1976

Item Description

Sublimation
2. | Lime Water
3. |'Oxides of Carbon
4 ?rep. of CO2
Distillation
Chromatography
Crystallisation
Melting pt.-Purity Test
9. | Prep of C1,
0. Reaction of Fe with €1y
11: Uses of chlorine 'é
12, | Halogens (Periodic %
Table Group) '
"
14,
; R
15, | rast Reaction (Fireworks) S i
18, Nature‘s’CataiYsts- | '?z
Enzymes ' “A
1. sOlutions - Solﬁbility" e
18'; Water of 6rys£allisation
8. 301ution of Gaaés
2. SOlutidn of Acids
2, Ph;sical properties - “ 1
22'; Manufﬁcture of}Ammbnia | II.
A, Béhavibur ot Ahmbnin in _“:,{° 112
o pzo | P 3
24, | eats for Ammonia W



) .
‘°m9 is also worth noting. The items used in this cognitive preference

t :
8t were constructed with a substantially diminished stem. This was

d
e to conserve information for possible use in an option and to minimise

e v
0“f“SiOn. It was not thought to change the character of the items nor

th
,‘e 8tudents' modes of responding to them.

Re
‘*ﬁElEE~EEQ“Discussion
R

\B~e‘3_&o~n‘s-g~8‘

‘The distribution of items, according te R - responses which they

121
1Cited, among the four factors is summarized thus:

No, of Items
F ' : -
Sctor I i, 2, 5, 6, 7, 8, 9, 12, 13, 14, 16, 17, 20, 21

Fg ‘
Ctor 11 , 3, 15, 18, 19, 22
. |

Fq o
Ctor 1y , 10, 11, 24

~:§é§:gii9 : Factor-Analysis of R, A, Q, P responses

o Percentage of Percentage of Variance accounted
gesP°nSe Variance . for by Factors after Varimax rotation
tegory accounted for
e by 4 Factors FI FII FII1I  FIV
R 59.7 64.0 157 | 1.8 | oss |
A 1 se.0 ' 85.3 | . 17.7 16,5 | 1005 L
Q 50.3 50.8 |  18.0 1.2 | 151 |
P e1 7 - | s0.4 ; : 22; B A 2 R E
— 51.7 5 6 15.8 11.2

The f@ble‘sﬁowiﬁg actuai loadings oﬁ,thq facfbrs; éuﬁsé@hent'to{Va;iﬁax~>7
otation is given in Appendix X. | . =

Fourteen of the 1tems load on Factor I, a further ten are foﬁnd 4
ass°°1ated with Factor 11, whilst the remaining five items have their main

b
°ading on Factors III and IV, respectively., Analysis of the thcmea brought

t
°3ether by itema loading on the various tactors does not reveal any

’4;‘112_ .




hmgdi“tély obvious patterns. Factor I, for example, brings together
diverse themes such a8 |

1,  Sublimation of COy

1?- Lime water in COg testing

111, Dpistillation

~iv,  Chromatography

V. Crystallisation
Vi, Melting point testing
vii, Preparatiooof Chlorine
viii, Halogens (as 8 groupAin the Periodic Table)
ix, Cataiysis in the preparation of oxygen
X Rusting (as a slov reaction) ' , ; } ;
xi.  Enzymes as "natural® catalysts
xii, Solutions and solubilit&
xiii.’Solutions of acids:
xiv, Phyéical properties of ammonia

- Within this array of themes certain clusters may be’identifiod,re‘g.
Ong comprising themes 1n. iv, Vv and vi all of which deal with separating
nd p“rifying materials or ooe comprising themes ix, * and xi all«of,whicho
“oncern aspects of reaction rates. However, such clustering is at. best

ten“Oua and, whilst it may 1ndioate gome measure of “subjeCt*specificity

° cognitive preferencea, 1t 13 outweighed by the substantial loading of 50 ?“ o

8Ny §tems on one factor. This would auggest that the similaritiea among Lt

T R e TR R

i
tens are more prominent than the differences.,

The second factor 1dentified in the factorwanalysia of the R - response§-~a-:é

focg hot contradict this' on the contrary. the thcmes which are brought

t°gether 1n this factor (oxidea of carbon, tast reactions, water ot 7 ;~

QrYstallisation’ solution of gases) show 11ttle thematic coherence, and i

th‘“ Provides 1ittle support for the Tamir hypothesis.;”

;oo113_1ﬁ




A‘
~=Responses

The distribution of the jtems, in terms of their A~ responses, among

the
four factors is 88 follows: i~
No. of 1tems

F&c
tor I s - 4, 7’ 9' 11' 14' 18, 19, 21, 23

Fac
tor 11 2, 6, 8, 12, 17

Fac
tor 11y ;. 1, 5, 13 15, 16, 22

¥a '
Ctor 1V ; 3, 10, 20, 24

As in the case of the B~ responses, noMe of the factors prings

t
%8ether items of @ distinct thematic connection. Some tenuous 1inks

. ;
ould be suggested a8 pefore, but one cannot have much confidence that

the
8¢ are really significant groupings:

It ig algo noticeable that foF the A -responses the distribution over

a random?) than for other response

the o ‘
four factors appears mOTe even (8p

n the nature of the A - responses itselt'

t
Yoes. This may have its cause i

althOugh these were constructed to reflect genuine "applications , it was

"ot always possible to eliminateé elements of ‘recall’ or'"questioning“

fron s“ch responses. This is & reflection of the difficulty associated  , S ,ﬁ

w ;
1th the design of good cognitive preference jtems,

= Responses

These distributed over the fouT gactors as follows:~ o SRR !

R TRy S FERTIS

’>No. of Items ,

Factor 1 5; 6, T» g,’lo,nlz;k19, 20, 23

Factor IIV: : 17, 18 | ‘ ‘ B ‘ ’ 7
Fa“‘or‘;ix . 2 (e Joading) s 11s 13,.15, 16 21, 24‘:*
Factor 1V : o h 3; 14, 22’;‘ }3‘ o !'&-; U‘v -
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Items 4 and 8 do not 103; strongly on any of the four factors and
"¢ thus not included in the 1listing.
Factor I brings t§géther jtems which, in terms of the item analysis
° the Q - responses, are generally deemed to be satisfactory. There are
ce”M‘lthema*{:ic connéctions here, especially the following two:
(1) Items 5, 6 and 7 (all dealing with techniques for the
separation and purification of materials).
(11)  Items 19, 20 and 23 (sll relating to solutions in the
broadest sense). .
¥higgy this may marginally support the Tamir hypothesis, there is no
*¥ious reason for the co-appearance of the two groups of items on the same
tactor Other than that all the items have genuine Q - respanses.
Factors II and IV are 'minor' factors, in terms of the number of 1tems

& .
“Counteq for, and so do not merit discussion. Factor III, which brings

t » .
%8ether seven difterent items with respect to their Q - responses;

H
nspection of these items shows no obvious thematic connections of groupings,‘

¥
hat yq noteworthy,-though, ig.that in these Q = responses, 1ssues are

i

r
“18ed/touched upon which involve aspects of chemical principles. Perhaps

h - . ‘
1s explains the communality of these items.

pﬁ
Responses , - : .

The following distribution pattern was found:-

No. of Items

Factar y : 1, 3, 6, 3, 11. 14, 17, 18, 20, 24 |
FactOr 11 | 15, (20), 22 23 (Item 20 also loads on Factor I)
Factor 111 :  2,4,5,7,9,10 |

PactOr Iv f 12, 13, 19 (weakish loading). 21

The genernl pattern observed for P - responses is not dif!erent from‘7'

s

hat for the other responses. Thematic groupings.‘where they exist, appear £

“bmerged 1n the broader clustering of items on the basis ot their overall

: hnracter : Lo
e T

S b A i s,

Pl iAo



Sencra1 Conclusion

The present datd do not offer any réﬁl gupport for the Tamir
Suggestion that cognitivé preferenc® responses ghould jncorporate &
Strongly Bubject-dependent element, in addition to the differentiation
sccording to response-t¥Pe yhich has beew the foundatio? of all cognitive
Preference work so far:

1t must of course pe recognised (hat the themes of the cognitive
preierenCBVitems gsed for this part of the gtudy may not be gufficiently
Menty differentiated to revesl any subject—dependent variations in
8tudents' response pattern: all items 4n the test fell within the £ramework
of O-level chemistry and ma§ thus, ¥rom the students’ poiét of view, have
peared to be exemplars of the same Subject. yntil the Tamlr suggestion

18 tested on more duferenuated subject matteYr, it' cannot be regarded

ag v
experimentally.established“.

%ﬁ?ion 5.4 Conclusions (aeference to Research Problems }n brackets)

It will be observed from the nev work in gection 5 1 that in future

Sectiol ~i—=

contidence can rest jn the relationship petween the modes of a cognitive

Preference test and the optiong which are,used to assess those,samg modes

(A.1a and A.1b). Evidence wagfgiven which ghows that students do £ind the

Options td be Bﬁfficiently mode speciiic for abundant confidence to rest in

the validity/cognitive preference instrument., Extensive analysis of scoring;
Procedures ShoWS that scores which are gatnerad in an ipsative form give ;W, 
'aimilar results regardless of the preciSe scoring procedures used to gather 7

the data (A2) 1£ pormative gcove 18 first gafhered and then made ipsative

there is ditierence jp the analyses of thé two podies of data but this o

&na1y519 is 1ncomplete because thare is no evidence irom comparison oi wo

dentical samplos, ‘one using 1p9at1ve scoring and the other using normative.::fﬂf

The Present findings are not 1n direct conflict witn those oi Tamir and

L““Qtta and of c1oss because the opportunity to drive this research to 1ts ffg: 

‘1°Rica1 concluaion was not taken, Finally tho aubject—speclfic elemant oI géa“ﬂﬁ 1

jféanitive preference behaviour was not established.ﬁ
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SHAPTER 6 ; Typ STRUCTURE OF COGNITIVE PREFERENCE AND THE EVALUATION
OF PUPILS

8 ‘
*35!122~§;9 : Introduction

The data structure of the cognitive preference test is three
?imensional by definition since the four modes are four stimulus points
8d as gucn they are locatable in three dimensional space. (This 1is
beca“Se n stimulus points can be located in (n - 1) dimensional space).
Investigationé of particular data structures seek to establish the relative
locationyof stimulus points in the data space and/or to find a suitable .
Teduction of data space that is needed’if the stimuli are to be accommodated
tn less than (n - 1) dimensions.

The procedures which were used by Kempa and Dubd and by Mackay had
thege two objectives in mind. Kempsa and Dubé.émployed factor analysis and S

Obtained two major factors after rotation which resulted in two

biDOlarities‘ They found that the R mode scores loaded with ;Q mode scores

ey L B I

o D e S e g

% one factor of an analysis with two factors and the A mode score loaded

Wity The disad#antage of their procedure

~P mode scores on the other.
Was, &t least in principle, that it employed statistical techniques strictly i
applicab1e to normative data only, in relation to ipsative data,

Mackay (1971) in contrast employed the unfolding procedure described

by Coombs (1964). His reduction of the three dimensional data structure ERRIRENS. &

Into tye dimensional data space apparently gave a format of data arrangement”
hiCh, after the introduction of axes, may be represented by R/P and A/Q
ManaY's work is therefore in conflict with the gindingskof Kempg and_Dube -
nd gome questions may be raised as to the real nature.of‘the stfucture\of »
‘°°8n1tiv§ praferehce data, In order to shed sémg iight on fhis,twq édditiég;;;ﬁfi

fnalyses were porformed on the data obtained in this studyvandvthq data{‘

e T( “ reported by Mackay‘waé,re-examined.,‘Tho'additionalnanh1yséa W§r°4;~j,fﬁ
1 R- and Q- type factor analysis on the same data and é‘ciﬁafér ana1§s;3;"7 o
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Both 0f these are also strictly applicable to pormative data so the

!1nd1“38 must be viewed with some caution.

The second part of Chapter 6 focuses on the relationships between

the cognitive preference measurements and the more routine measurements

ot classroom behaviour and operation. These have been outlined in

Section 4.1 (By part IT and  will be described in greater detail in

the Introduction to Section 6.2. It was anticipated that the information
O these relationships would be of considerable value in demonstrating

the value of cognitive preference data in student assessment for predictive
Purposes and in establishing guitability for particular careers. Certainly
1t wag felt that the relationships needed to be explored fully before the

nclusion of a cognitive preference test in a battery of assessment tests

¢
%uld be recommended.

ods of demonstrating the structure of

secti |
~ZCtion 6.1 : The alternative meth
behaviour (Research Problem (B.1)) {

cognitive preference

> : |
=8rt A : Mackay's method . S , ' .
: Mackay (1971) sought to expose the structure which underlies ' Sk

Cognitive preference by the method of unfolding analysis. His method is

tully explained in Section 2.4 Part (B)- This was first developed‘by o vuﬁ?
Bennett ang Hays (1960) and Hays and Bennett (1961) and described by R |
Coombs (1864). McElwain and Keats (1961) described a simple method of f‘i‘ff;i
determining coniiguration from a8 given set of orderings. They showed‘that:i~
there are only a limited number of distinguishable geometrical contigurationa ;“:
- 1 four stimuli intwo dimensional space which each requir;'that 6 out at |
the possihle 24 orderings ot the four stimuli are missing" the orderings‘

iwhich are missing are used to 1dentify the precise configuration and ther~:i1'

Confidence which can he placed on the chosen configuration reata on the

‘percentage of rank orderinga which are accommodated in the 18 orderings:'_fit;ili’

r‘which are acceptablc to that configuration., Wish (1964) and Brown (1975)‘5.Q1ii
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used this method with cognitive preference dataj wish accepted @

configuration on the evidence of 88.6% and 88.9% accommodation put Brown
Tejected the method gince at pest it only accomnodated ggy of per datd:

The percentage of data that must be accOmmodated within the 18 orderings

%ut of the 24 before confidence can be said to reside in the structure

'
hich is then exposed, N&3 not been geternined.

Mackay considered 3 possible_two—dimensional gtructures (1971, p.170)

Bfter rejecting all possible one—dimensiOnal structures. He used orderings

%btained from 13 sanples of respondents. He concluded that rcognitive

Preference stimuli can pest be represented in two dimensiond ..« The

Ordering of the four stimull O the first gimension 18 A R P, Q.

and on the second dimension 18 R, A Q@ p.t A1113 groups exceeded 88.4%

accommodation end gample . the vest gample, had 96.3% accommodation.

This contiguration 38 derived Irom a structure which 18 described 88 the

(3’ 6’ 6, K} gtructure gince the R node score is 1eaﬁt preferred in 3

8cceptable orderings, @8 is the P mode 8COT®» and the A and Q mode scores

are acceptable in all the orderings in which they 8r¢ 1east preferred.

The two-dimensions reported by Mackay 1ead to 8 gtructure of R/P and A/Q.
(It will ve recalled ¢hat Kempa and Dub® gound R/Q and A/P).

In Table 5,4,1 (p- 147-149) Mackay €8V€ srequencies of all orderings
for a11 13 groups ©of data and these are repeated (in condensed form) in
IEElg~§4l_w1th rank ordeiings grom four other sets of data. For instance,
Bnalysis of Mackay‘skdata shows,that (3, 6 3, 6) accounts foF 92.05%% . |
of thé data for. Sample 1. Tﬁis is actually greater than the percentagé
Va°°°m\0dations for all except. 4 of the 13 aamples of data with (3, € 6, 3).
(Sample 1 is one of the four exceptions); .Thus it is evident that. Mackay
did not examine all possible structures;with sufficient care; this wis,‘;
theretore remedied and it i8 reported in Table 6. 2.: Inspection of tha

figures show that both (3, 6. 3. ) and (2. 6, 4, 6) are. at 1east equally

a°°epta’nle (or unacceptab1e} as the (3, 6 6. ) structure which Mackay

_ selocted. ST
E 119
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Four further points are worth making in this context:-

(1)

(11)

(141)

’U,(iv)

The instrument used by Mackay had only 11 items,
It is possible to recreate scores from the rank orderings

given by Mackay; correlation and subsequent factor analysis

of these gives the figures shown in Table 6.3. It is evident
that the structure which they reveal conform to the Kempa and
Dubé pattern and contradicts Mackay's pattern.

It will be observed from tﬁe figures given ot,the footdof

Table 6.2 that only 12.5% of all the orderings had either the

R mode and P mode in the least preferred position. This is

indicative of andunbalanced instrument. The similar figures

for the other bodies of data in this table which are part

of this study are not ideal though ‘they are more balanced,

vBalance is important since 100% of the orderings with (3 6, 6, 3)

would be accommodated if the R mode and P mode never appeared

in the last position ot a- body of cognitive preference data'
- 1f all modes appeared in all positions equally frequently
~and 11 100% of the orderings were accommodated much confideooe:
"would occrue to the configuration which could then be 1nferred
§ but in the present sample where the frequency 1s highly |
k,.distributed little confidence accrues to the pattern of
l'behaviour that is reportod.: T
. Mackay supported his evidence from‘unfolding analysislﬁiﬁh ao "fi;[’

VQ~sort factor analysis procedure. During this he selected

r'64 roapondents from the 1358 1n Group 1 (the method used for

R modo or P mode scores in the least preferredpmaition while 60
'had either A or Q modes 1n the last position. In the analysis‘
- of those 4 are rejected because they cannot be accommodated.

‘It seems poasible that this lack of balance may have been over

’vaelection was not given) and of these 64 only 4 had either
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T

23ble 6.1 Preference R

ank Orderings of Individuals

Mackay | CPI-I CPI-11 CPI-I11 CPI-111
(SampleI) | N =830 | N = 581 N = 439 N = 45
N = 1358 (ipsative) (ipsative) (ipsative) | (normative with
e —————— ‘ 24 items)
AQen 19 10 11 29
Apan 10 '8 32
Wrg 18 12 20
AR 13 21 19 11 22
PAGR 12 10 6 36
"o 20 25 1s 13 _30
68 103 68 54 169
RQp 36 25 19 12 33
o 304 79 59 18 70
Wmea 7 9 8 13 16
WA 22 21 19 23 30
R 95 - 133 85 30 29
e _38 iy _42 21 e
- 502 322 232 123 222
Rirq 215 - 62 37 48 57
RPaq. 353 76 a7 31 40
AR 30 24 20 25 05
::f:: 10 e 18 12 40
65 52 41 14 60
R 2 ar | e e 3
685 250 176 139 330
Mep 49 33 30 32 100
et 26 7 6 17 ot
46 .30 12 poos
ap 6 9 : 31[
QArp 3 14 10 14 s
103 155 108 111
1358 830 881 a7




Iéghi£L3~Epfolding Analysis: %age of orderings accommodated by three
gl&ﬁﬂEEﬁLﬁﬁructures and five bodies of data,

Mackay cpl-1 - | CPI-I1I "1CPI-III CPE-III
(Sample 1) N = 439 N = 45
Ipsative Normative
24 items

| : ucture is inferred)
l'iiLiL_gJ 3) Structure (from which R/P, A/Q str |

ho, of
orderings

not ‘accom-
modated

45 124 - 86 63 188

%age of
orderings 85,20 82.59
Which are 96,30 85.06 85,20 .

accommo-
dateg

P structure is inferred)
2.£§4—§L_§1 6) Structure (from which R/G, A/P s

ho, of
Orderings

hot accom=-
lmodateq

108 99 73 59 +236

%age of :
orderings , . ' 7.44 86.18 78,15
Which are - 92.05 88.07 G ' o
accommo- v 5
dated o : . .

: : o re is also inferred)
3. (2. ¢ 4, 6) Structure (from which R/Q, A/P structure .

no, of ‘ » ;
Orderings | 95 1100 : 68 56 - 205
hot accom- o ’

modated

%age of v . - .
Orderings ' ; o 28 k ’ 81.02?
Which are - 93,00 87'95‘ 88.29 86.8 o
accommo~ '
dated

%age of N , , S e : SR |
orderings L . T L
with ; - _— o Pl | :
R least | 5o | 128 | ‘w7 | 1258, | - 15,6 |
A least | 36.9 ; 39.8 39,9 2 .28.8 . ‘;,.20.5;3 '; :
Q loast 50.4 30.1 30.2 | 335 | . 30.5 1 e
P least 7.5 18,6 | 18,1 - 25,9 | 332 e

QT?;WWQQ;VLf,'_.,m; wu.;,”.w;;mW“122w<m,.u:, ' S A



”EkhiibﬁLﬂganststandard pDeviations, Correlation Coefficients and

}EEQEQ~E£EP0r Loadings of Cognitive Preferences which were recreated
r 2

T
R

=20 Rank Orderings, Mackay, Table 5.4.1, p.147-149, (1971) (N = 1358)

\
r“* 2
: Means Standard Deviations Correlations (x 107)
R 3.46 0.89
4 ’ 1.93 0.88 - : ~18
¥ 1,73 0.81 ' -47 -36
i 2,86 0.81 ~-38 ~50 -08
\J R A Q

2
Factor Loadings ( X 107)

Factor 1 1I
T~ :
R o5 " o7
4 ~13 93
Q a2 | -1
d ~28 -76

Note: +tnis data was recreated from frequencies of orderings by
aWarding 4 points to the mode which was most preferred, 3 to the next,

2, and 1 to the least preferred score in each ordering.
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looked and thus if a more balanced sample had been used Mackay
would have found that the Q-sort procedure did not confirm
" the structure which was revealed by the unfolding analysis,

Pay
Mand Q-type Factor Analysisg

The report ch this piece of work on ipsative scores is presented here

beca“SG it serves as evidence of the structure which underlies cognitive
ﬁreference modes. Q~type factor analysis of four total mode scores with
60 Tespondents is analagous to R-type factor analysis of the scores of
four Individuals each with 60 measurements: both types of analysis with
the S3me data are presented for ‘comparison. Scrutiny of the loadings in
Q1VP§ analysis allows respondents with similar patterns of cognitive
preferences to be identified and assigned to groups. It was poétulated
that the mean scores of the individuals in the groups would reveal |

[

*¥idence of structure.
The data which was used was obtained from respondents who completed

CPI‘III normally but who were rejected from the principle sample because
hey failed to complete one or more of the other tests in the battery.
4 sampye of o;1y 60 respondents was used here because factor analysis of
"0 x 60 matrix utilised the full capacity of the memory of the computer,
Use was made of the Q-type factor analysis with two factors to assign each.“
o thG 60 respondents to one of five groups according to loading (+ and -
on fach og the two factors and 8 iifth, with no obvioua loading, formed
the Teject group)., 17 loadings were greater than 0.919 (p < O, 01 with
¥~ 4). and a further 21 had 1oad1ngs greater than 0 811 (P <o, 05)- :

? the remaining 22 had 1nsufficient loadings on one or other of the two  4

fa
Ctors and were allocated to the reject group. The mean mode scores and

8t
a“dard deviations are shown . in Table 6 4,




T
‘Ehhiﬂ_ﬁ__-type and Q-type Factor Analysis of the samc data.

U= 6op71976).

.

. Mean Stan. Dev, Correlation2Coeffic1ents
(x 107)
Btype [ R 14.13 8.47
| A 6.93 10.18 27
Q 11.97 8.83 -73 ~52 g R
P 15.35 9.85 | -51 -79 32 8
' R A Q

(r > .33, p < 0.01)

s ' 2
Factor Analysis (loadings x 10)

Factor ) S ; II i
R 03 . ..92 ;
A 93 13 5
Qe -16 -89 .
P -91 04

Eigen value . 2,567 ¥ 0.955

Cum. %age of | g4 5 88.0

variance :

Q:EXBS_i_Méan Mode Séores and Standard Deviations with mean '0' Level Grade

N | loadings | - R. Y Q. | P 0 E

r———— ' Level Gradd '
oup I [ 9| +ive on |15.22(7.97)|21.7 (4.15)| 7.88(5.01) 0.00(4.60) 2.77 ]
Factor 1 ‘ v . ' v g

I |22 | -ive on  |12.14(6.43)| ~2.18(6.83) [16.14(7.26)[21.77(7.32). 1,01 | .

Factor I

1II 5| +ive on ' RN RN
Factor II{ 1.20(6.83)|11.40(9,69) 21.40(7,40)14.00(6.96)‘:2.00 o

IV 18 | -ive on ' :
| | Factor 11{20.00(5.91)}10.11(5.61) | 5.11(5.41)(12.61(6.09) ' 2.39

~—_ Y |(6 rejecté)
T°ta1_;...60

The data in Table 6.4 show strong evideuce ot the same bipolar

struCture (A/Q’ R/Q ) in the loadings on the two factors or the R type

&nalyaia and in the mean mode: scores of the Groups 1n the Q ~type analyais

1 ' - el
hough the evidence is slightly less strongin the 1atter.iiRﬁBP°ndenta o,
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tncmﬂp I with high A mode scores and low P mode scores loaded

Doaitively on Factor I and those in‘Group II with these scores reversed

toadog hegatively on this factor but there is some support for A/Q,

P structure since the R score of Group I and the Q score of Group II are
- Mo high, Grohps III‘and 1V, however, lend unequivocal support to the

A
1 /P, R/Q structure.

‘~£££LM__~pster Analysis¥*

The hypothesis that natural groupings occur in the normative data -

"38 furtnep examined by ciuster #nalyéié using Ward's method (1963). : :?égiv
This is a hierarchicél‘technique in which the individual respondents
ire Classified into groups or clusters and the process is repeated at

ifrerent levels to form a tree. At each step in the analysis,union of

Svery Possible pair of clusters is considered and the ;oss of information
*hich Tesults is measufed by the total-scm 05 sqcaréd deviations of every
Poing from tﬁé mean of_the'cluster to‘which it belongs. fhcrtwo clquers

’Where fusicn results in the minimum increase in 'error scores of squares'

fre then combined and so, ultimately, spherical clusters with minimum

&Piance are generated (See Everitt (1974, p 15-18)).

The normative scores ‘of 45 respondents on four of the six pages Of

cpI‘III (pages 1, 2 5 and 6, i e. 16 cognitive preference 1tems for each

esDondent) wvere analysed. At the 10 cluster stage there were three clusters’

Yhicn embraced 30 1ndividuals and 7 more for ‘the- remaining 15 1nd1viduals.@ﬁyf;,a
F“Sion of these small fragments was not complete until the 3 cluster stage»pb'

‘:“d 1t was the behaviour og the 1ndividuals in thesa three clusters which

¥ag examined by reassembling the 16 1tema for each of the three clusters
‘eparately and converting the mean option scores tu z—scorea.' The mean

mode Bcores for all three clusters and the szcores for Cluster 2 are

Riven at Table 6.5,

%

’ \Cot‘!iputed by 'programme‘cws'rm IB, UMRCC ' 7600 versibn, o
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T .
‘ﬂﬂngle Cluster Analysis of Normative Data with 3 Clusters (N = 45/IV/1976)
No. of resp-| . Mean Mode Scores (see note)

0 ondents in F- (and standard deviations)

Usterl Top | Bottom| T2t1° R A Q p
\~\__§~Ef?up Group (sum) '

! 10 0 3.65 | 101.00(30.99)100.55(27.61)137.11(24.45)146.00(13.98)

g’ 9 7 2.68 |156.31(25.16)148,.56(21.76){134.88(14.933134.38(9.79)

3 2 17 3.33 | 148.58(28.50)135.00(25,606)106,68(20,43%100.47(21,71)
Yotg .

o 7o

scores for Cluster 2 (N = 16; 9 from the top group and 7 from the

. ' -1
‘ mean score on all 16 items (x 10 )

~Ltom group
2
Iz Option Z-scores (x 10)
Page T '
ge Item R A Q P
\-—.;
1 1 29 33 37 -10
2 13 38 Q 24 @
3 60 52 30 -02
~—— 4 44 20 39 41
2 1 63 22 . 51 79 *
27 00 120 -11 01 ]
3 o8 | 20 16 62 '
~ 4 09 12 -06 -31 *
5 1 14 20 14 -25 ¥
2 23 36 34 21 |«
3 25 34 -03 36
~——_| 4 47 65 24 22 o
6 1 32 | . 48 35 | 46
2 45 10 39 51 o
3 58 32 21 51 iq
4 08 32 ! 44 28 e

The option z~scorés‘fo:,C;ugter{1 (with high

Pa
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overall mean mode scores for.

hd Q) showed strong proference stimuli for P in 11 of the 16 items and




-
%d they thereby reveale

wd for Q in 8 of the items and there was stroné yresponseé for both P
tid Q in some items. 1t was not therefore® possible to asses

the 10 individuals in'ciuster 1 were activated py stroné

Vhether they were activated by gtrong preference for p. (and weak for R)

ad strong for Q (and weak gor A), 1-©° the structure motivating their

behaviour was concealed. The 8ame was true for ClusteT 3 with high mean

hods scores gor R and A but‘the strong'stimuli were reversed. It was

Noticeable that theseé two clusters were more aiffuse than cluster 2.

(The measurement which was used to establish this was the mean of the sum

°f the four F-ratios: one for each mode, across the 16 jtems, for each

of the three clusters® separately. { small p-ratios indicate low yariation

¥
ithin a cluster.)
The option Z—scores,for Cluster 2 (Table'ﬁ

ttens (marked *) 90 afford evidence of A/P.‘R/Q structure while only 2

(mazked p) auppor;éd A/Q, R/P: ‘ghis middie cluster contains the_ respondents‘_

Who experienced gtrong preference gor either p or Q modes put not for both

d the structure oi’cognitive preference bebaviour :

vhich was anticipated from other work. 1t is reasonable to0. argue by

®xtension that the game structure pervades a1l respondent behaviour but

~individuals 1n Cluster 1 tound that 1n general poth P and Q were. strong

Stimyly and those i Cluster 3 £ound that in general poth the P and Q
s N h N . . .
tinulus statements Were weBE.

8
~Eﬂﬂ§r2 of Section 6.1

. The evidence which has been gathered together shows that- there i8

no reason to place confidence in the 1indings which Mackay reported while ‘ ;',;

the Q‘type factor analysis ‘and the cluster analysis do support the iindings
ot Kempa and Dube put these. should be treated with the same caution that
Ke“““ and Dube used 1n 1nterpreting their statistics. The Research ?rcblem

(n 1) has at 1east, furnished no . contrad&ctory evidence.i. a;.  o
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,“45322‘§42 : The Evaluation of Pupils : (Research Problems (B.2)-(B.7))

: .
Jﬂﬁﬁﬁggglgn to Section 6.2

This gsection 15 devoted to the analysis of cognitive preference data

hlthe light of other measurements; These were selected because they | )

Yere thOUéht toqﬁéﬁe important clcssroom”implications. The juséification

3Orthis section of the resedrch‘ié’that if it can be shown that_cognitive
preference‘behavi/our nas a characteristic bearing on, say, academic | e
achievement or bias, it will be possible to argue in reverse in later

York and claim thaf,‘becausé'the’cognitivé‘preference style of an individual

ig found to be of a certain type, the academic achievement or the bias may

be exPécted to conforﬁ to the péttefnvfhat fhac tfpe has been showc té

have, Obviously academic cchievément‘ié‘oi considerable importance and

1tBt‘elationship &1thcognitivepieferénce is explored in Part A using,
AR

0 levey grades with vth“Form students and special tests with IIIrd Form ;;
Student g (Research Problem (.2)). Research Problen (B 3) is concerned

Mth tpe possibility that ¢ﬁr§1¢u1af differences may exist in difterent

Schooyg and that,uiéke,ences in cognitive preference behaviour as exist ' ?i
between schools may be ascribed to their respective curricula, ‘Fcr N
thig rééson.avtest cf”élobai ébilit& in‘aciehtific fieldc:wcs cééd ia} fhe’ | }5
*tudents of a11 thé schoblg'in the hajorISample and the cognitivé}créfeigpce. Y
behaviour at the time of the global ability test and one year 1ater.was |
®Xamineq, | : | | | S

A further and most important dimension of this study ‘was the relationship

be tWeen cognitive preference and class level (Research Problem (B 4)). There'

Yere two approachea to this Iield of study. the tirst involved three

1

itferent samples, one at each of three class levela.. All were examined

on the same cognitive preference 1nstrument. In the second approach, a single

aalee was examinod at three moments in their schooling.: The aample waa"i

exa’ﬂined with a dif!erent cognitive prererence 1nstrument and with a teat

Y
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h‘t‘n“lal of one year. The data generated by the second of these two approaches
hasbeen viewed as a problem of atabilitf and it has been assigned to
%.
| Aﬁcther Research Problem (B.5) sbught to asseas the relationship, if
any'beeren cognitive preference and both bias towards sclence and interest
% the Study of science, i.e. towards Science Orientation. The rationale
t°rthis approach stemmed from the belief that both are essentially’éffective
1®Sp°5585 and that some allied behaviour might be expected. Finally it Qas
mmmed imbortant to sée Qhether discernable differences in behaviour

between schoolg and between classes in schools

foulg be detected, Positive evidence of a relationship would have had a
"Tkeq bearing on the work reported earliér in tﬂis section and related to
currxcular influences. In fact the findings proved to be negative and they
"¢ reported only for fheksaké ot completion.

This section 13 concluded with an 1nvestigation of the relevance of

fox, 1y any, to cognitive preference behaviour (Research Problem (B.6))

Pa
\43~é~;_ﬁpademic Achievement (Research Problem (B.2))

Kempa and Dubé (1973) administered a cognitive preference instrument
Yoy samplé of gtudehfs Jf 'A‘ 1§§é1 in Chemistry:abcut six months aifér'
thQSe Stndenté had‘taken‘théir il ieQelvexaminatiops."They found sffohg “
x"es‘llvanseg; oﬁ both the 'cdriosity’ and 'awareness’:scales.' King (19723
usi“e the same instrument and a very similar sample of students obtained

milar results. In both studies students with high rating on the two
ﬂles scored well in their Chemistry examinations.; Tamir worked in:
the biological aciences with a substantially larger sample af atudentsv
than €ither Kempa and Dubd's or King 8 and it contained a less highly
eleCtive population.. When Tamir related the scores on a 30 1tem multiple
h°1°6 to cognitive preference scores by analysis ot Qariance he tound
8‘3“1ficance for the R/Q acale, (the"curiosity' scale)but not tor the

&wareness' scalo (Tamir. 1978 Tables 2 and 3)

»




T e

Iﬂﬂs_ﬁ_g_, Mean Cognitive Preference Mode Scores, Standard Deviations
and Analysis of Variance by p Level Grade (N = 439/Vth/1976)
\0
Gl‘a N = R A Q P
\{
A 70 12.06 (8.67) | 4.06 (10.96) | 13.56 (9.39) | 18.26 (10.17)
B 70 15.26 (9.32) | 10.13 (10.29) | 10.70 (9.95) | 12.04 (10.51)
c 70 17.79 (9.38) | 13.20 (9.09) 7.59 (8.47) | 8.76 (9.15)
Fai) 70 . | 15.91 (8.21) | 13.67 (8.03) 8.59 (7.23) | 10.19 (7.27)
|
280
Anal
~~—¥8is of variance
\
Sum of SquareS“ Mean Squares
sourCG of between within between within F P
#rlance grades " grades grades grades
Rk df = 3° df = 275 ‘ S
\ '
R 1651 - 17807.8 = 517.0 64.76 | " 7.98 - 0.01
4 - 4333 - 26126 1444.83 95.00 15.20 0.01
¥ 1465 - 21798 - 488.3 79,27 6.16 ' 0.01
\\‘~;.;;__ " 3680 24530 1226.7 89.20 | 13,75 0.01
The data ‘given in Table 6.6 concerns students younger than

h°8e in the sample which was used by Tamir This sample comprised 280 Vth

°rm8tudents and the mean cognitive preference scorea are analysed by"O'

Le ovel grades in Chemistry with the failing grades (i e. Grades D, B and F)

gr"“Ded together, ' The figures show that there is little difference in

SR

b
ehaViour between those who were awarded a Grade 'C' and those who failed.

An“1YSis of variance, however, shows that there 19 more signiricant variance §  [

n the A and P mode behaviours than the R and Q modes. Thia finding 18

°“trary to that of Tamir.

(
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data that for younger students academic achievement igs more strongly

Telated to the A/P scale and}gg; older ones (i.e. those at college) it

18 the R/Q scale which is relevant because the circumstances of the two

Studies are so wldelf different. The finding 18 interesting, however.

A turtner anelysis of similar data, in Part E, shows, also, that the two

Bexeg behave‘dlfferently and the relationship between achievement and
“ognitive preference pehaviour is studied again in Chapter 10 (see,

Particylarly, Table 10.1).

_______......_—--—-—- . B
Analysig of data from still ycunger students ghow that they, 100, behave

ditferently, In this 1nstance the cognitive preference data was obtained

"ith IIIrd Form students and the exercise which was used (CPI-I11) was

the same one that was used with the '0' Level students. The mean preference

8coreg (with standard deviations and analysis of variance) for five groups

la shown in Table 6.7. The groups were obtained by partition after rank
iab’l€ D- L

°rdering the students on thelr acore in a test ot recall of chemical

Information. The test was designed specifically for the students of this
aaMple and it contained only 1nformation wnich could be classified as o “&

knowledgev The analyaia of variance shows that these young students ‘: ; ;é

ah°Wed significant variance on the R-Mode and on the Q—Mode scores bnt

"0t on the other two. An identical analysis was performed on five groups ﬁi 
Previously partitioned by scores on 8 test of chemical ‘understanding ‘tne x.‘ir%
variance vas found t° o Signlficant for all four modes._

Thus, to summarise, Tamir found eignificant variance on the R ane Q

modes with college students, ile in this study the younger studente,

. Ly e
g i o i, s

QOnfirm Tamir s tinding and the '0' Level students contradict it.. The
hew information which emerges from this is meagre, there may be change ini L
behaViour with 1ncreasing maturation but further investigation oI the data L

‘5 neceaaary, This w111 be attempted in Part C and in the meantime it is_{;r.;

r°“90neble to say that the evidence in response of Research Problem (B 2).75f”

15 Btill 1ncomp1ete.'v

'132»’r

1
gg



T

Llo 6.7

Mean Cognitive Preference Scores of IIIrd Form studentg

partitioned in five pgroups by scores in a test of Recall of

Chemical Information, with standard deviation and analyses

of variance. (N = 161/11Ird/1976)
" —_—
P:Tf‘and Standard Deviations
Groyp | Recall N R A Q p
Score :
\\
1 42.88(5.66) | 33 | 14.91(8.15) | 15.06(8.52) |10.39(9.72) | 7.39(7.87)
2 33.78(1.92) 32 |17.66(9.39) | 17.22(8.82) | 6.16(9.90) | 6.78(9.33)
3 | 27.03(2.47y |32 |20.09¢8.14) | 18.25(8.41) | 5.41(8.96) | 4.25(8.51)
4 21,75(1.85) 32 |21.19¢7.71) | 20.16(6.92) | 3.34(7.52) | 3.03(8.89)
s 14.22(4,55) 32 |19.06(7.41) | 19.91¢6.19) | 4.19(5.49) | 5.03(6.93)
\ . .
Variance
Sum of Squares Mean Squares F P
‘Between Within Between Within
Groups © Groups . | Groups Groups
(df=4) (df=1 56) - e e
R 770.6 10792.4 | 192,65 69.18 | 2.78 0.05
A 569.7 9900.0 | 142.43 63.46 | 2.24 NS
N 079.1 11619.9 | 244.77 74.49 | 3.29 0.02
P 417.7 11214.3 | 104.43 71.80 |1.45 NS

‘Elillgkﬁptitude for Science (Research Problem (B. 3))

At an early stage in the research the need for a test to sample the

h
°m°gene1ty ot the sample which was drawn from many schools and classes,

b

y .
a8 fOreseen.

The Iirst test package of the 1ongitud1na1 study (1 e for

h°se tested at IIIrd IVth and Vth Form Level) therefore 1nc1uded the

BristOl Aptitude Test Study Skills, Level 5.

It was administered te

o 8chools and to 33 classes at IIIrd Form Level Analyais or variance ot
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cognit1Ve preference scores oetween groups constructed by partitioning
wiﬂ‘B°A-T. scores showed no significant differences. Once this homogeneity
hNibeen established it was considered acceptable to use the scores from

the Sampie et this level and at subsequent levels as a single body of data,
Tn a 8Ubsequent study, two—way analysis of variance using fourteen randomised
1asses of fifth form students, drawn from 7 schools with two classes of
hirteen students in eech class, showed no significant variance for any
°(the,four cognitive preference modes. (No doubt streaming was responsible
tor the highly significant variance of '0' level grades in these same
classes). In another experiment using 7 classes at IIIrd form level, each
ity 17 students and all in one school, the variance for the P mode only.
Vas Significant (p < 0.05) but an analysis of covariance showed that when

the 8Chievement in chemistry score was used as covariate the variance in

the p mode score then ceased. to be significant.

Carefui scrutiny of all the sample popolations for significant vafiance e

In hMode preference behaviour between schools and between classes failed to

Teveay differences. and so it must be concluded that school and class
hVironments do not modify cognitive preference data,

:‘~££JL~_g1ass Levels (Research Problem (3-4)

This problem is concerned with the relationship’between class“lecelsb
8ng cognitive.preference. Toe data ' f' ' gathered for the resoluiéoo
ot thig problemwere cognicive preference data obtdined‘with‘tﬁe saoe‘:iﬂ
1“ﬁtrument (CPI-IID) from 11Ird, IVth and Vih Form students, The fourth.
fory population proved to be the smallest of the three. and a random
“lection was made from the students ot the other two populaticns to giva
hree Populations of equal gizo.  The means and standard deviations and ‘the
&“&lyaig of variance 18 reported in Table 6.8, The most interesting fact
Yhich sg apparent from thesedata 18 the signi!icant varinnce of the A and ,‘
p mOde scores, the mean values of the- A—mode diminiahing with 1ncreasing

matllrity while P-mode mean values increase.' It must be accepted theroforo




T \
~5¥£“§;§_: Means, Standard Deviations, Variance of Cognitive Preference
Mode Scores by Class Levels (N = 369/IlIrd, IVth, Vth/1976)

Mo = »
“JEELégg_gfandard Deviations

\ .
P e v e =
Teference Levels | IIlrd Form IVth Form Vth Form . .
o Mede 1 (N =129) (N = 123) (N = 123) 2
R 18,95 (8.47) | ‘17.41 (10.63) | 16.69 (8.68)
A | 18,14 (7.96) | 15.38 (9.21) 12,26 (9.57)
¢  8.28 (8.60) | 7.74 (10.51) 8.73 (9,25)
P . 4.60 (8.76) | . 7.37 (9.51) | 10.69 (8.79)
-y
~Llance
\_
. Sum of Squares = | Mean Bquare
~_ Between  Within | Between | Within F p
" Levels = | Levels | Levels Levels ,
R | ses.z | 310928 1641 | s7.a1 1.88 | Ng
A | 21276 | 20491.0 |1063.8 80.58 | 13.20 | 0.01
@ | 3731 | 3305.9| 186.6 | 90.73 | 2,06 | NS
~— _2287.7 30042,2 11143.9 82.08 13.94 | 0.01

hatthese\jata confirm convincingly the 01a89roomexper1ence or many teachersr_i

; S
' hﬂt as maturation 1ncreasea, so pupils become 1ncreasing1y 1ntereeted in e

R

the Drinciples which underlietheir chemistry and less intereated 1n tha

u ;vt b
se“ tc which that information may be put.' In other worda thera 13,

8 EC - 4

8 ' i
ignificant movement along the 'application' axis of the double bipolarity

b , e
QhaViour which is auch a atrong feature of other cognitivo pre!erenca work;’
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b .
~E D : Orientation Bias (Research Problem B.5)

This problem concérned the relationship between two affective parameters

and Cognitive preferencé behaviour. The measures which were used were the

rlld,imentary orientation questionnaire described in Section 4.5 (Part E) and

t o

he bias towards chemistry. It was felt that these two measures together .
¥oulq give some insight into the relationship between science orientation

% cognitiye preference. Both these measures are insensitive but the
1x“:‘_”ﬂtion of the work was merely explbrafory. It may be recalled from
thakinforrma,tmn in Secﬁion 4.5 that’bias towards chemistry was assessed by
the Place assigned to the subject in the list of subjects selected for study
ot a Level, Strong bias was thought to be shown by a student who preferred
1t to a3y other éubjects; antipathy was indicated if chemistry was listed
Hong the aubjects least 1iked for study at A Level. This analysis was
O“d“Cted by selecting 30 students from each of the five categories'
hem#stry‘mqst preferred, chemistry second most preferred, chemistry third

‘m°5t prefefred; chemigtry omitted from 1ist of subjects liked and disliked

ind finally chemistry listed among the disliked subJects. The sample size

v
%% determined by the fact that one category had only 30 students and the

;hu"bers, in the remaining‘categcries were pared down = . . by

| Tendon Beléction.-v(Sée Téﬁles 6.9 and 6.io>.
The evidence from these two tables shows that there is significant
; hetween group‘ variance in 'application' scores (A and P, Table 8, 9)
iwhen the groups are determined by Science Orientation and there is. also;
,‘ Btrong 1nd1cation that the 'between group variance in 'Curiosity scoreg DR

le Bignificant when the groups are fashioned by bias towards chemistry

(Iﬁélg_ﬁ_lg; Those who plan to pursue their chemistry are motivated by “i;’§~;;
curioaity. while those who express a general interest in acientitic thinggﬂ ;?v :
e interested in the underlying principles and eschew the applicationg,i

'Thia pattern of behaviour conforms to the pattern that might reasonably ' “giliff‘;

-hav° been ant1¢1pated but it is gratitying to tind that 1agica1 expectation

3,;“ con!irmed by data. _




I&EE~§;§_1_Means, Standard Deviations and Analysis of Variance of Cognitive
Preference Mode scores partitioned by Science Orientation

(N = 439/Vth/1976)

[ ——
Science N= ] A . Q P
Interegt .
\\_‘ .
Unsacaey | 55 | 12.7607.22) | 6.1122.33) | 12.93¢8.53) | 16.20(10.71)
® 1 9.400.49) | 55 | 16.33(10.06) | 8.51(10.70) | 9.84¢9.50) | 12.08(10.54)
3 | : .
, 7.58(0.53) | 55 | 13.15(9.52) [10.93(7.82) | 11.56(8.35) | 12.69(9.69)
4 6.38(0.49) | 55 | 15.24(9.73) | 9.24(10.01) | 20.75(10.11)| 13,13(9.59) ;
4.84(0,65) | 55 | 15.03(8.98) |10.13(8.80) | 10.07(8.38) | 12.04(8.58)
| 25000063 | 55 | 17.62¢8.02) |12.91(9.13) 7.00(8.62) | 10.38(7.19)
7 : b - . | N
0.02(0.82) | 55 | 15.60(7.22) |14.16(8.06) 9.31(7.74) | 9.07(6,65)
8 - | ,
15.00(3.88) | 54 | 16.46(8.94) [13.85(9.70) 8.46(8.03) | 9.198(9.68)
A
%f Variance
\— v
Sor. , . Sum of Squares | Mean Squares
Surce of Between Within | Between Within F P . :
riance Groups Groups ! Groups Groups o
(d£=7) (ar=430) | BN R
R 751.8 | 35117 | 107.4 81.67 | 1.32 | s |
A 2831.3 10018 | 404.4 | 9307 | 43¢ | o.01 .
Q 1286.9 33034 183.84 | 76.82 | 2,30 | 0.05
P 2100.7 36628 | 300.09 85.18 | 3.52 | o.,01

B & PR




IEEE11L10 : Means, standard Deviations and Analysis of Variance of

Cognitive preference Mode Scores by the five Chemistiry

Biag Groups (N = 439/Vth/1976)

N

GI‘OUp Bias 1 N= R A Q \ P \
’ , |

1. lChemistry most a0 | 12.37(7.32) 9.60(10.26) 11.37(10,15){14.53(11.07)
preferred subject R

2. Chemistry 2nd most 30 12.53(8.49) 8.03(11.41) 13.40(9.23) 14.33(9.50) -
preferred e

3 Chemistry 3rd most 30 10.20(7‘94)11.87(9,16) 11.40(8.48) 14.47(6.89)
preferred ,

4. |Chemistry neither | 30 15.53(9.87)10.67(9.12)' 7.07(7.39) |13.40(8.24) .

most nor least
preferred

5, Chemistry names as 30 | 18.63(9.04)15.37(8.79) 7.23(8.48) 7.23(9,01) :
one of three least :

‘~‘~_1Preferred A 1eve19'l______*___~___,,_~L__“—-r

m—————

150

A. . . K 2
Nalysis of Variance e
' Sum of Squares Mean Squares = T P vj
Betweénr‘ a'Within" Between Withiﬁ : é
Groups Groups |Groups Groups 0
(d£=4) (d1=145) S RE
R 1714.3 | g493.5 |428.53 65.47 | 6.55 0.01 - k
A | 007.02 | 14397.3 226.9 00,20 | 2.28 | NS
Q | yg3.sz | 11891.68 108.5 | 79,84 | 2.48 0.05
LN‘_~? 1171.6 | 12276.2 292.9 84.64 | 3.46 0.05
a8 . '

\;~u.u’—-—y~Mn.¢--‘n.’\ﬂw'—v—.««“ LTI e

e e




Pa
fary B : Sex (Research problem (B. 6))

The analysis of the ditference in cognitive preference pehaviour of

Bales and females which was reported py Tamir was noted in gection 2.3

(Tanir, 1976). Analysis of variance of cognitive preference gcores grouped

b four levels at"O' Level examination is an rawareness’ measure rather

see Table 6. 11, (F values for 'A' and 'P’

th
an a 'curiosity' measure, Table 2--—

8%e 9,04 and 7.57 respectively and R and 'Q' values are 4.4} and 4.01

reSDEctively) This result 15 much as expected from the high element of

learning as opposed to comprehension 1n the traditional and, to a lesser

e 2 :
xtent, i{n the modern o' level 5y11abuSes. (A X test of difference

L S
1 '0Q' Level success bY the two sexes showed that the slightly higher

Pags level secured by the girls in the sample was not gignificant at
P < 0,10. The value of X 2 yas 4.02).

Analysis of variance py the t¥oO sexes gseparately show that the boys

“13°r1minate far more atrongly on the A/P axis while the response by the

2

girlﬂ 15 much more even. 1 x values between the gexes in each of the

°°8n1tive preference modes separately show marked differences. The F
Values are shown in Table 6.11 and 5(2 values are given and gummarised
»in Tab1e 5;1z, . ‘Tamir's (1976) sipdings are also given in Table 6.12
for °°mparisén;' The simiiarities between the two bodies of data is

Temarkab e, = "~ The géneralisaticn which is possible from this data

1 ,
8 that even. at the end of the Vth Form year girls are more 1nte11ectua11y o

ambitious and less 3uscept1ble to considerations of utility than boys. ’

§ ’ * :
S¢ction 6,3 . The Curiosi y and application Scales -

The workiby Kempa and Dube (1973) ahowed that high academic achi;vefﬁlt
°°°fe§ ’well En ; the Q mode score on the scale designated as 'curiosity
&nd in Iavour of the P mode score on the scale designated a8 'Application o
:‘The former gcore was obtained by Bubtracting the Q mode score trom the R |

\m°d° score and the 1atter by subtracting the P mode score. trom the A mode o



? ‘ .
‘ﬂﬂg~§;ll_; Mecan Cognitive Preference Scores of Boys and Girls by 'O

Level Grades, with standard deviation and variance

(N = 439/Vth/1976)

Mean and Standard Deviation
T — '
Grade) R A Q P
ovs B 39 13.36 (7.29)| 4.95 (11.00 |12.00 (8.10) | 17.41 (10.85)
75 15.12 (9.71) {11.07 (8.80) 9.73 (8.79) [ 12.36 (9.74)
88 15.84 (8.72) |14.93 (8.32) 8.58 (7.87) 8.36 (8.25)
Fail 67 14.10 (7.17) |13.72 (8.07) 9,91 (6.60) | 10.46 (7.31)
260
\“‘-—L‘, -
GIRLS 31 10.42 (9.91) | 2.94 (10,81))15.52 (10.48) 19,32 (9.13)
54 14.74 (10,11) 9.54 (9.70) |12.13 (16.96) 11.67 (9.20)
54 | 10.33 (7.93) [10.33 (9.46) | 7.35 (8.10) |11.20 (9.10)
Fail | 31 | 10.35 (8.88) [11.55 (8.04) | 7.34 (8.37) |10.03 (7.85)
1‘;‘(‘)" . .

Anal v | o
~-¥8is of Variance
\
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~ Table 6‘11‘contiﬁued}§.“14if i

Sum of Square . ;Mean Sqqares
Souree of between | within between within
8riance groups groups groups groups - b
o (df=7) | (df=431) | o
—~ 1 =
Tgt“l Sample o
R 2412 33673 344.5 781 | 44 | .0
A 5442 ‘37059 777.5 86.0 9.04 | .01
1 e 2108 32333 301.1 75.0 401 | 01
P 4281 34826 611.8 80.8 7.67 | .01
\
“Oys‘on1y, (d£=3)  lcar=265) T BRI P
R 216 19269 - 172.0 73.0 - | 0,89 | NS
A 2055 | 20984 . 985,0 79.5 12,39 | .01
Q 319 | 16734 106.4 63.4 | 1.68 | Ns
P 4 8 : 8 .' : : : \ _:i‘=
(S 2346 | 2128 781.9 80.6 9.70 | .01

L



Gi
™8 Only| (dr=3) | (df=166) |
R 1992 144004 664.0 86.8 . - 7.65 .01
A 1453 16075 484.2 96.8 5.00 .01
Q 1744 | * 15600  581.3 94.0 6.18 .01
P 1758 13538 586.0 81.6 7.18 .01
\ . :
R A Q p
\_
2 ot squares
(%) Botweon sexes (d£=1) 203.6 1034.3 43.9 177.1
©) Between 0 Grage . | 1145.5 1087.5 | 1535.2 3928.7
Levels-(df=3) v ‘
I:;eraction'i(s) x (o) | 2207.9 | 4408.0 | 2063.1 4103.9
:3) i H z : ‘
"thin ce11s (az=431) 33672 @ | 37059 | 32333 | 34826

160 Squares

Between Sexes R ‘263_gk;j 1054.3 ;‘43.9 : 177.1
Between o irado Lovela 381.8 | 662.5 511.8 | 1300.6
Mteraction R 735-9 | 1469.3 | es7.7 | 1368.0 -
*ﬁiiiif_ffl1s S e Cogsa | _85'9 150 | sos
' Unteractiony | e.42z | 17.09|  9.17 g 16.03
\3\-h~h‘ s e e gy s e ot o | o




IﬂﬂﬁLihiz : Interaction between Cognitive Preference, Academic Achievement

84 Sex examined by X 2 Values. (N = 439/Vth/1976, df = 1)

’142“"

Boys Girls
More Less ' ' More Less
- able able Boyg v. Girls able ' Able
\\‘_‘ .
R equally high high low low R higher R
. (.83 ; .NS) (5.38. ; 0.02) (21.15 ; 0.01)
\
AY high A’ highest A high low equally low
(11.2 ; o0.01) (15,13 ; 0.01) (2,02 ; NS)
\
v equally low equal highest Q@  high Q
(3.26 ; 0.10) (0.10 ; NS) (14.15 ; 0.01)
\_
? fair low low high higher ; high
—~ (14.56) ; 0.01) (4.51 ; 0.05) | (7.70 ; 0.01)
R A Q p
Less able More
able girls - |able
8 ‘ ‘ boys g girls
~fmary high [ Boys More less Less
' score o able ble able
boys girl;v girls
More
Less » , Boys able
able - : t “lbovs -
girls Girls L.els:s' —
10\<V> More ~|able
i . BCOore cirlg ; SR
%‘Q}: high —
| 976) score able = able
f¢e p.31 . s‘ : ~ |eirls ‘boys
‘ y : . ~ lable .
C " No - boys
infor- -
mation —
Less given less St e
i e Able able NI
2 low Girls girls . i i
score s G |G
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T

ah1, ‘ o '
\éliib}3 i Means, Standard Deviations and Analysis of Variance of

0 Level grades of ten Groups partitioned by '‘Curiosity’

and 'Application' scores (N = 439/Vth/1976)

Mean O Level Grade
‘ partitioned by
\
N Curiosity Score Application Score
\ B
Lol 44 2.89 (0,96) 3.02 (0.99)
2. 44 2.80 (1.29) 2.95 (1.43)
3. 44 2.98 (1.48) 3.16 (1.36)
4. 44 3.07 (1.40) 3.05 (1.43)
5. 44 2.48 (1.29) 3.48 (1.59)
6. 44 3.23 (1.41) 2.75 (1.40)
7. 44 3.05 (1.57) 2.89 (1.23)
8. 44 3,16 (1.43) 2.43 (1.21)
9. 44 2.59 (1.44) 2.64 (1.21)
_ 1o, 43 1.08 (1.02) 1.84 (1.29)
\ R

Sum of Sduareé

Mean thares

Cosity (r/Q)

Between Within . "Between | Within o

Groups Groups + Groups Groups

(d£=9) (d£=429) |

56.66 791.34 6.30 | 1.840 |3.41 | o0.01
136,20 711,71 15,14 1,66 |8.10 | 0.01
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Ta ’
\lﬂfng;li_t Means, Standard Deviations and Analyses of Variance of

Recall-of Chemistry and Understanding-Chemistry partitioned

into five groups by 'Curjosity' and 'Application' scores

N— (N = 161/111/1976)
CE-R CE-U
, Curiosity Application Curiosity Application
~\H_li~_-fcore ~Score Score Score
1
.| 33 | 27.55 (9.21) | 25.64 (8.45) 110.12 (4.49) | 10.15 (4.18)
. . :
32 24.19 (8.44) 27.25 (10.05) 8.72 (4.01) 9.41 (4.26)
3 ‘ , o
32 27.66 (11.10) ] 27.03 (10.59) 8.91 (4.02) 9.03 (3.21)
. R : ,
32 | 26.00 (9.90) | 27.50 (11.17) 7.94 (3.37) 8.22 (5.17)
; : s | «
\“~jEiJ 33.72 (11.68) | 30.97 (10.24) 11.34 (5.98) 9,56 (4.32);
Sum of Squares -: Mean Squares
Between | Within Between | Within F
Groups | Groups Groups Groups p
. = =156
RNg (df=4) | (d1=156)
e
\JEQJ;QS,Chemistryv ; 5
Curiosity score (R/Q) .| 1645.0 | 17760 411.25 | 113.85 | 3.61] 0,01
Applicatiqn Score (A/P) | 504,3 | 165296 126.08 105.96 | 1.19| NS
S—— '
. ;
‘Egsigﬁgnding Chemistry
Curiosity Score (R/Q) 227.8 2919 56.95 18.71 | 3,04 0.01
APp_lication Score‘(A/P)‘ ;66.7 2940 16.68.‘ 18.84 °jés ‘NS
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QAPTER 7 _: THE STABILITY OF COGNITIVE PREFERENCE BEHAVIOUR

Be
2ection 7.0 ~‘Introduction

(ntroc - - —

- An extensive examination of stability of cognitive preference

b ,
ehavioyr was undertaken pecause 4t was considered to be essential to

t :
he discussion of the relstionship petween cognitive preference and

cognitive gtyle. The ynterest here is to demonstrate that cognitive
Preference behaviour is gtable within one administration, that it is

S8table over a period of years and that the lndlvldual‘s pehaviour is

8
table within the trends in the pehaviouT of the whole population.

A cognitive preference test 18 valid only 3f the lndividual is cognisant

°f 811 the factual material which 18 empodied 4n it and hence the lapse

o time between the beginning of the three year course to o' level and

the the time span for the

: examinatlon j¢self was selected as
‘®Xamination since this allowed time foT pretesting and also for three

taly vears of potentlal change. The fact that this 18 8 time of intense

1“tellectual development was also considered to be importent.

It will be recalled that parts of Chapters 5 and 6 were concerned
wtth/Q“ality of ‘the cognitive preference lnstr ument in terms of the
eValuation of both 1nstrument and students. This chapter is concerned
tso W1th the behaviour of the individual. Measuremen; of stability of
®ognitive preference behavlour presupposes S perfect lnstrument and
examines the respondent in its 1ight- |

The'measurement qt,reliabllity and internal conslstency has ‘a ledgs“

#nd W°11 established pedigree in educatlonal psychology. _Both are related 5

to “t&bility of cognltive preterence but each has aspects which are unlqued'g~ 7'

fnq demands quantlilcation of relationships during one adminiatratlon,

ot changes between one year and tbe next as well as . the treatment ot - ;f;;‘

t°“r measurements as one measurement “in the expectation that 1ncreased fi}

. Fon s
°°“racy wlll thereby accrue ‘grom the snalysis.. The - examination of the

o

RV



d
ata will be undertaken {n four gections.

§EE£19§_1;}_w111 concern the pehaviour of each individual on each

¢ the four modes treated separately within the 94 or ao items ot a single

“nlnistration, The nypothesis 4s that each individual ghows such 2

degree of consistency ©Of behaviour from one item to the next that 8 high

level of COnfidence may be placed in his behaviour. Section 7.2 will also

be concerned with the four modes separately. The interest in this part

‘oncerns both 1ndlv1dua1 benaviour between one year and the next by

exa’“""ation of mode totals and pehaviour and the same items when

repreSented a year agter the f£irst presentation. Section 7.3 18 devoted

to the procedures which achieve an amalgamation of the four modes and to

the 1ight which they throw’on behaviour. In Section 7. 4 the four mode

8Cores gre treated as B gingle rpelationship pattern’ and the changeé of

i yejationship within the time spanned bY the tests 18 examined and

1

diSc“SSGd .

Section 7.1 : Mode Reliability

The evidence which is given in this part 18 presented in order to

8“Dport the argument that 1nd1viduals do behave consistently in responding
' cognitive preference instruments. The coefficients which are given

in Taple 5. 8 using normative data and 1psative data are the routine measures
ot test consistency. The 1nterva1 Of 35 days 01 school holiday which )
elaPsed between the administration of the test and of the retest was

considered sufficiently long to obliterate recall and sufficiently short v

to 3“arantee no change in cognitive structure.,

The, teat—retest coefficienta in rable 7.1 are not as high as the

c°e“iC1ents which are otten given by the routine clasaroom tests, but they

d° Bhow that the respondenta behaviour retlects 8 positive attempt to express‘iJv

9r°ference‘in a manner that 16 genuine and meaningful to the respondent.l '“
31m11ar1y; the several coetficients of reliability aupport the contention S
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that the cognitive preference_instruments have Bn acceptably nigh degree

021ntemal consistency for each of the four modes separately. it is,

theretore, reassuring to £ird that both the respondent and the measuring

Instrument are behaving 1n the manne¥ that was intended py the designers
. ,
! the method of measurement of cognitive preference:

There ig no frame of reference of cqnfidence 1imit againstﬁ

W ' ; ‘
bleh these measures may be assessed but experience suggests that they

ire a°°eptab1e jn that they afford sufficiently convincing evidence of

eonsistency of behaviour to justify examination of the three remaining

Teasures of cognitive preference pehaviour. 1t is of {nterest that the

oes
Telative magnitude of the coefficients {n Table 7. 1 9 not support

____....;—-——"""""

Brown's prediction which ghe based on Bloom's hierarchy of cognitive

. ,
bility (Brown 1975, p.55-57) -

§
ection 7,2 : Mode Stabilit

fhe géxt hypothesis whichiwaa examined Qas that- “the mode totals of
®ach individual are stabie wi%b respect to the remainder of the, population. -
The four preterence mode totals for each 1ndividua1 were related to the
Helq independently. The data which was used was gathered by adminiaterlng
three different cognitive preference instruments (CPI I CPl~ II and cpl-111)
% annual intervals to students of '0' Level Chemiatry 325 respondents .
QOmpleted all’ three tests.« |

1t the hypothesis is va11d (a) preference mode totals should ccrrelater?A'
Vell, (b) each total should remain in each band ot the population throughout 
the test period and (c). 1t should be possible to subdivide the aample “f~' |
'i“to clusterg which contain equal or equivalent scores on all three |
1nstruments " The division of the sample 1nto bands was done in two ways.} fi‘f:f

In the Iirst an arbitrary decision was mnde to divide 1t 1nto ten bands each ” ﬂj

W
1th 32 respondeuts and analyse behaviour on two administrationa. In the

ae°°nd tive bands (each with 65 respondentS). were examined on the three fvf:



Iﬂﬂ&_l.l : Coefficients of Mode Reliability using Ipsative Data

\

M -] No. of Coefficients
€asurement |Instrument R:spon—

L‘--*_¥ . dents R A .Q P
(®) Tegt-retest CPI-III 45 .366 | .651 .583 .399
() Split-naitr | epr-111 45 .789 | .808 .763 .850

- (after modif- L . , h ‘
cation with CPI-I 599 533 | .723 .596 .625
Spearman :

Brown formula)
(®)  Xuder Richardson | CPI-III 45 731 | .562 .650 .749
. (Formula 21) o
@  Ccronback ol CPI-III 45 750 | .635 .541 771
cPI-1 . 599 .633 776 .548 .669
Note : see also the coefficients in Table 6.6. / ‘ =

T

EEElg_ziz : Product Moment Correlation Coefficients of Mode Scores (N=325)
| ‘ © (Coefficients x 10%) | .

AR
we

Years of _
c.p. ; . . . Admini P ; ) , ' L R X * .

Ingt Classes | CP Mode R A Q P
\\-~z32ents strations . . ; ; T

U . rr|srd:4ath | 1074 : 1975 | 58 | 45 |- 41 [ 39

U o opmr f4en;ostn [1075 51076 | 23 | 39 | 26 | 4z
] S S § § 3rd : 5th 1974 : 1976 . 11 2 ‘ B
—— K » 0 1 18 28

Note : p < 0.01; r > 0,143,
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validity of the mode stability hypothesist

‘Who Tecur in the same baﬂdn a high count 1ndicates 8- high degree of moda

vBtability.' ggglg_z~§ showa theae counta. The tirst portion of the tablo\vsg

test administrations togethef. The cluster analysis which was selected
“°?<c) above) contained the largest number of clusters in which there -
Yore gy least 20 respondents.

A fuother hypothesis with bearing on stability was examined at toe
"Wme time, It was postulated that more stable mode totals would be
g%el‘ated-by re~use of items in successive}instruments thon would be
%btaineq by fresh items. Convincing evidence of toe validity of ;his
hYpothesis would support Brown's conteotion that response to c cogcitive
Prefcrenceyinscrumcnt is governed more by item content than by compliance

"ith the construct of the cognitive preference test.

EEELJ&Q___Evidence for mode stability from correlation coefficients

prei’erence mode totals for each of the three administrations were

preD&red and then subjected to product moment correlation analysis. The-

.

coerrioients which were obtained are given in Table 7.2. They are positive

PLr1r gifgered slightly in style from CPI-1 and CPI-II in order to

‘omply with criticisms by Brown of the earlier style; this difference

- Meng be responsible for rather lower coefficients which were obtained with’

thig instrument;’ The‘coefzicients lend some support to the case for

2553~SB)" Evidence for mode stability from bandiqg

The rationale for banding analysis starts with the notion that idcal“”

behaviour of both instrument and respondents would generate identical rank
. {

: rdel‘ings ot cognitive preterence scores in each subsequent administration to 3

}Q atﬂblc pOpulation. In practice the behaviour of both is lcss than 1deal E

‘nd 1t 13 expedient to use rank orderings ot the first administration to |

“asign the rour cognitive preference acores to a band, one tor each mode.c:

After the,secono administrgtion, a;counc is maoé4o;_theihoméggcég;regpdngéngg

e

Ty

°°ncerns the change which occurred betwoon the administration ot CPI I 1n

‘151_ R



-
Table 7,3 ; Band counts with 10 Bands_ (N = 325

_.‘____’__'--——‘—"‘-'—
P ——

- —
R A Q p
i;ecgz'IOI respondents in the same pand T '
-1 and CPI-II with © neighbouring pands e | 52| 83 | %2
' 1 130 | 136 | 117 | 125
2 103 | 189 | 172 | 187
e B .3 936 | 232 | 220 | 226
CPI-1I and CPI-III - O 6a | 43| 31| 47
1 138 | 124 | 108 129
2 ’ 180 | 190 | 161 | 187
— 3 228 | 223 .| 206 \ 222
CPI-I and cPI-11I O N g5 | 33| 33| 49
1 ~ V. 108 | 97| 94|15
2 171 | 163 | 138 | 175
S 3 910 | 204 | 185 \ 220
Random date 0 | 30
e 87
) 2 144
e 3 182

Uuly i974 and.CPI 11 ié Ju1y.‘19%5; The first figure, 56,‘shows that only
% of the 325 respondents in the gample (17%) ‘ecurred in the same R mode
b?“d As 10 bands were used random benaviour alone accounts for 10% ‘of this
174, .(Theltighres in the 1oweat portion of ggglg_l_g were obtained with
Yandom pumbers in 1ieu of ¢¢gnit1ve preierence scores. They show close
%greement with chance counts )

The aﬁalysis was extended by widening the count to 1nc1ude thoéé whoc
'°ma1n in the same band with those in the neighbouring ‘pands, thus both the
One aboce and the'one below were counted. Every count except the top and

‘b°ttom ones had three b;ndg;» These two had only two bands. The analysis
Vae Yet !urther extended to include two neighbouring bands, a maximum ‘of
Hve bands and 3 neighbouring bands. i e, 2 maximum ot 7 banda in all. B

The figures will be tound 1n Table 7 3.' One year separnted the two tests in

,tb°,aéccnc'p6rtioh of the table (CPI-II and C?I—III) and thercrora two yeurs N

15§"



"Parateq the two tests in the third portion (CPI-I and CPI-III). It should
ben°t°d that three different instruments were used. Inspection of the data
Showg that the band count is approximately 1.7 times greater than the random
“Ount When the 1ﬁterva1‘1s 1 year but the ratio falls to 1.4 (and much less
for 4 and Q modes) when there is a two year interval. The ratio also decreases
asthe Number of bands being couhted is increased. On average, therefore, it
18'rea&lonable to claim that the counts are 1.5 or 1.6 times greater than the
Chancg value, A xz test shows that the significance ;evel'of these ratios is
betWeenro,lo and 0.50 but they are, of course, derived from rank ordered
fata, There is, therefore, some measure of support for the'notion of
tode 8tability and, no doubt, ;here would be more if the same instrument
hag been used for all adcinistrations.

A Bimilar analysis in which five bands were used with the same data,
8howg that while strong preferences and strong ;ejections of modes are
nsiStent there 1s almost random behaviour in the middle bands. (Random’»

latq gives counts of 13 for each band in Col. (1) and COl (2) with a total
ot § x 13, 4i,e. 65, and 1n Col. (3) random data gives counts of 3 and a

totay ©2 15.) Much of the low count behaviour in Col. (2) can be ascribed
to the difference in the style between CPI IT and CPI I1I. |

' On balance it 1s claimed that there is some evidence for. mode stability
partiCularly at the extremes ot cognitive prererence. This method of analysis

ES b

'8 ortginay to cognitive prefexence etudies.,‘

2EEE__gglf:'Evidence‘for mode stability from cluster analysis

The 4 preference‘mode'scores from each of the three ecmiciecfafiocs
‘Were Bubjected to cluster analysis.' A number of ditferent analyses were Hfi   ”
btained and the one with 8 cluatera was used because each cluster had | i'fg
At Jeagt zo respondents, " a Table 7.5 the mean score on all. 12 modes »»ﬁ ;;%gf%

for these clustera are given with the mean score. after conversion to a.

,vz 8COre and with a 1etter to 1ndicate the rank order of the variation of‘ 5 -

5
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T .
‘2919_1;2,: Band Counts with 5 Bands

T (N = 325)
Number in the same Band in
(1) Year 1 (2) Year 2 (3) Year 1,
Mogd . and and and
~—__| Band No. Year 2 Year 3 ‘ Year 3
R i
1 24 11 4
2 19 13 2
3 .13 13 4
- 4 16 17 7
5 25 17 9
Total o7 71 26
4 v 1 | 19 14 10
2 16 13 5
3 14 15 2
4 11 7 3
5 28 , 18 9
Total . 88 . 67 29
\* o e ‘ pr—
¢ 1 20 . 20 0
2 12 11 2
3 19 4o 213 » 6
5 21 . 13 7
Total o 97 68 28
p 1 30 25 V17 -
2 11 .8 . S T
3 13 ' 15 2
4 16 - 18 o - 3
5 20 19 : 10
Totat | o | sz | a3
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that ﬁean score in the cluster. The letters range froma to 1 ! a
®lenities jeast variation and therefﬁre‘ | that measurcment
1s o g0od diagnostic of tﬁe cluster, the letter Z'signifies that there
ts Vider variation on that measurement than on any of thé other meaéure-
"e“té and therefore less confidence can be placed in it. The procedure
1s far more sensitive thén bandinglin that'the size of each group or
°1uster is determined by the data,

Inspection of the Z scores in ggglg_z*g shows that in each of the
four clusters which are numbered 3, 4, 6 and 7 the Z scores for the
th”eé R valueé, for the tgree A scoreé, for the three Q scores and for
the three P scores are in the same direction. . This means that in these
“lusterg whichgfégefher embrace 60% of‘the‘population the modes are
reasdnably stagle, . However, this cursory inspection has failed to make
*ective use of all the data which is in the table. This is due to the
taQt;that the intention of this analysis was to treat mode scores . o
1nde§endent1y ;fkone anothér. A fé-examinétidn ofwthis data with é ‘
different purpose will be presented in a later part (Section 7.4).

p
‘E£$~£El~; Link Data

A test was set up in order‘to detérmine whether the items which

eappeared unchanged in successive test administrations behaved differently
from tpe remaining items of the 1nstruments. Seven items (called tor
°°nVenience, ‘link items') which were thought to be suitable for 1nc1usionb‘f

tn a11 three coguitive preference inatrumeuts were prepared.4 They were ,_ ; S
i“cluded in CPI- I ‘and CPI- 11 but the reshaping of CPI- 111 to meet |

°r1t1cisms mada by Brown would have required alterations 1n both phrasing ”'j
ang  ctontent of these items and 80 the link ‘items were omitted from this. ‘“'*j
1nstrument. (The link items appear as numbers 2, 3, 7 9, 8.5 and 22 in’ {:-fw%r
CPI I and 5 8, 9, 19 23 27 and 28 in CPI 11 respectively).; The scores'ili’ﬁﬁ
on these 1tams 1n each ot the two administrations were correlated and these ”.i

<

ang Dther coefficienta are given 1in Table 7.6. There is. only one link 1tem ;:.?

e
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Viich exceeds the minimum required by ﬁicks (1970) for significance
°f correlation coefficients of ipsative data. The evidence in this
teble either reflects the inadequacy of the {tems or refutes the
Contention that response 1is governed by item content/ghan by item
tonstruct and it affords no gupport for stapility of behaviour on the
four modes,

!3912_1:6 . Product Moment Correlation Coefficients‘obtained with Items
1inking CPI-1 and CPI-1T (N = 340)

Correlation Coefficients (x 102)
CPI -1 : cpI-1I crl-1 cr1-11
K Non- Link Remaining | Link , Remaining
Lin Link Items Items Items ' Items
Items  yiems of CPI-I . of CPI-II
. R 23 . 36‘ 44 ] 58 )
A ' 32 49 55 L a
Q .22 34 _ 30 . 35
P 46 39 | 486 53

It might be expected that factor. analysis of 'link!’ and-'non~iink‘,
8cores in the two tegts with 4 factors would load the link 1tem scores
°n the same factors. In practice Only the A mode 1ink item scores Were
tound to hevedsigdificant loadings (p < O. 01) on the same factor. '}hl
Other respects,tﬁe-analysis resembled the factor analyses reported by.

Kempa and Dubé.

Summary of Section 7.2 ‘ SR ' S

Evidence for support ot the concept of mode stahility was sought xrom ST

"datu which were gathered trom the administration to the same population ot

'
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three cognitive preference tests at annual 1ntervalé. The data was analysed
In four different ways. product moment correlation coefficients between
Hke mode scores of the three tests were found to be highly gignificant.
Some evidence was found in pbanding analysis but this required that the data
Wust pe rank ordered and it proved difficult to establish confidence }imits.

Cluster analysis showed that the behaviour of 60% of the population is stable

Over the three tests. The 1ink data were too incomplete to furnish corroborative:

€vidence, Togefher {hese‘analyses present four interesting ways of dealing
Vith longitudinal data and they give tentative support to the»notion of mode

Stability,.

8
28¢tion 7.3 : Mode Consistency

Mode consistency coefficientSquantifx the behaviour of each respondent
aeparately on the four modes together, e theyj/agemeasure of the individual :
B0t of the instrument. An {ndividusl with & nigh mode consistency .
Coefficient will be consistent in giving £our votes to the R mode, for
1“s’Cmer:«e, in giving three votes to the A mode, two to the Q and one to
the p A large coetiicient will occur only when all the stimuli in the
®Ptions of the 1nstrument are sufficiently strong and the 1mplic1t mode :

8ufficiently pure and unequivocal for “the reSpondent to respond

°°“Sistent1y to the gtimuli even tnough they are randomly distributed

g

2 the items..Further, nis preferences must. be aufficiently strong and

vell ErOunded in his cognitive structure to motivate his selection

Pr°¢edure reliably. It 15 reasonable to hypothesize that these conditions <
¥ pe fulfilled only by experienced and mature chemists when working au-‘
Perfect instrument. Two methods ot assessing mode consistency will be f;

®Xamined.

Kendal 8 coettlcient ol concordance (W) is one suitabla statisfic,f;]?f

It 18 calculated from . the total (1psat1ve) mode scores by the equation.f.
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¥ =125/ k%(n? - n)
Yhere g equals the sum of squares of observed deviations from the mean
Bcore’ n equals the numger of modes and k equals the number of items
(n = 4'and k = 24), It varies from O to +1 and the statistic (k(n - 1) W)
1sused to test the value of W since it is distributed as X2 with (n - 1)
degrees of freedom. (A suitable reference is Galfo and Miller (1970)).
"lues for W are shown in Table 7.7. It was found that 27 of the 45
resp°ndents had significa#t coefficients with p < 0,01, 4 with P < 0.05"
*nd 4 more with p < 0.1. The remaining 10 respondents (i.e. 22% of the
BaMple) either appeared to have.no preferences Or  they scattered their
Voteg Tandomly, ’
Kendal's céefficient ufilises the mode total score but fails to
take account of the distribution of votes which leads to the totals,
Another coefficient (V) was devised which is of more direct relevance to

% gnit1Ve preference tests. It embraced the number of times each vote was

Blven to each mode and it was postulated that this would reflect mode

~00nsistenCy much more accurately, An example will best illustrate the

ca1°“1&tion of this coefficient.
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Student No. 19 voted as follows:

4 votes 3 votes 2 votes 1 vote Total
Score
ﬁ‘*__
R mode 3 times 2 times 8 times 11 times | 45
A 0 4 8 12 ‘ 40
Q 12 8 '3 1 | e
P 9 10 5 ) 76
e ——————.
240

The COefficient is calculated by taking each line of the table separately.
The largest number on the line is multiplied by 3, the second largest

by 2, the third by 1 and the smallest'by 0 and the figures‘which are
fObtained are added to obtain the line sum. For an instrument with 24
items,this mﬁstvekceed 36”§nd it cannot exceed 72; 36 is deducted from
the line sum and tﬁe result;nt‘divided by 36 to get the line coefficient.
The average of,the-four 11ne'coeffiqients is the desired coefficient (V);

0.444  — -

i

Thug ; (11x3)+(8x2)+(3x1)+(2x0) ~ 52, 52-36'= 16, 16 + 36

i

0.555

20, 20 + 36

(12x3)+(8x2)+(4x1)+(2x0) 56. 56-36

o (12x3)+(8x2)+(3x1)+(1x0);Vgg 55, 55-36 = 19, 19 ¢ 36 = 0,528

(10x3)+(9x2) +(5x1)+(0x0) = 53, §3-56 = 17, 17 + 36 = 0.472

 ”¢an” 1.999 + 4 . = 0.499_#¢Va*‘f*f‘5

The Coetficient varies trom 0 (for 6 6 6 6 1, e, random voting) td +1 i
;Kfor 24 0, 0 0 voting) and the statistic (4kV/(n—1)) 15 distributed asf x?;i
gwith (n-l) degrees of freedom.' The mean value of V for the 45 respondents L

v,Was 0 353 (0 102 of ‘this was contributed by the R mode and the remainder

by the other three modes equally, i e. 0 084 each). If any one ot the

t°110wing voting patterns was repeated across all modes and all respondents i

1f3f160ff~




it

would also give & value of V = 0.3:

(10, 6,6, 2)
obtained

(s, 8, 8, 0) (12, 4 4, 4
The value

gives & v

(0
v 7, 5, 2), for instance, alue of V 7 0.361.
o these voting patterns reflect the mean

hese two and 8
gnificant at

o
TV lies between t
5, 2) is si

(o, T
t atp < 0.05)) -

beh .
aviour employed OF the snstrument.

ee patterns a

o coeificients

P <
0.01 and the otheT thr ro significed
1ies in the treatment

etween the tv
12, 12, 0).

The distinction ®
5) oY (0,

6) since all patterns

n lixe (4, 9, 6,

e (6, 6 6,
y in gelection o

Mich each will give to @ patter
¥ %111 treat them both‘as though they wer
um to 0, while V will acknowledge the consistenc £ the second
e morebpractical statistic 14 the data is

W is th
rred if the pre

t preferred option.
ference data is

on}
¥ available as mode totals; V 18 prefe

rds.
alues of

QVQ .
ilable on computer ©2
respondents with v

es of the 26

reference scor
an p = 0 01 all had two highly
A

The coghitive
p
greierred modes

Vw

ith gignificance greater th

an

4 two nighly disliked modes} 18 had high R mode and high A mode gcores
6 of the remaining 19 had one

de and high P mode scores.

an
4 8 had high Q ™0

ode.

hy
ghly preferred OF disliked ®
was found 10 be

ith another body of students

The mean value of VW
his sample had had a

y gtudent in t
qualled 0.280.

O.g
86, (N = T17/111/1974): g ever
The value of

7, 5, 3 v would have €

ct that it ig less

e due 1o the greater o

Voting pattern of (2

- 0,286 34 signiiicaﬁt aﬁ p‘g 0.05. The 2 than the value '
®btained with CPI-IIi and reported in T _gg}gﬁz_z_may b
"turation of tﬁe sample which was tested with CPI-III.
1iab111ty figures givéﬁ in able 7 1 ‘

in the mode Te
Thls confidence se
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e signiiicance le “the mode S

by
t no level of gignif
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11 founded in the 1ight of the

ca ey
nsistency coefficients in thia part.
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Sy .
fnar of Section 7.3

The two statistics .Si‘lOW that highly significant behaviour operates
Vhen at least half of the population (26 out of 45 respondents) respond
°a Cognitive preference test and for a third of the remainder (6 out of
) at 1east one mode has positive significance. The 30% of the sample
o have low coefficients are motivated either by equal preference for
® four moges or scored their instrument randomly. Some of the later
8royp May have had difficulty in interpreting their instructions. The
br evious and subsequent behaviour of this group of students and their
gerness to cooperate with the test,v suggests that few, if any, cast
thelr Preferences aimlessly. ‘There is, therefore, in every sample a
“gniiicant proportion of‘respondents who have four equally forecful

Drererence‘s .
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Table 7.7 : Values of W (Kendal's coefficient) and V.
(N = 45/1V/1976)

i
No., of the respondent| W v No., of the respondenty W \'
s
1 .044| .210 23 .231 | .323
2 18| 208 24 .202 | .335
- .222| .380 25 .085 | .200
s 3s6| .as3| 26 .252 | .398
5 .182 | .358 27 .279 | .420
6 .083| .230 28 .278 | .468
7 030 .200 29 .453 | .518
8 .097 | .330 30 .238 | .420
9 .017| .323 31 .042 | .245
10 .247 | .425 32 .270 | .350
11 .042 | *.260 a3 .045 | 285
12 .182 | .300 3¢ | ,420 | .455
13 |.o04] 208 35 .263 | .433
14 ~ |.oos| .190 36 .35 ’.455
15 . .91 ”;513 B A 113 | 283
: w ;385 475 i ;"‘38 : - ‘,2§4t, .553 
1w |ess]| a3 3 _§042 268
18 |aoe| 3|l w0 | .83 ] .38s
1 .431 405 a1 |.os2 | 288
20 ~ l.ose| .2s8 ‘42 e (205  ;$§¢  ’°u‘
21 ,'," : ;bi5; a8 »443_ ' o ,1817 ".2551 i
22 325 385 s a4 o ‘,2917 ugéiéf
S e e | 45 '1fH f~iv}§6é ,;495'
Mean value of W.=0.342 ( 2 2 a4, 6, df = 3, p <o, o1)

V = 0.353 ( 2 = 11 3, dt = 3, p <Lo 01)

k i1d#f_u {. ’:: ‘




§22£19n 7.4 : Relationship Stability

Evidence of stable cognitive preference behaviour within each mode
in each administration and within each voting pattern in a single

admihistration was given in Section 7.1 and Section 7.3 and claims were

hade for significant stability of these two measures. No such claim was
Wade. for thekétability of behaviour on each of the four modes separately

Wheh these‘wereexaminedvbéfween annual administrations (as they were in

Section 7.2). In this section an examination is made of the four modes

t°8ether and a claim is made for stability between annual administrations.

The 1ntention‘is (a) to‘demonstrate stable behaviour of individuals
Telative to the sample population, (b) to‘explore the direction and extent
of Change of the population as a‘whdle and (¢) to examine the behéviour of
gr°ups‘with1n that population change. No attempt is made to examine
individual behaviouf in £érmé of the cognitivé‘preferendé model but the
behaviour of groups  is. ilreléted to the model. |

E&EE;A : Stébility'or behaviour ih successive cognitive preference tests

Thié waé doné’bj a’procedureJthch is best described aéxdiéérepéncy
ahai&éié, Thertbfﬁi ﬁédé’sééres for each respondent were cdnsideredbin
rank'ofder,éﬁditﬁé ﬁumﬁer:of‘disﬁrépancieé befwééﬁjthé réhk‘éfder:obtéinéd » i i;
in one'administratioh‘and fhé ¥§nk oider:obtained iﬁbg éubéequént‘
administratiéﬁ Qeré céunted.';A-discrebénc& is def}néd asja‘changé inirank

Order and it was caiéulatéd‘thus:- B

‘E¥amp1e'Rank order in Year 1 : A > Bi> P>qQ

S asmersaT

-

Year 1 'L  / - Year 2 ,‘;'7 l' 1n 'W>N6. ofrdiscréﬁahcieé #1i‘M ,,‘
A>R R>P>A 2
A>P P> A 1
A>Q Q>R >P>A 3
R>Q Q>R : 1
P>Q QP 1
O L e e T e e
- A complete reversal of the rank order leads tofa'maximum:discrepahcy cbunt qtl;o‘ v
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Four digits can be rank ordered in 4! ways, 1.e. 24. A 24 x 24
matrix, with 576 cells, each with the appropriate discrepancy count
¥as prepared. The frequency of each of the 11 possible discrepancy
tounts was made and their cumulative frequency is presented as a proportion

°f 576 in Col.(c) in Table 7.8. The behaviour of 325 respondents on three

ittty T LT e B

Cognitive preference tests at annual intervals was examined with this matrix.
An analysis was made of the frequencies of the discrepancies which occurred

between the first administration and the second, between the second and the

l
!
i
i
4
|
j

third ang cetween the first and the third. This data is presented in Cols,
(e) to (m) in Table 7.8; The analysis was repeated with random numbers
'instead of cognitive preference‘scores and the cumulative frequencies of

the discrepancies between one set of random figures and another set are
Shown in Col.(d). The figures in Col.(c) and Col.(d) egree closely together
but differ from Cols.(g), (j) and (m). The two horizontal lines in the table
’ indicate the division betWeen the body of respondents for whom 'g o exceeds

g e Beiow the 1ices random behaviour is increasingly evident. The
numbers of‘studenfg’aooee the lines are»204 (62.8%), 179 (55.1%) and 119
(37.7%) for the three enalfees‘respectively: 119.7, 119.7 andk68.8 are
.VQXDected from random scores,

| The values of t in Table 7.8 are large and highly significant but

1t could reasonably be argued that this test is insufriciently sensitive
to the 1oss’of intensity which has arisen through reck oroe;icgvoi;the’;‘

sc’ores.flt'is'not possibie‘tovplace any other qoantitative meééure‘on ':i':fif;f;

8uch heavily skewed data‘but value judgement muét coﬂfer azlarge‘degree o
of Support for the hypothesis of relationship stability where 62, 8% of the, o
Sample have 3 or less than 3 discrepancies between one year and the next.,,,;,,.,

(A discrepancy of 3 ie, for instance, the difference between a score of

Q> p 5 R > A and another with Q > A >Pp > R in which the A mode has ii

m°Ved from 4th in the- order to being the - second moat preferred score)

165




Table 7.8 : Frequencies of Discrepancies (N = 325)

‘\M - '
No. of Expected Random
d . A
1screps. Matrix - Year thear 2| Year ZAYear 3 [Year 1 Year 3
yeym, cym, feum, -~ cum. 'cum. -~ cym. cym. | . | cym. cum,
:;e ! ¥e' §!e Se., *°i ‘;'Ion fo {‘o 5o ?: 30 S0 5o
1 (prop{prop- ‘ (prop- (prop- | (prop-
ortiorjortion) ortion) ortion) i ortion)
Coll (@) (b)) ()| (@) (e () @] () ) (J) | &), 1) (m
)\-___' : -
0 13.5. 13.5 .04| .04 |36 36 .11 32 32 .09 (28 28 .08
| t :
1 41.8 55.3 .17 .13 |85 121 | .37) 70 102 .31 |66 94 .29
| ﬁ | = ,
2 13.5 68.8 .21| .17 | 22 143 .44 23 125 .38 | 25 119 .37
S | ,
3 50.0 119.7 .37 .35 | 61 204  .63| 54 179 .55 | 38 157 .48
4 35.0 154.7 .48| .44 |26 230 71| 29 208 .64 | 28 185 .56
5 21.3 176.0 .54| .51 | 26 256 .79 20 228 .70 | 19 204 .62
6 29.3 205.3 .63| .60 | 18 274 .84| 16 244 .75 | 24 228 . .70
7 |56.4 261.7 .81| .79 | 32 306 .9a| 36 280 .86 | 45 273 .84
8 13.5 275.2 .85| .85 | 4 310 .95|11 =201 .89 | 9 =282 .87
9 . |38.4313.6 .96| .07 |11 321  .99| 22 313 .p6 |33 315 .07
10 | | 00 | 4 325 1.00|12 325 1.00.| 10 325 1.00
10 o 11.3 324.91.00/1.00 ; : }
‘Mean discrepancies 5.16 [3.23 3.84 4.31
Standard deviation - 2.78.]2.58 2.96 3.05
alues of t (random” . 9.17 5.86 3.71
observed) :
(Significance of t p <0,001 p<0.001 p <0.001

166

o e T e T ST R




Part B : Change in cognitive preference behaviour by the sample populations

It was reported in Part A above that while a substantial measufe of
stability of individual behaviour in the sample does occur it is not
Possible to calculate a confidence limit. This portion of Chapter 7 concerns
°°8nitive preference behaviour of the whole population. The interest now
1185 in the extent to which the whole population changes on maturation,

On the direction of that change and on the behaviour of subgroups within
that sample population. Data from two sources was available. The first
¥as the data which has already been used extensively in this chapter and

it was generated by 325 responéents with three cognitive preference instruments

Vhich were used in successive years. Factor analysis of inter-mode
Correlation coefficients and cluster analysis of total méde scores was
Used. The same cognitive preférence test (CPI-III) was also administered
to three different bodies of respondents; one «as at each of the three
Stages which were}used with three different cognitive ﬁreferehce téats.

These bodies had 161,‘123 and 439 respondents in the 3rd, 4th and 5th year

Clasges respectively and the two larger samples were reduced to the size

RS

°f the smallest for the analysis which is reported in Table 7.9. The
Selection was random. (Analysis with all 723 respondents gave essentially

8imilar results).

The mean mode scores 1n'Tab1e'7.9 are contradictory.‘tln Part'(I)l o

Ot this table, the A mode mean scores are shown to increase over the :

three years in question and the P mode mean scores decrease., In both cases:l\
the changes are signiiicant.~ The’mean‘scores for the R and Qrmodes are’
c°nlesed ‘ In Part (II) of the table the A mode mean scores decrease and

fhe P mode increase while the changes to the R and Q modes are again, ,‘wj

‘ non significant.f The data in Part (I) concerns one population and three fv

difi’erent cog nitive prg@gregce 1nstruments but in, Part (II), thekdata trom
three aimilar bodies of students who were subjected to tha same instrument ‘;;Ga ;f

l’&re reported It appeara that the contlict stema trom the diaparity between ?‘
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the‘three tests particularly in view of the alteration that was made to
CPI“III both to alleviate the faults reported by Brown and also to the
8djustment that had to be made to allow for different numbers of items
in the tﬂree tests, rather than to mismatching of the three samples of
st“dents. The students in the third of these three samples were from nine
s°h9°1s but 1déntica1 results to the ones reported here were obtained when
%amples from the IIlrd, IVth and Vth Forms of the same school were used,

Thefe is, therefére, some doubt about the chahges which occur in
°°gnitiye preference behaviour if the data in Part (I) are accepted. The
q“ality of the data in Part‘(II) are such that it dispels any doubt about
the changes; the consistency of the mean scores and, hence, the large
Values for the ratié of varlances is convincing evidence. The saﬁe ingtrument
would,)if administered to the same students at annual intervals, give results

that 0109e1y resemble the results in Part (II).

The significant factor loadings for the respondents in 3rd year
“lasses in the four factors analysis in Table 7.10 are on Factors I and II
and they are characteristic of the orthogonal bipolar axes reported by
Kempa and Dubé (1973). The same students at the end of their 5th year
classes generated mode totals which are largely 1oaded in similar manner
o Factors III and Iv. ’fhe loadings for scores from students ai the,end
! their 4th year classes éhow'a degree oi’transiiion; significantkioadihgsll
o a1y four factors occur and they reflect the behaviour ot both the s

prQCEding and following years. Together these Ioadings shaw that the ...~

pop“lation ig in a atate of flux,
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22219 7.9 : Mean Cognitive Preference Scores (N = 325 and 369)

(I} pifferent Cognitive Preference Instruments administered to the same

respondents

(iny

" (The variance of this data is reported in Table 6.8),

Level CPI R A Q P
3rd Form I 39.05(7.8 31.82(10.2) 33.22(7.4) 39.38(9.0)
4th Form II 35,93(8.3) 35.14(8.9) 32.55(7.8) 40.43(8.§)>
5th Form I1I 39.68(9.3) 34.17(9.9) 34.17(8.9) 36.18(9.7)
Yariance Sum of Squares Mean Square
Between | Within Between Within F P
Levels Levels Levels Levels
(df=2) (d£=972)
R 2628.0 | 1279162 13140 1316.0 | 1.00 | NS
A 1893.6 159319 947.0 163.9 5.78 0.01
Q 431.3 123502 215.6 '127.1 | 1.70 | Ns
P’ 3181.8 175040 1550.9 180.1v 8.83 0.61
Note: the number of items in CPI-II differed from the number in CPI?I,

28 and 24, respectively and the scoring procedure for CPI~III
differed from the procedure used to score the other instruments.
Allowance has been made for these differences in the data in
this part of the table.

The same Cognitive Preference Instrument (CPI~- III) administered to
administered to three different levels :

Level ; CPI R. A Q p

3rd Form | III | 18,05(8.47) | 18.14(7.96) | 6.28(8.60) | 4.60(8.76)

(N = 123) 4 : | i ; ALl

dth Form | III | 17,41(10.63)| 15.38(9.21) | 7.74(10.51) | 7.37(9.51)

(N =.123) : ‘ :’; AT

S5th Form | III | 16.69(8.68) | 12.26(9.57) ~8.73(9.25)"5a10;69(8.79)4me*“
F ratio 1.88(88) | 13.20 | 2.068) | 13.84
S oo (p<oony | | (p <o, oL
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Table 7.10: Two Factor Analyses of Inter Mode Correlation Coefficients
¥ith Three Cognitive Preference Tests, (N = 325)

ot

Clasg CPI Preference Factor Loadings (x 102)
, Mode I 11 III 1V 1 11
e )
3rd 1
R -30 76 20 -0l -15 7
A 89  -06 02 05 65  -16
Q 07  -81 -14 12 07  -68
P -82 05 -09  -12 -67 11
[ ———
4th 11
- R 13 4:2 -22 31 01 80
A 63 -09 52 -02 1 -7
Q -4 -74 27 -34 60 ~79
P -64  -12 -51  ~-02 -75  -03
R S
S5th 111 ) ‘ .
‘ R 06 06 18 20 a8 a4
A 14 ° 02 84 20 69 09
Q |-07 -17 -28  -82 =51 -49
Ch— P -16 05 ~ -78 -35 | =72  -09
Elgenvalues | 3.56 2.73 1,50 1,13 | 3,56 2,73
Variance (cum.%age) = [29,6 52.4 65.0 74.4 29,6 52.4
Note : Loadings >0,168, p < 0,01 | ' loadingss 0,152,

o




§3££129 7.5 : Conclusions

The data on mode reliability confirms that respondents to cognitive
prefereﬁce instruments do behave with a substantial measure of reliability.
Thig claim is supported by the traditional measures of reliability as well
8 by the test : retest coefficients which though routine to most tests of
Intellectual ability are new in this field. The coefficients support the
Claim of the test designer that the respondents are aware of the structure
°f the instrument, albeit unconsciously, and they do express their preferences
c°nsistent1y. The suggestion that the administration of the test initia11§
tashions or conditions preferences and then,in later items, reinforces the
preferences is refuted but evidence was found to suggest that a few of the
Sar1y items in an instrument do have less stabili.y than the body of the items
In the rem#inder of the instrument, |

The conclusion which must be drawn from all the evidence for mode
stability, i.e. on stable behaviour in each mode independently over a span
ot Years, is meagre. There are atrleast three possible explanations for this.

t Seems probable that the isolation of the individual mode scores from one

) :
nQ:Cher,for the purpose of the analysis in Section 7.2 is ill-advised, or

1s POssible that the behaviour is unstable or, even, that the instruments

w " B
len Were used to measure it are insensitive, -inaccurate or both.: An

e
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&nalysis of the four mode scores together as a single relationship was
therefore examined.
The data on mode consistency is based on two coefficients which are
Used here for the first time in cognitive preference studies, The coefficients
¥hich have been reported show that each individual continues to behave
Consistently when the four modes are examined together. It was shown in an
€arlier section that consistent behaviour is shown for each mode separately,
The high level of consistent behaviour in eacli 'tetrad' of votes to each item
18 reported for the first time.
The attempt to demonstrate the stability of each individual's
Cognitive preference in the web of the whole population over a period of
Sufficient time for that web to show alteration was attempted by counting
discrepancies and examining mean scores. The discrepancies showed that
- there was greater stability between'the first and second year of the study
(1., between élass levels of IIIrd and IVth forms) than between the second
’&nd third'years (1.e. IVth ;nd Vth years). Thig is due, in part, to the
fact that the students in the sample in the Vth form had chosen their fields
or future study and this act of choice tended to polarise their cognitive
preferences.‘ This atudy'is unusual in that it embraced students from the
Wirq forms with uncertain academic aspirations and foliowéd'them thrbﬁgh to
the iy forms; previous studies have tended to examine reépondents whq had
already embarked upon their prefeffed specialisatiﬁns.‘Tﬁe expioration of
behaviour by ccﬁnting,discrepahciés between ;nefyeaf and the next is novel
Snd 1t~1s,'apparent1y, a sound andvreliablevmethod of détermihihé'individhélf
behav10ur against the background of behaviour which might be predicted by o
Rere Chance or when random scores are used. The”differences between mean
bserVed scores and. mean random scores are tound to be highly significant :
d the actual behaviour revealed is markedly different rrom the behaviour )
ti°1pated by chance.  i | | | ‘
The mean scores in Table 7.9 furnish COntiiéting eyideﬁcélbuﬁiit’i5_1f
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Probable that the scores generated with the threc samples of students
8t different class levels and using the same instrument is more reliable
than the data obtained with the saﬁe students using three different
instruments, one at the end of each of the last three years to '0' level.
The fofmer body of data shows that the population as a whole does change
s18nificant1y on the 'application' scale while there is little change on
the 'questioning' scale, The significant change towards P at the expense of
A Suggests that this is an inevitable consequence of training and experience
in chemistry in the classroom; the stability of the response to R and Q
Suggests that these preferenceslare manifestations of genetic make-up, i.e.
that 'curiosity' is a property that cannot be as readily developed by
teaChing. This difference in behaviour on the two scales is a finding of
Some consequence in that it suggests that the teaching of chemistry with the
8vowed aim of increasing 'curiosity' is doomed. The second body of data
does not support or refute these observations but the evidence is confused.
The clﬁster analysis demonstrates that when the shifts of behaviour
Vhich have jdst been described are annulled, 60% of the population moves
in o progressive manner and only 6% fluctuate wildly. It must now be argued
that this data lends Support to the contehtion that cogniti&e preference
bPhaV1our should, in future, be established as a cognitive style. (In practice
the act of aﬁnulling the shifts makes little ditférénce and it séives‘merely
to clarify cluster progression). There is no'limit‘of confidence'which can
be Placed on this observation of progression for/JuStift;%E%gkfg?gftrlbutesv
but all the evidence amassed in this chapter, relating as it does'to'stability,
to coasistency.and to the resﬁoﬁse being deeméd acs;ng1e~measure,;doés lehd ‘ |
Profound support in favourkof the treatnment of*hognitivefpreferendég as a

Cognitive style.
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CHAPTER 8 : THE JUDGEMENT EXERCISES

Section 8.0 : Introduction

Tﬁe background for this work was sketched in Chapter 3 and the

individual problems requiring elucidation were listed in Section 4.3.

{t has been explained that only two of the three broad problems of

Measuring judgement have been investigated. The first is the conceptualisation
°f what constitutes Judgement and it does not lend itself to research, Once
the notion of judgement has beep established the notion can be researched.

The second problem, then, is to produce an instrument of acceptable

Validity and the third is to expose a suitable population of students both

to the instrument and to other, and more conventional, tests of abilities

to discern the relationships between the new te~ts and the old (and proven)
Oneg, -

Section 8.1 15 devoted to‘an 1nvestigation of validity using a very
different instrument which is claimed to work in an allied field., The
Problems associated with the hypotheses which are integral to the notion of
Scientific Judgement are explored in Section 8.2 and in Section 8.3 the

mFaSurements of judgement are investigated with six facets of school life,

§EE£195»8.1 : Vaiidity of the Judgement Exercise (JE),(Réseérch Troblem (D.1))

The JE claims to measure intellectual skills within the confines of
a.3<‘-ien"cific} diécipline:f“it was~hypothesised tﬁat'speci!ic previoﬁs~~
kn°W1edge should play no part in problem solving. The instrument will have

Jacg valzdzty only 1t the scientific method 15 invohed and possible |
1,‘hYD0theses examined in the 1ight of general previous knowledge and experiehce,
The face validity of the 1nstrument was not questioned by the panel 61 |
‘ qualified adults who examined the 1nstrument. It 1s possible that for

8 i
Ome respondents, particularly for some o£ the younger anea, difficulty Sl vk

*
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¥as experienced with semantics. Spot checks revecaled no problem with
the words used for evaluation of hypotheses (adequate, relevant, justified)
but these terms may have caused difficulty in operation. The face validity
Vould also be diminished if respondents had experience of identical or
°1OSely allied situations, The quality of the experiments which they
devised was of such low calibre that it seems unlikely that face validity
Vas significantly impaired by previous knowledge or experience. (The
®Xperiments are reported in Section 9.5).

"The skills which the JE claims to‘measure are defined clearly and
1t was thought by the designers of the instrument that the situations
samPled the judgemental situations which a young chemist might encounter
Quite adequately but no frame of reference exists for complete confidence
on this aspect of content validity. The test was examined by a panel
°f 21 adult chemists and much useful comment was produced but there was
disagreement over the correcf keying of items. The adults with wide
€Xperience had difficulty in fecailing which experiences would be avallable
to Chemists with pre-0 Level experience and conflict ensﬁed between the
kn°w1edge of the aéults and tﬁe projection into genuihe Judgemental
sit“ations of the adolescents.‘_The inability to agree‘unquestiqnably
Tight answers 1s a significant weakness which should not bé overlooked.
It Was, howgver,iminimised by a very‘thorbugh and céreful preteét andvbﬁ
¥ number of pilot studies. |

The‘JE was developed because there is no récégnised ihst;ument‘ina

thig field. For,this reason conc@rrent validity caﬁnotﬁbegestﬁbiished.z
An Attempt was made tb‘seé whether the measurements‘which ére ﬁadé:ﬁyf
'the Study Skills section of the Bristol Achievement Test have relevance
to those made by the Judgement Test since both tests strive to assessi,  
1nte11ectual skills in an essentially scientific form*u Analysis&ot the
laty furnished by students on the BAT test and on the 1mprnved JE test
(JD‘III) is given in Table 8 1, Inspection of the figurea shows that
1Q9?’Q;ation‘hoef!icients betﬁéen subtestslor the two a:e wegk and“thaﬁ'igctdé '

Tl
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Table 8.1 : Means, Standard beviations, Correlation Coefficients and Factor
Analysis of scores on Bristol Achievement Subtests and JE-11I
subtests, (N = 364/I1Ird and Vth/1974 and 1976)

Mean | S

o

BAT-1 Props. of Materials 8.49 | 2.17

BAT-2 Structures 11.39 |1.96 |35

BAT-3 Seqﬁences 7.25 {1.63 {42 31

BAT-4 Explanations 6.65 |1.59 |32 24 35

BAT-5 Interpretations 7.10 |{1.84 |28 20 38 30

JE-A' Sensible ) 3.87 |1.81 |05 05 07 16 19

JE-B  Justified ) 4.70 |2.08 |10 19 18 16 27 23

JE-C Adequate ) DeOTY 2.77 |1.84 |10 04 05 05 02 02 06

JE-D Relevant ) 4.05 |1.86 |01 08 20 12 12 09 16 16

JE-E Beyond & Rel. ) 5.92 [2.02 |08 14 23 31 29 30 11 01 21
JE-F Beyond & Irrel. )Lab| 5.51 |2.00 |24 12 23 34 16 19 17 10 27 30
JE~G  Already Available) 5.35 |2.40 |04 18 11 12 23 25 20 21 21 34 46

BAT -1 -2-3-4-5 A B C D E F

(r > ,158, p < 0.01).

[

Factor Loadings’( X 102 )

L 1 11 | III v ‘v VI
BAT-1 Props. of Materials - 12 -76 | 22 .| 07 ~09 ~16
BAT-2 Structures o 40 -41 | 25 a7 -12 -25
BAT-3 Sequences 01 -72 | -06 15 29 | -09
BAT-4 Explanations 19 | -67 | -29 <11 | =03 .| 16
BAT55 Interpretations ;10 ~-56 -43  327 03 | 18
JE-A Semsible ) | 18 | o09 | -73 | 28 | -06 | -10
JE-B  Justified ) - 04 o9 | -18 | sz | 13 | ‘o9

- : . Theory : :
JE~C Adequate ) - -} 16 | o4 ) 11 | o5 | 06 | 92

JE-D Relevant ) | 18 | -05 | -03 | 10 | 83 [ o7
JE-E Beyond & Rel y | 3¢ | -26 | -63 | -13 | 18 | -08
JE-F Beyond & Irrel’ JLab 74 | =25 | -15 .} -08 | 20 ;fﬁos'

NEE:S_;Already Avéilable ) .76 .} . 06 .| -25..  2ij a559§;¢ :~{2Q i

 (Loadings > ;193, p < 0,01) gz_ias;¢p*'7, , ,
Bigenvalues = i_f”."a,zoi}v~1,sos‘ 1.11o,k9;9861l Q,85é_ﬂ],o,8§2iﬁl_
39.3 ‘

- Qumu1, porcent, 25.9 ' 48,5 | s6.8 | 630 | 7.0
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loadings largely distinguish JE subtests (Factors I and Il - VI) from
BAT subtests (Factor II). It was anticipated that from the ecvident
Similarity between the descriptioné of the two tests (see Chapter 4)
that some common measurement would be obtained. Thus both tests explore
Televance as a scientific parameter and both are demanding some measure

°f judgement.

Another method of approaching the data was to use the BAT scores as
% standard to which the JE scores can be related. (The thorough
Standardisation of the BAT with a wide range of populations is reported
in the BAT manual.,) The scores obtained by the population which worked
both the BAT test and the earlier from of the JE test were examined for
Malysis of variance and it was found that the 'between group' variance
°f JE scores when subdivided into ten groups by BAT score was significantly
Breater than the 'within group' varianoe. The chief source of variance
18 found to be in the groups with poor scores on both tests while those
wh? Performed best on the BAT did not also perform with distinction in’
the JE—II.L The explanation_for;fhis difference in behaviour may be
related to the fact that the BAT level 5 test is designed for students
W%th younger chronological age than those in the sample population and there
Vas therefore little distinctiod between the/gggk for those of moderate
Wility, Subsequent analysis of the JE-I1I data revealed»weakdesses in
tacility which may have pended to suppress the true distinotion bétweén o
the best and the moderates. It is postulated on the evidence given that

hile the total score in the JE does show the variance anticipated -the

‘1nd1V1dua1 subscores do not reveal any meaningful behaviour that is common-

to the subtest scores of the BAT. It must be admitted that this negative:

inding is a disappointment since it would have ‘been useful to hgve a
&ti°na11y recognised instrument with standardised scores to serve as a'

rame of reference for the new test which 2§ being repcrted here.~'(A;ia2

f,;h°rter version of the Briatol Test using only 1tems with good statiatics d‘1‘ U

v :
e prepared and used in later investigations. See Section 8, 3).
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Table 8,2 : Variance of JE-II Score in Groups by BAT Standard Score
(N = 421/1IIIrd and IVth/1974 and 1975).

BAT Score JE-II Score
Mean S8.D. Mean S.D.
[~ — -
Group 1 N = 43 129,19 | 2.34 31.07 | 4.98
2 42 124,52 | 1.01 32,19 | 5.12
. 3 42 121.79 | 0.64 30.52 | 5.10
4 42 119.74 | 0.58 28.60 | 6.05
5 42 118.17 | 0.53 29,52 | 5.20
6 42 116.45 | 0.62 30.26 | 5.98
7 42 114,00 | o0.72 29.67 | 4.08
8 42 111.02 | 0.86 27,07 | 4.93
9 42 107.12 | 1.47 26,62 | 4.34
1o 42 99.69 | 3.56 24,36 | 4.26
Analysis of variance
e
Eggfifuof Variance Sum. of Squares dtf Mean Square F
Between Groups 1456 9 161,79 6.21
"thin Groups 10731 an 26,11
420
L~;~;__i‘ ST ‘ X Signifiéénbé': p < 0;01

§32£l2§‘8.2': The Quality of Respondents' Hypotheses (Research Problemsv
‘ (D 2) - (D 4))

It waé theérised Irom the low scores achieved by respondeu€é tavJE*II‘
thay the quality of their hypotheses might be at: rault. Furthey. it was ;  i 
D°stu1ated that covert exposition of these hypotheses cou&d‘be cbtainéé
by 1nV1ting the rospondents to devise experiments of their own. which they,,«hﬂ
,,th°“8ht would earn an 'E'igrading (an experiment which "will lead to f»V:vfj,
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information beyond that already given, and this information is relevant

to the problem stated."”) The interest in this exercise was only to
€xplore the parameters which the respondent considered to be worth
1nVest;gation. This was the purpose of the third part of JE-III. It was
Ecored independently of the other two parts of the JE. The respondents
Vere offered five problem situations which were similar in principle to
those which they had already experiencgd in Part II and they were instructed
to devise no more than ten experiments that they considered to be worth
the 'ge grading, In Part II of the JE the experiments were outlined for
8ssessment by the respondent; in Part III the experiments were outlined
by the respondent and their quality was assessed by the investigator.

Yo Parallel assessment was made by another adult so the findings which

e reported must be tentative but the experience and discussion initiated
by the construction of two editions of Part II énsures'that the findings
in Part 111 arevwell worth consideration.

The respondents‘were permitted to distribute their fen proposed
®Xperiments bétwéen the five situations in any‘pattern. Table 8.3 shows
the responses of both third and fifth form respdndents, ci#ésifiéd byvthe
Selecteq parameter, to Problem J. This problem is reﬁorted here because
1t Yeceived most attention‘froh the respondents, (It cbncerns the growth
ot a holophytic organisﬁ in aquéous manganese(II) sulphate solution, The'
8rowth arises through airborne infection. Other, and apparently similar,
°°mmon'labbratdry”réagents do not appéar tokprdv1dé a hdépitaﬁle;ﬁediﬁﬁ ,
for the organism.) ‘ | | |

The respbnsés of 289 Vth Formlétudents-and 161 IIlrd Formrstudehts '

Ravg mean scores of 3.67 (SDh = 2 12) and 2.37 (SD = 2.19) respectively. ,

I g
t vag predictable that in both sets of data thia test wauld have correlated;
tr°ngly with the JE—Purt II subtest scores but the test alsdvcorrelated

"1l witn est A of Part T (the 'helpful® and ‘justified' statements). L

°Prelation with the test of achievement 1n chﬂmistry by the younger B e

"t ) L
i “dﬁnts was atrong (r = 0 362) and it was alsu strong with the IQ scores
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(r = 0.393). It could be argued that strong correlations reflect
Willingness to co-operate with instructions as rmuch as any other
Quality but it appeared that even those who showed by the number of
Buggested experiments that their dedication to the task was strong
Produced a high proportion of unsatisfactory responses. ‘It is of interest
that the percentage of 'E' responses in Table 8.3 (42.7% and 45.4%
respectively) accurately reflects the overall success in the other two
Parts of JE-III.

The new information which is generated by this work is the low

Quality of the understanding of likely causes of simple scientific phenomena;

}1t is remarkable that six intelligent and willing students in each of

the Bamples which are quoted in Table 8.3 believe that the green deposit
Originates from interaction between the solution within the bottle and the-
8lass from which the bottle was made, The modest scores achieved by many
on the first two parts of the JE must be the result of many elementary
miSUnderstandings of this type, ehose who Qere more successful were
8180 able to suggest experiments that were helpful (i.e. 'E' type) in
Part IIX. They were the brighter students in testsof chemical ability
and they'hedﬁthe highesf general ability as measured by IQ. (Between-
gr°up variances of chemical achievement and IQ when grouped by scores
0n the third part of the JE were significantly greater than within group
Variances.)

In many scientific situetions alteretiohbof one,parametervmay:alterr
a“°ther‘through\e chain‘ef events, Thus in ehe candie ekperimept it 1s

reasonable to eXpeCt that alteration to the ehemical‘nature ofythe candle

Vax Will alter the volume of water which ultimately enters the bell Jar

31“¢8 the temperature of the tlame is governed by the composition ot the

W
ax. the temperature determines the proportion or air expelled_by heating,

f ‘.j.» i
Nd the later contraction ot this air on cooling causes the water to enter

t
; o adJuat the diiferences in pressure when the ilame 13 extinguished

1
ta reapondent is aaked whether experimentation with tbe chemical
180 “
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Table 8.3 : Classified Responses to Problem Situation J in JE-III
(N = 161,160/11Ird & Vth/1976)
s
% age
M
I1Ird Form Vth Form
Parameter Examined Classification (217 responses) | (259 responses)
(N = 161 N = 160
\
Analysis of the green
material E 20.3 15.0
Location - light E 9.5 6.9
’ -~ dry F 5.0 5.2
- disperse G 1.1 1.2
- bottle sequence G 1.1 0.6
Air - no oxygen )
- no carbon (1V) oxide) E 5.4 8.5
- remove stopper ) G 1.5 0.7
- secure stopper )
Water -
er concentration ) E 2.3 8.1
- purity )
Contamination by users F 8.6
Surface area of solution E 0.6
Chemical nature of X E 2.8 0.6
Other green solids F 4.6 2.0
Microscopic nature of solid E 1.8
Bottle -~ chemical nature of F 3.7 3.7
) glass
Shelf - height )
~ position ) B F 2.8 2.0
- paint on surface ) ’
Temperature E 6.3
Anion )
Cation ) F 6.9
Tautological responses 13.8 - 7'6.9
Unclassifiable 23,7 16.8
©..100.0 . 100,0
ResPOnses Classified as 'E! typé . '42.7 : 45.4
o 'FY 16.1 28.4
e

M

o 3.7

8.8

Classification E

~and also relevant

"F~,?bey0nd' but irrelevant

G 'already available' inrormntion g
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Composition of the wax, he must first decide whether there is a chain

of scientific events linking the wax to the volume of water and if

- 8lteration of the former will modify the latter.

A new angle on students engaged in judgement tests was examined by
haking use of the experiments that had been suggested by former students
°f equal experience and ability. The responses to the third part of the
JE were built into a new test, JE-IV, to see whether a relationship
€xists between the quality of judgement and the number of events in the
'cause and effect' chain. The outcome which Qas anticipated was that
the greater the number of steps in the chain the lower would be .the
Success rate for that item. It was then hypothesised that an introduction
to the notion of the chain would enhance success since Judgement in this
®Xercise demands both an understanding of the science and an ability to
888ess relevance and importance.

JE-IV contained 70 items of this type. The test has been descriged

in Section 4.5 Part (B) and it appears with the response key at Aggendix G.

The Sample population was assigned at randomto one of four groups and

. ®ach Broup was given a different response sheet, Copies of these also

'appﬁar at Aggéndik G. The information on the response sheets proffered

dirferent strateglies for problem solving. Group A was given only an example
Vith answers, Group B was given the example,and the notion of chained events
Vas explained, Group C were asked to categorise each item as in Part II of
IB-11y (with the addition of a fourth category) aéd‘Groﬁp D received
1nr°1‘ﬁlation on béth the chaining and the categorisation. (A coﬁy,of the

1nstructions is also given in Appendix G. ) - The sample had had no

)Drevious experience of any judgement test. No. 1nformation was given on

he Dunhey ot cgrrect 1 e, 'E type, responses and no record was taken

ot wh&ther or not the respondent made use of the 1nformation on’ the response
8 « - .
he et Record was made of success on 1tems keyed as El Ez' and FS The

hscript identi!ied the number of steps which unitied the problem with

t . .
‘,l“ “ituat ores and standard deviations of the four groups
ion. The mean sc

S S
e ahown 1n Table 8 4 and the data is analysed !or variance 1n Tnhle 8 5, e




22919‘8.4 : Mean Scores and Standard Deviations on three 'E' type categories

of JE-IV (N = 141/111/1977)
\\
Groups
A B C D
Chains &
No Chains Categ Catego~ Total
Strategy ories
— ries
No, of 3 L
| Students 35 6 35 35 14
End of vear
Chemistry 53.34(16.01)] 54.89(14.28)| 52.17(14.47)| 51.86(15.11)| 52,83(15.05)
Exam (%)
(E1 5.91(1.86) 5.83(2.22) A §5.03(2.24) 4.80(2.07) 5.40(2.186)
(
(E * 6.46(2.18) 6.11(2.07) 4.74(2.27) 4.91(2.73) 5.56(2.44)
JE-IV-( 2 ;
(E3 3.91(1.52) 4,39(1.78) 2,57(1.08) 3.37(1.62) 3.57(1.67)
Total| 33,.57(7.90) {33.00(8.56) |25.46(7.78) | 26.34(8.04) | 29.62(8.89)
Intelli— o
Cence 120.83(10,06)124.36(12.00)(122,77(9.09) [123.94(10.84)122,99(10,65)
Quotient :
\
(* E2 has 14 itemns, El-and E3 have 10 each; max. score 70 )
IEElg_§.5 : Analysis of Variance of the data in Table 8.4
\_
Sum of Squares df
Source S
of ~ F p
Vary.. | Between Within | Between Within| Between Within ' :
Bnce ‘ Groups | Groups | Groups |Groups | Groups |Groups
\ N S Ty ~
Chem, 209 31728 3 |37 69.8 231.6 | 0.30 | (NS)
El 34 622 3~ 137 11,22 4,54 | 2.46 '} (NS)"
Ez 77 761" -3 137 | 25.66 - 5.55 4;62 10,01
Ea 64 | 327 3 ©187.-1:21.33 ©2.39 | 8,92 01011,7
Jﬁ;IV 1940 | 10494 3 137 [646.67 | 76.60 | 4.72° |0.01 -
al | . . SR e e e
Q. 265 {15736 3 137 | 88.32 |114.86 | 0.77 | (NS)
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The analysis of variance'in Table 8.5 shows that the end of year
8cores in the Chemistry examination and 1.Q. scores were not significant.
This was expected since the students were randomly assigned to groups.

The variance on the single-step chains (E;) was also not significant

¥hilst on the two-step and three-step chains (E, and E,) the variance is
8ignificant and it is because of these two types of item that the total
8cores also show significant variance. The interesting conclusion which
TSt be drawn from this information is that the introduction to the idea

°f the chain of events which may link the effect with the cause is
Sufficient to make noticeable difference to the group scores. The request
to categorise the items into four types also helped students to select the
E type responses more accurately (Group C) but Group D students who had

the advantage of the idea of the chain and the information on categories of
Tesponse fared less well than those in Group‘B who had had the introduction
to the chain and no information on categories.

The essence of this work in this Section hés been to show that the
8energ] quality of the understanding of cause ;;d effeét ;;‘fairiiuv”w-
eleMGntary chemical‘problem situations is surprisingly lqwkbut better
Scores are obtained if 1nstruction is given on linked causes, The implication
°f this is that,studentsiwould benefit considerably irom classrqom tests
in°°rporat1ng physical and‘chemical problems of the typevdeve;opgdﬁhere‘and
theiy unde;standing‘df science in general énd q: chemistryvin particular :
¥ould be much improved by subdivision of méjbr prob}emsainto=component
Dieces. It‘is:one of the aims of.all'teachihg ;n scien;e té expgse stgdents.
f° Challenging situations and it,wbuld appearitp;tjﬁhe:Jgdggmeﬁt Exerpicgs'
% achieve on paper much that is difficult and 1abori§us toyachigve’;nifhe |

laboratory . '
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Section 8.3 : Measurcment of Judgement (Research Problems (E.1)-(E.3))

The two previous suctions were concerned to show that both the validity
°f the instruments and the intellectual challenges that they make are
Satisfactory and meaningful in a classroom situation.  This section
TYelates how other important data related to scores on the Judgement
Exefcises. In particular, six possible influences on the measurement
of Judgement will be considered. The sauple populations furnished
Information on the improvement in total score over a period of time, on
the relationship between judgement and achievement in chemistry as
Weasured by the O Level grade, on the differences in success on the test
by the sexes; and on the influence of scientific awureness, bias, intelligence,
&nd intellectual maturation on the JE scores. When this data has been
Presented and analysed it shouid_then be possible to examine the wider
Usefulness of the instrument in classroom situations. v

(a) JE scores and class level (Research Problem E.2)

This data was pbtained by administering JE-III to‘three samples of

'at“dents, one at the end of the IIlrd Furm year, the second comprising IVth
Forn students only and the third Vth Form students only.k‘ |

So far as it was possible to’ gauge, the three samples were equal in every
Tespect and the data reported here were o obtained by random selection
ot individuals from a pool of over seven uundred students to give a sample

with equal numbers in each of the class levels, The data in Table 8.6 ;how
‘that in all scores thereVis an'iuprease in ability with c}ass'le&uliand‘thatr
this yncrease is siguifiéant for all subtests except Subtests A;'Dkand F.

- The paraméters'éxamxued'by’thesé two suutests are"justifi§d audiﬁ§1pfu1“in'3,
Pary 1 and 'irféléVahce"in both Part I and Part II.*‘(Tuéts D and F ‘ |

, e v

resDectively) It can be 1nterred that understanding ot what 13 relevant

t° the whole body ot science does not develop signi!icantly during the time

Dan in question.‘ it is unlikely to have developed 1n the preceding years :
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Table 8.6 : Means, Standard Deviations and Analysis of Variance of the

JE-III subtest scores by three Class Levels

(N = 369/IIIrd, IVth, Vth/1976)

—
Class Level
Subtest 111 Iv v
—~—
A (sensible) 4,11 (1.60) 4,08 (1.53) 4.52 (1.78)
B (Justified) 3.63 (1.88) '3.93 (2.03) 4.58 (2.04)
C (adequate) 2.55 (1.29) 2.55 (1.61) 3.08 (1.78)
D (relevant) 4.20 (1.76) 4,28 (1.83) 4.31 (1.73)
E (::{gtgn:?d 5.94 (1.26) 6.05 (1.64) 6.51 (1.99)
F (:§¥:§2v:§:) 5.18 (1.79) 5.65 (2.03) 5.72 (1.92)
G (:i::;ggle) 4.90 (2.22) 4.93 (2.41) 6.02 (2.44)
*jfliff Total  30.51 (6.02) 31.63 (6.85) 34.71 (8.27)
(Maximum Scores : All Subtests : 10.. Total : 70)
Analysis of variance
~——
Sum of Sqﬁares daf Mean Squares‘
Between | Within |Between 'Within Between Within F P
Classes | Classes |{Classes | Classes | Classes | Classes
~—~—— ‘ '+
A 15.49 | 993 2 366 | 7.74 | 2.71 [2.85 | (¥8)
B 57.85 | 1102 2 366 ”28.92‘ 3.99'  7.25 | 01~
C 23.00 ‘1102 | 2 366 | 11,50 3,01 3.82 | .05
D 1.00 2 366 : | (NS)
e 22.06 | 1100 2 se6 | 11.48 | 3.28 3.50 | .05
F 21.50 1355~, 2 366 | 10.75 | 3.70 - 2~96: (NS)
¢ o 98.85 | 2049 2 366 | 49.42 ZS.GO 8;821 }bli
JE~ITT mota1 | 1162 | 18658 2 366 | 580.85 |50.08411.30 |.01
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and it must be assumed to be an aspect that is developed by the 'A'

Level course rather than the '0' Level éourse. It 1s, however, reasonable
to postulate that in so far as the students understand the implications

of thq exercise, they do all equally understand what is justified by the
information given and what is not. The two subtests which show the most
8ignificant change with time are subtests B and G. Subtest B is concerned
Vith an assessment in Part I of whether or not important information is
Needed but not supplied while Subtest G is asking for an assessment in
Part 11 of whether the information which an experiment will furnish is
already available or not. The subtests are similar in spirit‘and both are
Telated closely to the student's background and experience in chemistry.
It is therefore entirely reasonable that these two measures should show
‘siﬁnificant development with timevand.it is interesting that the time in
QUGStion is now shown to be duration of the O Level course,

(b)  JE Scores and O Level Grades in Chemistry (Research Problem E.1))

The JE was seen to be an instrument that measured traits which are
distinct from the qualities which are requiredﬂof an O Level candidate and
higy level correlation between O Level grades and JE scores.was not expected,
In the event’the analysis of the Vth Form data showed it to be quite high
fr= 0.341, N = 439) The data is further analysed in Table é.e‘byvanglysié
°f variance. ~ _ Analysis of variance of subtest‘scores by
Brades showed that all the subtests with the exception of‘subtest.é mad; a
a"Enificant c:cm*l;ributicm/eSt ]liasti}ion%h%p between J’E Score and 0 Level grade.
A Very similar result was obtained with IIIrd Form students when;the test
, ot aChievement that was uéed was the end ofwyear examination. Iﬁ bothasets

ot data the ability to assess 'adequacy (subtest C) madé no contribﬁfiéﬂ
- 8nd ong must conclude that this skill develops 1ater it at all. It is;

®Vident that mastery of a far wider body of data 13 required than 19 i

nvailable to an 0 Level candidate to assess whether infcrmation is mere o :

’t&utology and therefore useless or whether it embodies sOme useful mnterial.iifﬂf
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Table 8.7 : Means, Standard Deviations and Analysis of Variance of JE-III

Scores by O Level Grades (N = 280/Vth/1970)
P ———
0 Grade
I 11 111 IV (fail)
N =170 N =170 N =170 N = 70
P——— :
A 4.54 (1.70) 4.04 (1.83) 3.94 (1.72) 3.60 (1.82)
B 5.80 (1.72) 4.82 (2.09) 4.47 (2.08) 3.65 (1.78)
c 2.69 (1.90) 2.70 (1.92) 2.70 (1.62) 2.73 (1.51)
D 4.79 (1.89) 4.24 (1.83) 4.21 (1.69) 3.46 (1.51)
E 6.71 (1.91) 6.30 (1.68) 6.00 (1.97) 5.21 (2.22)
F 6.53 (1.87) 5.83 (2.14) 5.59 (1.77) 4.63 (2.05)
G 6.30 (2.20) 5.99 (2.46) 5.47 (2.09) 4.37 (2.43
JE :
Totay | 37-39 (7.38) | 33.84 (7.52) | 33.04 (11.14) | 27.36 (7.21)
\
Analysis of Variance
\_
Sum of Squares df Mean Square
s°Flrce of Variance Between | Within Between | Within| Between|Within F P
~—— Grades | Grades | Grades | Grades| Grades |Grades ;
A 32 | 870 | 3 276 | 10.73 | 3.15|3.40{0.05}
8 162 | 1025 3 276 | 54.00 | 3.71[14.54|0.01]]
¢ -3 3 276 NS
1 458 | 438 '3 276 |152.73 | 1.59 j96.24|0.01|}
£ 78 | 1050 3 | 276 | 26.08 | 3.84]6.80[0.01]
F 124 1070 - 3 276 | 41.43 | 3.88 ho.690.01
¢ 144 | 1465 3 276 | 48.17 | 5,31 }9,07/0.01}!
YE Totay 3623 Dos7s '3 | 276 h207.7 [72.02 he.707(0.00
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The temptation to 'play safe; in responding to subtest C items is paramount.
() Sex

It has been shown in Parts (a) and (b) above that JE scores are modified
by class level and by achievement. Inspection of the scores obtained by
boys and girls showed that their mecan JE scores differed quite substantially
(the mean- scores were 31.17 and 35.40 respectively and the standard deviations
Vere 7.75 and 8.01) but two-way analysis of variance of JE scores by sex and
by Qcademic achievement as measured by the four O Level categories used
8bove failed to show that the girls' performance was significantly better
than the boys' (There were no/ggggificant differences between the sexes
in any test in the test battery).
(d) Maturation (Research Problem (E.3))

There tg , within one class level, a sample of students with chronological !

8ges all within one year but with widely differing maturation levels, A
Simple test of maturation with obvious relevance to chemistry was usea with
% sample of 161 IIIrd Forn students. (The test, the Piaget Combinatorial
Test. is reported in Chapter 4). This sample was diéidéawihfoyfi;é‘gféups
b}'kthelscores on fhe test‘ahdrthe JE scores were examinedrfor varianqe.

33212_8.8 : Means, Standard Deviation and Analysis of Variance of JE Scores
grouped into five groups by scores or Piaget Combinatorial Test
(N = 161/11Ird/1976)

~—— 1
PCT - - JE o
Nz, Mean | Stan., Dev, Mean Stan. Dev,
L _ , Mean :
Group 3 33 | 700 | o000 |  28.00 | 5.8
2 | 32 | 622 | o0.41 | 30.88 | 5.43
'3 | 32 | s.22 | oar | 2861 | 5.8
4 | 32 | 4.06 0.66 30,72 6.01
5| %2 | 2w o.66 | 32,53 ':G;OGV;
: o
éﬂ&lzgis of‘Variance 2 ;
\§25£S? ot»Variéﬁcé 1. 8um of Squaresi Tdf;b ‘ﬂééﬁ‘sduére' ; 5> ; fﬁifﬁ.
| Between Groups | 380 | 4 |  es.00 |2.82]o0.05
j J’gﬂiﬁi&n Groups = 5267 156 33,76 i %
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The data given in Table 8.8 shows that the variance in JE scores in the
five groups 1s significant (p < 0.05) but it also shows that the maturation
test scores are skewed towards the less mature students and some caution
Should therefore be exercised. However, this result is interesting in that
it suggests that the significant improvement in JE scores with class level
(reported in Part (a) above) is attributable in part to increasing
Daturation.

It is reasonable to suggest that success in the JE is relateé to aware-
hess and experience of scientific things and to global intelligence. It
Vas not possible in this work to follow the change of scientific awareness
&nd experience which inevitably comes with increasing class level but the
behaviour,within one sample of students in the 'one shot' study was used to
exvplore the relationship between JE scores and scientific awareness and

'betWeen JE scores and a measure of I.Q.

(e) Scientific Awareness and Bias

!3913‘8.9 (a) : Means, Standard Deviations and Analysis of Variance of JE
Scores grouped into five groups by scores on the BRI test
(N = 161/111rd/1876)

\__
BRI  JE
e RI
Mean  Stan. Deviation Mean | Standard Deviation

Group 3 33 | 20,04 | 1.58 33.73 5.93

2 32 | 18.28 | 0.51 29,69 5.56

3 32 | 16.25 | 0.43 29,53 | - 5,81

4 | 32 | 14.22 | o0.78 28.22 '5.34
S 32 | 11,22 1.60 29.69 _5.50
éﬂﬁlzgip of Variance
\Eggfffh?f'Varianée | sum of squares. | “df\k Mean Séuareéﬂif%? o

®tween Groups . 537 4 134.25 ~ |4{10 | 0.01

iﬁfﬁiﬁ Groups oosn0o - |oase | 32,75 ol
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It is apparent from the data given in Table 8.9 (a) that the variance
in scofes between the five groups formed by using the BRI test with IIlrd
form students is significantly greater than the within group variance
(F = 4f10, p < 0.01). It may be recalled from Chapter 4 that the BRI test
¥as a test with 25 items with acceptable statistics from the Bristol
Achievement Test, Study Skills, Level 5. The full test purports to measure’
Scientific experience in five subtests and standard scores are available:
the modified test did not distinguish the five subtests and it 1s unique
to this study. It is claimed that the shortened form of the test is at
leagt as effective in measuring scientific experience with this sample as
the full test and, subject to that caveat, it is now evident that JE scofes

8re in part dependent on scientific experience.

25219;8.9 {b) : Means, Standard Deviations and ..nalysis of Variance of JE ;
' scores of five groups by A Level Chemistry Bias ;
(N = 439/Vth/1976) | ’

A Level Chémistry i
—— ' Bias : JE |
Groy - Standard .
-~__B_ N Chemistry ... , Mean Deviation §
1 30 Most preferred A Level 34.67 | 6.84
2 30 2nd most preferred ‘ 38,03 | 7.06
8 30 3rd most preferred . 34.60 | 8.33
¢ 30 No comment | o 31,43 7.44
5 30 Chem. among the three least ; ‘ 32,90 9.48
Sl - preferred subjects » '
150
\ —_—
'Aﬁélxgis of Variance 3 %
b - L ‘ | |
‘ESE:Sf of Variance“ 1 Sum of Squares df i Me’an‘Squ;ara  ?~‘F>» ;ﬁip
Between Groups 5 767.6 4 101.90 + | 2,98 | 0,05
. Groups 8339.4 = 145 . 64,40
i P ; = ;
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The mean JE scores in Table 8.9 (b) show that Vth Form students with

& strong bias towards chemistry acﬁieve,significantly better scores than

~ those with antipathy to chemistry. It is noteworthy that those who placed
Chemistry second in their preferences for subjects for A Level study scored
More strongly on the JE than those who placed Chemistry first; the
©Xplanation lies in the greater affinity for Physics among those that are
in Group 2, The 'best' scientists (i.e. best in terms of the JE) tended
to put Physics first, then Chemistry an¢ then, probably, Mathematics. For

this reason the finding in Table 8.9 (b) that bias does influence the

Performance, is to be expected and the significance of the F value (p < 0.05)
1s Certainly weaker than it would be shown to be by a more sensitive test

°f attitude to chemistry.

() 1.q,

IEELQAS.IO : Means, Standard Deviations and Analysis of variance of JE Scores
grouped into five groups by scores on the Otis a and B 1.Q. Test
(N = 161/11Ird/1976)

1.q. | JE
~—— N " Mean Standard Dev. Mean | Standard Dev.
Growp 1 | 33 | 138.00 4.23 31.94 |  6.46

2 | 32 127.47 | 1.97 31.53 5.88

'3 | 32 | 120,509 |  1.89 31.53 5.13

4 | a2 | 1360 | 238 | 20.8 5.11
—__ 5 | 32 103.72 5.35 26.22 4.94
Mnalysis of Vari
;:::géj of Variance
_ESEZE? of Variance | Sum ot'Sqtéfes: df | Mean Squares | F i“ﬁ
Between Growps = | - 724 4| 18100 | 571 |o0.01
Yithin Groups 4943 | 156 3160 |,
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The instrument which waa used to measure I.Q. was the Otis o and B
instrument which comprises items which demand literacy/aﬂgmcrical and
geometrical reasoning. - It would seem to have little obvious bearing on
the JE but it has been shown in Table 8,10 that the relationship is quite a
Btrong one. The inference is that the tests both measure intelligence
albeit of different stylesbut evidently those who have the one type are
richly endowed with the other.

§Bﬂmgry of Section 8.3

The data which has been reported in this section shows that there are
significant relationships between scores on the JE and class level,
8Chievement in chemistry, maturation, scientific experience and I.Q.

The attempt to show that the aexes scored significantly different scores
failed though it was found that the girls in the sample did slightly better

than the boys.

' Section 8.4 : The Judgement Exercise related to Academic Achievement and
o other variables

It has been shown iu Section 8.3 that the JE scores are related to
Buccesg on the tests of academic achievement, scientific awarehess,
mat“rity and I.Q. The next stage in the analysis was to extend the
1"Vesngation to embrace the possibility of joint influence of these racts
ot behaviour on the JE score, The justification Ior this particular piece
ot WOrk stretches back to the notion ‘touched on. , ‘, in Chagter 1
that the JE is probing into the 1ntellectua1 behaviour termed tnfbrmatbon

K tpansfbrmatzon. It was postulated at the onset of this work that a variaty
ot 1ntellectua1 qualities would have direct bearing on the transformation ,
pr°°ess and evidence for this was sought by 1ncluding a variety of taata

vyr

in the test battery., In all the work which follows 1n thia sectien (and , ’

Chagter 9) the auccess of each atudent in the test of academic achievemcnt _[,f

, ls Considered with the JE score because both achievement and judgement




Necesgitate transformation of chemical information. In the work which
fOilows tﬁese two scores are considered. together and in relation to
2 number of other paraméters in 2 x 2 x 2 contingency tables. It was
hdped that this approach would reveal more about judgement behaviour than
the several tests revealed separately.(This approach is further developed
in Chapter 9 where the third parameter is the information perception data.)
’The data in Table 8.11 was obtained by rank ordering the sample of
I'Illt‘d form students on each of the three tests in question; the students
¥ere then assigned to the top or bottom half of the sample on each
Measurement and the contingencies were counted. It was found that in all
three analyses the biggest cellé were the two which contained either the
top Students or all three measurements on the bottom students in all three.
In each of the analyses these two cells together accommodated about 47% of
the Sample: it is not unexpected that those who score well on two tests
Should also do well on the third.
- The significance levels of the x2 value for each of the three tables
in Table 8.11 were found to be 0.05, 0.10 and 0.01 for the awareness test,

Tor the maturity test and for 1.Q. respectively.

The datayin these three tables show that there is marked division
°? the sample into three groups.' The toﬁ quafter are Sucqessful on‘
A1 three fests in each part of Table 8,11, they are the best students
1ntellectually and they are located in all top groups., Similarly the -
bottoy quarter are found in all thtéé botiom'g:oupEVand the'rémaindef;;which
¢counts for aﬁout 50% of the sémp}e, are undifferentiated by this treatment
°! the data. The inference that is drawn is that success ih’thé‘gﬁdédf—yéar”"
eXamination in Chemistry is indepehdeht1y‘re1a£ed toibéth’1n£§:mafidh ,b
transtormation and to each of the three variablesfin‘Tﬁbie‘8.11'Se§a5a£$1§faf |
thoge with success'in‘both“ih!érmation‘transformation and ih‘hn§35h§‘pfi{”“w
thege three succeed 1n:CEi beor scores in both are‘éésdéiéféduwith”iAQ: “‘ 

E"ﬂarks, while success in one delineates ‘the parfiaII&'SUCééSSIul'x°

104




; candidates in the chemistry examination. It is, therefore, suggested
that these three intellectual attributes are in fact subsumed into the
information transformation process; general classroom experience would

confirm the validity of this observation,

§E££}on 8.5 : Conclusions (The references in brackets are to Research Problems)

The validity of the Judgement Exercise was established by 23 adult
8ssessors. They found the'tgsk of assigning the statements to the 'correct'
Category (i.e. to the céféZéry intended by the test constructors) difficult
and extensive refinement was undertakeﬁ in the light of their comments. It
Vas, however, generally agreed that the tasks which were imposed on the
Tespondents conformed to the test design, The attempt to establish validity
(D-l) by the use of an allied instrument (Bristol Achievement Test, Study
sk1115, Level 5)‘wa$ not successful except in that theré was some significant
°°mpatab111ty between the two tests for less able students.

The investigation iﬁto the hypotheses which the respondents generated
for themselves was successfui (D.2). It was found that success in Parts I
&nd 11 of JE-III correlated strongly with the score on Part 11T, i.e, those
Students whd wéré able to révéai large numbers of éoriécf'aﬂd relevant |
hyvotheses ;f thelr own in Part III also diqkwell when the hypotheses'

did not require explicit stateﬁént ih Parts I’and il;v In’éeneral, the:
Sample population produced an unexpectedly'large proportion {about. 55%)
ot hypotheses which were worthless 1n terms cf leading to correct answers
in the JE~II1 but were often useful in 1ndicating the nature of the misunder-
standings which lead to incorrect answers in this test.‘&

It was found that problems which required chaining ot two, and ot three,
links in a sequence caused greater dif!iculty~than singla~step«problems.(D.4);»
The facilities for these/found to be 0.54, 0.40 and 0. 36 for single, double

&ng triple step problems,respectively‘ It was also found. that even simple

105




Table 8.11 :

2 x 2 x 2 Contingency Tables of Academic Achievement Scores,

Judgement Scores and one other variable (modified Bristol test,

Piaget Combinatorial Test and Intelligence Quotient).

(N = 161/111rd/1976

2
X

= 4.35, df = 1, p = 0.05

(b) Piaget Combinatorial Test

[
JE~Top JE~Bottom
R S
(a) Modified Bristol Test
{
CE~top CE-bottom CE~-top CE-bottom
BRI- CE 52.14(11.66) 29.33(5.66) 46.34(6.82) 25.14(6.63)
top JE! (36)35.75(4.36) ((12)33.83(3.61) (7)28.21(3.42) | (22)27.14(2.65)
‘ BRI 19.11(2.24) 19.08(1.31) 19.10(1.85) 19,32(1.73)
BRI~ CE 47.76(7.28) 31.00(3.61) 44.12(5.74) 24,32(7.28)
bottop 9E (17)34.76(3.61) |(13)33.92(2.24) (17)25.88(3.16) | (29)25.68(2.45)
_ BRI 13.71(1.41) 12.77(2.09) 14.35(1.41) 13.39(2.24)

PCT- CE 49,.39(8.29) 28.36(5.07) 44,69(5.39) 24.00(7.28)
top JE (18)34.94(4.35) {(11)34.72(3.32) (13)25.62(3.46) (35)26.25(2.45)
PCT 6.00(0.59) 6.36(0.67) 6.92(0.28) 6.43(0.65)
PCT- CE 51,55(11.83)| 31.46(4.12) 45,58(6.32) 25.75(6.02)
botton JE (34)35.71(4.12) }(13)33.23(2.65) (12)25.00¢2.83) (16)26,69(2.83)
PCT 3.26(1.08) 3.76(0.93) 3.92(1.16) . 4.06(1.00)

xz = 2,73, df = 1, p = 0.10

(c) Intelligence Quotient

IQ- CE . 51.,22(11.66) ~ 29.38(5.06) 46.13(5.66) | 27.15(7.06)
top JE- (37)35.70(4.24) | (13)33.54(2.45) (15)25.53(2.65) | (13)26.46(2.24)
1Q 131,68(7,42) 129,.69(5.10) 132.33(7.55) 129,73(6.40)
1Q- CE 50.07(7.81) 31.08(4.36) 43.60(5.83) 23.94(6.48)‘
bOttom JE (15)35.07(4.00) | (12)34.25(3.32) (10)25.00(3.87) | (37)26.51(2.65)
. IQ 115.67(4.12) 113.00(7.07) lll.SO(5.39) 108.84(7.14)

B x2 = 10.95, az = 1, p = 0.01

\_ E

Mean Values and standard deviation
for Illrd Form sample '

'the

CE :

PCT

CE

JE -

BRI

.  V>196

.

..

30,19 (5.94)

: 16.21 (3.52)

i 5.01 (1.68)

L3 120,60 (12.41) -

End of Year Examination in Cheﬁiétryf": ,,‘ '



training in the nature of the problems presented by the exercise produced
8ignificant improvement in the two- and 4n the three-step problems but made
ho difference in one-step problems (D.3).

Exploration of the relevance of class level (E.2) on the subtest scores
0f the JE revealed no significance for the A, D and F subtests and only
8ignificance at p * 0.05 for Subtest E. These four subtests together explore~
the Scope aspect of the JE, 1.e. they examine the science in the problem
in relation to 'global' science. The other three subtests which can be
bracketed under quality and are concerned with the immediate problem and the
extent to which use is made of the data (Subtests B, C and G) had significant
difference at p = 0.01,.p = 0.05 and p = 0.01 levels respectively. The
interesting and, perhaps unexpected, finding is that class level has little
OF no bearing on scope but a  direct bearing on quality. It might be
®Xpected that progression through the three class levels would improve
Understanding of chemicgl situations and éxpose conflicts between the -
_chemistry which is local fo a problem and the whole body of scientific

1n£Ormation. It is more predictable that discernment of quality, i.e. data

_ USe within a problem, should become more acute with training, and that Vth
form students might be expected to’perférm better.

The relationship between achievemeﬁt in chemistry (within ope class
1eVe1) as measuréd by O grade (E.1) and JE Scorevis found to be’significant
for all subtests at p = 0,01 except for Subtest A where the significance is
P = 0,05 and for Subtest C which is not significant (Indeed, the O Level

failyres were better at assessing 'adequacy' than were any passing grade).

When thé’reléfionship between 1ntellectual maturity‘and'thé'sucéeSS in

the JE g investigated (E. 3), the evidence is weak. Awéreﬁesé:of Sciénbe andr
-Q are equally unconvincing., 1t, however, the dafa 1s studied in terms

ot 2 x 2 X 2 contingency tables which embrace CE scores. JE scores and any

°n° of these three measures, 1t is Iound that there is evidence cf a relation»i;
'ship between theae intellectual qualities and information transformation.‘}ia*
N° difrerence in bchaviour was found for the two sexes.“J’
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CUAPTER 9 : INFORMATION PERCEPTION AND INFORMATION TRANSFORMATION

Section 9.0 : Introduction

The Introduction to Chapter 1 of this work is devoted to a three-
Stage sequence of classroom learning. The'theoretical structure was
ddvanced in order to set cognitive preference styles and Judgement styles
in o psychological framework. _ This framework of learning
€xplored aspects of information reception and transformation. In Section 1.1
Cognitive preference behaviour was interpreted in terms of information
Yeception and perception styles and in the next section the process of
Judgement was connected with information transformation. Chapter 2 was
Used to further develop the cognitive preference aspect and Chapter 3
describes the concept of judgement in so far as it relates to this study.

No immediate connection.can'be established on theoretical groundé
between information receptibn ahd perception on the one hand and information
transformation on the other, pxcepfb that tﬁe'fofﬁé¥’ﬁﬁéf.ﬁfééédémfhéww
latter. However, information perception modes do not lead, as their
c°nsequence, to particular information tranéformation modes. Indeed, it
1s quite pos&ible that the twp‘are quite independent, not only from a
theoretical point o£~view {which may, of course, be the consequenée of
8n inadequately developed theory), but also empirically. The present
inVeétigation‘allowed this issue to be examined, albeit in a 1imitéd‘and
tentative manner.

It ha&@oss bﬁ% 2gxthe basis ot an analysis of cognitive preference
’BCOres to identity population sub groups having distinctly difrerent '
Cognitive preterence traits.b The methods which are used are described
below' If 1t 19 assumed that some relationship exists between gognitive
prererence styles (as a measure of information perception and reception styles)w

a“d Judgement behaviour (as a8 measure of information transfarmaticn beh&viour);

-

/. ¥}§9 Judgement scores ot ditterent cognitiye praferenpe:aubfgrqupsjahould show B

¥
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significant differences.

There are, however, four different ‘ways of approaching the cognitive
Preference data. The first to examine the scores in the
Judgement exercise of groups which have been identified by the score of

-respondents to each of the four cognitive preference modes separately.

In this analysis, which will be found in Section 9.1, the CP scores are
Presumed to be independent of one another. /Secon%,%engé which 1is reported
in Chagter 6 shows that there are, in fact, dichotomous relationships
between the R and Q modes and the A and P modes., In Section 9.2

Judgement scores are examined in the light of these two dichotomies separately
8nd together. Another approach is to consider the cognitive preference
data as delineating one single trait for each individual, In principle,
this means‘that all four scores are considered as one 'traitvscore'. In
Section 9.3 judgement scores are related to the 'trait score'. The fourth
approach is to subject‘the cognitive preference data to cluster analysis
8nd then to examine the behaviour of each cluster on the JE. The merit

°f this last system is that no predetermined outcome 13 placed on either
the structure‘of the ccgnitiVe preference data or the‘size of each cell,

It ig reported in Section 9.4 and the findings of all four approaches are

Summariged in Section 9.5.

Section 9.1 : CP Scores, as four separate modes, .related to JE Scores

-~

Two samples of data are reported in this secticn becéhse tﬁcy give
different4results. The tirst sample is analysed in Table 9. 1 It“wcs
g“therec from IIIrd Form students and it shows that when JE scores are\
partiticmed by cognitive preference mode scores the between-grcup variance
is signiricantly greater. than the within»grcup variance for groups partitionedw~

°n their Q score but therc is no signiticance in the variauce of the ﬁther

,three mode scores. The JE scores are seen to 1ncrcaec with 1ncreasing Q

- °0re for the first three groups but ot for the luat two groupa
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T}\_h‘ly 8.1 : JE Scores grouped Anto 5 groups by eusch CP Mode seure sepurntely,
with anulynin uf vartance (N = JGl/1Lird/1076)

Q{p‘qﬁ Mode Score (mean and §.D.) and Group JE Score (mean and 5.D.)

N= R JE A JE. Q JE P JE
Qimaans oo .
1 33 28.58(2.36) | 29.85(5.39)] 28.70(4.03)} 30.45¢6.31) | 19.76(4.47)] 33.52(6.78) ) 17.61(4.82) | 30.64(5.96)
2 32 23.69(1.40) ] 2B.69(4.96)| 22,25(1.32)] 30.44(4.39) 9,09¢1,61)1 30.13(5.45) 8.97(1.51) ] 30.75(6.38)
3 32 19,97(1.07) | 29.50(5.65)| 18.78(1.,02)} 29.03(5.75) 5.00(1.28) 1 248,34(5.48) 5.13(0.96) | 29.50(5.33)
4 32 14.31(1.67) | 31.81(6.01)| 14.59(1.85) 28.75(5.62) 0.72(1.61)] 28,91(1.49) 0Q.75¢1.50) | 30,34(6.56)
3 32 6.59(3.54) | 31.09(6.62) 6.91(4.25)] 31.94(6.45) | ~4.78(2.64) ] 29.66(5.45) {1 -6.19(3.13) § 290.72(5.80)
161
e Sanetyend
95239 Variance of JE Scores
. * Sum of Squares Degree of Freedom Mean Sguare F
Between Within Between Within Between Within P
R 210.9 5326.6 4 156 52,72 34.14 1.54 NS
A 210.9 5326.6 4 156 52.72 34.14 1.54 NS
Q 535,4 5024.9 4 156 133.8 32.21 4.15 0.01
P 39.74 5637.3 q 156 9.93 36.14 .27 NS
Table 9.2 : JE Scores grouped into 8 groups by each CP mode score separately,
with analysis of variance (N = 439/V/1976)
EIEEB_Mode Score (mean and S$.D.) and Group JE Score {(mean and §.D.)
P\.r_
N=
- R JE A JE Q JE P JE
1l ss 30,40(3.30) {34.11(6.85) | 25.25(2.91) | 31.80(7.38) | 25.77(3.39) | 36.49(8.34) | 28.44(4.87) | 37.68(7.08)
2] s3 23.71¢1.34) |32.51(7.00) { 20,33(1.32) | 30.18(8.73) | 18,45(1.97) | 32.64(8.51) | 19.67(8,74) | 32,18(8.21)
3 55 19,.84(1.02) [30.56(7.27) | 16.27(1.03) { 31.09(6.56) {13.51(1.01) | 32.62(15,53)]15.85(1,13) | 33.51(7.58)
4 55 16.62(0.98) {32,04(7.82) | 13,15(1.,10) { 31.64(7.20) {10.85(0.96) | 32.02(8.52) {12,.69(0,91) | 33.02(15.82)
5 55 13.89(0.,71) ]33.76(15.71) 10.16(6.80) 29.00(7.89) 7.84(0.78) | 31.40(8.19) 9,98(0,80) | 30.89(7.68)
8| 55 11.04¢1.03) {32.24(8.73) 6.47(1.22) {34.22(15.21)] 4.85(1.08) {31.25(7.20) 7.38(0.96) {30.85(7.985) !
I
7 55 6.96(1.35) [32.15(9.08) 2.05(1.53) | 36.45(6.94) 1.64(1.00) | 31.58(6.86) 3,35(1.05) {29.84{6.53)
8 84 0.80(3,22) 134.26(7.91) | ~6.61{3.92) 57.31(7.74) -2,608(3.2)1) | 33.83(6.83) ]~2,.48(4,55) |33.43(7.47)
iy . . . . 1
| !
QISEE_Xgriance of JE Scores
' Sum of Squares Degree of Freedom Mean Square F »
Between | Within . Between y Within Between 3 Within :
R 808.70 37227.3 7 431 86.9 86.37 1.00 NS
A 3402.9 34447.1 7 431 486.1 79.92 | s6.08 | 0.01
Q 1162.2 36704 .8 7 431 166.0 88,16 1.88 N8
P 2254.8 35458.4 7 ’ 431 322.08 82.27 3.91 0.0}
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and to decrcase with increasing R score (this latter relationship
has a correlation coefficient = ~0.197). The interesting feature which
arises from this data is that JE séores are, to some extent at least,
distributed along the 'curiosity' (or R/Q) scale. It will be recalled that
thesge étudents had not completed their O level course in chemistry.

The second sample comprises Vth Form students and the analysis of
their data is reported in Table 9.2. The procedure used for the two
analyses was the same but with the ?%o%%% %ﬁaﬂpbe ween-group variance on
the JE are significantly greater than within~group variance when A and P
Wode scores are used to fashion the groups but not as previously for Q.
Thus it is seen that when the students had completed their O Level coursés
in Chemistry their behaviour on the JE is distributed along the ‘'approach'
8cale; those who score high P preference scores are more likely to do well
°n the JE than those who score high A preferenc ~ scores.

When I1.Q. scores were examined for variance betweén groupsdifferences

Vere non significant with all four modes.

§E££19n 9.2 : CP Scores used dichotomously for the purpose of grouping
JE scores

The data which is contained in Tables 9.3 and 9.4 for the IIIrd and

Vth Form students respectively is predictable from the data in the previous

Section, When IIIrd Form students are examined it is found that the between-

8roup variance in JE scores is significantly greater than the within—group

variance along the Fcuriosity' axis but not along the 'approach' axis.

._The Position 1is reversed for the older boys inﬂthe Vth Form samplea.;

'When"two-Way anaiyéis of variaﬁéé fis ﬁérformed uéiﬁg bothwthe

dichOtonous axes with the Vth Form sample it showe that the 1nteraction |
S :

betWeen the 'curiosity and 'approach‘ scores. ia signiticant.) Thé evidence

ta that those with high P and high Q scores (top RH corner) have scored best i

'while those with low P and high Q (bottom RH corner) have scored 3eaat well.
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Table 9.3 : JE Scores grouped into 5 groups by CP scores uscd dichotomously,

with analysis of variance (N = 161/IIIrd/1976)

§rOUQ Mode Score (mean and 8.D.) and Group JE Score (mean and S.D.)
N= (R-Q) JE (A-P) JE
1 33 32.36(4.05) 30.52(5.68) 33.48(6.33) 30.82(5.92)
2 32 22,59(2.38) 28.31(4.29) 20.50(2.06G) 28.84(4.50)
3 32 14.69(1.86) 29.00(5.81) 13,88(1.75) 30.91(6.14)
4 32 5.25(3.77) 30.16(5.76) 5.88(3.25) 28.72(6.20)
5 32 -11.09(10.32) | 32.63(6.60) | -8.44(9.94) 31.31(5.87)
161
Sroup Variance of JE Scores
Sum of Squares Mean Square F
Between | Within Between Within P
~—— df=4 df=156
(R-Q) 350.7 5186.8 87.68 32.25 2.63 0.05
(A-p) 196.3 | 5341.2 49.08 34.24 | 1.43 | NS
\

: ;%EL§~9.4 : JE Scores grouped into 10 Groups by CP scores used dichotomously,
with analysis of variance (N = 439/Vth/1976)

QEEHE_Mode Difference Score (mean and S.D.) and Group JE Score (mean énd 5.D.)
| » (R-Q) ~JE (A-P) JE
V144 32.70(5.34) | 34.02(6.63) | 28.14(5.28) | 32.73(8.01)
2| 44 23,50(1.84) | 33.05(6.76) | 17.52(1.94) | 30.86(7.91)
8 | 44 17.91(1.89) | 31.61(6.99) | 11.36(1.48) | 31.00(7.28)
4] 44 12.16(1.48) | 30,41¢6.81) | 6.48(1.23) | 30.50(6.30)
S 1 a4 7.70(1.37) | 32.00(8.76) | 2.43(1.48) | 29.25(7.23)
§ 1 44 3.73(1.16) | 32.55(17.41)| -1.03(1.39) | 31.43(8.35)
Tl a4 -0.30(1.10) | 32.30(7.97) | -6.43(1.24) 34.18(16,86), |
81 a4 -5.80(1.67) | 30.95(8.41) |-11.25(1.84) 32,77(8.49)
¥ | 44 -13.41(2.77) | 34.18(8.68) |-19.75(3.13) | 36.16(5.97)
10 43, | -23.95¢6.13) | 36.00(7.89) |-36.07(7.73) 35.23(7}§3§ ;,'
gﬂ&!ﬁ_!priance‘bf Scores B e o
= -Sum of Squares | Degrees of Freedom| Mean Square ‘# -4, e
Between | Within | Between | Within Between. Within |~ - ke
(R-q) '1093,8 | 36743 9 429 | 121,53  .85.65 |1.42 NS
55558232;7 3022.5 [34814 | o | 420 |335.83 81.15 |4.14 |o0.00
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THble 9.5 : Two-way analysis of variance of JE Scores partitioned by (R-Q)

score and (A-P) score. (N =

Mean Score and S.D. of Cells

439/Vth/1976)

éA;i) Group Mean -
core Population Mean
[ ———— .
Middle Bottom
Top 31.63(7.62) | 32.44(6.33) | 33.92(6.09) | -0.04 0.77 2.25
(R-Q)
Score Middle 33.45(7.99) | 29.98(7.23) | 30.54(6.60) 1.78 -1.69 -~1.13
= 48 =
_ Bottom 32,43(8.09) | 31.79(7.54) | 28.88(7.43) 0.76 0,12 -2.79
— = 48 N =
52511§1s of Variance
S°Urce of Variance Sum of Squares df Mean Squares " F p
S ——
(A~P) scores 157.3 2 78.65 (1.47) | §s
(R-Q) scores - 214.0 2 | 106.9 (1.99) | Ns
Interaction 656.6 4 164.1 3,06 | .02
¥ithin cells 22865.0 426 53,67
434
P
S
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It is therefore apparent thaf the interaction is significant only because
the 'approach' score has so much bearing on the JE score. The implications
0f the data inthis section and in the previous section are discussed
In Section 9.5.

The same two-way analysis of data was performed on JE scores and
on I.Q. on the IIIrd Form sample and the interaction was found to be non
8ignificant for both. The non significance of the 1.Q. score, which is
8 measure of general ability, suggests that groupings are homogencous for

traits other than the ones in question.

§EE§19n 9.3 : CP scores treated as a 'trait score'

The thiro method of handling CP Scores wasto treat all four CP scores
83 though they portray a single cognitive preference 'trait'. The scores
&re, of course, ipsative i.e. they inter-related mathematically. The.purpose
¥as to break a sample of CP data into groups without making any condition
&bout group size or cognitive preference structure.- The method—k o ”
Used was/rank‘order the CP scores and then to assign respondents to their
"trajge group by a top half/bottom half decision on each of the four scores.
Thug a student‘with’a higher than average preference for the R and A modes and
8 lower than average prefereoce for the Q@ and P modes would be given ér}trait
8core! 01’1152. ‘The ipsative nature of the scores preclude 'trait scores’
°f 1111 and 2222 but all of the other possible groupings were found 1in the
8ample, The incidence of each 'trait score' is reported in Table 9, 6. with
the JE score both as a mean score (with S.D, ) and as a Z—score. | |
| Any four measurements can be related to one another as axes within
& tetrahedron. s this structure is used for the four CP scales, and ther
tetrahedron 13 assumed to be regular, a 1222 'erait score’ will occupy a 
Doaition at the R apex of the tetrahedron, 2122 at the A apex, etc. 1112 
W111 lie in the middle of the face which has RAQ at its corners.. Thia is{f
‘,Hb°°ﬂuse these are the above average acores and only P 13 below averago'o ;o
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Table 9.6 : Mean JE scores, S.D., and Z-score of groups containing

F“_~; individuals with same CP 'trait' score,
JE
EE?“p aratd w| 98 | s, Soore | oo
Score! Score Z-Score

~— (note 1)
2 1112 16 | 30.87 | 7.08 -0.20 10
3 1121 10! 33.50 | 5.63 0.09 4
4 1122 90 | 31.71 | 7.30 -0.10 7
5 1211 | 18| 35.35 | 9.29 0.29 2
6 1212 20 | 30.25 | 7.18 -0.26 12=
7 1221 | 46 | 33.93 | 6.19 0.13 3
8 1222 | 20| 31.45 | 6.93 -0.13 8
9 2111 | 20| 31.00 | 7.65 -0.18 9
10 2112 | 38| 30.32 | 7.61 -0.26 | 12=
u 2121 | 32| 28,04 | 7.88 | -0.40 | 14
12 2122 | 13| 33.31 | 7.78 0.07 5
13 2211 | 84 36,77 [13.42 0.44 1
14 2212 | 22| 30.36 | 9.01 | -0.25 | 11
15 2221 | 10| 33.10 | 9.02 0.04 | 6

;;;
— —_

(N = 439/Vth/1976)

Note (1): the Z-score was calculated with the population mean (32.70)‘,
and the population standard deviation (9.29).



P is therefore below the face. 1212 has above average R and Q scores
and below average A and P scores; it lies in the edge of the tetrahedron
¥hich joins the apex of R and the apex of Q. (Most statistical procedures
8trive to relate data to fewer axes without unacceptable loss of intensity;
thisg process retains all the four axes. The approach which relates CP
8tructure to two dichotomous axes /Whi%gehswidely in this study, selects
two gdges of the tetrahedron and relates the data to them. The geometrical
Nature of a regular tetrahedron requireg that the dichotomous axes shall
be mutually perﬁendicular.)

The purpose of the tetrahedral axes in this instance‘is to provide
8 frame of reference for the 'trait scores'. Each group of respondents
With the same 'trait score' has a mean JE score which, for convenience,
18 a1go presented as a Z-score. It is reasonable to ask whether the
'tetrahedron, if it is turned in the order given by the JE group scores
after they have been rank ordered, turns in a regular manner and also
¥hether this exercise has ény useful purp&se. In fact the first five in
the rank order largely approximate to a turn round the P axis and the last
81x to a turn round the A axis. No doubt this could have been predicted
trom the evidence in the previous sections of this chapter but the exercise
does prove to be valuable when a third variable is added to the two embraced
80 far, i.e. when academic achievement is added to the CP énd JE data
that ig ynder discussion, This is reported in Chagtér 10.

Section 9.4 : Cluster Analysis

Cluster anaiysiS‘ia“another method of aggregating~ind;vidualsfihio ,V
Eroypg withbut‘prédéfermining/the slze of thé‘ngUpé;' In using this method,
the oﬁlﬁ'restriction on groﬁp’éizg was ;he’hecesgity tﬁét'th¢ §??59r‘o£Léhéiﬁi—.
dualg 1n,eaCh group . be sufficient to be stgtiétigally“y;agia.. 1§ 13 
“nlika the ftr#;t score’ ﬁéﬁhod whichﬂwas descr1bédfin:Séctién 9.3'iﬁ tha£ o
‘}thare is extensive‘réducfion of,data;i e | ‘
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Figure 9.1 : A plot of (R-Q) v. (A-P) Scores for the six ¢lustors in

Tavle 9.7 (N = 161/111rd/1976

R-Q
2
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52&9: the’rigures in brackets are the mean JE scores of the six groups -
(see also Table 9,7).

N
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Table 9.7

: JE scores of 6 Clusters.

Clusters identified by cluster

analysis of CP Data. (N = 161/II1Ird/1876)
P .
Cluster| N= R A Q P JE
[~ ———
1 51 16.90(4.67) '20.00(4.21) 7.45(3.58)} 3.84(4.04) | 29.57(6.54)
2 36 25.64(3.60) | 20.75(3.26)|-2.83(3.56)| 4.08(4.07) | 31.00(6.57)
.3 12 20.83(2.37) | 12.50(3.75)| 0.92(1.98){13.83(3.08) | 28.25(7.34)
4 18 2.33(4.67) 7.17(5.80)|17.89(7.27)]20.11(4.95) | 32,44(6.25)
5 27 25.48(4.78) | 27.55(6.03)| 1.30(6.43)|-6.59(3.29) | 29.07(5.94)
6 17 | 12.24(2.41) 7.59(3.74)118.53(4.51)| 9.71(3.04) | 29.65(4.06)
e ———

The technique used previously in this chapter,

into groups of equal size is arbitrary.

of partitioning samples

The di tribution (in Table‘9.7)

Vhich was obtained by subjecting the four mode scores to cluster analysis,

1s found to be uneven;

S8ample, the smallest has less than 10%.

the largest group contains almost a third of the

It must be admitted that the

Number of clusters which isvselected'for‘éxamination is also arbitrary:

In this case six clusters were examined because an analysis with more

than six includes clusters with unacceptably small size.

" (The seventh

Cluster was reduced to six by adding 2 students to 25 students and

fashioning Cluster No. 5).

A plot of (R-Q) scores against (A~P) scores for these six clusters

(Figure 9.1) shows Cluster Nos. 5. 1, 6 and 4 on a afraight line (cbrrélétion

Coefficient, r, = 0,9999).

" These four clusters contaih‘70% of the samplé

and the remaining 30% is contained in two clusters (Nos. 2 and 3): which are

tound to 1ie at a distance of + 20 units from the line, SOl ROy

The data which was used far Iorming the clusters 1n‘Tab1e'9;7 Bndl4”
mmw«-

,Elgure 9, 1 wasg the four cognitive preierence scores. The mean JE score :

or ‘the students in the clusters on the line are found tu prograss from

,_29_97 for Group 5 to 32.44 for Group 4g

.y

a(These meankJElscoresvwere‘J'figf”
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Calculated by hand after the students had been assigned to clusters.)
This is, therefore, both a powerfulldem0pstration of the interaction
between information perception and infdrmation transformation for the
Students on the line where high Q and P mode scores are associated with
high JE scores, and an apparent inversion for 30% of the sample. The
important conclusion ?s that a positive approach to any of the four modes
is gssociated with gain on the JE; for 70% it is increasingly positive

Q and P mode scores which lead to success, for 30% it is increasingly

Positive R and, particularly, A mode scores which lead to higher JE scores.,

Section 9.5 : Conclusions

)

- It has been shown 1n‘this chapter thathE scores are related to R
and Q scores | to (R—Q)‘scoreS‘fbr younger stﬁdents (I1Ird Forms) and
they are related to A and P scores and to (A-P) scores for older students
(Vth Forms), Further the interaction between (R-Q) and (A-P) ' is found
to be significant for the Vth Formers but it is not significant for the .
H1rq Formers.‘

The most interesting, but still tentative; conclusions which can be
drawn arise from the comparison ot these two bodies of data.ﬁ ;n’ygunggr
“Btudents it is curiosity which is dominant in those who have the gfeéfeét
capacity for ettective 1nformation transformation while in the Dlder boys.

with two years of additional experience and a structured course to 0 Level N

a""
that was both complete and thoroughly revised 1t 18 the intareat 1n the Caan
pr1nc1ples ot chemistry which distinguish those with the better perfnrmance' 4

Lo theVJE,: The conclusion which this leada to 18 that younger students are
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differentiated in their higher levels of intellectual thought along the
curiosity scale but as they pursue their studies there is a change. They
become less interested in the applications of chemistry and more interested
in principles. The suggestion was made by King (1972) on the evidence
€athered from lst year VIth Forﬁ students that the 'curiosity; scale
behaviour is not susceptible to alteration by different styles of teaching
While the behaviour or the 'approach' may be modified by teacher traits.

The new information neither supports nor refutes the suggestion. Now it

is suggested that what is in fact altered depends to some extent on the
S8tage that the student has reached in his examination programme. A profound
Preference for principles at the expense of application 1s retained

8t the end of the O Level course; the interest in the pursuit of aspects

of chemistry that are tangential to the body of information in the syllabus,
l.e, curiosity, is equivocal,

It is worth noting further that the data gathered by Kempa and Dubd
(1971) and by King (1972))shows that the;e is abundant interest in the
dspecfs défined as 'quéstioning' and it is now'suggested that this
recahdeécence of what 18 loosely described as curiosity is a propeity of
classroom atmosphere arising out of the new terrain that was being explored
Bt the time when the tests were undertaken. This introduced the new notion
t0 the study of'cbgnitiQe preference béhavipur that'respondénts‘Whoée |
tfaining on a syllabus is only half complete will'behave‘differently’from
those whose training on that syllabus is complete, i.e. that in the '0'
Levey - 'A' Level - degree sequence there will be evidence of cyclical

,behaviour. The altérnativé hypothesis that theycoghitive‘preference is‘,
Btatie throughout 1s‘uhtenéblé but research oh”diffeient‘écademicvlevélé
ls difticult because numerous tests with several diiferent 1nstruments over o

8 10ng span of time would be required , F‘ 

The signiiicance of the (R-Q), (A—P) interaction shews that there is , 
a relationship betwecn informntion perception and information tranaformation1ji_

;»b“t the discussion hitherto has taken no acccunt ot othar claasroom attributea

Q'thﬂt might well be 1mp11catcd This omission is rcmediod in C}agter 10
S - ' S ‘ 210 By




CHAPTER 10 : COGNITIVE PREFERENCES, JUDGEMENT BEHAVIOUR AND CLASSROOM
LEARNING BEHAVIOUR

Section 10.0 : Introduction

In the broadest sense, research into cognitive sty}es has potentially
Promising applications. For, if it were possible to identify learners'
cogeitive styles in an adequate and reliable manner, educational
(Dedagogical) strategies could be se deeigned as to match learners’
thinking and reasoning behaviours. The relationshib between learning
behaviour and students' cognitive styles has in recent years become an
educational research field of increasing importance (see, for example,
Kempa 1979). Research knowledge is still too scant to allow the matching
Process‘just referred to to be put into operation. Nevertheless, the
educational potentielyin this area seems promising, especially with attempts
to "individualise learning" more than is eurrehtly possible.

. Although the "predictive” applicatione of cognitive styles research

&re still remote, interest in correlational research seeking to examine

the relationships between cognitive styles‘and‘ e.8., achievement in

stQdies, motivational traits, ete., is high, The main reason,forvthis
interest lies in an endeavour to identify correlates and;pessible determinants
°f success in the stedy of ecedemic disciplines, other then cohventional

I measures, |

fhe eurhose of Chaéter 9 was to eetablish : the exiatenceiot-e
re1ationship between the two procedures for 1nte11ectua1 manipulation of
";nformation which have been identified in this‘research. Significant
1nteraction between the 1nformation perception processes and information
tr&nsformation has not been established The burden ot Sections 1 - 4

J 4&*’ It ,-1

°% thisg chapter is to. relate these two procedures directly to clasaroom T

behauour. The intention 15 to examine the relationship from tvo directions.~re

"The tirst approach Lis' an examination ef the 1nteraction between.‘
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information perception and 1ﬁformation transformation on student performance
and in the second, the implications of selected attitudes and qualities as
¥well as established academic achievement on the interaction, are

éxamined., It will be evident, then, that the interaction is used to
€xpose the determinants of academic success. The data is examined

broadly by correlation and subsequent factor analysis in Section 10.1,

In Section 10.2 the first approach is used and Section 10.3 is devoted to

the relationships between academic achievement and information transformation
t°g§ther on cognitive preference for each mode separately, for dichotomous
behaviour and for all four modes as a single trait.

The data which will be used is the sample that was obtained from
the Vth Form students. For some analyses the data has been reduced to
8lve four academic achievement categories of uniform sizq. The data from '
all the students who scoreg Grade A at '0' Level has been retained, and as
these numbered 70, equal numbgrs pf students were selected at random for

the '0' Level Grades B, C and 'failing' grades. - (A 'failing' grade is

% Grade D, E or F). Section 10.4  explores differences between the
behaviour of younger students, i.e, IIIrd Forms, and the behaviour that has
been demonstrated by Vth Form students with the intention of examining

the extent to which information perceptibn, information tfdnsformationkand
the interaction can‘be éonsidered stylistic in nature. In the fihal‘seétioni
betore the summary,thé'incidence of’different behaviours withina étudeqt

Population and the bearing on their future performance is‘ described.

§E££19p 10.1 : Correlation and Factor Analysis

The data which 1s used for the statistical analyses in Table 10 1 -
°°mDrised part of the Vth Form Sample"70 ot the students iﬁ the full sample
Were awarded 'A"grades at 0 Level and so 70 of the students whc 3cored 'B'
"Cf and '!ailing grades were’randomly selected from: the snmple to make a |
v itota1 population’of 280, (Th?s restricfed sample §§s glgq’used'fo£,thefa§ai§éié 

fili SR T
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Table 10.1 : Correlation and Factor Analysis of CP, JE and Other Data,
(N = 439/Vth/1976) '

Means, Standard Deviations and Correlation Coefficients (x 102) (N = 280)

Variables Mean | S.D
1{ 0 Grade (see Note) 5.50 1.12
2. | oE 32.84 | 8.36| 41

3. | Scientific Awareness 4.33 | 5.31| 33 32

4. | A Level Chemistry Bias| 2.64 | 1.33] -54 -27 ~57

5. | R 15.25 | 9.15| -17 -04 ~05 24

6.1 A 10.39 {10.43| =35 -25 =-31 33 23

.1q 10.11 | 9.11| 22 15 14 =27 -75 -49

8.1p ~ 12.31 {10.04| 31 18 24 -31 -48 -80 30

1 2 3 4 5 6 7

v ’ ’ (r > 0.16, p < 0.01)
52&3 : the sign has been changed to facilitate comprehension

Egﬁgggd Factor Analysis (loadings x 102)

. Factor No.: 1 138 I 1v
\

Variables
\_

1 0 Grade 47 15 17 , 59

2. JE S | -11 00 | -0 -93

3 Sei. Awar. - | -84 o5 | .15 | -13

4 Bias | " L s | 20 ; ;, ;;.;Lls' o S

5 | es | es a8 ,kf,;  .QQ2f

8 4 : s s e 18 Lof s e ’g:~.796»;;f T
T e R TR -89 | -2 4 -12
\\\§;~»g";",f  ,  fi‘?}‘f \  ,. ;14 ,f’i : ;123£ _ u   ? §149i }fffi] ;i;ﬁé'}~;
Blgenvalues | 3.308 | 1.50 | o.e3 | o0.700

Cum, gage | 4,4 | e0.6 | 7206 | 826 | .
— : : ; Sl 2. (loadings > . 0.20, . p..< 0,01) . oo

el LIRS e e e

s i i




The reclationships which are revealed by the data in Table 10.1
are much as expected. The close beéring between the general measure of
Scientific Awareness and the more specific one of Chemical Bias 1is shown
by the loadings on factor I. The (R-Q) and (A~P) loadings on Factors II
and III respectively are expected from the dichotomous relationship studied
in Chapter 6. The strong correlation between academic achievement and the
JE score is also expected from earlier work (Section 8.3).

This data is given chiefly to show that the variables when examined
Separately do not serve to elucidate further our understanding of the
Nature of those variables. In subsequent sections they are examined in

Conjunction with one another.

§E£§§on 10.2 : Interaction between Perception of Information, Information
Transformation and Academic Achievement byAx? Tests

The‘justific;tion for the analyses which follow stéms from the
?elétionships which wére demonstrated in Chégfer 9. It was shown thaf
¥ith Vth Form data there Qas  some increése in success in the JE
With inéieésihg P mode score and’decreaéing suééeés with incregéing A}
lode score. The relatiohship 5etween the’R and Q mode gcqres‘and JE scores
Wel‘e‘sho'wn to have variance thatvwﬁs not significént. |

In this section the significance of the difference in 1nc1denca between
°b8érved and forecast samples is tested by . examination of xz. Table 10.2 -
Shows this analysis for the Vth Form samplewhen.divided 1nto top and
b°ttom groups with three variables.' The first variable is one of the four
°°8nitive preference scores, the second is the JE score and the third is’
the 0 Level grade which is taken as the measure of academic achievement.
Iﬁble 10 3 1s similar except - that the cognitive preference scoie is one |
of the two 'dichotomous' scores and in Table 10 4 both 'dichotémous"scores |
are used and the contingency table has the dimensions 2 X 2 x 2 X 2.: Itwaé

h°Ded that this analytical techniquewould reveal whether the relationahip
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between cognitive preference and judgement has bearing on the quality of
0 Level grade.

It is reasonable to start from the assumption that there is no
relatipnship between information perception and information transformation
beyond the interaction which has been demonstrated already (Chapter 9).
!Eple 10.2 shows that when the sample is divided into high achievers and low
8chievers there is no significance in the relationship between the R mode
and JE scores and between the Q mode and JE scores. There is also no relation-
8hip of significance between the A modes and JE and between the P mode and
JE when the low achievers are investigated but for the high achievers the
Yelationship is strongly significant. If both the A mode score is low aﬁd
the JE score is high, the high achievers are more numerous than expected;
1f either the JE score is low or the’JE score is high the high achievers
ire less numerous than expected. The pattern iur the high achievers and
the P mode score is similar; 4if both P mode‘score is ﬁigh and JE scores
are high, the high achievers are more abundant than expected (note that it
1s low A mod; scores or high P mode scores thaf are involved here), but
i1 efther high P mode or high JE score are obtained the number of high
&chievers is less than expected

Thig evidence is subStanfiated when ihe analysis ié done with the
diChotomous scores (Table 10.3) but the effect described above is
Bfrengthened to include the low achievers also. thus both‘the high and
the low achievers are found to be signiticantly more numerous when both the
(A‘P) score is low (because P is high and A is low) and the JE is higher
than might be expected. There is some evidence, thoughrit is weak, p£~
bsimilar behaviour in favour of Q at the expense of R in the (RoQ) portion
- 0f Taple 10,3., The relationship becomes even more marked when both (R-Q) :
&nd (A;P) are used together (Table 10.4);’ In brief then, low Aiscores'and\. o
high P scores together with high JE scores cause. a 1arger numbar of high

achievers than anticipated but 1£ any one of these conditians 19 nct fulfilled

s ,



Table 10.2 : 2 x 2 x 2 Contingency Tables derived from weores tn the Cognitive Preference
and Judpement Excercise snd O prade (cach measure way pertitioned into top and bottom groups)

(N = 439/Vih/ tu76)

| S vvnm—
R A Q P
S
High Achievers
JE High JE Low JE High JE Low JE High JE Low JE High JE Low
Cog. Pret, High 54 ‘44 47 ' 45 75 a7 84 34
Cog. Pref. Low 76 39 81 40 58 47 42 51
2 B
x° = 2.24 (NS) 1.84 (p = 0.05) 3.28 (NS) 14.95 (p = 0.01)
Low Achievers .
Cog, Pref, High 49 68 43 81 43 58 39 54
Cog. pref. Low 36 64 42 51 42 73 46 71
2 ,
X0 o= l 0.55 (NS) 2.03 (NS) 0.59 (NS) 0.27 (NS)
\
Mean Scores and S.D.s
ﬂiﬁh Achievers
0 Grade 1.76(0.61) 2.07(0.54) | 1.79(0.58) 2.07(0.53) | 1.55(0.55) 1.92¢0.59)| 1.51(0.56) 2.03(0.57)
JE 39.48(3.29) 27.73(3.61) |39.66(3.32) 27.11(4.46) | 40.47(4.66) 26.08(4.90)| 40.15(4.28) 27.03(4.81)
Cog.Pret, 22,96(5.69) 23.05(5.08) |18.09(4.19) 18.27(4.28) | 19.29(6.55) 17.84(6.36)| 21.35(7.65) 18,00(6.32)
N= (54) (44) (47) (45) (75) (an (88) (34)
0 Grade 1.55¢0.55) 1.95(0.60) | 1,56(0.56) 1.95(0.59) | 1.76(0.60) 2.11(0.52){ 1.90(0.53) 2.00(0.56)
JE 39.92(4.60) 25.53(5.28) | 40.35(4.29) 26.53(4.80) | 38.80(2.95) 27.57(4.24)| 38.74(3.44) 26.71(4.30)
Cog.Pret, 7.09(5.53) 8.51(5.42) | 0.47(6.20) 4.45(6.42) | 3.40(3.95) 2.74(4.59)| 4.21(5.45) 5.61(4.12)
Ne (76) (39) (81) (40 (55) . (41 (42) (51)
[ ——
Lov Achievers ’
Y Grade 3.51(0.86) 3.97(1.18) | 3.65(0.96) 4.05(1.22) | 3.49(0.87) 4.22(1,20)| 3.49(0.84) 4.24(1.23)
JE 38,.27(3.57) 26.16(4.51) | 38.51(3.74) 25.04(4.35) | 38.19¢3.09) 24,80(4,62) | 38.46(3.26) 25.20(4.90)
Cog.Pret, 22.82(6.10) 22,22(5.00) | 19.26(5.04) 19.28(5.14) |17.02(5,46) 14.55(3.89) | 18.18(4.48) 16.76(3.99)
N= . !
(49) (68) 43 (81 (43) (58) (39) (34)
0 Grade 3.56(0.83) . 4.27(1.24) | 3.40¢0.79) 4.22(1.21) | 3.57(D.90) 4.04(1.22)) 3.57(0,92) 4.04(1.20)
JE 38.47(3.30) 24.33(4.76) | 38.19(3.14) 25.65(5.24) | 38.52(3.79) 25.78(4.76) | 38.26(3.62) 25,29(4.61)
:°B.Pret. 8.25(4.71) 9.52¢4.39) | 2.62¢5.90) 7.00(4.16) | 2.24(4.05) 3.26(3.97)] 4.17(5.55) - 4,48(5.04)
N (36) (64) o T (s (42) RED) (48) an
\ *
Qte: the figures in brackets denote numbers in each group
. &
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Table 10.3 : 2 x 2 x 2 Contingency Tables derived from scores in the
Cognitive Prefecrence and Judgement Exercises and 0 Grade
using (R-Q) and (A-P) separately
(N = 439/Vth/1976)

S ———
(R-Q) (A-P)
\ .
High Achievers
JE High JE Low JE High JE Low
Cog.Pref.High 58 48 44 44
Cog.Pref.Low 71 36 84 41
2
X = 2.55 (NS) 5.67 (p = 0.02)
Low Achievers
Cog.Pref.High 41 - 68 44 85
Cog.Pref.Low 44 64 41 47
2
X = 0.11 (NS) 3.42 (0.05)
[ er—
M&ggAScores and S.D.s
High Achievers
0 Grade 1.72(0.61) | 2.08(0.57) 1.84(0.56) | 2.00(0.52)
JE : .| 39.28(3.25) | 27.65(3.89) 38.77(3.36) | 26.95(4.39)
Cog.Pref. 17.97(9.64) | 18.88(9.02) 13.48(8.95) | 12.75(7.24)
N= (58) : (48) , (44) (44)
0 Grade : 1.56(0,55) | 1.92(0.55) 1.54(0.57) | 2.02(0.60)
JE ‘ 40,18(4.66) | 25.64(5.27) 40.29(4.40) | 26.71(4.88)
Cog.Pref. -11.58(11.07)] -9.89(10.82) | -19.85(13.74)}-12.02(11.96)
N= (71) (36) (84) (41)
§°W Achievers
O Grade | 3.56(0.91) | 3.94(1.19) | 3.57(0.89) | 4.12(1.23)
JE 38.44(3.56) | 25.84(4.52) 38.23(3.68) | 25.26(4.58)
Cog.Prest. 20.93(8.87) | 18.66(8.90) 13.89(9.26) | 13.01(10.44)
N= | ey o 68 | @ s
0 Grade 1 3.50(0.87) | 4.30(1.22) | 3.49¢0.89) | 4.11(1.19)
JE ' | 38.27(3.36) 24.67(4.86) '38,43(3.85) " 25.30(4;98) al
Cog.Pref. -6.11(9,18) | ~3.45(7.18) | -14.00(10,31)| ~9.04(7.54)
N= 44 § Sk 64 o s 41 : . ) : 47n¢51 :
= (449) | (e (41) (‘),3«,

Note: the figures 1n‘brackétsldenbte nuﬁbgts 1n_ea¢h{gr9up;“‘

v
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. I_@lp_lp* 10.4 : 2 x 2 x 2 x 2 Contingency Table derived from scores in the Cognitive Preference and

Sr———

LS
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Judgement Exercises und O grade, using (A-Q) nnd (A-F) together
e (N = 430/Vth/1976)
(A-P) High (A-P) Low
Achievers High Low High Low
JE Righ JE l.ow JE High l JE Low JE High JE Low JE High JE Low
(R-Q) High 31 25 30 48 26 23 11 20
(R-Q) Low 13 i8 14 37 56 18 30 27
x2.= 0.85 (NS) 1.21 (NS) 5.80 (p = 0.02) 1.73 (NS)
——

K 1.94(0.56)  1.96(0.54)| 3.63(0.93) 4.00(1.19) 1.46(0.58) 2.22(0.60) | 3.36(0.92) 3.80(1.20)
JE 38.74(3.30) 27.52(3.70)[38.27(3.75) 25.04(4.43)} 39.88(3.20) 27.78(4.24){ 38,81(3.30) 27.75(4.27)
(R-Q)4 17.65(9.73)  19.64(9.03)|21.40(8.73) 1R.83(9.05)| 18.65(2.74) 18.04(9.35) | 19.64(9.97) 18.25(8,74)
(A-P) 14.94(9.48) 13.44(6.89)]14.60(10.50)16.71(10.79)45.31(13.36) ~8,83(8,15) |~14.45(9.14)-10.35(8.02)

| = (31) (25) 3) (48) (26) '<23) (1) (20)

Y 1.62(0.51)  2.06(0.54)| 3.43(0.85) 4.27(1.27)] 1.55(0.56) 1.78(0.54)| 3.53(0.88) 4.33(1,18)
JE 38.55¢3.63) 25.84(5.30)]38,14(3.80) 25.54(4.75)] 40.57(4.88) 25.33(5.52) | 38,33(3.21) 23.48(4.84)
(R-Q), [-5.54(7.15) * -6.50(8.49)|-1.71(5.80) -3.92(7.36)-13.16(11.31)~13.27(12.31)] -8.17(9.79) -2.81(7.02)
(A-P) 10.00¢6.53) 11.84(8.18)]12.36(6.38) 8.22(7:65)121.77(13.75)~16.11(15.07)-13.83(10.83)'8.07(7.31)
Ne a3) as ay @ (s6) (18) (30 27

.\._
Note: the figures in brackets denote numbers in each group.




there are fewer ﬁigh achievers than expccted. The effect is far less
marked among low achlevers and the éimilar effect for ﬁ and Q modes is
also much weaker.

One attribute which is common to high P/low A, high JE and high
8chieving subset is likely to be motivation but this cannot be the only
€xplanation because low achievers with sufficiently high motivation to
fall'into the high P/low A and high JE subset do not show the relationship.
Another possible quality which has a bearing is aptitudes and these will

®ach be examined in the next section (Section 10.4). There is a large

Proportion of factual material integrated into the syllabuses of all O Level

examinations and it is possible that it is mastery of this material which

differentiates the low from the high achievers in this sample., It can

then pe argued that information perception and information transformation

have relevance only if the factual detail is both sufficiently abundant

&nd accurately known by the student. The implication is that the high
8chievers can pursue their’appetite for,tﬁe principles of chemistry and

they can operate meaningfully in information transformation exercises; those

¥ho can do both these things and also do well at O Level are more numerous

than those who do Qﬁly‘one of them and yet also ¢o‘wellzat 0 Level. Another

Possible facet of this work is the relevance of experience‘in,chemistry.

It ,iswalso interesting to’reflect uﬁon why there seems to be no reldtiqn—

Ship with curisotiy, i.e. the (R-Q) mode, a property’that mogt successful,

hemists might be expectedifo diSpléy in abundance. It is also possible .

that experiénce and curibsity‘érebrelated,.bEvidence to sgbstantiafe or

refute this was sought and . ':is reported in Section 10.5.

It is also of interest that an analysis of variance of 0. grade ot nine
Cellg tormed by partitioning (R Q) ‘scores in top, middle and bottom groupa
ng (A-P) scores divided similarly,; 1ve values Ior F which .arg. xound to ’
,be 1nsigniticant and there is . no signiticant interaction.,’Yet‘;t has just

been shown that when JE scores are included and the relationship is sought e

?Or in terms of x values A limited relationship 15 tound,x limited because

*ffit is apparent for high and not for low achievers.‘“
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Section 10.3 : Interaction between Perception of Information, Information
Transformation and Academic Achievement by Analysis of
Variance and by 'Trait' Score

The approach to the data in this section differs from the approach in
the previous section in that the Vth Form sample is first divided 1into four
fcademic achievement cells of equal size and then each cell is divided into .
"high JE' and 'Low JE' subcells. Mean mode scores were calculated and the
8ignificance of the variance between and within the eight cells was determined,
The data is shown in Table 10.5 for each of the four modes sepérately and in
Table 10.6 for the (R-Q) and (A-P) scores.

The data in Tables 6.6 and Table 10.5 show that the significant

Variance in éognitive preference scores which was observed with O Level
gr"3.'~'!e cells of equal size is further strengthened when the analysis includes
% division of each cell into high and low JE score, When dichotomous scores
2re used (Table 10.6) highly significant variance is obtained. The mean
8cores of the students who,scored.'C' grades and 'Fail' grades are much more
similar than the mean scores of the other académic aéhievement‘categories.

The inferences to be drawn from Tables 10.2 and 10,3 differ markedly

trom the information which is shown in Tables 10.5 dnd 10,6, This is remarkable

in view of the fact that both analysés‘were'conducted on Vth Form data. 1In

the Iirét analys‘is‘an2 procedure was used withha11 the‘data;” in the second
8nalysis of variance was done with 0 Level grade cells of equal size. The

X analysis showed significant differences with high,achievers on A, P and

(A‘P) mode scores; the analysis?b A ggé%“”%owed siguificance on all six
°°8n1t1v9 ﬁreference scores even though low achievers tended to behave
s1m11ar1y‘. The divergence between the two methodsvot analysis is in degree
Only and it is probable that if a ﬁore uniform measure of academic achievement
than the 0 Level grade had been used some of the distinction wculdhave’§anished

Tt is, however, true to say that if the sample ia reatricted to- cells at

®qual size, the dichotomous behaviour is much accentuated.
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Iﬁh[qmlgggﬂjwﬂu»ﬂ Cognitive Preforence Scores, with Stundurd Deviations and Analysis of Variance
by O Level Grmdo and by JE score (N - ClU/VLh/070)

R . A Q p
o High JE Low JE High JE Low JE High JE Low JE High JE Low JE
Grade N=
A 70{11.29(8.55) | 12.82(8.41) | 4.09(11.31)] 4.02¢10.47) | 14.37(9.80) [12.74(8.08)] 18.17(9.96) [18.34(10.949)
B 70112.80(10.19){ 17.71(9.30) | §.49(11.91)114.77(10.79) | 15.49(9.87) 5.91(9.62)] 14.26(12.64)( 9.83(9.72)
c 70[14.20(10.31)[ 21.37(8.97) | 6.57(12.63)}20.83(10.49) | 14.57(9.71) 0.60(9.71)] 12.69(13.21)| 4.83(9.63)
Fail {70 15.26(10.68)) 16.57(9.27) { 8.34(13.60)19.00¢10.07) | 12.97(10.69)| 4.20(8.98){ 11.83(13.30)| 8.51(8.84)
280
(N = 35 in each cell)
Analysis of Variance
Source of variance " "8Sum of Squares Mean Squares I3 P
Between , Within Between Within
Groups Groups Groups Groups
: (df=7) (d1=272) ,
R 2589 20828 369.9 76.57 4.83 0.01
A 11386 18073 1626.6 70.12 23.20 ] 0.0
Q 7877 22137 1125.3 81.39 13.83 | 0.01
e P 5293 22916 756.2 84.25 8.87 | 0.0}
I'leLlO.B : Mean Dichotomous Copnitive Preference Score, with Standard Devietion and Analysis ...
of Varisnce by O Level Grade and by JE score (N = 438/Vth/1976)
P )
(R~Q) (A-P)
0 Grade | N= High JE Low JE High JE Low JE
A 70 -3.09(17.34)] 0.09(15.46) ~14.09(20.48)] ~14.31(20.53)
B 70 -2.69(19.07)111.80(18,15) ' -8.77(23.82) 4.94(19;78)
¢ 70 -0,37(19.20){20.77(17.75) o =8,11(25.11) 16.00(19.28)
Fail 70 2.29(20.50) 112.37(16.73) -3.49(26.20) 1 10.45¢17.53)
280 .

_g‘:‘_)gls of Variance

Source of variance Sum of Squares Mean Squares F P
’ : Between | Within Between Within ‘
Groups Groups Groups Groups
- (dt=7) | (df=272) . :
(R-Q) 18687 62813 2669.8 | 230.9 11.56 | 0.0}
. {A-P) 31181 74099 4450.1 272.4 16,34 .01
. .
v & &
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It will be recalled from Section 9.4 that a significant proportion
(70%) of the sample (of 1IIrd Form students) behaved in one way while a
minority behaved in another when thé analytical procedure which was used
did not require the sample in cells of predetermined size. It will also be
récalled from Section 9.3 that the 'trait score' procedure also permitted
disDarity of céll size. Table 10.7 is identical with Table 9.6 except in
tQat the mean 0 grade (with standard deviation and Z-score) has been addedt
c°rrelation between the mean JE score and mean O grade of 14 'trait scores'
Bives a coeffiéient = ~0,8695 but it is clear from the distribution of the
'trait: groups when plotted on mean 0 grade and mean JE‘score axes that
two Dopulations exist.: Each‘population has 7 'trait' groups; those on
Line 1 are nos, 6, 9, 4, 3, 5, 13 and 7 and for these the correlation
Coefficient is -0.9865; those on Line 2 are 11, 14,'2. 10, 8,‘12 and 15 and
for them the qufficient is -0.9692. The Line 1 groups contain 66% of the
Sample and they havé, in genéral, higher R and P mode scores. There'is,
Perhaps, only an artificial distinction between the two populations‘dh the
'™Wo lines in that any populdﬁion can be split into two subpopulationé with
é°rrelat10n coétticients higher thah the original'coéfficient,‘but‘the division
°f the sample iﬁto‘ﬁwq4in bqth this analysis and in the'éluster analysis is
’QYealing.~ The conclusion to the cluster analysis was that'posi£ive resp0nse
% any mode tended toybe associated with better JE scdres bdt the P and'Q
m°de preferences favoured JE more frequently than R and A preferences. In
the present situation where there are three variables (0 grade. CP scores
ind Jg scores), tor any given 0 grade, positive response to R and P tends

% be associated with better JE scores.‘

§~S££*n 10.4 : The Sample of Younger Students

£ ‘

The purpoae ot this section is to compare ‘the behaviour o! the IIIrd

Orm aample with the behaviour or the Vth Form aample which haa already g FR

h P U
_§en described, ;The 1nterest‘1n this approach'ig tO‘expoae;the,changas whichﬁ




Ig_blc 10.7 : Mean JE scores, §5.D., and Z-score o of #roups containing
indiv1duals with qamo cp 'trﬂit' score, (N = 139/Vih/197G6)

“

— _ -
> : ' & '
o Fe RTIN  el
Z-Score Z-score
~—__ | (note 1) (note 2)
2 1112 | 16 | 30.87 | 7.08 Z0.20 | 10 3.00 | 1.21| 0.13
3 1121 10| 33.50 | 5.63 0.09 4 2.80 1.54 | -0.02
4 | 1122 90 | 31.71 | 7.30 -0.10 | 7 3.08 1.21] o0.19
5 1211 | 18| 35.35 | ¢.29 0.29 2 2.41 | 1.37] -0.29
6 1212 | 20| 30.25 | 7.18 -0.26 | 12= 3.40 | .1.50| 0.42
7 1221 | 46| 33.93 | 6.19 0.13 3 2.60 | 1.22|-0.16
8 1222 | 20| 31.45 { 6.93 -0.13 8 2.85 | 1.28( 0.02
9 2111 | 20| 31.00 | 7.65 -0.18 9 3.35 | 1.68| 0.38
10 212 | 38| 30.32 | 7.61 | -0.26 | 12= 2.02 | 1.48] .0.07
11 2121 | 32| 28.04 | 7.88 | -0.40 | -1 3.42 | 1.54| 0.43
12 2122 | 13| 33.31 | 778 | o0.07 5 2.38 | 1.08-0.32
18 lazin | B4 36.77 [13.42 | 0044 | 1 | 2.26 | 1.23}-0.40
4 2212 | 22| 30.36 | 9.00 | -0.25| 11 | 3.18 | 1.40| 0.26
15 2221 | 10| 33.10 .kg,oz 0.04| 6 | 230 | 1.49|-0.37
439
~_ —

Note (1): the Z-score was calculated with the population nean (32 70)
Co and the population standard deviation (9. 29).

(2)7 the Z-score was calculated with the population mean (2 82)
~and the population standard deviation (1 39) .




Figure 10.1 : Groups in Table 10.7 plotted on Mean O Grade and Mean JE

Scores
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Occur during the O Level period.

Correlation and subsequeﬁt factor analysis of the tests which are
(displayed in Table 10.1 give coefficlents and loadings which are essentially
8imilar (Table 10.8). These younger students are found to be less scientifically
'aware' than the Vth Formers and this test correlates much less strongly with
bOtﬁkaeademic achievement and the JE. Bias towards chemistry is weaker and
this also has weaker correlation with the aehievement test and with the JE,
The difference in strength of correlation of the 'awareness' test on the
A and P mode scores is worth noticing; the increasing 'awareness' that comes
With age and class level significantly increases the strength of the correlation
¥ith the P mode behaviour and decreasesjthe A mode.

The analyses which were performed with contingeney tables in Section 10.2

e found to give non significant values for xz for the A; p and‘(A-P) modes -
Scores but significant values are found for R, Q@ and (R-Q) modes (Table 10.9).
In each oi these three eases’it‘is the frequency of the high achievers ‘'which
differg from the expected treéﬁeﬁc&; for R (and (R~Q))‘there are fewer
'hign R' and )high JE' than expected andkthere aie_meref'high'n'e'léwei:JE':
than expecteq.)_The‘reverse,;s true Iper;dﬁaang the high aehieve;s‘fhigh Qr
and 'high JE',are_moye‘frequent,;hanwexpecged,,;Thgs} tge;eyi§ fu;the#revidence
°f higher achievers having high JE scores and both higher Q and»lowerkﬁ_
Scores."{xlphe gampie:§e7§1yided 1nte”nine@celle by,thtee_QiVieiqne of
(R-q) scores and three divisions by (AfP)’scoree,ane‘;I)theJygriaeceuotkeither
end-pijeapeehemis;:y&examinatieg or JE sco;es,igkexemineé,,ip;;e‘;qqeq_ehat ’
there;is;no_signirieant7di££eren¢e>1n ihe variance nor is‘thevinteractioh ,‘7
t°“ndeto have éignitieahce.fe_,;}_le,u . | |

It must, there!ore. be concluded that this sample of younger students T
differs 1rom the 0 Level sample in 1ts response to the 'curicsity axis ot :
°°8n1t1ve preterence.(R~Q) but. 1t shows no difterentiat10n~onfthe 'approach"?;i;\
“is, 1t was suggested in Section 9.5 that this 188, fundamenta; dif!erence
°tlﬁcmee;mpe:tepee,ﬁ It 1& a ditrerence that 1s alao suatained by the evidence
,yrf}nrthie section but yhe ceneicticn.ispless peeitiva.{ » o
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Table 10.8 : Means, Standard Deviations and Correlation Coefficicnts of
CP, JE and other data of younger students (N = 161/111rd/1976)

Means S.D. Correclation Coefficients

1 | End of Year Chemistry 37.24 | 14.17

Exam
219E 30.19 5.94 | 43
3 | Scientific Awareness 6.52 3.84 |12 -01
4 | A Level Chemistry Bias 3.60 1.28 |-26 =09 -46
5|R 4‘ 18.47 | 8.44 |-15 -20 -06 19
61aA 18.14 8.10 |-20 -07 =~-05 31 48
71q 5.97 8.85 [ 22 20 10 -26 ~-78 -64
8{p 5.33 8.48 |09 04 04 -23 -65 =76 37

(r > .20, p < 0,01)

§E§£}on 10.5 : The Distribution of Student Type within one Level

. : 4

The next analysis-ﬁas ueaerteken in order teriplore fhe distribution
of groups of students o! different type within a sanple population by
°1uster analysis., The IIIrd Form sample was used,aSZthirteen items o£ dataf
‘ Were available‘on eech etﬁdehﬁ. No preconceived number of clusters was |
enviéage¢ and‘tﬁé’epalysievk"k given in Table 10. 10was the one .
Containingthe largest number of clusters which were all-large egough,to be
Viable, It was found thet thefe,were five elusteisof,app;oximate1§ equalk
’ize and one which was much larger.i | |

Cluster 1 contained 22 students. Thekmean scores en the academic’tests
‘&re high the Combinatorial test shows that they are advaneed in their:“""‘
‘ t°rma1 thinking,;they have strong preterenee Ior the Q Mode and little
Drerere;ce for the R Mode and’ they have mild willingness to atteud to
; Chﬁmistry. Students with atreng leaning towards Science and othera with
‘”atrong leaning to Arts subject were clustered togethert  ;;§f2e~fff~ |

g zzg




Table 10.9 ¢

2 x 2 x 2 Contlngency Tables derived from R Mode, Q Mado wnd (-Q)_Mode Scores, Judgement

Exercises and the kEnd-of-yeur Chomistry Examination for younger studentw

(N © 16171 Trd/1976)

23

R (R-Q)
High Achievers .
JE High | JE Low JE High JE Low JE High JE Low
Cog.Pref. High 19 § 15 32 8 20 18
Cog.Pref. Low a2 g 10 19 17 a 7
X2 3.51 (.06) 5.18 (.03) 7.21 (.01)
Low Achievers , »
Cog.Pref, High 15 % 28 12 25 12 27
Cog.Pref. Low | 10 | 23 12 27 13 24
K2 0.76 (NS) 0.00 (NS) 0.54 (NS)
Mean Scores and S.D.s
High Achievers
e 48.68(10.54) | 45.47(6.22) | 51.81(10.67) = 45.54(7.76) | 48.40(10.07)  28.61(5.27)
JE 33.47(3.76) . 25.87(3.23) | 36.19(4.34) 28.76(3.32) | 33.85(3.41) 33.22(3.14)
Cog.Pref. 26.32(3.92) | 24.13(3.76) | 15.72(6.53) 14.92(7.01) | 27.90(7.52) 24.22(7.12)
: | L 4 ; 4 , ‘
N=  (18) P18y 32) ®) (20) (18)
ce 52.13(10.76) . 44.60(5.34) | 48.58(10.31)  30.88(4.44) | 152.68(10.78)  31.34(5.28)
JE 36.34(4.02) 24.50(3.31) | 34.00(3.50) . - 33.53(3.12) | 36.32(4.27) 32.02(3.16)
Cog.Pref. 11.50(5.85) , 10.20(4.26) | -1.47(4.66) ~0,66(4.08) | -3.48(11,68)  -1,20(5.31)
Ne . (32) Cao (19) an (31 (2
Low Achievers k
CE 30.07(5.16) | 24.82(7.31) | 46.92(4.96) 24.04(6.18) | 44.00(6.12) = 24.70(7,43)
JE 83.13(3.14) | 26.21(2.53) | 25.17(3.43) 25.92(3.7%) | 25.25(3.28) 26,26(2.87)
k : 1 3 .
_ Cog.Pret, 25.07(3.47) i 25.14(3.10) | 12.58(7,12) 10.20(5.18) | 24.33(8.87) . 25.37(6.14)
N= as | o az (29) (2) (2n
cE 130,40(4.27) | 24,78(6.01) ‘| 42,58(5.53) . 25.04(7.51) | 46.18(5,48) - 24.82(5.81)
JE 35.00(2.45) 26.43(2.95) | 25.75(3.19) 26.67(2.60) | '25.38(3,38) . 26.38(2.50)
Cog.Pref. 14.30(6.31) . 8,78(15.08) | -0.33(3.23) -0.63(3.43) | 1.54(11.39) 3.88(0.87) |
T (10) ! o an @n Can T T an
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' " Table 10.10: Cluster Analysis of Third Form Students (N = 161/I11/1976). (Mean Score, Z Score (x 102) and Diagnostic Quality (Note (2)}

‘ i . : Mean & : ) ™
Measurement oo - | (1) (N =22) (2) (N=21) | (3) (N=63) (4 (N=200 | (5) (N=15) (6) (N = 20)
. i8cientific . W 16,21 "‘8 7 : ] : i ‘ . ' !
aptitude  (3.52) 18.27 59k 16.90 201 15.69 -15m | 18.00  5lk 15.47 -21d- | 13.60  -74nmi}
% ’ .3 : : : N . ’ i . ) 7
umber Facillty . ii 6;, - 27.13 861 28.24 1054 | 20.84 -26c | 22.45 021 19.93 -43¢ 17.15 -923
| o 34, RS RN | . | g i
: Space Facility : (g 23) 39.18  48c 35.62 . 073 | 36.05 - 123 | 39.45 521 34.93 00k | 21.80 -1s1fif
| Bnglish Comp‘ = ig‘:g) 15.18  78a 14.00 - 41n | 11.46 -40g | 15.50 89¢ 11.80 -29b .| 10.45  -721i}
Judgement Ex. 'ﬁg‘;z). 37.27  11ed | 20.90  -05f | 28.60 ~-27i| 33.30 52g 28,53 -28m | 25.85  -73k
I lsctentific .52 Lo Er s SRR : ' | '
Jawareness . (3.84) 7.63 29m 4,19 -61m .7.02 13k 4.60 -50m 7.20 18a 7.55 27a
g . 18.4 2 | 4 : : & 'p
R (g 41) 8.50 . -118g 21.00 = 30e | 22.12 43¢ | 21.45 35¢ 7.73 =127} 20.30 22¢!
£ F SR R e o % BN : o . it
COGNITIVE " A '~t§fig) 9.59  -105f '15.57  -32b | 20.96 35a | 28.25  125d 6.53 -143c 19.90 22h
;, pBErERE§CE ;; V?Q.iikgfgg) 17.82  134b |  2.05 = -44g 2.49 -39b 1.50  -51h 17.40 129¢ 3.90  -23d,
Sl “5(2'22)‘ 1204 791 | 8.67 = 39a | 2.49  -33n| -3.50 -104a 16.53 1321 3.75  -19g.
[Ena-ot-Year - sz 1 | ;
| |Chemistry Test (14 17) 55.13  126e .| 39.81 18k | 35.21 14d | 39.90 19b 34.93 161 20.35 118e!
1 1Piaget Ccmhiaatf ~ 4 5.01° : , N T e o ,
orial Test (Note(1)) (1.68) ,,3.;3 . 1035“ :;,5.§6 - 390» 5,32 -131 3.65 81j 5.40 23h 6.40 83b.
s Intélligence S 120.60 |- S - L . i
_ B . > . , , . - ) .7 -48 . -1364 |
"Quotient E (12 41) 127.55 ~ 56h | 128.81 661 | 119.49 09c| 129.25 70¢c 14.7 g |103.60 6 :
. B e ) ; ; ;
1% of Cluster opted a1 TR . . g2 | 35 5o - 25
for science 2 years. later » < ~ :
anvenign§:§abel}, 'Most Able o Maths/ﬂrts ? Mean Strong Arts Weak Scientists Low Achievers
(Note(3)) ; e %
G - Note (1) : Sign of 7 score reversed for convenience

e

Diagnostic Quality is indicated by a letter : the letter 'a' indicates least
variance with the cluster, the letter 'm' indicates most variance.

| (3) : The Convenient label was based on behaviour 2 years subsequent to the adminisgtration of these
k - tHsTa.
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Cluster 3 was the mean éroup. ‘It contained 63 respondents and it was
found to have undistinguished Z scores on all 13 data items, The low
achievers were assigned to Cluster 6. These cognitive preferences were
similar to those in the mean group but they fared much less well on the
a&cademic tests and they had the lowest 1.Q.s.

Cluster 2 scored well on the IQ test and on numerical aptitude,
they disliked science and had high P score but low A and high R but low Q.
This group would appear to contain the mathematicians and some of the more
8ble Arts students. Cluster 4 also disliked Science but did not score
Well on numerical aptitude.: They had strong preference for A but not for
P and some preference for R but not for Q.. The few who subsequently
Opted to do chemistry for A Level all selected non-mathematical subjects
to go with it (Biology, Geography, etc.). Cluster 5 was the smallest
clhster and contained boys of poor quality in terms of académic tests but
they had strong interest in sclence, anduplike Cluster 6 they had strong -
Preferences for the Q and P Modes.: The only cluster with either strong P/
v;eak A and strong Q/weﬁk R or strong A/weak P‘énd sfrong‘R/weak Q was
Cluster 2 but this was shown by: subsequent behaviour to:have a.mixture of
~ Btudents: those W1th.1eaning for the Arts preferred P bﬁt rejectédvqland -
Were more numerous than those who preferfed ScienCes‘and‘wﬁo'preférred'both
Pand Q. It séems thaf‘tﬁése 1after'were,rejected from Clusteri1lbécause

of low‘JE and Combinatorial scores,

Section 10.6 : Conclusions. . . = eicocio i ;‘.f; f_ P

The Vth Form sample was tackled in: two ways.‘ In the tlrst the whole

aample was: divided into 2 x: 2 x 2 contingency tables by behaviour 1n o Level, o

I

in the JE and in the gix cognitiva pre!erence measures (R, A Q, P, (R-Q)
ang (A«P)).a It was !cund that tor the A P and (A—P) acores the 1nc1dence :;lﬁﬁ

ot utudents who scored well at O Level. accred 'y hlgh mark 1n the Jn and LLLLL iffjf

| 22A9 T



were above average in the préference for the P mode and/or below average

in the preference for the A mode was significantly greater than expectéd.
Closer examination of the mean scores shows that there are more ‘high CP'
and 'high JE' among ‘'high achievers' than might be expected and fewer

'high CP' and 'low JE' among 'high achievers'. It would be reasonable to
expect a higher frequency of 'low CP' and 'low JE' among low achiecvers but
this scoring was not observed. It seems therefore that the gain in the
'best' students is balanced by fewer high CP/low JE students rather than

&n unexpected increase in 'worst' students: in short there is a 'gain'

for the best but no 'loss' for the worst, The evidence for interaction
from the 2 x 2 x 2 x 2 contingency table using (R-Q), (A-P), JE and O grade
for the four variables was positive but it was more muted than expected;
again; the high scorers on all four measures were more abundant than chance
@lone would predict.

In tﬁe second approach the same sample was reduced in number to énsure
the same number in each of the four academic achievement categories and
°ells fashioned from high/low JE division for variance of cognitive preieregce
8coreg, Highly significant variance was found for all six<cognit1ve‘
Preference mode‘scores; R and A wére found to 1n¢:easé with iess good A

- Brades and Q and P were found to decrease. The finding fhét there waé-
littie distihcfion,'if any;'between'thé"C' gréde sgmplé and the 'Fail’

€rade sample confirms the :inding of distinction in ﬁhé betier/half{of the
8ample when tésted by the‘)(by2 test.‘ The !acf'that’all six medes gave
Blgnificant variance whereas only three were significant with x shows the:
effect of '1mprov1ng the sample by artificial selection (i e.rrandom :
Be1ection within each grade level). The firmer response to A P and (A-P) , '
in thig sample was confirmed by both types or test but the distinction  ”

betWeen these three mode scores and the other three (R Q and (R~Q)) was

m°re marked with X .'—ﬂfg‘,‘_;;;; \‘ ;,_ ;{,~;, Tf;if =

N

The wholly ditterent approuch of treating the tour ccgn1t1VQ preter&nce,74ﬁﬁ

aCOres as:a single 'trait score' was examinad.<dlts meritvia'thatfit_does” v

2%
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hot impose uniform cell sizes, and gxaminatiou of the O Level and JE
Performance of the fourteeen groups(each containing students withthe same
'trait' score) showed that the sample could be divided into two portions
with much the same results as those which were obtained by an entirely
different technique in Chapter 9. The division of the sample by cluster
8nalysis into more sub-samples using data from the whole battery of tests
rather than with the cognitive preference data alonedoes not support the
division by 'trait' score but the subsamples identified in this way

(i.e. by cluster analysis) do have distinctive character and are
Tfudimentary . traces of a means of parcelling students into groups for

Career counselling and for other pedagogical ends,




CHAPTER 11 : CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

Section 11.0 : Introduction

The broad iptention of this work was to coalesce current thought
on learning processes and habits with work on cognitive styles. The
Learning Model which was introduced was postulated as having a cognitive
8tyle of perception and a cognitive style of transformation. - Evidence
“Of the former in terms of cognitive preferences was found but the evidence
0of the latter in terms of qualities of judgement was inconclusive., New
instruments were designed and developed; their quality and characteristics,
88 well as their behaviour with dependent, independent and affective

variables, was examined and reported,.

Section 11.1 : The Perception of Information

A 1arge‘pr0poftioh‘of thié work éent}edVVOn the?cognitive preference
test since this instrument was considered to gauge perception of scientific
information with acduracy.: For,the !iféi,tiﬁé atténtioh'was paid,to -
the cdnstruétlﬁélidity of thé instrument and‘tﬁe'coﬁfiﬁe#ce'placed'in«~
this type of fesfiﬁg»ﬁas‘showﬁ{tokbe Justifiéd;. A pair cdmparison ¢
brocédure wifh 1nterv1e&s was usédlfo eétabiish mdtiveé for prefé?ehdé.qu
Strong evidencé of the existencé of,eéch of the fdur édgnitiﬁe preférence .
vades which were Iirst described by Heath (1965) was fnund and there was
ho evidence of other'modes. Some turther evidence of construct validity o
“Was Iound by analysis of each of the 1tems of a cognitive preference testx’

8eparately and this novel technique exposed some. weak items and some

Weaknesses ot'the‘instrument as’'a whole[wrc“af~vf@“%}ttx‘:fwﬁéﬁﬁixf&i»zaf
: S e o

The statistical credeatials or the 1nstrument were. examined;k The
f Beveral scoring procedures which have been. used previoualy were compared
:;j&nd since normative statistical procedures hava racognised advantages 1[:[;;5,
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much attention was paid to normative scoring and analysis. Comparisons
showed that ipsative scoring facilitatco measurement and yct gives results
which compare closely with normative scores and analysis., The practice

of using ipsative_scoges with normative procedures followed by cautious
interprctationrwas shown to be justified.

Thc structure of cognitive preference‘behaviour,wasqpursued and much
eévidence in‘support o: previous workers was found. Both R-type and Q-type
facto:’analysig gpd“; N cluoter analysis 1ent;statistical support to
the two dimensional approgch which has been demonstrgtod in the past,
Re—examination'of the contraryjfinding on structuro’bvaackay showed .
that whiie his method”wac probably acceptable his iinoings were incomplete.
Deeper’inycsiigationHofthishoata‘showedithat his structure was ccrtainiy
ho more acceptable_thao severai‘of the structu;es which he_rcjected.

The attempt which was made to demonstratefthe existence of a
s“bject-specific component in cognitive preference behaviour failed but
the technique which was employed (namely the factor analysis of normative
data from items which contained only a single facet of an extensive
SY1lcbus) is worthy of further attention. There was‘cocvicciné evidonco_f
cr\the>re1a£iopsh1p bctyeoo%gcodemicuachieﬁemenf ond cogoitiyo:prcfcccnce
behéviour;‘ ablokO Lovellstudentskbad‘g'sciong‘prefefenceiicritbo_P mode
at the‘eﬁpeosovot_A,)1,e,_iheylwoce differenciateq‘p:ipcicoiiylonkiho{f
'spplication’ scale, while sble IIIrd Formers wero differentisted on the
‘curiosity' écale.i The differeniiatioc or,gifls atio Level'oo7£he:5ﬂ@ég;;;

application' scale was particularly marked. It is interesting, also,J;é-:‘

that ‘the 1nteraction of the (A-P) and (R—Q) scores academic achievement

was ahown to be significant. The relationship. among Vth Form students,k :ii*;i?
in Which scientific orientation is differentiated on the 'application‘ scalo oi E
nd the chcmical bias is ditterentiated on the 'curioeity' sccie,voaats an
“nexpccted 1ight on the nature of these scales./ The iuterest in chemistry 3}f?ﬁi

ag a subdect Ior further study ia related to tha behaviour which ia 1ooseiy

j»(described as curiosity while scienti!ic orientation olicits a diiterent

;:‘2333vo,,5i




response and one that is a function of the utility of scientific
information. It was not anticipated that chemistry as a subject is
Beparately identified f;om the whole mass of scientific information
in the minds of the students in this way.

The relationship between cognitive preference and cognitive style
vas devéloped;"Evidence'was found which showed that cognitive preference
is stable over each mode separately in each administration of a cognitive
Preference instrument and between the four modes together, A cognitive
Preference relationship is also stable over a period of years, i.e.
Of three years in this instancé; This evidence was used in support of
the claim that cognitive preference is stylistic in that it is an idiosyncratic
and stable pattern of the perception of information and hence its acceptance
88 a cognitive style is justified. The supbort for the stability of any

One mode over the periodﬁof years was not strong.

Section 11.2 : The Transformation of Information

" The concept*of“jddgemént’was relétédyto?cfiticél thinkinglaﬁd“it was
Seen as a high level of 1ntellectua1 activity. it wasfdefined‘in térﬁs‘”
01 the generation and subsequent classification of hypotheses and rour
3Decitic attributes of good judgement were postulated and used in the
clagsification process. “The test 1n5trument consisted of 1tems in’ which ;
‘chemical situations were described. a problem was posed and the statemants "
; and experiments for classitication were given;i Judgement was considered
to be 1mportant in both theoretical and practiéal situations ‘and’ both were
,1ncorporated in’ the test. The former with tour 1evela ot classificatioﬁl;rT;:
discriminated less well than the latter with only three 1evela ct | :

Classification. An addendum to one edition 01 the exercise required the o

lrespondents to suggest experimenta which would serve to elucidats the e

; Droblem; The intcreat 1n the replies to this section centred éhiatly nn e

f}ithe actual parametcr which the student ccnsidered su!ticiently relevan,__;fi?f'
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to deserve further experiment. It may be recalled that the items in the
Judgement Exercises endeavoured to explore situations which were wholly
novel to the students. ‘The evidence arising from the poor quality of the
experiments which were suggested by the students showed that recall of
’the chemical situations in the Exercises, and of the scientific
eXplanations of them, was not a contributory facfor in test scores. In
another experiment. the facility was found to be related directly to the
nhunmber of the hypotheses in the chain which united the problem with the
Buggested experiment, - This was seen to be important since each link in
the chain provides opportunity for the respondent to falter.
One of the principal weaknesses of the instruments which were used

Was the allocation of a single mark for the correct answer, It is
8uggested that,in future work in this field, the respondent should be
required both to state his hypothesis and then to classify the statements

included in the item. This woold‘enable ﬁhe quality of the hypothesis and
the classification to be soorod separately aoq‘oomo'mooooowoﬁ”gffq{ng‘town7
., Yistinguish gross errors from smaller ones coﬁld be‘adoptod. ,Someklack of
‘Comprehension was expected with an unfamiliar task but the ‘high level of
: COmprehension which is required to cope successfully with the instructions
to the test the situations, the problems and the semantics of the
classitication procedure ensured a more taxing exercise than had been i'
anticipated., The pre~test furnished warniogko:;this‘problem,anqbovory
attempt was made to mitigate 1t. An 1m§roved~voroion might'embfaoe 1
demonstrations. films and pictures and as greater curiosity is generated
.by practical situations 1t might be wise to coafine new situations to the
1aboratory. (Discussion or the nature and rationale ot tha test and its

'°bJectiVes prior to an administration would alao serve to 1mprove tha o;

S RS TIR

‘etticacy of the instrument). L 5}»‘:,.ﬂ}xj”%,,c;i35,y;g;y;gftf;«gf!;g“gré~~~

“+ The question- whether the JE presents the raspondont with an

“exercise of{diﬁérgent,thoughtgin,arconyergent‘disgu;go;ig;intorestipgg?,l:ffﬁ

“;?hékdiftorencesfin JE~behavioui’of;stodents previooslyfcioésifiédfot:tha,;ﬁﬁlil7
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extremes of the divergent/canvergent‘spectrum would be revealing.
Fﬁrther, the relationships between quality of judgement and the well
documented cognitive‘styles like breadth of categorising, impulsivity
and levelling would probably be illuminating. The réle which is played
by the teacher in stimulating and improving Judgement could be assessed
by actively teaching some problems to one group andvcpmparing subsequent
b#hdviour‘in untaught problems with a matched group, It would also be
1nterest1ng toygstablish whether‘the quélity of scientific Judgement

of an Arts student reaches a peak gt '0' Level and then declines or
whether it simp}y levels off. (It seems improbable that it might
QCtuélly increase with no further training ig sclence bgt 1ncreas;ng

mgturation'might be the salient cpmponent.)v

Section 11.3 : The Learning Model

 The‘coghitive‘and afjeptive hiégarchies which hgyg‘bggn,proppsgdi;n
the past inspired much valuable and illuminating researéh into learning
Drocesses. They have been valuable for assessment of eifective teaching
,and for diagnostic investigations. This research has been concerned with
the learning disciplines ot a tactual science and 1t was postulated that
1n!ormation on the cognitive styles of perception and transfarmation ot
material might similarly serve to 1mprove both teaching and testing. ;
The behavioural model which was propased was’ thought tc have three stages;‘
The reception an& perception stages were related to cognitive preferenca
.1a“d the transformation stage to Judgement.» The 1ntellectua1 activities ﬁfi
Were exaélned Ior relatioaships with the stage of 1ntellectua1 development ;f_'
and understanding chemistry as distinct: Irom the recall ot chemical ’
Information. The Learuingxnodel was invoked to unify thesé disparate 1
'técefs"bf:the learning process. if{-" e e

L In tha past, research on cognitive preference has been enntined to i

Ef?hefshot"studies.f This 1ongitud1na1 study showa that the populatiou ;“;?; 
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APPENDIX

Cognitive Preference Test - 1

Cognitive Preference Test - iI

Cognitive Prefefeﬁce Test - II;

Judgement Exercisesvv 11

Judgement»?kefcises - III (withfPart I11)
Bristol Achievement Test,Leyel 5, Study Skills

Judgement Exercise - IV (with response key and instructions to
« , ~ the four groups of respondents)

 End-of-year Chemistry Examination - IIIrd Forms

v

‘Science Orientation Questionnaire

- Rotated Factor Analysis of Correlation Coetticients ot
' Inter Item Scores : i, L L
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Every finzer has its own print;
similarly eech of us has our own way

of processing information., This
booklet has been written with the
intention of exploring fingerprints

of the mind. The subject matter which
has been used happens to be Chemistry
but other factual subjects could have
been wsed instead, - THIS IS NOT A TE3T;
your way of handling data is not
necessarily any better or worse than
any one else's,

Each section has four statements and
every statement in every one of the
twentyfour sections is intended to be
wholly CORRECT! You are simply asked
to say how strong your liking is for
each of the four parts by giving it a vote. This may be difficult to
..~ get used to because you are not uswually asked ebout your feelings in
Chemistry, but don't worry; Just go through the booklet thoughtfully.

WHAT TO DO. Start by filling in the top part of the Response Sheet
then read several scctions to see what they are like. DNext go back
to the first Section and glve

three votes to the statement which you like most,
two  votes to the statement which you prefer next,
one  vote to the next,

no votes to the statement which you like least.

Enter your votes in the boxes on the Response Sheet. Don't write
anything in the booklet and don't give half votes.,

Here is an EXAMPLE:-

Section 4O, When coloured crystsls are dropped into a
' solution of water glass, they behave in a
curious manner, : : -
“(A)  Their growth resembles plants growing
" 4in a tropical forest, - : '
~ (B) An understending of osmosis is necessary
.. Tor an understanding of the behaviour of -
the crystals. ' SR o
(C) The concentration of the water glass is
. dmportant. - . '

(D) Water glassréan be~use&yf§r‘pféSQrving‘eggs.

A student who filled in the Response Sheet like fhis§ ;"

40 [3]of2|1

has shown the strqhgest“iiking‘forbatataméntbA,:he’gdvo no vo{es tb,g7 
statement B, two votes to statement C and one vote to statement D, -~
 Work steadily through the booklet and try to finish Just as the lesson enis,

?f'f$ﬂnh?iﬂﬁhfv




1. A candle flame is both hot and yellow,

(A) Wax burns on the wick to give heat and light.

(B) Flames are the result of chemical recactions
between gases which combine to release heat
and light energy.

(¢) A candle is a convenient source of light
when there is a power cut,

(D) The flame is coloured yellow because it
contains tiny pieces of hot carbon,

2, In winter, salt is spread on icy roads,

(A) The more salty a solution is, the more
difficult it is to freeze it.

(B) Salt tends to make ice turn to water,
(C) The snag about salting roads is that
\ extensive damage is done to the metalwork

of cars.

(D) The use of salt keeps many roads open
which might otherwise be too dangerous,

3., The farmers in Britain spend millions of pounds a
- year on fertilisers, ,

(A) When a crop is taken from a field, the chemicals
which were needed to grow that crop must be -
returned to the soil. ﬂ :

(B) TFertilisers are generally balanced mixtures
~ of the chemlcalg which growing plantu need

k(C) ,Neg1ected s0ils can be made to yiold good
.. crops by careful use of artlficial and
~natural fertilisers,

(D) The use of too much artificial fertiliser ey
.. or the wrong one can lexd to severe damage to
" the texture of the soil and ta the polluticn
of neighbouring water. ‘




b Many elements and compounds can be obtained in
crystalline form. They occur in many shapes
and colours, !

(A) Crystallisation is a useful method of
purifiication,

(B) It would be interesting to know how the chape
and colour of crystals are detcrmined.

(C) A crystal is formed when the solvent is
evaporated from a saturated solution.

(D) A crystal is a solid with flat surfaces
at characteristic angles to one another.

5- Separation of the several dyes in ink is\most
easily done by chromatosranhy.

(A) Chromatography relies on the fact that each
chemical in a mixture can be 'bowled along'
at a different speed by the moving fluild
(generally a liquid).

(B) Liquids in a mixture of liquids like petrol
can be separated by chromatography; they
are moved along a tube filled with warm powder
by a stream of gas.

(€) The coloured components of chlorophyll can be
separated on filter paper with an alcohol solvent,

(D) Chromatography is used to check that only
harmless dyes are used in fruit drinks,

et o.

6.

The brown uOlld which forms on the surfacp of iron and
steel is called rust.

(4) Iron does not rust in wet air which has first been
treated to remove carbon (IV) oxide {carbon dioclde)

’ role played by this chemlcal , =
(B) 1In ruuting,lrcn im0 revertinp to & similar chenical

; to the one in vhieh it was found in the crust of
4 the earth and energy lS relecased in tho proccas'~.

to the alr; paint and greaoe serve as barriers
and delay the process. = - : :

are made of 1ron, 1n crder to prevent them from :
' ruotlng. ‘ ~ ‘

50 the explanation for rusting must account for the

(¢) Iron w111 only rust ir it is both.wct an& e(pOQed o

gv N (D) 1In the past mahy ﬁillions of‘pduhasva year‘haVBf , ',’3~
1 been spenton applying paint to structures which oo

C e




7.

Fireworks give a great deal of pleasure and they
also have their uses.

- (4)

(3)
(c)

(D)

The distress signals which are uscd at sea are
large fireworks,

The fuse starts a chemical reaction inside
the case of the firework.

The different colours are produced by using
the elements which impart colours to a flane,

The firewvork contains at least two chemicals;
one burns and gives out a great deal of heat
and gas as it does so, and the other provides
oxygen.

8.

TFire often does a great deal of damage merely because
the correct fire extinpuisher was not used in time.

(a)

(B)

(c)

()

Fire extinguishers are brightly coloured and they

are placed in convenient and conspicuous places,

Fire extinguishers are used wherever there is
a8 risk of fire, The extingulsher is designed
for the type of fire which is likely to occur,

One type of fire extinguisher. produces a rush of
gas which blows out the flame, another type
produces f'oam and gas, another uses a fine powder,
and a fourth uses a blanket,

If a flame is cooled below the temperature at
which the gases in it will burn or if it is
starved of oxygen, the flame will be extinguished.

9.

Steel can be made into stainle s steel by the addition
of elements like chromium and nickel. ’

(1)
(B)

(©)

It seems likely that ouhpr metals might be *’b?'

Tha use of stainless steel for knives and razor
blades is only fairly recent because the technique
for applylng sharp edges dOVblopeﬂ slowly.

kStalnless steel 1s a forn of steel which does

not rust because other elements besides ths carbon
which is normally present in steel have been added

ECON

: .:protected in the seme way.

®

The elemants chronlum and nlckel both forn thln
protective layers on their surfaces and on the

,aurface of the steel whlch protect them.’ L




10.  Pure water boils at 100°C on some days but on others
it boils at tﬁmpcratures which arc slightly above or
below this temperature.

(A) Climbers find that it is impossible to prepare
hot drinks on mountains because the air
pressure is low, '

(B) The boiling point of a liquid is the
temperature at which the liquid turns into vapour.

(C) The boiling point is reached when there is a
stronger pressure of molecules wishing to
escape than there is pressure on the surface of
the liquid.

(D) The boilins point of an unknown but liquid
/ ‘ q
may serve as a clue to its identity.

11, Laboratories are generally equipped with Bunsen burners.

(A) The burner is used in industry to heat fire bricks
which then heat ovens etc,

(B) The burner is designed so that the speed of gas
coming up the pipe just equals the speed at which
it can be burnt in the flame,

(C) The burner is an interesting one because air is
-~ -drawn in to give a flame which is hot because it
has two cones of burning gas.

(D) Gas and air are combined in a Bunsen burner to
produce a safe, clean f'lame,

12, The separation of a solid from a liquid and solid is
brought about by filtration. The apparatus shown in
the diagram is suitable. =y

(A) A slov and tedious filtration can be speeded
up by attachlng a suction pump. onto
Tube (1), :

(B) The fine holes in the filter paper —
" allow the liquid through but hold back '
-the grains: of solid.~

(C) Beer cennot e clarified b; filtration
becausc the particles are too small; . o
proc1p1tatlon i» used 1nstead. LT

(D) A solld may be separated frcm a liquid
by filtration; the s0lid (called the .
residue) is retained by the filter paper, and’
the liguid {called the f;ltrate) is L
1,collected in the flask.e =




13, The Flask and Condenser.

(A) The enormous towers which stand beside
electricity generating stations serve
~as condensers f'or stean.

(B) The vapour which rises to C goes into
the side arm, is cooled and collects
as a liquid at D,

(C) The condenser allows thermal energy to
be {trensferred from the molecules of
the vapour to the liquid which enters
at A and leaves at B.

(D) Sometimes vapours which are difficult to
condense may ve made liquid by using
the cold water in the condenser,

. Vater which has chlorine dlssolved in it will
function as a bleach.

(A) A chemical which turns a coloured meterial
white is called a bleach, - -

(B) Oxypen=—hating bacteria are quickly destroyed
. by dilute solutions of chlorine in water
 because the chlorine relea“es ovyﬁen from
the water.b‘

(C) Chlorine is a poverful bleach for stained
f;material.:;, , e N

(D) The bleaching action oceurs bccdu¢é the

~ chemical which is coloured is turned 1nto ,
another wblcn is colourless.'* : i




15, Pollution of our environment by all types of waste
is a world-wide problem of growing; importance.

(A) The careful dispesal of every type of waste
is a major headache for all of us,

(B) It is noteworthy that no animzl besides man
causes pollution.

(C) The waste which causes polution includes
solids, ligulds and gases but it also includes
heat,

(D) "Pollution occurs because man has the ability
to make rapid changes in his eavironment
which Hature can only adjust to slowly.

16, Sodiun Hydrogen carbonate is added to flour to make
it into 'self raising' flour.

(4) Baklng powder contains sodiun hydrogen
carbonate (NaHCO;) which gives off carbon (IV)
oxide (carbon dioxide) and steam when it is
heated,

(B) It should be possible and it might be more
efficient to produce bubbles in semi-liquid
foods by injecting them with gas from a
cylinder,

(C) A vaking powder gives off a gas which makes
bubbles in the food while it is still wet.
Cooking prevents the holes from collapsing,

(D) Baking powdérs are used to mzke food lighter;
they prevent scones from turning out like
biscuits, for instance.

- 17. A reactlon which is slow may. boneflt from th9 use

of a catalyst.

(A) A catalyot p“ovidcs an easier pathway for -
molecules to break the bonds and reform
new ones,.

(B) Nature's catalysts, called enzymes, are used
~in some washing powders to basten the removal
of utainS. ‘ : ,
(¢) & catalyot may make a reaction go faﬁter or it
‘may make it go:slover but the quantltj of
catalyqt dozs not change.

(D) It is remarkable that the catalyst for a recaction

‘ ‘which is reversible will catalyse the reaction in.
one direction exactly as efficlently as it will
catalyse the reaction in the opposite direction,




18. Burning mazgnesiwa ribbon in a crucible is an

experiment which is included at an early stage
of cocurses in Chemistry.

(&) So much heat is produced by the reaction
with oxygen that a magnesiwn also combines

R

with the nitrogen in the air.

(B) lagnesiua powder burns so brightly that it
used to be used for indoor photography.

(C) So0lid magnesium and oxygen gas combine to
form solid magnesium oxide, The oxide
is seen as a smoke and a white residue,

(D) The relsase of energy in the form of light
and heat cccurs because a chemical which
is more stable is formed.

19. Crude oil is a mixture which can be sepdrated
by distillation.

(A) Separation of the components in crude oil
into 'fractions' is possible because the
components have different boiling points.

(B) 0il from the different oil fields round
the world differ widely in composition,

(C) Nonme of the products of crude oil are
wasted,

(D) The separation of crude oil réquires the
use of columns of considerable height
fitted with trays of 'bubble caps’'.

20. Mercurv (IT) ox1d@ (mercuric oxide) is an orange
pOJdBr which is unstable to heat,

(4) Heating egitates the molecules and breaks
the bonds between the mercury and the oxygen.

(B) This is an easy but expensive way of
making small‘quantities of oxygen.,

(€) There is no explanation for the dark red
s0lid which is produced when the oxide is
Just heated.

(D) If the tube is heated ox;gcn is released and
SR : 1 lem of mercury remalns.; . L ,




21. Drinks are made fizzy by pumping a gas into the
liquid before the mouth of' the bottle is sealed
by the cap.

(4) Carbon (IV) oxide (carbon dioxide) is
suitable because it is colourless,
tasteless and not very soluble,

(B) Carbonisation or' sweet, coloured liquids
is used because it makes them more
appetising to drink,

(C) The mass of gas which is dissolved by
the liquid in the bottle depends on the
pressure used during bottling.

(D) Carbon (IV) oxide (carbon dioxide) forms
naturally in sparkling wines after the
wines have been bottled and corked.

22, The protection of a less reactive metal (like
iron) by a coating of another which is more
reactive (1like zinc) is an interesting way of
preventing rustine.

(A) 1In tin plating the less reactive metal is
~ put on the outside but when the rusting does
eventually penetrate down to the iron beneath,
the holes which are tormed are small but deep.

(B) "The protection of iron by zine is commbnplace;
corrugated iron sheets for buildings, -
dustbins and wall nails are examples,

(C) The zinc serves to protect the iron underneath
' because the zinc is sacrificed before the iron
starts to rust,

(D) 1Iron which is protected by & thin layer of
zinc is said to have been 'galvanisedt,




2%, When crystals of copper sulvhate are heated
they lose the water whicn is chemically
combined within them (i.e. trey lose their
water of crystallisation).

(4) The white form of copper sulphate may be
used as a test for water since it turns
blue when in contact with it.

(B) The white form of copper sulphate is a
powder so it would seem that the water
molecules are involved in the tormation of
the crystal.

(€) The crystal of copper sulphate is blue before
heating, then turns a chalky white after
heating.

(D) In crystalline copper sulphate the water is
bound into the crystal by chemical bonds
~and it is therefore an important part of the
structure of the crystal,

24, Air is a mixture of gases and it is also a most
Valuable raw material. :

(A) Nitrogen is the most abundant and accounts for
4/5ths of the air, while the remaining 1/5th is
mostly oxygen.

(B) Separation by physical means of the components
in a mixture of gases is possible because each
component bchaves quite independently of all
the others which are mixed with it.,

(C) The oil and coal which man has burnt during the
last fifty years has made little change to the
- proportion of oxygen and nltrogcn in air.

(D) The removal of nitrogen from the air used in
making steel saves money becsuse it reduces
the total bill for fuel.

....
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Some of you will be fanmilicr with this cxercise from lest time
and will know what to do. The purpose is to explore "finger-
prints" of the mind. It is I'CT A TRET in which sone studonts
do well and others do badly: your way of handling chemical
informetion is nol necessarily betier or worse than anyone
else's,

Each section haos four statements and every statement
in cvery one of the twentyeight sections is intended to be
wholly CORRECT!  You are simpxy‘asked to say how stvong your
liking is for each of the fcur parts by giving it a vote.
This may be difficult to gel used tc because you are not usually
asked about your feelings in Chemistry, buf don't worry; Just
go through the booklet theughtfully,

WHAT TO DO, Start by {illing in the top part of the Response Shect
then read several scctions to see what thsy are like., Next go back
to the first Section and give

three votes to the statement which you like most,

twvo  votes to the statement which you prefer next,

one  vote to the next,

no * votes to the statement which you like least.

Enter your votes in the boxes on the Response Sheet, Don't write
anything in the booklet and don't give halfl votles.

Here is an JXAYPL«‘~

Section 40, When coloured crystals ere dropped into a
‘ ‘ solution of water glass, they behave in a
curious manner,

(A) Their growth resembles plants growinz
o in a tropical forest.
"(B) An understanding of osmosis is necessary
for an understanding of the behaviour of
“the crystals.
(¢) The concentration of the water glass is
important,

(D) Water glass can be used for preo ervi ing eggs.

- ot

A student who filled in the Response Sheet like this:

40 |3lol21

has shown the sironrest liking for statement A, he gave no votes to
statement B, two voies to statement C and onc vole to utatewent D,

VWork steadily through the booklet znd try Lo f;ﬂiuh Just as the 1esSCﬁ enis,




1. 8S01id carbon diowids (Ydry ice') chenges directly into
P . PRI s 't . 8OC
carbon dioxide gas without melting at -7 .

(4) This is a physical process called sublimation,

(B) The sublimation temperature of carbon dioxide
is low because the forces between COp molecules 1n
Ydry ice' are weak,

() Solid carton dioxide is often used for keeping

% food-stufls ccol. :

(p) It would be intercsting to know how many other ]

substances chznge from solid to gas without melting.

2, Vhen a salt is dissolved in a solvent a point is reached

. - - . . o . 1Veﬂt'
when no more solute will dissolve in a given amount of S0

. Aaee 2 - Yy o "Olid
(A) In a saturated solution the solute molecules in the 3
constantly interchange with the solute molecules 1
sclution,

(B) When somc of the solute remains undissolved in the
solution, the solution is szid to be saturated,
(C) The saturation point of salts in solubion will vary
. considerably with temperature. ,

(D) A variety of useful salts may be preparecd frox
seawater Ly evaporation of the water,

3¢ Acids are a most important class of chemicals,

(&) Any chemical which gives the H+‘ion or reacts wit@
an alkali is, by simple definition, an acid.

(B) Acids release Ht ione in solution.

(C) The annusl consumption of sulphuric acid by a nation 2.
is o good mezsure of how well its industry is develoP™™
(D) Wo chemical will behave as an acid unless water or
some similar liguid is present,




When

crystals of hydratled salis are heatsd, they lose their

Vater of crystallisation.

(4)

(3)

(c)

()

Plaster of Poris hardens and so hol i brokea limbs in
place when the anhydrous caleiun sulphate recovers its
water of crystallisation.

Since anhydrovs copper sulphate is non-crystalline, it
would appear thot the waler molecules are responsible
for the crystalline nature of hydrated copper sulphatc.

‘In erystalline copper sulphate the water is chemically

bonded to the copper sulphate forming part of the
crystal structure.

Hydrated copper sulphate is blue before healing, then
turns a chalky white after heatling.

In winter, salt is spread on icy roads,

(4)

N

The more salty a solution is, the more difficult it
is to freeze it.

The snag about salting roads is that extensive
damage is done to the metal work of cars.

Salt prevents ice forming on roads,

The use of salt keeps many roads open which might
otherwise be too dangerous to use.

(4)

(8)

-

(c)
(p)

An atom is composed essentially of a small, dense,
PDultavelv charged nucleus surrounded by lovels of
diffuse negatively charged electrons.

Man's wndarstanding of the atom is still incomplete since
he has yet to understand the forces that hold the

protons toge ther in tke nucleus.

The chemical act1v1fj of an aton is dﬂt@r“inu& :

by the number and energy of its outernost elecctrons,

.

An atom is the smallest purticlo of an element that
cen take part in e chemical change. e

A knowledge of the structuré of the atom can be used

~to predict its Qh?miCul behaviouwr.

\‘% 7,




7. A pure liquid moy be separated from a solution by the
process of distillation.

(A) The refining of peiroleun involves t}c distillation
of crude oil inte its principal fractions.

(B) Distiliation is a method of purification frequently
uvsed in organic chemistry.

(C) If strong forces exist between the molecules of
the different components of a mixture, complete
separation is impossible with even the best
fractionating column.

(D) By evaporating a solution and recondensing the
resulting vapour in & separate vessel we can
separate a pure liquid from a solution.

8, The farmers in Britain spend millions of pounds every
year on fertilisers,

(A) Feritilisers are mixtures of the chemicals which
groving plants need.

(B) The careful use of fertilisers ensures r'oocl crops
from poor or tired fields.

(C) The use of too much fertiliser or the wrong one
can lead to severe damage to the field end pollution
of neighbouring water, )

(D) WVhen a crop is taken from a field, the chemicals
which were necded to grow that crop must be returned
to the soil of that f{ield.

9. Fircworks give a great deal of pleasurc end they also

have their uses,

(A) The distress signals which are used at sea are ]argef
fireworks which make bright light and a great deal ©
smoke, '

(B) The chemical reaction inside the cardboard coataine?
of the firework is started by lighting the fuse.

(C) EBxeiting variety is achieved by using salts of thos€ i
elements which impart colour to a flame, by using grat
of iron to make sparks and by careful packaging to

ring about different rates of burning.

(D) A1l fireworks contain tiwo principle chemicals; the 3

first onc burns and gives out a great deal of heat al™

gas as it does so, the sccond provides the oxygen foF
the first to burn in.




A

Oxypen is an odourless, tasteless, colourless gas which is

5lightly heavier than air.

(4) One should consider that 0, 2nd Oy, both found in air,
differ in their physical and chemical properties.

(B) It is commonly prepared in the laboratory by treating

hydrogen peroxide w1tb a catalyst like manganese (1v)
oxide.,

(C) The large amount of nitrogen in the air accounts for
the fact that air is lighter than oxygen.

(D) Without oxygen,'life as we know it, could not exist.

' Dilute solutions of amnonia in water are sold in botiles
i bearing the name "Scruobs Cloudy Ammonial.

(A) Serubbs Cloudy Ammonia is a valuablie chemical {or
cleaning many pieces of hcusehold eguipnent.

(B) The greater the pressure which is applied to a gas
in order to meke it dissolve in a certain volume of
solvent, the greater the mass of the gas which dissolves.

(C) The lebel on the boitle does not list the other
chemicals which are used and so therc is no quick
way of knowing why this solution is cloudy.

(D) Anmonia is an alkaline gas, so "Scrubbs Cloudy
Ammonia" will turn red litmus blue.

g

Ch]ownno is a hlghly reactive element and readily forms
Negatively charged chloride ions.

(A) It is remarkable that chlorine, an electron-receiving
element, can react hlth other electrOﬂ-recu1v1n
elemento. S 7

(B) 1n accepling one electron, a chlorine aton completes
its outer electron shell, :

(C) One of the important applications of chlorine is
in the purification of drinking water,

e, e

(D) chlorine reacts directly with sodium with the
evolution of light and heat.




The rate at which a given cuantity of a solid dissolves
in a fixed volume of 1liquid varies with the size of
the solid particies,

(4)

(8)
()

(D)

Vhen making a copper sulphate sclution it is better
to use many fine copper sulphete crystals, rather
than a few large ones.

As a rule, the smaller the particles of solid, the
fester they dissolve,

The reason for this is that by decreasing the

particle size of the so0lid one increases the
surface area available for interaction.

The rate of dissolution of large solid particles
can of'ten be increased by warming and by vigorous
stirring.

Vs

Water which has either chlorine or sulphur dioxide
dissolved in it will function as a bleach.

(4)
(B)

(c)
(p)

A chemical which turns a coloured material white
is called a bleach.

Chlorine is a powerful bleach but there is a
danger that it may damage the material; sulphur
dioxide is less destructive but also less powerfu1~

Bleaches can also be used to destroy bacteria.
The bleaching action ccours because the chemical
nature of the coloured material is changsd to a

colourless chemical either by the addition or
removal of oxygen.




" The Periodic Table is & valuable lool to the chenist
Since it shows trends in the physical properties of

the elements and predicts patterns of chemical belnviour.

(4) The properties of on clement can be predicted
from a knowledge of the properties of a neighbouring
element,

(B) It is disappcinting that the Periodic Table does not
predict 2ll the different valency states of the
elements,

(C) The Periodic Teble now contains over 100 elements.
These are arranged in chemical families, ec.g. the
alkali metals, the halogens, the transition metals, etc.

(D) The Table is base@ on the principle that if elements
are arranged in the ordsr of increasing atomic number
they show a periodic repetition of properties.

N—

Pollution is a world-wide problem of great importance.

(4) The waste which man produces and which Nature is slow
to deal with, including heat as well as solids,
liquids and gases, is the material of pollution.

(B) ‘No animal besides man causes pollution but the oxygen.
~in the air which we breathe could be looked upon as
being the result of the pollution of the earth by
plants: there was no oxygen in the atmosphere which

Tirst surrounded the earth. '

() Almost every chemical process for which men is
. responsible results in pollution. ’

(D) New uses should be found for every kind of waste in
order {o minimise the damage done by pollution.

Ll




When a silver nitrate solution is added to a solution
of sodium chloride a curdy white precipitate is formed.

(4) A precipitate is formed because the solution is
verburdenad with an insoluble solute.

(B) This reaction is the basis of the test for the
prescnze of chloride ions.

(C) The rezction Letween silver nitrate and sodium
chleride is best described by the equation:

hgt + €L = AgCl
(D) It would be interesting to find out why the

sclubility of AgCl differs so much from that of
NaCl,

When atoms either lose or gain electrons, they become 1002

() This statement would be more meaningful if it
indicated which type of atoms tend to gain electrons
and which type tend to lose electrons.

(B) Pure metal may be obtained by electrolysing &
solution containing its ions.

(C) 1Ions are electrically charged particles which in
solution conduct electricity.

(D) Since atoms can become ions by electron loss, th@Y'd
must be made up of positively and negatively charg®
particles,

Steel can be made into stainless stedl by the addition of
-elements 1like chromium and nickel, ‘ ‘

(&) The elements chromium and nickel both form a thin
layer on their surfaces which protects them from
further action. They do this when they are mixed
in with steel and so the steel is also protected.

(B) At present stainless steels are expensive: , an equally
effective protection which was also cheap would be &
major technological breakthrough. :

(C) The use of stainless steel for knives and razor
blades is fairly recent because it was not possible
to put a sharp cdge on implements which were made OV
of the early stainless steels,

. L.
(D) Stainless steel is o form of stecl which doss not T¥




- The reaction between hydrochloric acid and zinc is
represented by this gquation:-

2HCL + Zn = ZnCl2 + Hp

(A) Most metals above hydrogen in ths electrochemical
series give hydrogen when {reated with hydrochloric
acid,

(B) The action of hydrochloric acid on zinc is a
convenient method of preparation of small samples
of hydrogen.

(C) Traces of several olher gases may be present in
the hydrogen; if their origins were knoun, it might
be possible to eliminate them and so prepare pure
hydrogen.

(D) Hydrogen is a light, colourless gas which pops
when lit in air.

N—

4, ,
. Some chemical substances can affect the rate of a
Chemical reaction between other chemical substances.,

(4) Such substances are known as catalysts.

(B) An uneconomic process can suddenly be made
profitable by the discovery of an effective catalyst. .
Considerable sums are spent on improving existing
catalysts and finding new ones,

(C) Although a catalyst appears unchanged at the end of a
reaction, it is always chemically involved in the reaction.

(p) Catalysts increase the rate of chemical reactions by
making bond-breaking and bond-making easier,

i T

When umoke naru:c1e“ are suupendeﬁ in air and obgerved
hrougu a microscope, they can be seen to carry out an
irrcgular zigzag movemont

(4) The fact that this motion can also be observed with
solid particles suspendsd in liquids, shows that
gases and 11qu1da Lhave important propertleg in common.

(B) This motion can be used to illustrate thn ranﬂom
- movement of the molecules of a gas,

(C) The movement is caused by the bombardment of smoke
particles by the T&pldlj movxng air molecules.,

(D) This 1rragu1ar movement of fline partlcles is‘ v
called Brownian motlon. x ,
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Tire often does a great deal of damage merely bhecause
the correct fire extinguisher was not used in time.

(4)

(3)

(c)

()

Everywhere where there is a risk of fire, including
the home and the car, should have a lire extinguisheT
and it should be desipned for the type of fire

which is likely 1o occur,

Pire extinguishers function in different ways. One
type produces a rush of gas which blows out the flamé,
another produces foam and gas, a third uses a fine
powder and a fourth uses a blanket,

There are numerous different types and shapes of
fire extinguisher. Most of them are started by
turning then upside down and/or by banging the knob
against something hard. '

Eith@r the flame must be cooled below the temperature
at which the gases in it will burn, or it must be
starved of oxygen.

2,

Salt
salt

(4)
(B)

(@)

(p)

and sugar both dissolve in water; the solution of 1 note
will conduct electricity, the solution of sugar will

A solution which will condwet electricity contains
ions; one that does not do so contains molecules.

Crystals dissolve beceuse Nature prefers the fandom'
motion of the particles in a solution to the orderli?
of the same particles in a crystal. ‘

g5t

Warming the water in which sugar is being dissolved
makes a marked difference to the quantity which will
dissolve; it mekes litile difference to the quantltY’
of salt which will dissolve. ‘

The chemical charges which occur at the electrodes
when a current is passed through a solution of salt
can lead to the preparation of many useful chemical®
like chlorine and sodium hydroxide. : ~

Piad

-



The halogens, group VII in the periedic table, arc
the most rcactive of the non-metallic elements.

(4)
(3)

(c)
()

N—

The halogens readily combine with other elements.

The ectivity of the halogens is explained by their tendency
to W KClectrons,

One should consider that there is a steady decrease in
reactivity from fluorine to iodine,

The halogens are ncver found free in nature bul always
occur in thg form of salts.

When conper turnings are heated in air, a black powdery
Compourd is formed,

(4)
(B)

(c)
(D)

The compound is copper oxide and has the formula CuO.

It is difficult to change all copper into copper oxide,
even in excess air or oxygen.

This reaction can be used to determine the percentage
of oxygen in air,

Analysis of the black compound shows that copper
atoms and oxygen atoms combine in ths ratio 1:1.

Separation of the several dyes in ink is most easily
done by chrometecgraphy.

(2)
(is)
(c)

(p)

Chromatography is used to check that only harmless
dyes are used in fruit drinks.

Chromatography relies on the fact that each chemlcal
in a mixture can be 'bowled along' at a different spﬂed
by the moving fluid (generally a liquid).

Liquids in a mixture of liquids like petrol can be
separated by chromatograpby; they are moved along a
tube filled with warm powder by a stream of gas.

The coloured components of Cnlorophyll can be

separatcd on fllter paper with an alcchol solvent

coged
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The protcetion of a less reactive metal (like iron)
by a coaling of another which is more reactive (like

zinc

(4)

()
(c)

(D)

is an interesting way of preventing rusting.

In tin plating the less reactive metal is

put on the outside but when the rusting does
eventually penetrate down to the iron beneath,
the holes which are formed are small but deep.

Ircn which is protected by a thin layer of
zinc is said. to have been 'galvanised'.

The zinc serves to protect the iron underneath
because the zinc is sacrificed before the iron
starts to rust.

The protection of iron by zinc is commonplace;
corrugated iron sheets for buildings, dustbins
and wall rails arc examples.,
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*TOPICS FOR DISCUSSICH Til CLASS

The information which is given in this booklet has heen taken
-from textbooks and from teachers' notes. There are no intention-
al mistakes and yet this is in no sense o test. Each page has
Sixteen topics for discussion in cless; all you are asked to do
Is to say which of these topics you like and which cnes:you
find unsatisfying. To make this job easier the sixteen topics
on each page are grouped into four groups each of four topics.
You are to think about the four topics in each group at the sa
time; first decide which one of the four topics you would (or
Perhaps did) find most satis yinb for discussion in form and you
are to give it two ticks(VV') in the appropriate box of the Answer
Sheet. Next decide which of the four topics you like least and
put an 'X' in its box., Then decide which you prefer of the two
which remain and give it one tick; leave the last of the four
boxes empty. Treat the next four topice in the same way and
continue until you have dealt with 211 sixteen topics on the
bage, four at a time. Turr over and carry on in the same way,
thwhen you have finished 2 set of four boxes it might 1ook like

igs=-

L) & 4}

V72 E RV 2 -

This student found (1) most satisfyirg, he disliked (3) a
%e preferred (4) to (2)., When he had finished a page it lookcd
ike thls.~

T
‘ // x | v
) [T (4 L7
Wl Tk
Pege I o=~ T
P O A A7
; 3 n
%%7 @b/ G;\ )

The irformation which you are giving by dozng this test is
heeded to help us to decide whether we have been teaching you
your chemistry in the right way and in the right order, Concen-
trate carefully on what you are doing and 1oarn as much chemistry
from the material given here as you can. Work quite fast and be
Sure to finish by the end of the time available about 35 minutcs\

ou nay aek for extra time if you need it.

Pleasge start by nut’cnnb Jour name and initials at the top of
the Answer Sheet and also the name of your chemistry teacher,
?ieaoe do not make any marks of any kind on the actual booxlet

self. : : :, T



»

Carbon Dioxide (COZ) Carbon Monoxide (COC)
Sublimation.

(1) Solids are said to sublime if they turn directly into gas
when heated, e.g. solid carbon dioxide heat carbon dioxide gas;

(2) Strong bonds exizt batween stoms in COp but weak bonds between
molecules, heating breaks weal bonds; .

(3) Mixture of solid carbon dioxide and a volatile liquid like
ether is most effective freezing mixture for obtaining low tenperatures
in lab.;:

(4) 80y (sulphur diox1de) gas forms liquid when cooled, i.e¢. no
subllmatlon, but 503 does sublime,
Lime Vater,

(5) Carbon dioxide rezcts in solution with calcium ions to forn
1nsoluble carbonate of calcium, this is precipitated;

(6) A solution of lime water is turned millty by carbon dlox*ﬂe,
may go clear again if lots of gzs is used;

(7) A solution of barium ions would serve just as effectlvely as
a solution of calcium ions; - .

_ (8) Provides convenient method for distinguishing carbon dioxide
from other gases.

Oxides of Carbon.

(9) €O reacts with oxygen to give CO, because more stable '
electron-sharing bonds are formed; energy released;

(10) Both carbon monoxide and ecarbon dioxide are colourless guses,
carbon monoxide takes oxygen from oxides (e.z. lead oxide) and is
therefore reducing agent, carbon dioxide is not reducing agent;

(11) Oxysen-free samples of less reactive metals propared by
heating oxide in carbon monoxide e.g. clean lead from yellow lead

oxide;

- (12) Coz(g) + C(s) if heated strongly =-—== 200, reverse action
impossible, K

Prapﬂr vtion of cﬂibon dlokide.

(13) Convenient supnly for lab. denonstratlons from Kinps' anbarqtus.
containing marble and mod, conc. hydrochloric acid;

(1) Wesk acids unsuitable even 1n concentrated solution;

(15) H* from the acid displace C0O3°~, HyCO5 formed, unsteble 50
Coo(g) given off; : :

(16) Every carbonate glves carbon leXlae when trbated with either
‘ hydroch"orlc, sulnhurlc or nitric acids.
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 Separation of Mixtures, Purity

Distillaticn.

(1) Separation of mixture of liguids by distillation possible if
the chemicals in the mixturc have diflferent boiling points, i.a. at
any one temperature, the vanours of those chemicals exert different
pressures;

(2) Fairly weak bonds between alcohol molecules and water molecules
exist and they prevent connlete separation of aleohol from water and
water from alcohol;

(3) The term distillation means separation by boiling followed by
condensation of vapour;

(4) Some alcohol is made by fermentation of sugar followed by
distillation of the products of fermentation,

Chronctosranhy.

(5) I the strengths of the interactions between the dye molecules
and the water molecules on the fibres of the filter papers could be
measured, the order ol the spots on a chromatosram could be predicted;

(6) Equilibriuvm occurs between the nolecules of dye in the moving
solvent and the molecules of dye in the solvent which is held by the
fibres of the paper; . A

-

(7) Separations of mixtures by this means is called chromatozraphys

(8) This is much the easiest way to demonstrate tha% ink or
chlorophyll is mixture,

Crystellisation,

(9) Fairly pure crystals of covper sulphate can be prepared from
solution of copper oxida in sulphuric ecid by crystallisation;

- (10) Cxystals forn when concentrated solution of crystalline
chemical is cooled;

(211) It is not obvious why the formation of some orystels, e.g. .
sa&hn#hlosulph@to, is deleyed by supercooling;

(12) The solubility of most solid chemic@lu decreases on cooling
-end the crystals form whsn the solvent beccmes saturated.

iy,

Mgl&ing Point, test for ourity, , , _
(13) Accurate melting points of pure chemicals are known, chenicals

which melt at teuneratures lower uhan the correct mmltlnﬂ po;nt are
impure; ,

() 1r Chnmlcal X is known to be either Chemmcul.A or Chemicel B
it is possible to determine which one it is by finding the melting 901mt
of pure A, of A with a 1little X, of pure B and of D with a little X;

(15) If a little of C lowerﬁ the melting point of D and a 1ittle of
. D lowers the melting point of C, sowe mixture of C and D nust have a
melting point which is raised when either C or D is added to it; |
- (16) A small provertion of solute interferes with the formotion of
crystal lettices and so mekes formation of lattice more difficult.




III.

. Chlorine and The Halcgens

-

E? wration of Chlorine. Cone. hydrochloric acid and warm manganese (iv)
ai xido.

" (1) Convenient for small samples of chlorlno in lab. for showing props.
of chlorine;

(2) Manganese dioxide oxidises hydrochloric acid to chlorine and
water;

(3) ‘In acid conditions £0lid manganese (IV) compounds take electrons.
nenganese (II) in alkaline conditions receives electrons from cllorine
and forms solid manganese (IV) compounds ;

(4) Manganese (IV) reacts with cold hydrochloric acid to give an acid
containing Mn(IV), when this is warmed it decomposes to give C1ly(g) end

Mn(11) (ag).
The reaction of chlorine with iron.

(5) Ths compound formed between iron and shlorine (iron (III) chloride)
is largely ionic in water but is largaly covalent when in the solid state;

(6) If chlorine is passed over hot iron, the iron burns brightly
to give a brown smoke of iron (III) chloride;

(7) When iron is oxidised by chlorine a sharing of electrons between
iron ard chlorine atoms occurs, this serves to complete the shell

l, structure of both atoms;

(8) This is the only possible way to make dry iron (III) chloride
for reactions which require it as a catalyst.

Uses of ehlorine (e.g. &s & bleach),

(9) The bleaching action of chlorine on wet litmus serves as a good
test for the gas;

(10) Coloured chemicals are oxidised by chlorine because their
structure is changed to different (and colourless) chemicals by altering
~their electron structure; .

(11) Chlorine bleachse by removing alectrona, sulphur dioxide (gas)
bleaches by adding electrons;

(12) Dilute solutions of chlorine in water or alkali bleaoh discoloured
'fabrica and ink stains, s

The Halogens. A Periodic Grogg”ﬁF ¢1, Br, I)_

(13) Some aspeot of the chemistry of fluorine do not conform to the
gensral behaviowr in this Group, fluoride ions are. partioularly smoll and
have a larger charge on each unit of surface area;

(14) A1l the elements in a Group have the same mumber of eleotrons in
the outermost shell, they differ only in the numbor of completo shells;

(15) Grouping like elements together beneath ona another on the Periodio
" Table provides & framework for learnirg the chemistry of elements-

(16) The clements in a Gioup have 3imilar physioal and chemioal
properties.




Iv,

Reactions: fast and slow.,

A)

Catelysis and prep. of oxygen.

(1) The catelyst manganese {TV) oxide is needed in both common lab.
preps., of oxygen, i.e. from hydrogen peroxxle or from potassium
chlorete (V);

(2) Ceatalysts hasten chemical reactions but they can be recovered
egain in some chemical condition when the reaction has finished;

(3) Catalyst provides reaction with pathway (involving intermadiate
compounds ) which requlres less energy, hence more molecules can react
so lower tempprature is possible;

(4) Chemical intermediates like KNnQ, and Cl, are known to form when
MnO» reacts with potassium chlorate (V), the composition of the intermediates
witg hydrogen peroxide are not known.

Slow reasction, e,.z. rusting,

(5) bnprotected iron rusts in damp air, water and oxygen are both
necessary;

(6) Iron in electrolyte (solution of ions) or with uneven exposure
tc oxygen rusts rapidly;

(7) Rusting is prevented by physical means (i e. paint or plastio
~ coatings) and by chemical means (i.e. zino).

(¢) An anodic region (electrons released) forms under drop and
cathodic region (electrons consumlngg forms at edgo where oxygen is
ebundant, rust (red iron (III) oxide) forms between them,

Fast resction (e.g, fireworks),

(9) Way of shoving fast reaction i@ reasonableksafety;

(10) Different colours in flames, atems (of different elements) with
excited electrons, cool and give out different coloured light;

(11) Compact mixtures of oxygen-rich, wmstable chemicals in body of
firework give large volume of hot gas very quickly when ignited;

(12) Energy released by reactidn; energy stored in firework as
chenical energy and released in mass of hot gas as kinetic energy.

Nature s catalysts, enzymes in fermentation,

(15) All living cells employ cataylsts, called enzymes, e.g. yeast
ues enzymes in conversion,cf suoar to alcohol and carbcn dioxide, - process
called fermentation.

(14) Rate at which enzyme controlled reactlcn precseds depends on the
v, optimum yate for a specific pH chemical nature of enzyue determines PH.

(15) Yeast oxidises the sugar and chemical ensrgy useful to yeaat is
released, many different stages therefore many different enzymes;

(16) Fermentation useful in preparing dilute solution of alechol for
demonstrating distillation. .




Solutions.

Seolutibns of solids, solubility,

(1) So0lids which dissolve do so becauss changs of orderly
crystalline lattice into random scattering of particles in solution
releases energy;

(2) 2nelysis of an urknewn chemical often achieved by gathering
information on the soltbility of salts of thet compound;

(3) Solubility is defined g8 mass of solute required to satwate a
specified mass of solvent at a specified temporature,

(&) Sugar and salt are both soluble, sugar as complete hfdrated
molecules, salt as hydrated ions, water accommodates both types of
particle.

VWater of erystallisation.

(5) If water vapour pressure inside a crystal is greater than the
water vapour pressurs outside, water is lost to atmosphere, i.e,
efflorescence ogcurs ;

(6) White copper sulphate goss blue when water is added, convennent
test for water;

(7) Water trapped inside a erystal by chemical means is called watex
- of crystallisation, such crystals are in no sense damp;

(8) Water in crystals held by electron-shering bonds .in well-
defineé spaces, and in praclse molecular proportion.

Solution cf gases.

(9) Gas above golvent comes to equilibrium with gas within solvent
8o mass of gas which is required to saturate given volume of solvent is
proportional to the pressure which is applied to the gas,

(10) In theory the volums of a gas which dlssolves is independent of
Pressure, in practice gases do not conform to this ideal behaviour;

(11) Some important laboratory reagents (e.z. hydrochloric acid,
emmonium hydroxide) are solutions of very soluble gases;

(12) A1l gases are soluble, scme much more soluble than others, but
&1l less soluble in warm water than in cold water. ,

' So]ution of acids; . .

(13) Acidity is éependant on the presence of H30" in solution;

() Solutions of ecids are frequently needed for the preparation of
salts, other chemicals for catalysts, ete,;

(15) Acid strength is determined by the extent to which acid molecules
ere split into ions, not by the mass of the scid which will dissolve;

(16) An acid solution reacts with indicators, gives carboen dioxide :
with carbonates and dissolves metal oxi&es and bases. ‘




VI.
Anmonia (NH3).

.

Fhysical properties.

(1) Ammonia is a light, colourless soluble gas with a strong smell,
easily turned into liquid by slight pressure or cooling;

(2) Changes from liquid to gas and gas to 1iquid so easily that it
is uswally selected for the demonstration of how a refrigeratcr works;

(3) The atoms within a molecule of ammonia are covalently bonded,
forces between molecules are week, hence gaseous nature of ammonia at
rocm temperature;

(4) Hydrogen combines with most elements including nitrogen to give
compounds which are gases, hydrogen combines with oxygen to give liquid
(Hzo), another type of bond needed to explain why water is liquid.

Manufacture of ammonia (Haber process) from nitrogen and hydrogen,

(5) Good yields at low temperatures because reaction is exothermic
energy relecsed) and yet process is conducted at quite high temperature
about 370°C);

(6) Ammonia (gas) spreyed beneath surface of soil to replace nitrogen
removed by crops;

(7) Molscules of Np and H, react when they collide, catalysts
encowrage fruitful collisions, heat required to give molecules suf'ficient
energy to react at acceptable rate; .

(8) Mixture of three parts of hydrogen to one part of nitrogen heated
to 370°C and compressed to 250 Atmospheres pressure, passed over
atalyst of pure iron;

Bohaviour of ammonia in water,

(9) Concentrated and dilute solutions available in labs,, constant
demand for demonstration cf reactions of ammonia ana for cleaning sirks
end glassware;

- (10) The properties of smmonia in water are quite different from these
of ammonia in other solvents, e.g. covalent solvents like ethanol, clearly
role of solvent is important, .

(11) Solution is found to be alkaline to red litmus, to acids and to
_solutions of metal salts;

(12) NHz reacts with H* (aq) in water forming NH# , Of are released
and solution is alkaline weakly. alkaline though., ,

Tests for ammOnia.

(13) Strip of filter paper dipped in a solution of a copper salt -
goes dark blue in ammonia gas;

(1) NHz (2q) displaces Hp0 moleoules which.nnrmally surround the pala
blue coppei ion (Cu+);

(15) Phosphorus is in same Periodic Group &s nitrogan but Fﬁ3 will not
do this test, phosphorus atom less able to give electrons avey; S

(16) Yors reliable test for ammonia than either red litmus or ths ,f.
*white smoke test' with hyﬁrogan chlorzde. Ve ~




Appendix D

_ Judgement Exercises - 11




In Part Onc eeeeee

vessess OF this test you will meet five situations which are

typicel of the many situsntions which a chemist encounters.
Each situation is doscribed briefly, a question is posed
and some statements are mede., You are simply asked to
write onc letter in the appropriate box of the response
sheet. .

Put an A if the statement gives a SONSIBLE answer to the question and

Put a

Put a

Put o

It is

TV

if it is also JUSYINIED in relation to facts and
observations which are described,

o

if the statement gives a SENSTBLE answer to the question, but
R Rt q s
it is NOU JUSTIPIED because it makes use of
informaticn nect given,

el

if the statement gives only an INADZCUATE enswer to the gquestion
because it IGNCRES impertant parts of the information,

if the statement, though correct, is IRRELEVANT to the question
and so does not answer it.

o

.

IMPORTANT sees e e

that you notice that all the sciernce in this book is correct.
You are NOT locking for incorrect statements.

et




SITUATION 1.

A bottle contains a red solution called Soluticn A. It has
at lease one chemical dissolved in it. 5

Solution A is cooled . . . . . . . . a white solid appears in
& red.solution,

if this is then warmed ., . . . . . ,'the solid dissolves,

If Solution A is treated 7
withacid . . . . . . . . . . . a whlte solid appears,

and if excess alkali is edded , . _ , the solnd dissolves and the
solution turns green.

What conclusions can we draw about thre nature df Solution A?

1. The same precipitate is formed by either the addition
of acid or by cooling.

2, A further sample of Solution A can be made in the lab.

3. Changes in temperatwre do not céuse,the same effects
on Solution A as changes in pH.

L. Cooling causes Solution A to become saturated with
respect to one chemical.

5. Solution A contains the chemicals which behave independently.

6. The addition of acid to Solution A causes & chemical change -
.which leads to the formation of an insoluble chemical.

7. 'Solution A is a mixture.



SITUATION 2.

When the bell jar that is shown
in the diagram is slowly
lowered over the burning candle,
the flame is extinguished and
water is seen to enter the jar
to a height of aboult one fifth
of’ the total volume of the Jjar.

v:::~§§£&3-:::rJ [ Analysis of the gas that remains
in the Jar shows that it

contalns 1655 by volume of oxygen
and 4% by volume of carbon dioxide

with o little hydrocarbon vapour.

What conclusions can be drawn from these observations?

1.

2,

,3.

5e

6.

Hot gases are trapped when the Jar is lowered over the flamo
and the water rises as the gases cool,

The flame is extinguished when there is insufficient oxygen to
support combustion.

Similar observations are made when a candle with a long
wick is used.

More than 4% by volume of carbon dioxide suffocates the
flame,

The water 1eve1 will rlse to the same height if an alcohol
flame is used,

The flame is extinguished when the proportion of oxygen
in the air is recduced to a minimum value.

L .




STTUATION 3,

A student observes that when chlorine gas is passed over
solid icdine, an apparently black liquid is formed which
slowly turns into an orange solid. If this orange solid
is allowed to stand in the air, a black liquid is observed.

_ That conclusicns ﬁay bz drawn?

1. The ‘apparently blaclk liquid' contains both jodine and
chlorine,

2., Chlorine reacts with iodine,

3. ’The jodine cannot easily be recovered afterwards.

L, ‘Two reactions are occurring, |

5. The orange solid can only be preserved in an atmosphere
' of chlorine.

6. The black 1liquid which is formed when the iodine reacts
with chlorine has the same composition as the black liquid
which is formed when the orange solid is left in the air.

7+ The black liquid resembles liquid bromine.

8. There is a greater proportion of chlorine in the orange
s0lid than there is in the black liquiad.

P



STITUATION 4.

Volume
+ Gas B
1 |
L7 ~Gas A
1 d
A ~ L0t P
S—— Mort S '. ”
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The diagram shows two tubes containing gas A and gas B, respectively,
each trapped by a drop of mcrcury The tubes are held in an oil
bath so that the volume of the two pgases at different tcmperatures
can be measured, The graph shows these volumes.

What conclusions moy be drawn about the behaviour of pas B?

l. Gas B may be turned into a 1iquid by coollng.

2. The volume which is effectlvely filled by each molecule of
gas B contracts es the temperature is lowered.

,.3. At temperature t§ there are more molecules of gas B than
there are of gas A, o ,

L., At temperature t2 there are au‘many molpcules of gas B as

there are of gas A. v :
5. Gas B undergocs a reactlcn at temperature tzv‘ b i o
6. At temperatures higher than 4 the two gaues bchave differcntly.

7. VWhen gas B is cooled from temperature t3 to: t mperature ti’ it w111
" have the same volume as gas 4, e

e



STPUATTON 5.

Concentration
of iodine N

N : " Lliquid B

bl R e e e Tl L IR —

Liquid A

P ] LA B R B I O O

Liquid A and Liquid B do not dissolve in one another but iodine is
soluble in them both, A flask which contained a litre of Liquid B
with fodine dissolved in it was shaken with a litre of Liquid A for
five minutes. The flask was allowed t6 stand and then 10 cmd semples
of each liquid were withdrawn with pipettes and the concentration of
iodine in these small volumes was determined. Shaking was resumed
and after each period of five minutes further 10 cm” samples of each
liquid were withdrawn and analyucd The readings which were obtained
are shown in the diagran,

What conelusions czn be drawn about ths behaviour of the iodine?

1. If all the iodine had been dissolved in Liquid A at the start of
© the experiment, the two curves would have crossed over..

2, The iodine is more solublé in one liquid than in the other,

3. Similar results would have been obtained if half-litre volumes
of liquids had been used.

L. If the experiment were to be repeated at another temperature
different readings would have been obtained. -

5. The concentrations of jodine come to a state of equilibrium.
6. Bromine will behave similarly.

7. If all the iodine had been dissolved in Liquid A at the  °
beginning of the experiment, the concentratlon of iodine in
- this liquid would have fallen.

8. The curves would have lavelled off sooner if a mechanical
stirrer had been used. o

e



In Port Tvio.eeeess

eveesss Of this test you will meet five further situations,
This time experiments are supgested which might
be underteken to shed light on the problem which is
posed.

Put an E if the experiment will lzad to information BEYOND
that already given, AND this information is
RELEVANT to the problem stated,

Put an F if the experiment will lead to information REYO:D
that already given, BUT this information is

TRIGLEVAHT to the provlem stated.

Put a G if the experiment will merely give information which
is AIRTADY AVAILABLE,

et



SITUATION V,

Powder A was in a paper bag and Crystals B were in a large carton.
Both were stored in a damp cupboard. After some daoys A was found
to be wet and B wes still fairly dry.

IS PRODIEY i3 to determine ths cause of this difference in behaviour,
You arc to assune that the chemicals will be re~examined for change
some time after the experiment has been set up.

i. Dry both chemicals before putting them away.

2. Store Powder A in the carton and Crystals B in the bag.

3. Grind B to a powder befere storing A and B together as before.
L, Tind the degreec of humidity of the air inside the cupboard.

5. Store both the chemicals in a dry cupboard.

6. Store Povder A and Crystals B on separate watch glasses contained
in the same paper bag in the cupboard.

STTUATION .

A line of coloured iron poles was sticking out of a muddy beach between
the low 2nd high tide levels. The poles which were painted red were
well covered with barnacles; the blue poles were falrly free of
barnacles,

THE PROBLEM is to dstermine the cause of the uneven distribution of .
barnaelas.  Assume that a note will be maede of the number of barnacles
on cach pole before the suggested experiment and another count will be
nade after a lapse of time,

-1, Prepare a mixture of red and blue paint and then repaint some poles
- with the mixture.

2, Alter the colour of the paint by adding charcoal or other black
pigment and repaint the poles,
3. Paint iron poles with yellow and green paint,

4. Paint wooden poles with the red and blue paint and stand them
betwveen the tide levels,

5. Move each of the existing poles to a new site.

6., Have the red and blue paints analysed to determine chemical
conposition.

P

7. Turn the poles upside down,

8. Clean the poles and then paint them in bands with alternating
red and blue paint.

9. Study the size etc. of the barnacles on the red and blue poles.



When & solution of the blue dyestuff Q is freshly prepared in
tap water it is coloured. The colour fades when the solution
has been left to stand in swnlight in a beaker on a windowsill,

THE PROBIEM is to determine the cause of the fading, Assume that
the colour of the solution will be re-examined some time aftler
each experiment has been set up.

1. Prepare solutions of Q covering a range of concentrations.

2. Dissolve Q into water which has previously been boiled to
remove tle air dissolved in it and then stopper the bottle
tightly.

3. lLeave a fresh sample of Solution Q in a darkroom.
L. Prepare a solution of § in alcohol and leave it in sunlight.
5. Add more tap water to a faded solution of Q.

6. Leave a fresh solution of § in sunlight in a refrigerated
thermostatic tank. ,

7. Examine the behaviour of other blue dyestuffs.

SITUATION Y,

Two bottles containing liquids were placed on a tray. After a
while a fine layer of "smoke" was observed and this gradually
settled on the tray as a white powder.

THE FROBIEM is to determine the onuse of the "smoke",  Assume
that each experiment will be re-observed at a sultabla time after
setting it up.

1. Wash, dry and tighten the stoppers.

‘2, Place the tray and bottles in a fume cupboard or fume
’ chamber to see whether the "smoke" disperses,

5, Test small portions of th9 two liquids in test tubes,
L, Loave the tray and bottles in a,cabinet containing dry air.’
5. Store the bottles separately. '

6. Dip separate strips of filter paper into each liquld and
hold the strlps near one another, R

7. Remove both stoppers and leave, e ‘ .
8. Examine thc solublllty of the powdcr 1n water.



STTUATION 7,

The painted iron posts which are used to support the netting round
playgrounds and tennis courts rust far more rapidly near the ground
(i.e. within 9 inches of the ground) than they rust elsewhere.

THE PROBIEM is tn establish the couse of the uneven rustine.  Assume

that one or more poles are treated in each of the following ways and
they will be carefully examined for rust at suitable intervals of
time thereafter.

1.
2,
3

L.

5.

Scrape all the paint off,
Encase a pole in concrete.

Provide & shield to prevent rain water from splashing up from
the ground on to the post,

Raise a pole and replant it with the buried section encased
in polythene.

Replace an iron pole with another which is identical in all
respects except in that it is made of aluminium.

Raise a pole and replant it the other way ﬁp.

PoL)






THIS IS A TEST OF CHEMICAL JUDGEMENT. It is designed for those
who do not necessarily know a great dezl of chemistry but have an
wnderstending of the ubgact You are given information end you
are asked to say whether some furiher observations end experiments
make sense, There are no catches, no mistales, no false statements,
The test is in THREZ parts. Vork carefully and sufficlently fast
to finish the test in the time allowed (40 m1nutes)

JHOSTRUCTIONS for PART OIE,

In Part One there are five situations which are typical of the
many situations which a chemist encounters., Zach situation
is described briefly, a quwestiocn is posed and some siotements
are made., You are asked to pul an X' in one (and one only)
of the four boxes for that statement,

Put an 'X' in the A Box if the statement has a SENSIBLE bearing

-,

on the problem and if it is also JUSWSFIZD end HVQPLCL in

relation to the facts and observations which are g£iven.,

4

Put an 'X' in the B Box if the statement has a SENSIBLI bearing
on the problem but it is ROT JISTIAISD because it makes use
of important information about the situation which has.not
been given in the description. , o .

Put an 'X' in the C Box if the statement has some bearing on the
problem but conteins information whlcn is DIADICULTSE AWD

UNHELFFUL becavse it merely restates the information wiich has
been given already or fails to throw any light on the problem.

Put an 'X* in the D Box if the staterent, though scnsible, is
IRPIIEVANT to the problen given and so has no bearing on it.

BMEMEER Chnose A Af the statement is JUSTIFIED

B  NOT JUSTIFIED
c | INADIQUATE
D - IRRILEVAN

£

THIWK CLREFULLY about the DIFFERENCES between those choices
 BUFORE you start,  VWhen you have started, think about
each statement carefully and qulte independantlj of all -
the other statements.

Put ONE 'X' ONLY in BACH GROUP OF FOIR BOXES,

1



A bottle contains e red liquid called Solution A, It has at least two

STTUATION 1.,

chemicals dissolved in water. If eecence

Solution A is cooled a white solid
appears in a red solution,

1f ihis is then warmed the solid
dissolves.

If Solution A is treated with
acid a white solid appears,

and if excess alkali is added
the solid dissolves and the
solution turns green.

PP

Solution A is unlike other solutions, Why?

1.

2.
3.

.-

The same precipitate is formed by either the addition of -
scid or by cooling.

4 further sample of Solution A can be made in the lab.
The behaviour cf one of the chemicals depends on pi,

Cooling causes Solution A te become saturated with
respect to one chemical,

Solution A is a mixture,
Solution A contains an indicator and another chemical,

Solution A contains phenol (Cgls 50H) which is soluble in
alkali but not in acid.

The {wo chemicals in Solution A do not react with water.



The bsll jar is lowercd over the
burning candle and left for a fow
ninutes.  VWhen the stoppor is
pushed into position the caondle
flame is slowly extinguished and
water is seen to enter the jar.

Analysis cf the gas that remains
in the Jor afterwards shows that there
is 165 by volune of oxypen and
If5 by volume of carbon dioxida.

The water rises to replace ;ﬁﬁth of the 2 air in the Jar, Vhy?

B2 s B .

9, While the candle is alight, it warms the air in the Jar.

10, The flame is extinguished before &ll the oxygen in the Jjar has
reacted,

11, Similar observations are made when a long, thin candle is used,
12, Ths water rises whea the hot gases in the jar cool and contract.

13, The water level will rise 1o about the same height if an alcohol
flame is used, '

U, The flame is extinguished when the proportion of carbon dicxide
in the ges which reaches the flame rises to a maximum value,.

15, Air contains 1/5th oxygen.

16, Water does not rise so far up the jar if the stopre* is pushed
in 1nmediate1y thes Jar is in place.

SITUATION 3, :
A student was experimenting with the elements in the VIIth Periodic
Group, i.e, the Halogens. - He observed that when chlorine gas is
passed over solid iodine, first an apparently blaclk liquid formed

~and there was a small incrcase in mass. Then the liquid slowly
turned into an orange solid with = further inerease in mass. - When
this orange solid was alloweu‘to stand in the air, a black liquld wag
observed ‘

Vhat has ocourr@a? 'What dbmyq think of thes

do. you think of t comments Whlﬂh Lhe
Qtudent na&e”

17. ‘The 'appwrently black 11qu1d' GOntdlna both ioalnc and cblorlne.

18."Two chemical revctiono are occurrlnb.
'19. The orange solid iz chumically uhSt“blG.»

20. The blacl liquid which is forumed vhen the iodine reects with
" c¢hlorine has the szme compositicn es the black liquid which is
formed when the orange solid is left in the ulr

21, The black 1licguid yesewbles liguid erLﬂna. 2

22y The pronortzoa of ¢h 1or1ne in the ,~ﬁnga soliﬁ is thrn times the
proportion of chlorine 1n the blacle 1liquid, ‘

23, Iron reacts with cﬁlcr ne ta zive en orange elid; 
, 2#._;Halogunu,r 200t Wltu o another Rt '



SITUATION L

Volume
r ' , .
-— \-l"u—/‘ ’ . ”’a" San;}p'e
11 : s ..~ Sample.
L7 et A
L4 ’.'
4 ®
. "'o
Sample A ,,"',-'
B ’t"
Sample B -
Fy J W j .
- ] ' low Ty Ty T3 h:gh
Temperature

The diagram shows two tubes containing samples of gas trapped by & drop of
percury.  The tubes are held in an oil bath which can be hecated, The
volume of the two gases at different temperatures can be measured., The.
graph shows the volumes of the samples over a range of tempe raturés.

The two gases behave differentlv, Thy?

25, Sample B mey be turned into a liquid by cooling.

26, At temperature Tz, there are more molecules of gas in Sample B
than there are in Sample A.

27. Sample B underpoes a recction when heated.

28, The graph shows that at temperatures higher then T1, the tho gases
behave differently. :

29. Sample B was dinitrogen tetroxide (Np0,) .
30, Both samples are gaceous at temperatures below To.

31. The gos hydrogen iodide would behave like Sample A at temﬁeratures
ngar 100°C and like Sample B at temperatures near 500°C.

32. The experlment was conducted ot constant pressure.



SITUMIICH 5,
BRI A Y

Concentration

of iodine|
\
\ .
\
\
~ .
b * .
S .l Liquid B
4
Liquid A
"'fp.— .
'd
’
’
Pt v Yt
¢ Q b
*
L4
L4
. 4 ,
,
t Time

Liquid A and Liquid B do not dissolve in one another but iodine is
soluble in them both. A {flask which contained a litre of Liquid B
with iodine dissolved in it was shaken with a litre of Liquid 4 for
five minutes. = The flask was allowed to stend end then 10 om? samples
of each liquid were withdrawn with pipcttes and the concentration of
iodine in these spall volumes was determined,  Shaling wes resumed
and after ecach period of five minutes further 10 cm” samples of each
liquid were withdrown end anwlvsed. - The readings which were obtained
are shown in the diagram. ‘ : ‘

Some chemistry has occurreaA What do vou think of 1ha fo]low:nw
Qbservut*ons on 117 : e

33, The iodine is more soluvle in one liquid then in the other.

3. The concentration of jodine in Liquid A increases until it
resches a maximum value,

35, If the experiment were to be repeated a2t a higher teurgratuﬁc
the .two curves would become level sooner.:

36, The iodine comes to a state of equ¢11brium,
37. Bromine will behave similarly in the two liquids,

38. Scme iodins is lost from tha fla ch time the 10 cm3 kamples
are withdrawn, : "~

39, The ratio of 'a' : 'H' is constant aftpr t¢ma t.

L0, When Liquid A is water and Liquid B is trichlornmethano the
: value of 'b' will be. 40 times grP?ter than 'a', » :




In Part TWO seeeeenrs

veeseess Of this test you will meet five further situations.
This time experiments are suzgested which might
be undertaken to shed light on tho problem which is
posed.

Put an 'X' in the E column if the experiment which is suggested
will lead to information BEYQID that already given,
AlD this information is RsL fﬂﬂi to the problen
statcd

Put an 'X' in the F column if the experiment which is suggested
will lead to information BEYQID thaet already given,
BUL this iaformation is IRX: LJV I to the problem
stated, 2

Put an 'X' in the G column if the experiment which is susgested
will merely give information which is ﬁLuHLDY
AVATIARLE, .

* -
o~

Put ONE 'X' ONLY in FACH GROUP of TIREE boxes.

Do not assuse that information from other experiments is
available; .consider each experiment according to its own merlt.




STTUATION V,

Solution Q is made by éissolviag Jg. of Solid § in 100 cmj of
water. VWhen it is freshly prepared it is blue colouwred, The
colour fades when the solution has been 1c*t to stand in a 250 e’
conical flesk on a windowsill.,

The colour fedes., Why?  Assume that the colour of the solution
will be re-exemined some time after each experiment has been set up,

1. Dissolve Solid Q into water which has previously been boiled to
remove the air which is normally dissolved in it and then stopper
- the botltle tightly.

2., lLeave & fresh sample of Solution Q in & darkroom.

3, Prepare o solution of 3g. of Q in 100 Cm3 alcohol and leave it
“on the windowsill.

. v
.. Dissolye 6g. of Solid Q in 200 cm”’ of water and leave in a
250 en conxcal flask on the windowsill,

5. Examine the behaviour of other blue chemicals.,

6. Prepare Solution § in a 250 cm® becker and leave it on the
windowsill,

STTUATION VI,

Two loosely stoprered bottles containing liquids in frequent use in
the laboratory were placed in a rack. After a while a fine layer of
smoke -was observed and this gradually settled on the trey as a white
powder, ,

Smoke is formed, Why? Assume that each experiment will be re-
observed at & suitable time after setting 1%t up.

7. Place the tray and tottles in e fume cupboard or fume chwmber
to see whether the smoke disperses.

8, Leave the tray and bottles in a cabinet containing dry eir,
9. Stopper the bottles firmly and utore them sepsrately, “
10, Remove both stoppers and leave.

‘ll. Exomine the solubility of the powder in vater.

12, Empty the two bottles, then wash, dry and refill then.( Stopper
~ thenm 1oosely, shake and store them in the rack, - :




STPUATION X,

[

=E

L S e

e e
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17.
chemicals as before.

18.

Two chemicals, & and B, were stoved
in & demp cupboard. A vas & »wre
powder and it was in a paper bag.
The crystals B were in & large open,
waxed carton. After some days A
was fouwnd to be fairly wet and B
was still feirly dry, but the
surface of the crystals were
covered with white powder.

A 2xd. B have breved ifferently. . YhLE
You are to assume that the chemicals
will be re-examined for change some
time after the experiment has been
set up,

13. Dry both chemicals vefore
putting them away.

Yr. Store A in the carton and 3
in the bag,

15. Grind B to a powder before
storing A and B together as
‘before,

16, leasure the degree of humidity

of the air inside the cupboard
with a hygroneter.

Shake to remove the powder from the surface of B, dry A and store the

Replace A with powdered sodium chloride and replace B with hydrated

sodium carbonate (NapC03.10H,0), ard store as before.

SITUATION Y.

#*
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v
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the red paint and some with the blue and plant then below the low tide

.
-

A line of iron poles was sticking oub
of & muddy beach between the low and
high tide levels. Some poles were
painted red and they were found to Pe
well covered with barnacles; other
poles were painted blue and they
viere found to be fairly free of
barnacles. A ' '

The barnscles ave wnevenly Jistribvuteds
Why?, Assume that a note will be
made of the number of barnscles on
each pole before the suggested
experiment and another count will De

made afler a lapse of time,

19. Paint some iron poles with yello”
point and some with green and 150
plant them between the lide Jeve

20. Replace the iron poles with frosh

ones which are identical with
iron poles in all other aspects

except that they are made of yroods

21. Pzint some t2ll iron poles with

eVt

22, Have the red and blue paints analysed to determine chewical compcsitioﬂ'

23, Turn the poles vpside down.
22{’ .
- .poles to mateh the old.

Plant a new iron pole,cloce to each exisling

pole and paint the new -




The painted iron postis which

ere used to support the netting
round pleygrounds and tennis
courts rust far nmore rapidly near
the ground (i.e. within 25 cnm,

of the ground) than they rust
elsewhere.

The rusting is uneven. Why?
Assume tlint one or more poles are
treated in each of the followingz
ways and they will be carefully
examined for rust at suitable
intervals of time thereafter,

25, Provide a shield to

- prevent rain water from
splashing up from the
ground on to the post,

26. Raise a ?ole and replant it with the buried section encased
in polythene. '

27. Replace an iron pole with another which is identical in all
respects except in that it is made of aluninium.

28. Raise a pole end replant it the other wey up.
29. Replent the poles with rust resistant paint.

30, Shorten a pole by cutting it through at 25 em. above ground
level and reset it in the ground.

~ TIRN OVER for PART 111



Part THREE.

Here are FIVE more prcblems. On the piece of paper provided foll-
owing on from Part II, devise TEN simple experiments similar to
the ones given in Part 170 which you think would lead to RUTIVAND
information B3YOHD that already given, i.e. exnerlments which
you “have given as BT in Part T70, All your ten experiments -
riey concern one problem only or they may be distributed between
the five problems in any combination.  Show which problem each
of your experimﬂnts relate to by writing the appropriate letler
in. the mergin,  Outline experlnents in &s few words as possible
ang keep them simple.

Problem J.

- You observe that all the bottles of a certain metal salt solution
which have been on the shelves in your laboratory for a long time
heve a pale green material in the bottom,

What is the origin of this material?

Provlem K,

You are supplied with some covpver nowvder and you are sﬁrprised
to see that it gives a gas when heated with dilute hydrochloric acid.

VWhy does this sample of copper react with dilute hydrobhlo;ic 20id?

wProblem L,

You notice that a block of ice in a metal can does not float to
the surface as soon as the can is filled with water but does rise
to the surface later.

Why is the ascent of the ics delayed?

Problem M,

You %re told to prepare & solution of alcohol by mlxin”' :
50,0 cin” of water and 50.0 emd gleohol.  You do 50 carefully and
find that you have only 96,0 cm” of solution,

Why is the total volume less then 100.0 cem”?

Problen M,

You notice that a drop of pink salt solution gives a steady
supply of oxygen when added to some bleaching povder and the
powder turns black.

Fd

Vhet 13 the role played by the chemical in the pink salt solutlon°

oy



‘i;-: question and then has some ideas about experiments which might
A.’ be done to answer the guestion. - If you think that the

" ta help da tha design of teaching in Chemiatry 80 do plense take .

Appendix G

Judgement Exercises -~ IV

| & Sadat o

(CHEMICAL  EXPERIMENTS

| Inside this leaflet you will find a brief
dascription of seven laboratory situations. Each one asks a

“a
e -

experiment would lead to information which is helpful in
answering THAT question, please put a tickkﬁ/) in the appropriate
box on the answer sheet., If you think that the experiment is
unlikely to be helpful please put a dash ( ) ia the box.  You
are not oxpocted to be abla to answer the queation youraelf.

Cwe cnly want to know if you thlnk that the experimenta would help
[‘you to dxscover the answer. Think particularly about tho word
wh;ch ‘has baan underlinad.' :

i e s e i o o i W

o Ploase assume that only one exporiment ia boing dono "
at & time; one thing only is being changed in each experiment. :  :

Your answers to thia exarcisa are going to bb‘used

care. ~If you really have no idea, then you must make a guesu,'
but do think carefully first, = Work steadily sand do not allow |
yourself to get too far behind. R D S CE

sy

‘Thank ydu very much for your help.




(A) You are told to mix 50 emd of a certain solution of
hydrochloric acid with 50 cm” of a solution of sodium
hydroxide. You do as you are told and find that you
have only 96 cm? of solution.

Yy have you cot less than 100 em’ of solution?

(1) Check on the accuracy of your measuring equipment.

(2) Vary the vrovortion of acid to alkali.

(3) Use a different acid.

(4) Use acid of different strength.

(5) Observe *he terperature changes on mixing.

() TFit a condenser to ensure that there is no loss of water vapour.

(7 Weigh the two solutions before mixing and then again
afterwards.

(8) Wait while the mixing flask cools.

{9) Repeat the experiment with alcohol as solvent instead of

water.
{20) Mix 52 cm’ of acid with 52 cm? of alkali.

(B) You take an ice cube from the refrigerator and put it into
a stainless steel mug. You pour water into the mug and you
find that the ice cube remains at the bottom of the mug for
some seconds before it bobs up to the surface.

Wny is the ice cube delayed at the bottom of the mug?

(11) FEreeze tre mug before putting the ice cube in it.

(12) Vary the tire before pouring the water in.
(12) Use a jasrned piece of ice.

(14) Use a glass.

(15) Roughen the inside of the mug.

(16) Paint the inside of the mug.

(17) Use a liguid other than water.

{18) Use a stainless steel mug of another shave.

(19) Allow the ice to stand in a warm room before using it.
(20) Fill the mug with water then add the ice.

(21) Use warm water.



()

(D)

A small glass tube was hung in a horizontal position on a
cotton thread. It was then filled with tiny crystals of
one of the salts of the element manganese and both ends of
the tube were plugged with wax. The tube was found to twist

.round on its thread when a magnet was moved up to it.

What is the cause of this twisting movement?

(22) Using magnets of different strengths.

(23) Use a tube made of iron.

(24) Use another salt of manganese.

{25) Use a salt of manganese in another oxidation state (valency).
(26) Use plugs made of cork. :

(27) Hang the tube vertically.

(28) Dissolve the salt in water before filling the tube.

(29) Use salts of other metals. i ’

(30) Use a single large crystal of the salt and no tube.

If iron tubes are used to support the netting round a playground
or tennis ‘court, they appear to rust fairly evenly; if iron
posts with an L-shaped section are used they rust first near the

ground.
Why do the two types appear to behave differently?
(31) Protect both types of support from being splashed.
(32) Provide the posts with protective paint.
(33) Fix guy ropes to the posts to prevent them from bending 4n
the wind. ;
(34) Examine the nature of the metal used in each type of support.

(35) Provide a protective layer round the buried part of all  the
supports.

(36) Ensure that dogs do not have access to the posts.
(37) Use plasfic coated netting. .
(28) Fix a tight cap on the tops of the tubes.

(39) Drill a hole in each tube at ground level to let rain water
) out.

{(40) Examine the inside of the tubes.



{E) Some iron poles were planted bstween the low tide mark
and the high tide mark on a sandy beach. The poles which
' had been painted blue were found to have many barnacles and
the poles which were painted green were found to have few.

Why are the barnacles unevenly distributed?

" (k1) Vary the helgnt of the poles.
(42) - Exchange the coloured iron poles for coloured wooden ones.
(43) Examine the chemicals used in the paint.
(#4) Exchange the poles for others painted in red and yellow.

(45) Mark the barnacles from the blue poleé with a blue spot
: and those from the green poles with a green spot and
release them.

(46) Study the changes in water temperature. . )

(47) Paint the poles with blue and green paint made by a
’ different manufacturer.

(48) Turn the poles upside down, replant them and then repaint
them.

(49) Coat the poles with blue and with green plastic.

\
(F) A student noticed that four of the bottles of menganese sulphate
' solution in the school laboratories contained sumples of a soft
and green material, and that a fifth bottle of the solution did
not have the solid.

What is the origin 6f the green solid material?-

(50) Filter the material and leave the solutions as before.

"(51) Cork the bottles more tightly.
(52) Examine the paint on the shelf beneath the bottles.
(53) Examine the glass of the bottles.
(s4) Discover how long each bottle had been in use. N
{55) Leave bottles containing fresh solution in the dark. -

- {56) Dilute the contents of a contaminated bottle, shake and leave
it as before,

(57) Store the uncontaminated bottle in a warm place.
(58) Examine bottles of other solutions.

(59) Ask a friend at another school to look at the bottles of
manganese sulphate solution in his laboratories.



(G) A student removed the cork from an empty bottle and then cut
off the bottom cleanly. He fixed a lighted candle to the
bottom of a bowl, poured water round it and stood the bottle
over the candle. He paused and then pushed the cork in firmly.
The candle continued to burn inside the bottle for a short while
and it then went out slowly. The water level inside the bottle

" rose until the bottle was aboui 1/5th filled with water.’ (About

15% of the gas which remained in the bottle was found to be
oxygen. )

Wry was the bottle filled to the 1/Sth level?

(60) Pause for longer before pushing the cork into the neck of
the bottle.

(61) Use a larger bottle.

(62) Use a longer candle.

(63) Use a longer wick.

(64) Use a candle made of a different waXe

(65) Put more water into the bowl.

(66) Use warm water in the bowl.

(67) Use a liquid other than water.

(68) Earich the air in the bottle with oxygen.
'(69) Earich the air in the bottle with carbon dioxide.

{70) Experiment without the cork. '
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Responges to JE-IV

Code E

11

12

13

14

15

16

17

18

19

20

21

F : unhelpful

G

: helpful

13
-

already available

22 G
23 F
24 E
25 E
26 F
27T F
28kE
29 E

30 E

31
32
33
34
35
36
37
38
39

40

E1 : one step
E2 : two steps
E3 : three steps
E F
50 G
41 G 51 G
42 F 52 F
43 E2 53 F
44 F 54 E1
45 Ez‘ 55 E1
46 F - 56 F
47 E2 | 57 El
48 G | 58 E1
49 G 59 G

)

) in

) hypothesis
) chain

)

60 E
61 G
62 E
63 E
64 E
65 G
66 G
67 E
68 E
69 E

70 F



B&D

Here is an example:

A man broke a single piece of Cadbury's chocolate from a new bar and put
it into his mouth, He bit on it hard and he then experienced o degree of pain
which was sufficiently intense to cause him to remove the fragments of the chocolate
from his mouth,. The man thoupght that the pain was associated with his teeth even
though he had had no dental trouble for sometinme, Examination of the fragmcentls
revealed a very small piece of 'silver' wrapping foil,

What was the causc of the pain?

(a) examine his mouth for a piece of broken tooth, a cut or an ulcer,

(b) feed the man another picce of chocolate with no foil on it,

(¢) examine the man's mouth for dental stoppings.

(d) place a clcan nail on his tongue,

(e) give the man a piece of Fry's chocolate with a small piece of foil adhering to it,
(f) feed the man a piece of warm chocolate with a small piece of foil.

{(g) try the man on a double sized piece of chocolate with a tiny piece of foil on it,

Correct
answer
(a) x The man is obviously in good health.
(b) g The foil is likely to be involved.
(¢) v The stoppings contain a base (less reactive) metal and are
likely to be involved.
{d) V/ A nail contains a more reactive metal (iron) than the metal
. in the dental stopping (mercury), Hence a little electric
cell is established in his mouth,
(e) x The manufacturer is irrelevant,
(n X The hardness of the chocolate is unlikely to be a factor,
(g) X The presence or absence of chocolate ~ and boiled sweet - is
irrelevant.
When you have finished the test chose any one or more of the problems

given (including the example) and suggest as many as ten more experiments which
you think would be worth doing. The ten may all be concerned with the same ex-
periment or with any combination of experiments, ¥rite no more than a few words
on each of your experiments (as was done in the test).

Here is an example:

A man broke a siuple picce of Cadbury's chocolate from a new bar and pnt
it duto hig wouth, He bt on it hard and he then expericaced a doepree of pain
which was sufficiently intense to Cause him Lo resove the frageients ol the choeenliate
from his mouth, The man thoupht that the pain was associnted with hin teeth evoen
though he had had vo dental trouvble for sonetime, Examination of the Urapguents
revealed a very small picee of ‘'silver' wrapping foil,

Viinr was {(ho eause of the pain?

(a) examinc his wouth for a piece of broken tooth, a cut or an ulcer,

(b) feed the man another picce of chocolate with no foil-on it,

(¢) examine the man's wouth for dental stoppings,

(d) place a clean uail on his tonpue,

(c) give the man u picce of I'ry's chocolate with a amﬂll plece of foil adherving to it,
(f) feed the man a picce of warm chocolate with « suall plece of foil,

(g) try the man on a double sized picco of chocolate with a tiny picca of fail on it,

Try'to think of the problems in terms of chaing ot interconnected factors,
Here 1s @& possible chain for the chocolate problem:= s

. (2) saliva . (3) dental m
, S fan electrolyte toppin; (electric)

(unrenctlva ocellow lik
metal, e.g. : a battery,

(6) aggravates -
nerves undep
“dental stopping

(1) foil = aluminium
{a reactive metal

" (5) a potential
‘difference
“ (voltage)

OAS et

Tick only the experiments which confire the links of the chain Thusf

(b)is gﬁpd becausa we are 1nterestad in whathor aluminium hus lO be ybuaenc

v or mot (link {1)). . X e . R
(¢)]is good because we want to know whether the stoppias (unrcuctive metul) 2

e 1s important {link {(3)}. - / e : )

(d)}is good because if irom wlll cause pain rerurdleus ot whether chacoiate
\ is present or not our prcposed chain is prububly ccrrect. L -

» | (a)} (e), (f) and (g) are irralevant tt our chain is correct.

Before you fill ip your answers 1o éach of the prablems‘put iﬁiﬁ,éhain (§r éora
than one chain) with as many links in it as posgible in the space below, = Even two
links may well be useful,  Then put a tick or & crous in the hoxes, R




cC&D

Horve in un exasplo:

A mua brohe o gingle pleve of Cadbury s chocolate frma o now bar and Wt
it into hds moutlh, Ho bt on Bt hard and e then expericiced & doepree ol o l
\thlch was sufftetently 1ntenne to cavse hie Lo remove (he frapments, vnl' Lhe i'lmu:)ul )
from his mouth, The mun thoupht thal the pata wis wssaclated with hig Leeth even \
though he had ad wo deatal troable for sumctime. LExawination of thoe h‘uwwulwl
rovealed u vory smull plece of ‘ualver' wrapping foil, ‘

What w the cause of the pain?

() exuminge his nouth for u piccu of brohen tooth, & cut or an uleoer

(L) feed the muan another piceo of chowolate with ne foi) on 4t '

(e) exunming the man's south for dental stoppings.

(d) place a clean nail on his tungue,

{e¢) give the mau a picce of Fry's chocolutao with a wwall piecs: of foil adhering to it
(f) feed the man a pivce of warm chotolate with a wmall picce of foil, ‘ '
(g) try the man on a double sized picce of chocolate with a tiny picee of foil on it,

.

Try to decide whether each experiment is -

{a) relevant or not
and (b) useful in that it provides new information,

Help yourself to do this by assigning each experiment a letter from Llhis matrix,

the experiment
A LTRSS
isg is not
relevant relevant
provide
new E x ¥ * An experiment is only
h information worth doing 1if it hog
F 8 3 an 'B' classification,
experiment | — - -
does \ NOT
i provide new G H
information
| e |

Experiment (a) falls into category F - the information as to whether he has cuts and
: ulcers is new but it secms unlikely to be re-
levant,

" (b) " " " £ - the foil is made of aluminium which is a reactive
metal and may form the anode of & small cell
{battoery).

" ¢y b " u E ~ the unreactive metal {morcury) in the stopping

may form tho cuthedo of this eell,  (Saliva furms

the electrolyte), .

" (d) " " w o E -~ the iron of the najl is sufficiently resctive ta
: “form a cell with the stopping.

" {e) " " " H -« the manufacturer is irrelevant. Both

; : )  Cadbury and Fry market.a high quality product.

s ) w v AT " F - the man will be able te bite the 'chocolate more

easily if it is soft but he will experience the
pain regardless of how hard the chocolate is,

o) e " G - obviously no now information will be provided,

Assign one 0f these four letters to each of the exbcrimencs.
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Appendix H

End-of-Year Chemistry Examination
IITrd Forms

11Ird FORM CHEMTSTRY EXANINATION, Yeur name &

initials: LI I I I T .
Sunmer 1976, ' Tt

Ymﬂ'r"-=u¢oocttou0

De ALL the questisnsg, Answer Part I ea the questien paper; saswer Part I en

lined papar,
PART T, Narks,
1e 'I‘v.lyuomhuparatdby.......-....--.-- (1)
2, The pereantage by mass of hydregon 3n watal 48 o 4 o 4 o ¢ s ¢ s 0 + 2 o o (2)

(=1, 0=16)
3. Ac‘t‘l.ylthococto'oc-ooo'tot--coutootccno

* & 2 ¢ B v & P 9 2 s F F 9 S 5 B P s P 2 B B & B 2 8 B 0 4 P & " 2 ¥ 0 (2)

4, Hew many times greater is the mass f & phesphine (PHJ) melesule than the
ussofutmania.nlnulo(NH})? L I I I I I R A A I IR N ) (2>
(Heq, Nuiy, P = 31)
5¢ = 10, The table belew is & nodified fecm of the Parledls Table for the first
twenty eleasats, The letters X, v, 2 eto, are cede lettars and de not

represent the aetual chemleal mboh of the alements Use the code
letters when answering questimms 5, te 10, (mol\uius

I 0 o™ ¥ ¥ © W Vi

X w
Y W
Ly
5.Thofu*-uhufthamlphahof?h...........-.. o (2)
(The sulphate fea has the fermuls 50 2')
6.’ The -lutrqnio omfig\ratim‘fﬂu L 11113 L CIC RN BN AT I I S (2)

7+ The fermula of the “upomarmoihtnenXmiZil v es e '."‘, (2)
8, uhpwtutfmtwoutthouhani:tryduuﬂmtitit.--e-a..n.r

.....’.‘..""‘.""..'..'.".""".."(1)
9, Write sn A in tho tedle rnr &rnotivo metal with o nlancy o1, - (1")7
10, Iritc 83 in the tadle fer & rnotin nm netal with 3 nloncy o 2 o M)

i1, 4 e ;ovdw gave off a gas nauly ‘and in the eeld whea the p“nr waS
treated with dilute sulphuris acid, 4 dlue selutima remained,

The green pewier oould be .....-.-..¢.qoc’-...\.k. ('2)';
12, A siugle nva.lnnt bond s formed betwsen twe atoms ot shlarine ia & '
: ~ chlerine ulnulo. This 1s dene by sach atom o » o ce s evea s .. b
.............'.,...“..n..............;,-”‘g(z).
13. Se144 seitim ahleciie doos met smiust eleatrlelty Becauss o i 4o s s e s '

.0.0Q".l.llO'..""Q'.."Q.l'."'!"‘_\, (2)




1,

154

16,

17.
18,

19,

20,
‘m )

22,

Appendix H

End~of-Year Chemistry Examination

IIIlrd Forms

-2

Mreuine and ehlorine are in the same group of the Parioite Tadble, They
reseable ess anether in the following thrae respectsi~

(i)ovcpo'ltotosoQ-c'oocoo'..
(ii)oaooottttuOu’octo.‘o...o.

(iii)..'..'...l.....'..".""

When iedine erystals are heated in a dry tube, & purple vapewr 12 ebsarved
and erystals o«f iedine appear near the neok of the tube,

!‘hhbohcvimn'hhaoribdu.q.......-..-....

A convenient reastion whish oould {er 1s) used fer the preparatisa ef
hydiregen in the labaratery is the reactien between =

*® 8 0 0 & 0 2P 00 0 08 e m‘ ® 0 * s 2 0 0 P e o0 e 9

4 metal exlde whish can easily be reduced to metal by heating in hydrogen is

L I O N 2N N I I 2 N DN IR DN T DN N DR BN BN DR NN BN BT B RN I

A selid whieh loses its water of arystallisatien to the atwesphere is said to -

O & 9 0 2 % 0 0 & P 0 % 0 S B 6 B 2 W A B EE e s

Yhen 4,0 g of caleium are burnt in ehlerine to form caleiua ehleride
ncurding te the equatim

Ca+ Cl = CaCl,

the mass otu‘loiunohlarihvhichuulibotwno&h e s s s s e s s e
(c1 = 35,5, Ca=0)

dtoms of elenmts in Group II of the Pariodis Table fora ims by

LI N I I I TN INE I R DI N I B B B N DEE I N N D DN AN R DU RN NN DN DY NN IR NE 2N BT NN NN Y

The total number of atoas present in one moleculs af prepanme
((cus)ch)h L JNE I NN B N T NP N DL R N B L B R B
The infoervatien noodad to emvert an upirioal farmula inte a ul»ular

‘formuls is =

B

2k,

25,

w!.l’.""r.l.'."‘..."‘......‘.'-"."J

Q‘.."‘ll..'.".‘.!l!|‘

!‘bo rohtiu molsoular mass of oarbon dioxide is 44, This means tlut

m"‘l‘.\u.“owbmumi.h‘. "QQ'.‘...‘.‘..'.."Y

'COIQOQDOQQQOQOOQGG000'0'00.0."09'0

'0.9'..“..".".Q'O'I‘i"".!QQ'."
AT I 2 A I T I B Y R T N I L BN B BN S DN RN AR I B B N B N L A

4 good labaratory test for oxygtn 48 ¢ v s siv s e e S e v o v e 0 4w

(3)

(1)

(2)

(1)

(1)

(2)

(2)

(1)

)

@

The best evidence that ooull be proluood to show ﬂut 'y umpomi is imio 1: -
()

)



Appendix H
End-of-Year Chemistry Examination
I1Ird Forms

- 5 -
PART I
I, Shoew by means ef a labelled diagraa hew you would prepare s few gas Jars of (6)

chlorine in ths laboratory, Suppese that you then wished to prepars gas Jjars
of anether gas which was light, soludle in watar and alkaline, What changes (3)
would you make in your apparatus? 3

IT, What weuld you ses whon you drsp a pisce of calcius inte clean water sontaining (3)
Ltaus solution? What de your ebservatiens tell you about the hydrexide of

calodum? (2)
Gan yeu think of one reason why phosphorus can be used in wn expeariment to
deteraine the parcantage of oxygen in air whils aulphur sannet be used? (1)

or
III, Give twe resstions in whioh hydregen chloride (dilute hyirechlerio aoid) ani
shlerine differ, Give the produsts ef the resotioa in each case, (This

may be answered in the fora of a small tabls,) (&)
IV, Deacribe and explain one experiment whish you would use te show that one

setal 1s a little higher in the eleotrochemical series than snothar metal, (3)
Ve Why isn't sulphur inoluded in the slectrechemiocal series? (2}

The ayabol Na atands for the element sodium and the synbol Na' for the
sodiun 1em, One of these reaots with water and a gas 1s observed, tha
othar disselves in water and ne gas is sean, Can you explain this

difference in behaviour? (3)
Suggest three reasons why the metel meroury bas se many more uses than the
notal sedium, (3)

VI, Kow would yeu prepare & gooi arystalline sasple ef sine sulphste from
impure sine, \ ' (6)

VII, Give Wrief eutlines of separate experiments which would enable you teie
(&) discevar whether sodius sulphate was soluble 1f all the usual
laberatery reagants were available except sodium sulphate, (2)
(%) distinguish & sample of hydrochlaris acid froa oae of nitris acid, ; (2)

(6) establish which of sodium mitrate and sodium chleride was the
wore seluble at 40% , N co (&)

(4) discover whether manganese diexide er lead dioxide was the better
satalyst for the [reparatien of exygen from hydrogen peroxide, - (&)

—

VIXJ, Give three irportant reascns why some metals are comparatively chesp to
buy and othars are expensive, ; : S :

(3)

~ IX, - Chemisals Q and V are formed when Chemisal R is heated in a dry test tube,

Cheminal thumu cut te be a white, inaoluble solld, Chomleal V. is & . .
saleured, polsonous gas,  Can we prediet tlmt Gheqin‘l R un be - » 7
(n) inaclubia, (d) a oénpomd, (o) eeloured and (&) poisonoua? ‘ TL(8)

- (Simply answer 'yes' or ‘nmo' without giving ressons,) S -

X, Tin (11) chleride (S%71,) 1a & selid whieh will dissolve in water, The

solutien will sonduct eleotrieity, Tin (IV) ohlerids (56£1,) s & Liquid
whish will dlssolve in tetrachlercmethans (661#) and this selutien does not _

 smduct slectrisity, Bov do we explain these differences in behaviewr of = {4) .
these twe ooipomaa?'.~ e o e ST T R i

Y LR RN Ve



2l whena force acts on an object the effect it has can be
one or more of the following: :

! The object is made to start moving or
mcrease its speed. :

g (m The object is made to slow down or stop
‘ toving, L e
@ o) The object remains at rest or moves steadily
because the force balances other forces
. actng om it -
v} The size or shape {or both) of the objectis
changed, . : ; .
Which twoare involved when 2 stone tied 10 the
endof a pieceof string is whirled round in a circle?

W (@) i, (&) ) ix), B) s )

22 . X is a wooden building brick which is a cube lem
long, lem wide and tem high. ;
v
X
]t em
“lem tem

How many of these would it take to build Y,a
. solid tower & centimetres high, 3 centimetres long
and 2 cemimetres wide? » :

24, A food chain shows how one kind of animal depends
on others for its food. For example, A shows how
thrushes feed oa snails,which in turn feed on green
plants. : .

CA :
- Thrushes —» snails —» green plans

- B is another food chain in which there is a gap.

g

17'.\ light cardboard ring has a picce of plasticine,

heavier than the ring, attached toit. The ring is held
on a rough sloping surface in this way.

Plasticine

- When it is released, it will:
(A remain sull (<) roll down the siope

D) spin round
(®) roll up the slope ( b;:xt not roll

Blue-tits -y ?——3 greenflies —~>plants

Which of these is most likely to be the missing link

inchain B?
{A) butterflies (€Y ladybirds
(B‘/‘ ~OrmS {%) none of these

zs. A food chéin shows how one kind ‘ofanimal

W ®nr o © W s
- r’ 8

/

.

s 8 the ares of the square A s called one ;.mix‘ how
many units of area are enclosed by the shape B2

B @u @m (yw

- depends on others for its food. Why do all food
chains end in plants? Itis because: '

{8y more animais eat plants than cat
other animals

28 Some of a yellow powder was added 1o a colourless
liquid and shaken up well. A cloudy liquid was
produced, and after it had been allowed to stand
for a while 2 yellow sediment formed at the bottom
and the liquid became clear but slightly vellowin
colour. This meant that:

(R) the solid did not dissolve in the liquid

{8) the fiquid must have been water

{c) the solid would dissolve in water but not
in the liquid

{1} a little of the solid disselved in the liquid

(3\, plants are not }iving things as animals are

{3 plants make their food from non-living
things 4

(_D) plants grow maore quickly than animals

" 24 . When a thin shaving of cork is examined undera
rmucroscopr a reguiar pattern of cell walls can be seen

rather as in the diagram,’

D G SIS SIS GG SN G

This means that cork;

e o .
Gy was once living (€} s veryold

PEY mane ol e {3y

.

aasrrrorph

RSWE
A =D

Magnets Pins Pennies

Suppose sameone tries to magnetise one of the
pins. Inorder to tel whether it had brecome a
magnet or not, which one of these things would
you testiton?

[RY oneof the magnets {¢) anyof these

{(B) the other pin {D onc of the pennies

(h -"’ {" PR ,v;"'\:"{:“ ‘\»{:‘ "“t\‘g)

» THg,

I Xppusddy



Appendix J
Science Orientation Questionnaire

Please will you find out by answering the following questions. Give
yourself a rating like this:-

Give +2 for much pleasure
+1 for some pleasure
0 fair or no strong views
-1 for not much pleasure
-2 no pleasure at all

Do you look back on your science classes with pleasure?

Do scientific pursuits (model railways, slot cars, practical
botany, geology, wine making, electronics, etc,) give you
pleasure?

Do you get pleasure from working with tools (as in carpentry,
soldering, sewing, weaving, in the kitchen, etc. )

Would you (do you) get pleasure from scientific magazines
{The New Scientist, Scientific American, The Ecologist,
The Dietician, The Food Technologist)

Do you get pleasure from practical classes for their own sake,
i.e. not for reasons which relate to whether or not they are
easier or make a change etc ?

Do you enjoy science programmes on television?

Do you think that you would get pleasure from a career which is
scientific (medicine, nursing, engineering, veterinary,;‘~

4 agriculture, ete, )?




endix K
(N = 45/1V/1976)

A
Rotated Factgr'Analysis of Correlation Coefficients

of Inter Item Scores

L°1IS 9°%F 9°SE 6°€2 €°0S 0°2% 6°ZE £°€T . 0°95 6°8Y 8°8€.¥°82 | - L'6S E€'€S T'Sy O'SE o .wwwmw
] , I L | = senyea
89°1 L1°2 28°C €L°S 0°2Z 61°2 2€°C 88°S . OL°T Z¥'Z 1S°Z Z8°9 o ESTT 6T OYZOVE | - g
LS d . b es v
€S 69 9¢ b Sg 09 oootes . oo g o
9L 2s (se-) oL _ : L 6¢ (re) zT
g9 09 ¥S L A 18 | 12
(6%) oS €g 4 2 e S (e8) ¥y | o2
(rean) (1¢) . (v%) 9% ; 99 , S ¢ 3 6T
4472 os <9 , zL ; : L 8T -
g9 zL . R 8v 1 S 9 FA |
(fzam) r2) zv , i 2 R IR U & £ A 91
8¢ 6€ . . 9 S < c1
Sy ov . g EL | , L8 B4
LE YL (1)  eg (9ed(¥e) | <. (8¥) 6¥ €T
2s (gv) L9 (014 R S 2t
$S Ly , AL 2 9¢ ‘It
Ly v) oL 99 ST - . 88 1ot
18 y) €9 , 99 _ , 98 6
z8 | (=oa) . g9 A .89 '8
9 ¥9 (Ly) el zZ9 L
¥9 : 44 s (69) , e 9
0s - ov 62 , : ‘ , 89 S -
6% (sP) (;Bom) 9z - 0s , 198 N 1 4
18 2L LS S . 95 €
6% . 0s- (se) | 8s (6%) , o ¥S z :
: 2s ¥S - 9g o ; L 6S T . :Iaqumy
: : : S wayy

A  III IT I ¥ AI III I I \ Ar 11 11 I ¥ , AI  IIr I1r r «\ ‘oN z030BF




	etheses coversheet 2017.pdf
	778964.pdf

