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SUMMARY

The difficulties existing for many pupils in the areas of formulae
and equations and the belief that many of these problems were due to maturity
barriers, led to the inauguration of this study in 1970.

A preliminary survey was made of the situation extant in 1970 concerning
these topics. This revealed a very confused picture with wide variation of
teacher approach. The most obvious problem was one of over-complexity in
formulae and equations. Teachers were teaching with little or no regard
for the developmental ideas of Piaget et al.

This problem was investigated at school level by a test based on a
Gagne net for the writing of formulae and by a questionnaire. This test
was «¢amined in depth and confirmed the indications gathered in the prelim-
inary survey. Pupils did not appear to reason logically when writing formulae
but rather committed certain common formulae to memory, and failure at one
step in the thought process did not appear to affect performance in the next.
The very high number of pupils unable to handle proportion (71%) calculations
from equations (97%) was disturbing, (the problem may be purely mathematical),
and many pupils showed a lack of understanding of even the most basic principles
e.g. nomenclature, formation of ions. Pupils seemed able to cope with
individual steps in, e.g. formula writing, but could not handle all the
material "en bloc" when it was presented in a very short time (2 -3 months).
This meant that overall performance was very poor (28% correct). A re-run
of part of this test confirmed these results.

The questionnaire revealed that pupils tended to underestimate the
difficulty of many topics and that many teachers were more consistent than
them in their estimates of difficutly.

The teaching order of the '0O' grade course in Chemistry was then

examined /



examined in the light of the degree of complexity in formulae and equations
needed for each section. A revised teaching order, which was basically
'organic first' was drawn up using the principal of gradual revelation of
these topics.

To evaluate this revised order a maturity study was set up, having
both experimental and control groups. The progress of the groups was
monitored by & series of short tests, the results of which, and the 1973 '0!
grade examination in Chemistry were analysed. No significant differences
were found, but following the revised order did not disadvantage pupils over
those following the standard orders. In fact, there was some evidence to
show that the revised order had achieved for these pupils, a higher level of
understanding on the more difficult topics, especially calculations from
equations and the mole, They also were more consistent in their level of
performance on writing formulae.

A detailed analysis of the last test (an overall revision of the
work) was carried out and showed the same problems as were evident in the Gagne
study, e.g. interpretation of nomenclature such as the difference between - IDE
and - ITE compounds. Some topics appeared to be still beyond the majority

of pupils e.g. (i) extrapolation from Na,CO, to Na,Si0z (12%); (ii) writing

3
balanced equations (20%); (iii) calculations from equations (20%).

However, pupils did seem to grasp the mathematical rules for formulae
writing reasonably competently.

A similar questionnaire to that used in the first investigation
revealed that in general the revised group found the course easier than the
control groups and that pupils now overestimated the difficulty of those
topics previously underestimated.

A final survey in 1974 showed a situation on the one hand eased by the
removal of a recall barrier in formula writing and on the other worsened by

the choice of the correct level of complexity of formulae to be used in any

questions /



questions being left to the pupil.

Recommendations were made for lessening the amount of conceptually
difficult material (Piaget Stage 3) in the '0' grade syllabus and its
replacement by work involving lower order skills, including purely practical

ones.,
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Abstract

An examination of certain proposed affective objectives of
Chemistry education has been carried out, particularly
with the intention of determining whether these objectives
are being attained by Scottish pupils following S.C.E.

courses in Chemistry at Secondary Schoolse

A critical survey of Attitude concept and theory
has been made, together with an account of measurement
procedures which have been devised for attitude assessment
and which have been reported in the literaturee Results
of research have also been reported, particularly in the
area of the affective component of attitude to science

educatione.

Current opinions on the formulation of desirable
affective objectives in education have been included, and
critical comment on those proposed for current science

syllabuses in Scotland has been made.

Questionnaires have been devised employing various
attitude measurement techniques in an attempt to measure
the attitudes of both pupils and teachers to education in
Chemistryo A pre-test has been done in a small number of
schools and, after modification, the questionnaires have
been circulated to over thirty schools throughout the
countryo Twenty eight schools cooperated and over thirteen
hundred pupils and one hundred science teachers completed
questionnaireses A computer programme was prepared to process
the data which emerged and to apply statistical analysis

procedurese



The results from various categories of pupils have
been compared and findings have been reportede. Pupils
who had not included science subjects in their course were
used as control groupsoe A comparison of results
obtained by three distinct methods of analysing the data
has been carried out, and an attempt to demonstrate that
one of these is clearly more appropriate in assessing

attitudes has been madee.

Results from individual schools have been discussed,
and a detailed survey of five schools has been made in an
attempt to relate the results from pupils in these schools
to the attitudes of their teachers and to their school

environmente.

Suggestions for further work in this field have been
proposed which are considered not only to be relevant to
the teaching of Chemistry, but essential if Chemistry is

to make its fullest contribution to the educational processe.
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Introduction

The thought and the utterances of the great educators
through the ages have been influenced by the widely held
belief that not only is it important to educate the
intellect, but it is at least equally important to educate

also the non-intellectual component of the personalitye

Twenty five centuries ago, the Greek educators saw
education as a growth process concerned with all sides of
man's nature, and Plato wrote of the importance of the
formation of character and of educating the emotions which
he described as involving attitudes, morality and beliefso
The coming of Christianity with its inherent respect for
the individual and the emphasis placed on the soul saw the
Christian Fathers moving education onto the spiritual
planee Clement wrote that the aim of education was:

"eee not to teach, but to improve the soul, to train it to
a virtuous, not to an intellectual life «..". Some
remnants of these rather extreme views survived the Dark
Ages, and with the Renaissance, the rediscovery of the
richness of Greek and Roman educational thought reinforced
the values placed on the non-intellectual fruits of
education, and the writings of Erasmus, Rabelais and
Montaigne in this period are, in a sense, preoccupied with

this themee.

The history of education is, however, an account of
an ebb and flow between times of enlightenment and times

of sterility, and in the nineteenth century the need for



increased literacy to further the ends of industrialism
and to make possible universal franchise, saw a shift of
emphasis away from the education of the 'whole man' and
towards more mundane outcomes of education such as

literacy and numeracye The reaction against this rather
pragmatic era in education was not long delayed however,
and writers such as Charles Dickens and, more locally,
David Stow helped to create a new climate of thought on the
ultimate aims of educatione Stow wrote that education is
".o¢ that system which cultivates the whole nature of the
child, instead of the mere head - the affections and habits,

as well as the intellect".

In the twentieth century, as in other eras, education
reflects current values and beliefs which predominate in
society, and among these appears to be the worship of the
intellecte. Critics of modern education claim that it has
been largely concerned with distilling off brains,
processing them in the most efficient manner and leaving
the residue to the mercy of thoughtless educators of the
'non-academic’'e. But in fairly recent years the scientific
influence on the twentieth century has contributed a new
line of thought and a new impetus to educational theory
vize., the findings and postulates of psychologye It is
now widely accepted that education must take account of
the inner forces within the personality of the child, and
interest in this new method of child study has been
explosivee Theories, speculation and hypotheses have

appeared rapidly, new concepts have been defined and
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neologisms have appearede Changes in educational
objectives, curricula content and teaching methods have
resultede. In the scale of time in which the evolution

of educational thought has been considered, it may be

that these changes have taken place so rapidly and
accepted so enthusiastically as panaceae for everything
that ails education, that not enough consideration has been
given to one property that schemes based on these new

concepts must possess ie.ee empirical verifiabilitye

In the area of the classical non-intellectual
component of the educational process, a theory of attitudes
has defined three major components: cognitive, affective
and actione The affective component has been postulated
as that aspect of attitude which involves what are
commonly referred to as 'feelings'. A taxonomy of
educational objectives ih the affective domain has also
been produced and is a device which makes it possible to
think with a higher degree of operational specificity and,
for this reason, has been welcomed by both curriculum
planners and educational researcherse. The taxonomy has
been applied to several subjects in the school curriculum
and attitudinal (i.e. affective) objectives which the
content of the subject should inculcate have been listede.
In view of what has been said above on the subject of
empirical verifiability it was considered that a fruitful
area of research would be that into the claims made (or
perhaps they are pious expressions of hope) for one subgject
viz ey Chemistry and the underlying concepts and theory on

which they are based-.



Consequently, it is the purpose of this investigation

to carry out:-

(a) a critical survey of attitude concept and theory,
measurement procedures which have been devised
and results of research, particularly in the area
of the affective component of attitude to science

education,

(b) an examination of certain desirable affective
objectives of chemistry education, together with
an attempt to measure whether these objectives
are being attained by Scottish schoolchildren

following S<C<Eo courses in Chemistrye.

The investigation is, therefore, of an area of
psychology applied to education which has aroused a great
deal of interest in recent yearse. Perhaps it is more, in
that it is an affirmation by one practicing teacher of the
need for a great deal of research into current educational
theory which must be undertaken by those working at the
grass roots as well as by otherse. This research is seen
as being a continuous process as new theories are evolved
and as the needs of children change. It is also
considered that it will provide an essential moderating
effect on proposed educational changes for, as Einstein,
speaking of his Theory of Relativity said: "... a
thousand experiments can never prove me right; a single

experiment can prove me wrong".



Chapter 1

The Concept, Theory, Organisation and Measurement of

Attitudes: A Critical Survey

101 The Concept of Attitude

GeWe Allport, a leading figure in the study of
attitudes for over thirty years has claimed that attitude

research was:

".e+o the primary building stone in the edifice of
social psychology" (1)
He has traced the origins of the concept from the writings
of Herbert Spencer in 1862 through the study of the Polish
peasant by Thomas and Znaniecki in 1918 to his own
definition of an attitude in 1935:

"An attitude is a mental and neural state of readiness,
organised through experience, exerting a directive or
dynamic influence upon the individual's response to all

(1)

objects and situations with which it is related".

Psychologists have placed attitudes in a sequence of
events which results in the production of actions which
originate in a hierarchy of motives which, in turn, govern
the order of attractiveness of goals presented to the
individuale A distinction is drawn, however, between a
general disposition to act in a certain way and the action
produced in a particular situation, and the apparent
disparity between these two is the reason why the concept

of attitude has been defined in so many ways and has been



the subject of long debatese Attitude is seen by some as
implying the probability of behaviour and by others as
acting as a latent mediating process inherent in the
individual's personality which ultimately determines what
response is madee. Additional conceptual refinements have
been proposed both before, and since Allport'!s definitione
Faris(z) in 1925 distinguished between conscious and
unconscious attitudes, between mental and motor attitudes,
between individual and group attitudes, and between latent
and kinetic attitudese It is sufficient to say that
Allport's influential definition has survived the test of
time and the concept embodied in it‘has survived all
attempts by learning theorists to dislodge it from the field

of social psychologys

12 Attitude Theory

An important implication of Allport's definition of
attitudes is that attitudes are learned predispositionse.
Perhaps it is no coincidence that only a few years earlier
than Allport'!s definition, Jean Piaget's(B) research on the
Moral Judgement of the Child was published (1932)e His
theory is one of moral attitude development in stages
emanating from the child's play and asserts that the child's
notion of fairness and justice are independent of adult
precept and influence, and is retributive and equalitarian
in naturee. This is gradually replaced by more rational
and objective considerations as the child maturese. It
must be said, however, that serious criticism of Piaget's

work has been made on the basis of inadequate sampling,



lack of controls and imprecise presentatione A more
serious objection lies in his unacceptance of the part

played by cultural and class factorse

Also arising from Allport's definition is the
implication that attitudes can only be inferred from overt
behavioure However, the few empirical studies of the
relationship between attitudes and behaviour which have
been carried out, suggest that a knowledge of verbally
expressed attitudes cannot be assumed to be predictive of
behavioural consequences in a given situation. Findings

on this subject are quoted later under attitude measuremente.

In 1959, Katz and Stotland(h) recognised that
attitudes are complex and defined three major components:
the cognitive, the affective and the action componentse
The cognitive component was defined as that aspect of
attitude that is related to knowledge whereas the affective
component is related to "feelings", and the action component
represents the extent to which the attitude has habits of
action associated with ite At about the same time
Heider(s) postulated a concept which soon attained a
prominent position in the theory of attitude changee. This
theory was that beliefs, attitudes and behaviour were in a
state of balance and that they will always adjust themselves
to maintain consistency for an individuale. If, for any
reason, balance is removed, tension occurs and changes in
the attitude components will take place to restore ite
Festinger and Newcomb have carried out investigations which

lend weight to these conceptse



13 The Organisation of Attitudes

Eysenck(é) has suggested that attitudes are organised
in a hierarchye At the lowest point in the hierarchy are
opinions expressed on any one occasion on any topice More
specific attitudes or "habitual opinions" are on the level
above these, and above these are more general attitudese.

On the top of the hierarchy are placed ideologies or
"super attitudes"e. The importance of this concept in the
field of attitude research is that, depending on where an
attitude is located on this edifice, it has received
contributions in its formation from many parts of the
personality (in the case of the highest level) or from
very few, perhaps only one (in the case of the lowest
level). The terms multidimensional and unidimensional
have been used to describe attitudes at these levels. In
the school situation, unidimensional attitudes would be
those related to individual subjects, teachers or classes
whereas attitudes to all teachers and other pupils would be
on a higher level. Above them would be found attitudes
to school in general and at the top of the hierarchy,
motives and valuese. A consequence of this application
for the educational researcher is that unidimensional
attitudes esges to a certain subject can, it is claimed,
be measured with a greater degree of validity than attitudes
further up in the structure. Empirical evidence is, in
fact, contradictory in this area, and it would seem that
a major difficulty lies in the correct positioning of any

attitude under investigation into a structure of this

nature-
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1elt Measurement of Attitudes

1+4+1 Principles of measurement of attitudes

The basis on which techniques for measuring attitudes
rests can be described as follows: attitude towards an
object determines the responses made to a measuring
instrument, and from the characteristics of the responses
the nature of the attitude can be inferrede Five groups

of techniques have been described by Cook and Selltiz(7):-

(a) measures in which inferences are drawn from material
which consists of self reports, beliefs, feelings,

behaviour etc., towards an object;

(p) measures in which inferences are drawn from observed

overt behaviour towards the object;

(c) measures in which inferences are drawn from reactions
to partially structured material relevant to the

object;

(a) measures in which inferences are drawn from
performance on objective tasks where the performance

is influenced by disposition towards the object;

(e) measures in which inferences are drawn from

physiological reactions to the objecte.

The merits and demerits of the above methods have
been the subject of extended debateo Self report measures
are susceptible to distortion in that the implication of
answers are obvious and the responses are therefore
controllede Assurances of anonymity and the use of

tdistractors! within the items posed to the subject have



been suggested as has been the use of forced-choice testse
Large discrepancies between overt verbal responses and

overt non=verbal behaviour has been reportede. A Anastasi(B)
has reported a correlation coefficient as low as 0.02.

A.L. Edwards(g) has pointed out one advantage of the
questionnaire type self reporte This is that this rapid

and convenient method provides large numbers of responses
which enable an attitude scale to be constructed from

which the degree of affect can be found and not merely
whether the attitude is positive or negativee More will

be said on attitude scales latereo

As with self report procedures, the reservations
expressed on the use of overt behaviour is that there may
not be a simple correspondence between the nature of the
behaviour and the nature of the underlying attitudee.
Bbcause of these reservations and because of the difficulty
of devising suitable situations, these measures have not
been widely used and there is a paucity of information
about the validity of such measurese. It could be saia,
however, that individual interviews fall into this category
and L.F. Lowery(Io) has incorporated this technique in an
investigation into the attitudes of students towards
changes in the science curriculum in a Californian High
Schooloe Lowery in another enquiry(11) into the
development of an attitude measuring instrument has used a
picture projective technique which is an example of a
partially structured stimulus, where the informant supplies

a meaning for and interpretation of the stimuluse. The
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stimulus may also be verbal rather than pictorial, and in
the same enquiry Lowery has used word association and

sentence completion testse

An interesting study by Hammond(12) in 1948 is an
example 6f inferences drawn from objective taskso In the
method developed by Hammond, at least some of the items
included, which referred to an attitudinal object, had
either no correct answers or the subject-matter was chosen
so that few, if any, of the respondents would know any
correct answers suppliede The assumption made is that
when forced into a choice of.errors the respondent is
likely to choose the alternmative most consistent with his
own attitudinal dispositione A search for any application
of this device in attitudes towards science was unsuccessful,
so it will be mentioned here rather than the following
section, that Hammond claims support for his method on the
basis of empirical evidence obtained in the study of
labour-management studies in the U.S.A. The use of
objective tasks has been applied as a test of logical
reasoning, where syllogisms or other logical forms are
presented and the subject asked which conclusions can be
drawne Again, no application of this to enquiries into
science could be found in the literature, but this method
and some elements of Hammond's method have been used in one
of the questionnaires from which information was acquired
in the present study. It should be mentioned that
Nedelsky(13) has suggested that the method of errors should

‘have the effect of polarising attitudes to science in a



sample composed of those pro and anti science, so that
pupils who are pro-science will consistently choose
wrong answers with a scientific content (assuming no
correct answers have been included). The method of
inferences from physiological reactions has been included
in the above list for academic interest, since reactions
such as galvanic skin response or vascular constriction,
which have been used, would not seem to be generally

appropriatee

1el4e2 Measurement of Interest

Two methods widely used for the measurement of
interest have been described fully by A. Anastasi(s)- The
first is Strong's Vocational Interest Bank which had its
origins in 1920 and has undergone continuing revisione.
Responses to 400 items are graded 'Like', 'Indifferent!'
and 'Dislike'! and are in eight sections including
occupations, subjects, amusements, actions, comparison of
interest in pairs and a rating of the subjects abilitiese
It is claimed that the results can be used as a predictor
of suitable occupations and a different marking key is
available for each occupation. These have been derived by
sampling large numbers of individuals of specified
occupationso It is interesting to m;te that correlations
relating to the subject's eventual occupation over intervals
of about 20 years are of the order of 0.70-. The second
measurement of interest is the Kuder Preference Record
which has also been used widely for vocational purposes,

and which tests interests in a small number of broad arease.
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It is of a forced triad type where activities are listed

and the most and least preferred are indicatede. Correlations
of 0:.90 have been recordede. H.J. Butcher(1h) employed a
Kuder Preference Record to determine the potential of
schoolchildren as future University Science studentse. The
results showed a high degree of variance with a High

(15)

School Personality Questionnairee. De Vitrogan and
D.Ce Wynn and J.C. Bledsoe(16) used Kuder Preference
Records in determinations of generalised attitudes to
science and of factors related to gain and loss of interest

in science by High School pupils in the U.S.Ao. The results

of these are reported later (Chapter 2.2).

1.4.3 Construction of Attitude Scales

The quantitative scaling of attitudes is achieved by
the preparation of a set of items to which a response must
be made-. Two criteria in selecting items commonly used

are that:

(a) the items must elicit responses that are psychologically

related to the attitudes being measured;

(b) the scale should be capable of differentiating among
individuals who are at different points along the
dimension being measured and not merely between

opposite extremeg in attitudee.

Most attitude scales that have so far been devised

fall into three main categories:
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(2a) Differential Scales

In these the items form a gradation so that the
individual agrees with only a few and disagrees with
statements on either side of those with which he has agreed.
The Thurstone scale(s) has been widely used and is a
differential scale consisting of about 130 edited short
statements whose position on the scale had been determined
by about 300 ' judges' who gave ratings from A to K
(A: most favourable, F: neutral, K: unfavourable)e.
Various methods of judging scale positions have been used
jeee the methods of 'paired comparisons!', 'successive
intervals' and 'equal appearing intervals'. The latter

method will be described briefly.

1-00 1
Cumulative
percentage of
judges for omne
statement 075 - — - - — -~ -
iy
P
/ |
050~ = - - -o
/ ' !
/! |
/o |
oa5t-—-—-4F | |
{
| ! !
(I '
| { [ .
(o] ! 2 3 4 5 6 7
(A) (6)
Scale Categories
Scale categories of 1 to 11 were used for A to Ke The

percentage of judges placing a statement in one of these

categories was plotted as showne The 50th percentile or
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median position was taken as the statement's scale value

ieee 3 in the above examplee. Scale values for all of

the statements were found in this way and statements were
selected for general use whose scale values were equally
spaced along the attitude continuume. An 'index of
variability' (Q) for each statement was used and is the
distance in scale value between the 25th and 75th percentiles.
In the above example Q = 1+6 and indicates low variabilitye.

Statements with high Q values were eliminatede.

Two criticisms that have been made about Thurstone

scales are:

i) the procedure is cumbersome and tediouse. A.L. Edwards(9)
has refuted this by comparing the time required to
construct such a scale with other methods such as

summated scalese

ii) since an individual's final score is taken as the mean
or median of the scale values of several items to which
he has agreed different patterns of attitudes may be
expressed by the same scoree. This appears to be wvalid

criticism but one that no attitude scale can escapeo

iii) scale values are influenced by the attitudes of the
judgeso Further refinements of the procedure can,
however, eliminate judges with extreme attitudese. In
the field of attitudes to science M.B. Ormerod(17)
and W.He Dutton and L. Stephens(18) have used

Thurstone techniqueses

- 17 -



(b) Summated Scales

Here the individual indicates agreement or disagreement
with each item and subscores for each item are addede. In
Likert-type scales a graded response is made possible and
scores of 6 to 1 are assigned to six responses graded from
fstrongly agree! to 'strongly disagree!'. The score is the
sum of items interpreted in terms of empirically established
normse Validity coefficients of 0.46 = 0.60 have been
reported e+ge by the Minnesota Teachers' Attitude
Inventory by cross validation methodse M.B. Ormerod(17)
used a Likert technique in conjunction with the Thurstone
procedure in the reference already made and more recently,
SeAe Brown and T+N. Davis(19) used a Likert technique to
construct five sub-scales each relating to an attitudinal
objective laid down for pupils in the first two years of
secondary education in Scotlande. A sample of 3,000
children was tested and items for the scale were collected
from audio tape recordings of conversations with small
groups of such pupilsoe The principle of obtaining items
from statements made by the children for whom scales are
intended follows closely that inherent in Joan Barker Lunn's
study(zo) of English school children's attitudes in
streamed and unstreamed Primary schoolse The subject
matter of this study is not germane to this.present survey,
but the study is worthy of mention because of the impressive

design of the measuring instrument and the incisiveness of

the enquirye.
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(¢) Cumulative Scales

A brief mention will be made of these scales which
are set up so that items form a cumulative seriese In
theory an individual whose attitude is at a certain point
on the dimension being measured will give a favourable
answer to items on one side of that point and an
unfavourable response to otherse. Higher scores are
allocated to one end of the scale than the other so that
the total positions the individual on the attitude

dimension being measurede.

144 Measurement of Concept Connotatione.

In addition to the above scales the Semantic
Differential Technique has been used as a tool for personal-
ity assessmente Originally designed for research in the
psychology of meaning, it measures connotations of any given
concept for an individuale Word pairs such as 'valuable/
worthless!' are joined by a seven point scale from +3 to =3
including zeroe. It has been found that as age increases
subjects tend to agree more closely in connotation of

common objectse Responses can be analysed in several ways:

(a) the over-all similarity of any two concepts for an
individual or group can be found by their positions

on all scales;

(b) three main factors which, it is claimed, the technique
can meausre viz., 'evaluative!, 'potency! and 'activity!'
can be determined by separate analysis of word pairs

which manifest these factorsy
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(¢) 3D models can be constructed for an individual with
axes reflecting responses to es.ge 'good!'!, tactive!
and 'weak! and points which represent where different
concepts are found relative to these axes are plottede.
Several concepts, when plotted give a pattern for an
individual or group which, when compared with patterns
developed by other individuals or groups, or at
different times for the same individuals or groups,

can show differences and changes in attitudese.

No application of this technique could be found in the
literature for the measurement of attitudes to science, but
the technique has been used in the work at present under
consideratione. It is worthy of note here that recommendations
in the literature that scales such as +3 to =3 should be
used in measurement techniques is considered, in the light
of the present work, to be a basic fault in such techniques.
It will be shown later that the use of negative numbers
has the effect of shielding a great deal of information which

could otherwise be brought to light by statistical analysise
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Chapter 2

Results of Measurement of Attitudes to Science:

A Literature Survey

241 Pre- 1960 Research

Although the theories on attitude measurement had
been published as early as the 1920's, it was not until
forty years later that attempts were made to apply these
theories and new techniques to science educatione. No
record of any published work has been found until 1960.
It is not the purpose of this work to indulge in
speculation as to the initial paucity of interest in this
direction followed by a sudden upsurge of interest, but
the observation that during these forty years the Age of

Technology was reached is certainly relevante.

In 1941 however, C. Mitchell(21) approached the
theories of attitude measurement with very proper scientific
scepticism and devoted a paper to answering the question:
"Do sclaes for measuring attitudes have any significance?".
The attitudes he measured were those of pupils towards
education, school and school practices and his main
purpose was to test validity and reliabilitye. It is
consoling to note that over thirty years ago Mitchell
appeared satisfied in both respects and reported coefficients
of 0«73 and coefficients of reliability of O¢71.0n testing

validity he concluded that:
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"eee it would seem that these pupils either put their
attitudes into action or their actions produced the
attitudes that were checked on the scales e¢.. To this
degree, it is only reasonable to assume that theée scales
give some index of the pupils' beliefs or attitudes eeeo

and measure to some degree what they intend to measure".

He also found that 77% of a group expressed the same

attitudes to two scales used at a three monthly intervale.

Four years later the Gestalt psychologist Duncker(zz)
suggested that a child's interest in science can be
stimulated by experimental worke Piaget's writings(23)
on the growth of logical thinking in 1958 seems to provide
an extension of Duncker's reasoninge As has often been
the case in education, Piaget's work has been invaluable
in defining problems and his ideas of the development of
concepts, interests and reasoning as the mental age
increases stimulated a great deal of research in following

decadeso

22 Research in the Sixties

In 1960, J. Wrigley and J.Fe. Kerr(zu) made a study of
attitudes and aims in science teaching in schools in
Northern Irelande Three main attitudes were found:
grammar schools treated science mainly as a mental
discipline, technical schools treated it as a necessary
tool, and secondary modern schools used science as a help

in developing an inquiring interest in lifee. There is,

unfortunately, no record of the attitudes which may have been
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inculcated in the pupils by the above teachers! attitudese.

In the following year, GesRe. Meyer and D.Me. Penfold(zs)
found correlations of the order of 0.40 between interest
tests and achievements in science examinationse This was
part of the total study which involved 150 pupils and where
statistical relationships were sought between interest in
science and each of forty-seven variables representing
factors in school and home which might affect interest in
scienceo An important conclusion reached was that a pupil
whose home was secure and whose parents had a genuine
interest in education would be more likely to acquire an
interest in science (and presumably other subjects) than a
less fortunate pupil in this regarde. Unfortunately, this
is one variable which it would be very difficult for the

teacher to modifye

WeHe Dutton and L. Stephens(18) carried out research
two years later into the attitudes of prospective teachers
towards sciencee A sample of 226 prospective teachers
was used and the attitude scale devised was found to have a
coefficient of reliability of 0.93 after test and retesto
The sample was restricted to women only and ages varied
from 20 to 24. Most of the student teachers were destined
to teach in elementary schools in the U.S.A. The general
attitude of the vast majority of these prospective teachers
towards science was found to be quite highe The mean for
the distribution of scores is quoted as 8.03 with a standard
deviation of 0.53. In free-response statements, favourable

feelings towards experiments, field trips and creative work
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were expressede Aspects of science disliked were lack of
participation and work with insects, reptiles and dead
animalse 90% of the sample expressed favourable feelings

towards field trips, nature study and pupil participatione.

In 1964 D.G. Lewis(26) carried out research into the
existence of a group factor of scientific ability which is
of some relevance to the development of interest in science
since, if abilities in each science discipline are mutually
dependent, interest in science as a whole should be both
present for some pupils and absent for otherse Lewis's
findings were, in fact, that attainment in physics, chemistry
and biology was linked by a group factor as distinct from
the general factor of intelligence and contradicted earlier
opinions that no such factor would be shown to existe As
will be seen later, these findings are relevant to the
sample used in the present work where pupils were following
science courses which included chemistry and/or physics

and/or biologye.

Also in 1964 K.J. Jones(27) conducted a study of interest
in science in Massachusetts over two weeks on 52 senior
High School students. A Likert-type word preference
inventory drawn from a pool of 1478 verbal behaviours was
used and Jones tentatively claims in his report that he was
able to assess each student's preference for a science or
non-science activity and obtain a measure of the students!
scientific intereste More important, his results seem to
suggest that the measurement of interest can be used to

predict achievement in science. Jones does not, however,
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claim that this will necessarily be reflected in classroom
achievement nor in subsequent entrance into scientific
careerses Achievement in science is here represented by a

Science Vocabulary Testo

L.F. Lowery's paper in 1966(11) on developing an
attitude measuring instrument was followed in 1967 by a
report on attitudes of Fifth Grade students towards science-(10)
Similarities of attitudes were held in common between
experimental and control groups, the sexes and socio-
economic arease These included a fear for human life in
space exploration, confusion between science and technology,
images of making precious elements such as gold, fear of
dangers in experiments and a feeling that new inventions or
ideas contained an element of chancee The experimental
vs control findings showed that the notion of chance in
obtaining new inventions or ideas lessened in the course of
time for the experimental groups onlye In the Socio-
Economic areas all attitudes increased in a positive
direction during a period of time, the lowest socio-economic
areas gaining moste Control groups in all socio-economic
areas showed no significant gains in attitude during the
same time. In boys vs girls groups it was found that at
the start of the study girls held significantly more positive
attitudes to science than boyse By the end of the study
the experimental boys' gains were generally greater than
the girls'e. It was also found that both experimental boys
and girls decreased their number of images pertaining to

destructive forces in science, but the boys' images decreased
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more than the girls'e. Both experimental and control girls
retained the images they held which related science to the
medical profession and which considered the importance of
science to the welfare of mankind. Whereas boys in all
area retained images of dangers in science as did girls in
higher and middle socio-economic areas, girls in lower
socio-economic areas lost these images. The period of

time during w..ich attitudes were tested waé 7-8 weeks. A
final conclusion from this interesting study was that
knowledge gains in science and gains in attitudes to science
do not go hand in hand e.ge experimental students who did
poorly in general science tests in the pretest did not
improve their performance in this respect although significant
increase in positive attitudes to science were observed over

the same periode.

A method of determining a generalised attitude of High
School students towards science was the aim of the research
by De Vitrogan(15) in 1967, and again, as is the case with
much of the work being surveyed, was conducted in the
United Stateso A sample of 205 pupils of both sexes and
of ages 13-15 years old was usede All of the pupils had
followed a course of general science and biologye Eight
items taken from the ideas or writings of scientists,
philosophers, science educators and researchers formed
hypothetical criteria of a positive attitude towards science.
The Kuder Preference Vocational Form, the Iowa Test of
Educational Development, a Science Teacher's Rafing and

school marks in General Science were all used to evaluate

- 26 -



the pupils! motivational involvement with sciencee. A
Thurstone type attitude scale was also used and found to
have almost zero correlation with the Kuder Form but
correlations of the order of 070 with the other techniques-.
Vitrogan's report is concerned mainly with establishing
validity and reliability of the measurement techniquee.

It is, however, relevant to list some of the hypothetical
criteria he used and which were favoured mainly by pupils

with positive generalised attitudes towards science:

(a) controlled observation favoured rather than

authoritative suggestionsj

(b) flexible solutions to problems favoured rather than

rigid solutions;

(c) controlled observation distinguished from casual

observation;j;
(d) constant change stressed over non change;

(e) probability stressed over absolute orientation.

D.Ce Wynn and J.Ce. Bledsoe's(16) research into factors
related to gain and loss of scientific interest was also
concerned with American pupils in the same year and invoked
statements by three Presidents and members of the Congress
that: "... survival of the nation may well depend upon
its ability to compete successfully with other world powers
in scientific research and development" as its ‘'raison
@'@tre" . It is therefore, perhaps, some measurevof their
scientific objectivity that the authors have to admit that:

"eo+ the extreme emphasis placed upon science education
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during recent years has not resulted in greater interest in
science among High school students". Further, they
conclude that a greater interest stability (over a period
of time) is present with such students than has been
suggested by most investigatorse They also find that
interest cannot be expressed in terms of I.Qe., achievements
or socio-economic factors of the parents and sagely
conclude: "e.ee that if one desires to measure interests

he must use interest measures".

There is little to report of similar researches in
this country in 1967. The I+Ae¢Ee. Study of Achievement in
Mathematics(28) made somé attempt to measure some of the
affective outcomes of the mathematics courses in schools
and found that coefficients of correlation between mathe-
matics achievement and attitudes were small, except in the

case of interestse

In 1968 there was a revival of interest of attitudes
toward science in this country, and the Education (Research)
Committee of the Association for Science Education initiated
an enquiry into the attitudes of pupils in schools toward
science as a subject and toward scientistse Tape recordings
of 12 to 13 year old pupils talking about science and
scientists were made in a variety of schoolse. Ce Selmes (29)
reported the findings in 1969 as indicating a great deal
of interest in these topicse The amount of time spent in
these recordings discussing various aspects of science or
scientists and the use of recurring phrases were expressed

as a percentage of the whole time for each topice A
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favourable picture of Chemistry emerged although fewer
comments were made about Chemistry than physics or biology -
Examples are: enjoyable practical work (24%); discovering
things (12%4); easy to understand a lot of it (12%)
especially when the teacher does not use big words;
difficult to understand (15%) when the teacher does not
explain the practical. A similar analysis on scientists!
comments are: messing about with chemicals (8%); they
invent good things like new drugs but also some bad things
like H-bombs (18%); they are usually men ... ladies are

not wanted (8%); very brainy (7%); mad or eccentric (7%);
they devote their whole life to it (7%). Selmes also
reported little realisation that science is a method of
investigatione The sample number is not recorded in Selmes's
report but the fact that some 50 hours of recordings were
collected suggests a satisfactory surveye Reservations are
made by Selmes on the method of collecting information which
was to seek freedom of expression during recording sessions
by asking teachers to withdraw and leaving a senior pupil

in chargee. As an alternative, a competent interviewer was
suggested by Selmes in hindsighte The report, however,
reflects very clearly a most significant and incisive

contribution in this fielde.

At about the same time and acting on their own
initiative B. Ashton and H.M. Meredith(Bo) carried out an
enquiry into the attitudes of pupils in the sixth forme.
The method used was to examine the arguments produced by

the pupils to account for the swing away from science
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subjects by students going to Universitiese The question
had been posed in a General Studies G.C+E. A-level paper

as one of eight choices which also included topics such

as 'Vietnam' and 'Moral Standards'e. Of the 12821
candidates who took the examination, about 2000 chose the
science option and about 200 of these papers were examined
for common views on the topic and recurring argumentse

The most common arguments advanced to account for the

swing were: time-table too full ie.ee hard work; high
level of intelligence required; 1little scope for self
expression; impersonality, inhumanity and misusej; lack

of practical work; late introduction to science; early
decision for arts or science; desire to help the

community directly; poor image of the personality and job
of scientistse The above arguments were advanced more
often by girls except in the case of: high level of
intelligence; 1little scope for self expression; poor image
of scientist, but in these cases the differences were
marginal e« Many candidates, however, thought that, in time,

as idealism recedes, a future swing would favour sciencee.

* HeJ. Butcher(14) in the same year published a report
concerned with a sample of 1000 Scottish schoolchildren to
determine at an early age and before they were required to
specialise in school subjects, which pupils were potential
University scientistse. His results show that the influence
of both home and school in subject choice is very
considerable and he reports that five indicators of

orientation towards science were found to have importance



in the following order: rating of science as a school
subject; rating of maths as a school subject; composite
rating of the careers of research chemist, physicist and
science teacher; rating of the career of research chemist

and the Kuder scientific interest teste

23 Research in the Seventies

In May 1970 Laughton and Wilkinson(Bl) conducted a
'Science Opinion Poll' consisting of a Likert-type attitude
scale measuring pupils' attitudes towards sciencee Higher
scores on the attitude scale were obtained by pupils who
intended to opt for science subjectse. Also in 1970 Flynn
and Munro(32) attempted to evaluate the Nuffield science
course and found that genuine growth in the pupils'
attainments of the stated objectives had taken place after
one year of the coursee Pupils in third forms in New
Zealand schools were used for this purpose and the Nuffield
course had been adapted for use in that country. Changes
in pupils' interest in science and changes in teachers!
behaviour were measurede. Two groups of pupils were used:
those who followed courses where experimental work
predominated and those whose course was not biased in this
waye No differences in the pupils' interest in 'out-of-
school! science was found between these two groups but the
experimental group gave science as a favourite school
subject more oftene. Other attitudes measured were
intellectual honesty, open-mindedness and critical-mindedness.
Attitudes were scored tangentially from the written responses

to cognitive test items but intercorrelations among different
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markers proved to be low using this procedure-. The
research is, however, significant in that it is an attempt
to evaluate whether or not stated objectives of a science
course are being attained by science pupilse Too often
research has been directed at the lesser-important

question of differences in attitudes between arts and
science pupilse Research by Povey (1970) and Hudson (1967)
are examples of thesee. This distinction between norm-
referenced attitudes and criterion-referenced attitudes
will be mentioned in the next chapter when objectives are

discussede

Also in 1970, A.H. Johnstone and D+WeAe. Sharp(33)
reported their findings of enquiries among University
students as to the factors governing giving up science
subjects at school or continuing with them. The date of
the decision was also soughte It was found that, of those
students who had discontinued the study of science, 50% had
done so between the ages of 11 and 13 and 90% between 11 to
16 It was suggested therefore that influehce exerted at
a later age is a waste of time and that good science teaching
is important at an early age in order to influence pupils'
attitudese A distinction was drawn between those students
who had taken 'traditional! science in schools and those
who had been brought up on the revised or ‘'alternative!
syllabus and it was found that 'alternative' students chose
the course rather than the teaching as a source of interest
in science whereas the reverse was true for 'traditional!

studentse. Students who had given up science subjects were
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asked to state their reasons for doing so and it is
significant that some of the most popularly accepted
reasons figured only slightly e«ge the revulsion against
the materialistic aspects of science was not shown to be a
ma jor factore. Difficulty with mathematics and 'boring!
science courses were two popular reasons for discontinuing
science as was moderate examination results which were poorer
than other optional subjectse 'Alternative' students were
more concerned with this latter factor than 'traditional!
studentse. A strong case is made, however, for scaling
subject marks at school so that pupils can draw valid

conclusions from comparisons between subject markse

An investigation of social and subject factors in
attitudes to science was conducted by M.B. Ormerod(17) and
reported in 1973 A test was administered to whole year
groups in 14 schools in various parts of Englande. 500
papers were selected to represent the third year pupils who
took part from schools of various types at the time (1969-70).
Pupils involved were in the upper half of the ability range
jeee CeS¢Ee or GeCe+Ee. O=level candidates deemed likely to
obtain passese Ormerod found clear evidence that by the
third year and, in the case of the most able pupils, the
second year of secondary education, attitudes to the social
implications of science have emerged and that these were
related to subject choice for the most able girlse
Ormerod recognises that relationship of this nature does not
necessarily imply causation, and accepts that a third latent

factor may be involvede. He suggests that it is important,



especially for girls, to introduce topics concerned with
social implications into science courses before the third
year, but concedes that there is still no satisfactory
explanation of the low number of girls opting for the

sciences in Western democraciese.

A pilot study into attitudes to science of Scottish
schoolchildren of ages 11 to 14 was reported in 1973 by
(19)

S<Ae Brown and TeN. Davise. The authors emphasise that
only tentative conclusions have béen drawn from this pilot
study of 323 pupils, the main purpose of the work being

the development of a suitable attitude scale which would
then be applied to 3000 pupils in 40 schoolse Since this
study has run parallel with the present work under
consideration, it is considered that even tentative
conclusions may be found to be relevant and are summarised
heree The scale used consists of five subscales each
relating to an attitude objective laid down for all pupils
in the first two years of secondary education in Scotlando
Test reliability has been establishede. Boys scored
significantly higher than girls on interest and enjoyment in
science' and 'awareness of the social and economic implications
of science'e Pupils following an integrated science course
had significantly higher scores than those who did not on
tawareness of the relationship of science to other aspects
of the curriculum' and on 'objectivity in observation and

in assessing observations!'e Significant correlations were
found between all subscalé scores except the 'objectivity!

and 'interest! scorese Correlation between attitude scores
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and a group test of general intelligence which was also
applied were, in general, low, the positive significant
relationships being associated with attitude subscales of

high cognitive contente.

Comparison of the results which emerge from the work
which is being carried out by S+<A. Brown and T+N. Davis and
the results of the present work should prove to be of
interest, although it must be borne in mind that the
present work will be concerned with pupils at least two
years older and also, in general, of higher academic

abilitye.
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Chapter 3

Affective Objectives in Science Teaching

301 Lewis's Survey of Science Objectives

In 1965, D«Go LewiéBu)published a review of the
literature on objectives in science teachingo This
covered some of the major studies on this subject
published during the previous 30 years, and was intended
to clarify important objectives so that the dissatisfaction
with traditional methods of assessment which was at that
time in evidence, could be obviatede. The review is
relevant to this work for a different reason, howevers It
shows that no matter from what source desirable objectives
in science education are obtained, considerable importance
and emphasis has been placed on the non-cognitive outcomes,
and that from this recognition has evolved the attitudinal
objectives so much in evidence in the science syllabuses of

todaye

Lewis first reports on studies by V.H. Noll in 1933
in the United States which stressed the acquisition of
sound thinking habits and which also gave examples of
objective tests of the 'true/false' type which he claimed
could be used to measure scientific thinkinge Noll
concluded that scientific attitude involved several

fundamental habits of thought including:

a) accuracy in all operations;
b) intellectual honesty;

c) / over
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c¢) open-mindedness;
d) suspended judgements;
e) 1looking for true cause and effect relationships;

f) criticism, including self criticisme.

The Science Masters! Association report in 1938 on
the teaching of science in British Grammar Schools was also
concerned with non-cognitive outcomes which were described
as 'scientific modes of thought!'! and included several

closely related to the Noll study e.g-:

a) capacity to distinguish between facts and
hypotheses;
b) isolation of relevant facts from a complex situation;

c) ability to apply generalisations to new problemse

An interesting category was also included vize., the
application of scientific knowledge to socially desirable

arads§.

Fe«P+ Frutchley and ReW. Tyler had stimulated the
conclusions drawn by the S.M+:A. in their study two years
earlier and included some of their suggested desirable
outcomes and also placed emphasis on the acquisition of
'tan attitude of tolerance towards new ideas'o In 1945
O+ Kesslar listed what he considered to be the elements of
scientific method as a summary of science objectiveso
These had been derived from a literature survey and vetted
by research scientists at the University of Michigan, and
were aimed at the needs of University studentse The

headings were, in fact, essentially what had emerged from
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the reports abovee Heil, Kambly, Mainardi and Weisman
were, however, more concerned with the understanding and
use of facts in their study a year later and Burmester in
1952 placed emphasis mainly on the recognition of problems,
hypotheses and the ability to interpret datao Dunning in
1954 countered this by stressing the importance of critical

thinkinge

The American Council on Education report in 1954

formulated seven science objectives which included:

a) to understand the point of view of a scientist;

b) to understand the role, importance and limitations
of science in the modern world;

c) to change behaviour in the light of appropriate
evidence;

d) the ability to recognise and formulate attitudeso

Perhaps the most important contribution at this time to

the study of objectives was that provided by B.S. Bloom in
1956 in his Taxonomy of Educational Objectives in both the
cognitive and affective domainse. Bloom's work is without
doubt prestigious and has certainly been influential in this
area of educational thought and is surveyed critically in

32 belowo

Lewis'!s review of objectives detects certain general
trendse First is an increasing acknowledgement that science
has become an essential part of our culture with consequent
emphasis being placed on its social implicationse. Secondly

it is a greater recognition of levels of development in
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schoolchildren as relevant factorse. Here the influence of
Piaget is clearly evidente. A third feature is the
increasing emphasis on affective rather than cognitive
objectives onlye Lewis recognises that an argument can be
advanced that since the acquisition of knowledge is basic
to the fulfilment of all other objectives, it should have

a pre-—eminent position in any hierarchy of objectives, and
that tests for knowledge are therefore tests of other
objectivese As has been seen however in Chapter 2,
correlations between factual knowledge and attitudinal

objectives are very often lowe

Fe2 Bloom's Taxonomy of Affective Objectives

Many educators have been convinced that not only is
it important to lay down broad educational objectives, but
also, if possible, to break these down further into more
specific objectives phrased in behavioural terms and
arranged in a system of classification which would allow a
greater degree of operational specificitye. B.S+ Bloom
supplied this demand in the cognitive domain in 1956(35)
and in the affective domain in 196&‘36) In both cases
taxonomic models were formulatedo The taxonomy applied to
the cognitive domain has become prestigious and has been
used extensively in the testing of cognitive objectives inmn
many school subjectse. An attempt to validate this
taxonomy was made by R.P. Kropp, HeW. Stoker and
WeL. Bastow(37)of Florida State University in 1966 with

inconclusive resultse
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More relevant to the present work is the taxonomy of
affective objectives which established categories which
are intended to include all affective behaviours present
in educational objectivese. The categories comprise a
hierarchy so that each category contains all of those that
precedeit, if properly ordered, and thus represent
different positions on a continuume The principle of
this is one of 'internalisation' which Bloom defines as
'a process through which there is first an incomplete and
tentative adoption of only the overt manifestations of the
desired behaviour and later a more complete adoption'e.

The ma jor categories in ascending order of their degree of

internalisation are:

a) RECEIVING: sensitivity to the existence and
willingness to receive certain phenomena and
stimulie.

b) RESPONDING: implies active attending; doing
something with or about the phenomena, not
merely perceiving them.

c) VALUING: implies perceiving phenomena as
having worth; revealing consistency in behaviour
related to these phenomena.

d) ORGANISATION: conceptualisation of values and
use of concepts to determine interrelatiomnship
among valuese.

e) CHARACTERISATION: organisation of values, beliefs,
ideas and attitudes into an internally consistent
system; organisation of values into a total

philosophye.
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Only one major study of the affective taxonomy could be
found in the literatureo A Lewybs)attempted empirical
validification of the taxonomy in mathematics, music and
readings 80 items at the taxonomic levels of Receiving,
Responding, Valuing and Organisation were constructed
using affective objectives common to several published
curricula for each subjecto They were categorised in the
four taxonomic levels (the fifth was not employed) by three
texperts' or 'raters' who had experience in constructing
affective test items and who were familiar with the
taxonomye Lewy reports that the experts agreed on the
allocation of 7h% of the items and that 25% were allocated
to adjacent categoriese The items which were forced-
choice questions were then presented to some 300 high school
students and their responses were compared with:

a) a Thurstone attitude score for Mathematics; (b) the
number of musical programmes students listened to in a
given period and (c) the number of books students had
read in a given period in order to establish concurrent
validitye Coefficients of 0.82 for Mathematics, 0.60 for
Music and O.47 for Reading were found and a correction for
attenuation suggested that these might be highere. Reliability
coefficients tested by the Kuder-Richardson Formula 20 were
found to be between 0.93 and 0.95 suggesting high intermnal

consistencyes

In the study, Lewy claimed that empirical referents
for the constructs of the Affective Taxonomy could be both

directly observed in human behaviour and defined in terms
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of a particular category of the modele. Two hypotheses

were advanced and verification attempted:

1) the possibility of obtaining inter-rater agreement
in the allocation of affective behaviours to
taxonomic categories;

2) the emergence of factors (as determined by factor
analysis) which can be identified with the

constructs of the model-.

Dynamic validity was also studied ie.ee whether or not the
relationship described in or postulated by the schema are,
in fact, displayed by their empirical referentse. This
aspect of validity was studied in connection with two of
the taxonomy's alleged properties vize. hierarchical

structure and interfield generalisabilityes

The general results reported by Lewy are that, from
the data, the constructs of the model have empirical
referents among affective educational objectives and that
the hierarchical structure of these referents corresponds
to that claimed by the model. He suggests that his
procedure is not the only one that could be used, nor the
best, but that it illustrates how such reasoning may
provide an opportunity to verify empirically the relationships
which, it has been claimed, exist between abstract
psychological conceptse No claim is made that the model
is an efficient describer of higher levels isee Character-
isation and Organisatione Lewy further says:

"Unlike the cognitive taxonomy which rests on a
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technical vocabulary common to logic and philosophy, the
Affective Taxonomy employs a set of terms and constructs
rather different from those familiar to educational
theory and practicee As a result, a reader trained in
this (cognitive) field fails to respond intuitively and
immediately to the vocabulary of the model and hence tends
to doubt whether processes described by these new terms

are really relevant to educational practice"e.

In the face of this apologia, it should be said that
space has been given to the above study because it is an
attempt (the only one found) to verify empirically an area
of educational theory which is not only relevant to the
present work, but which, after a period of gestation, may
give premature birth to standard and accepted teaching
practices - as has happened in the case of the cognitive
taxonomy and the learning theories of Gagné and Ausubelo
Despite inherent imperfections (and brief criticism is made
below) it at once illustrates the complexity and paucity
of such attempts at verificatione As will be seen later,
however (Chapter 3.4) there seems, as yet, to be little
evidence of the influence of the Affective Taxonomy on
those affective or attitudinal objectives defined as
tdesirable! for the curriculum in which the present work is

concernedo

It must be said, in conclusion, that the above test of
hierarchical structure appears to rely on a Guttman
postulation that hierarchically ordered variables will yield

a correlation matrix which can be identifiede. It is,
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perhaps, inevitable that notice will be taken that Lewy's
conclusions rely on merely a postulation for their supporte.
It must also be noted that reservations as to the procedure
followed must result when the degree of subjectivity
involved in categorising the items used in the test is

considerede.

33 Mager's Position on Objectives

Consideration will be given here to the views of

39

R.F. Mager on the preparation of objectivese Some
criticism, which it is hoped will be both wvalid and
constructive, will be made near the end of this Chapter
concerning the manner in which affective objectives, which
it is the purpose of this investigation to measure, have
been statede. Support for this criticism is being sought

from the criteria laid down by the above influential

writere

Mager recognises that a statement of instructional
objectives describes educational intents and will
communicate the intent to the degree to which the learner's
behaviour, when demonstrating his achievement, has been
describede. To describe behaviour it is necessary to
identify and name the overall behaviour act, define the
important conditions under which the behaviour is to occur
and the criterion of acceptable performancee A meaningfully
stated objective is defined as one that succeeds in
communicating the intento The best statement is one that

excludes the greatest number of possible alternativese A

.



further criterion is put in the form of a question:
"Can another competent person select successful learners
in terms of the objective so that you, the objective writer,

agree with the selections?"

Mager supplies a check list for writing objectivese

Only a few examples will be noted here:

1« Formal questions:
(a) Is the sentence structure clear, concise and
straightforward?

(b) Are all statements unambiguous?

2¢ Behaviour characteristic:
(a) Does the statement clearly and precisely describe
what the student will be doing when he
demonstrates what he has learned?

(b) Does the statement describe a complete action?

As will be appreciated, cognitive or 'performance'
objectives can readily be related to the above criteria
since an easily recognised response or behaviour will be a
valid measurement of achievemente It is more difficult

to embody in a statement of an affective objective a precise
indication of what response or behaviour can be used to
measure its attainmenty; but the least that the objective
should communicate is that it is possible to measure it to

some extente.
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Folt Affective Objectives of Current Syllabuses

In the Ministry of Education Pamphlet No. 38(h0)
published in 1960, a suggestion is made that science should
find a central place in a liberal education since "our
future community ee¢e¢ee will need more citizens capable of
imaginative and creative tbinking within the context of
science"o It is further suggested that scientific method
should set the pace in education and the characteristics
of this are listed as desirable aims viz : careful sifting
of observations, designing experiments to test ideas and
strict intellectual honestye It is, however, recognised
that "the ideals, methods and attitudes involved in the
scientific approach will not spread automatically into a
pupil'!s general outlook unless a conscious effort is made

to broaden their application esee"

In 1966 the Nuffield Science Teaching Project(u1)

reappraised the place of science in educatione. The need
for more people with scientific training and with a critical
attitude of mind was recognised and one proposal to raise
the general standard of science education is that:

"pupils should gain an understanding that lasts throughout
their lives of what it means to approach a problem
scientifically"o. This approach is compared with the
limitations of the "short-lived remembering of dictated
information" and encouragement is givemn to teachers to
emphasise the personal commitment of the scientist, the
importance of the disciplined guess, the logical argument,

the feeling of exploration and the readiness to make
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'apparently unwarranted jumps" while knowing how to check

their validitye.

A report on a working party on Secondary School
Science was made to the Consultative Committee on the
Curriculum of the Scottish Education Department in 19693y2)
This report is more specific in stating affective objectives
than those mentioned above, and this obviously manifests
the increasing awareness of the importance of these

objectives in modern educatione. They are, therefore,

worthy of inclusion in full.

1¢ For pupils in the first two years of secondary education:

(a) awareness of the inter-relationship of the
different disciplines of science;

(b) awareness of the relationship of science to other
aspects of the curriculum;

(c) awareness of the contribution of science to the
economic and social l1life of the communityj;

(d) interest and enjoyment in science;

(e) an objectivity in observation and in assessing

observationsoe

2e¢ For pupils in years three and four of secondary education
the objectives listed immediately above are included

with the addition of:

(a) an interest and a willingness to participate in
science-related leisure pursuits;
(b) willingness to conform to and an interest in

propagating sensible rules for safety and good
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health for the sake of the community, as well
as of the individualj
(c) an interest in and a willingness to participate
in conservation of the natural environment;
(d) an interest in gathering information about science

through all the media of communicatione

It is mentioned in the report that these objectives are
arranged in a hierarchical structuree. It is not made clear,
however, if 1)a) above, for example, is at a higher or
lower level than 1)e), and it must be said that there
appears to be little resemblance to the best known hier-
archical structure vize. Bloom's, no matter which objective
is taken as the loweste This can also be said of the list

of objectives in 3¢5 belowe

In paragraphs 59, 80 and 81 of this report it is noted
that attitude formation should be seen as one of the essential
contributions of science to the general curriculum and an
appeal is made that subject content and methods of teaching
should reflect this contributione. Some suggestions are made
in the report as to how attitudes can be assessed by teachers
eege essays on interests and impressionse. Brief mention
is made of the existence of attitude assessment tests but it
is accepted that little use has been made of these in schools
and an appeal is made to Colleges of Education and University
Education Departments for the development of suitable test
instrumentse. Very little seems to have emerged during the

past six yearse
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Some suggestions will be made under !'Suggestions for
further research! at the end of this Thesis as to how
these needs can be satisfied, but the following observations
on the writing of affective objectives are made at this

points

a) It must be recognised that if it is considered
to be essential to a satisfactory science education
that affective outcomes are at least as important
as cognitive outcomes (as the above Report states)
then emphasis must be placed on training teachers
in the meaning and inculcation of attitudes and

their assessmente

b) Decisions as to what attitudes are 'desirable! at
each stage in a pupil's education are major

decisions which may require thorough reappraisale.

c) Rigorous criteria should be applied to the phrasing
of such attitude statementse. An application of
Mager's criteria quoted above (Chapter 3.3) to the
statements immediately above and below is worthy

of consideration in this regarde.

d) It would seem to be essential that affective
objectives should only be included in any list of
desirable objectives for any school subject after
it has been verified empirically that such
objectives are capable of being attained by those
pupils for whom they are intendede. Consequently,

a great deal of research is required in this field
and it is hoped that the present work may contribute

something towards this end in the case of science

educationoe

- 49 -



35 Affective Objectives selected for investigation

in this work-.

Recently, the consultative committee on the curriculum
has been considering a new list of objectives for Chemistry
at '0' Grade of the Scottish Certificate of Educationo It
was thought most appropriate, considering the suggestion
made in (d) above, that this present work should be
concerned with the affective objectives included in these
latest proposalse The full 1list of affective objectives is:
* 1) Awareness that Chemistry can form the basis for
many satisfying careerse.

* 2) Awareness of the contribution of Chemistry to the
full development of the individuale.

* 3) Awareness of the contribution of Chemistry to the
economic and social welfare of the communitye.

* k) Awareness that a number of variables can influence
an experimental situation.

* 5) Interest and enjoyment in Chemistry.

6) Acceptance of the chemist's ability to produce

new compoundse

7) Acceptance of the importance of observation in an

experimental procedure.
* 8) Acceptance of the value of an experimental approach
to problems-.

9) Acceptance of the desirability of working and

discussing in groups in appropriate situationse.
10) Acceptance of responsibility for carrying out
suitable safety procedures.

11) / over



11) Commitment to optimum precision of measurement.

12) Commitment to optimum precision of statemente.

13) Commitment to cleanliness and neatness in
experimentation.

14) Commitment to the systematic recording of
experimental results and other datae.

15) Commitment to objectivity in observation and
assessment wherever possiblee.

* 16) Commitment to arriving at conclusions from the
information, knowledge and understanding
availablee.

* 17) Commitment to apply a scientific approach in

other fields of experiences

The objectives marked with an asterisk were selected
for testing on the grounds that they appeared to be the
most important and generally accepted affective objectives =
many appear in the survey by Lewis reported in Chapter 3.1 .
In addition, it was not possible, because of limitations in
time and in size of the questionnaire produced, to test all
of the objectives listed. It must also be admitted that,
in the case of some of the objectives omitted, concern was
felt that a high degree of validity for test items designed

could not be ensurede.

It should be noted here that in determining whether or
not the affective objectives of a curriculum have been met,
the task is not so much concerned with collecting information

about the attitudes and interests of the pupils and so



producing norms in the affective domain but rather whether
or not a certain criterion has been met as a result of the
curriculume It is not relevant at this point, to discuss
the relative merits of norm-referenced and criterion-
referenced objectivese It is sufficient to note that it
must be assumed, in the absence of information to the
contrary, that all of the affective objectives listed

above are criterion referencede



Chapter 4

The Pretest

L1 Design of the Pretest Questionnaire

It was decided to produce a series of Items which
either asked questions, posed problems or described
situations, and so design the Items that a response should
manifest an attitude related to the affective objectives
which had been chosen from the test (Chapter 3.5). As
will be seen below, many of these Items are disguised
attitude assessment tests, a technique which has not,as yet,
figured prominently among the methods so far used. One
advantage of this technique may be that the pupils for
whom it was intended would possibly embark on the questionnaire
without being aware of what was being tested and thereby
enhance the possibility of genuine and germane responseso
An attempt was also made to make the Items as interesting
as possible so that application would be maintained at a
high level throughoutos The questionnaire was designed so
that it could be answered in about one hour by Fourth and
Fifth Year pupils following S.Ce+Ee courseses Responses were
translated to a scale of marks so that the application of

statistical analysis would subsequently be possiblee.

Page 1 of the questionnaire (Appendix 4-1) elicited
information as to whether the pupils included science in
their group of '0!' Grade subjects and also whether the

pupil was a girl or boyo Otherwise anonymity was preserved



and an indication was given that the paper was not a !'test!

in the accepted sense of that worde.

Item 1 (Appendix 4-2) was designed to test objective
No. 1 (Chapter 3¢5) and asked pupils to compare Chemistry
with other subjects in its importance in preparing for 17
stated careers, many of which had no obvious scientific biase
A mark was awarded for a tick placed in any of the Chemistry
boxese Item 2 (Appendix k-3) used the semantic differential
technique to establish a general impression from pupils of
a student of Chemistry is.ee objective No. 2. A Likert-
type scale was used for scoringe A mark of +2 was awarded
for a tick in a box in the column on the extreme left, and
=2 for a tick in the column on the extreme right with +1, O
and -1 awarded for the intermediate columnse A total of
the whole Item was then takene Items 3 and 4 (Appendices
L4 and 4-5) were constructed so that attainment of
objective Nose 3 and 5 could be evaluatede. Four achieve-
ments or personalities in each list have a definite
scientific biaso A mark was awarded for a tick placed in
any of these boxese Totals of 'Importance!', 'Free Book!,
tValue'! and 'Interest! were then madee. It was hoped that
reference between these tests would, in the main test,
provide some indicationof test reliability and this is
referred to in Chapter 5e Objective No. 4 wviz. the pupils!
ability to cope with several variables was tested in Item 5
(Appendix 4-6). It was considered that five variables in
the problem would be sufficient to detect differing abilitiese.

The only possible answers are the correct placing of 4
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variables, 2 variables or 1 variable, and marks of that

order were awarded in each casee Five sub-items in Item 6
(Appendix 4-7) were written to test objective Noe. 16 and a
mark was awarded for the selection of the most logical or
scientific answere The six sub-items in Item 7 (Appendix 4-8)
were written to achieve the same end but, in addition, a
written explanation of why a response was chosen was requestede.

An additional mark was awarded for a logical explanationoe

4.2 Organisation and Administration

It was decided to administer the pretest to pupils in
three schools in a county in West Central Scotlande A
letter was sent to the Director of Education giving
information and requesting permission to contact the three
Head Teacherse This was granted, and letters to Head
Teachers, with accompanying letters to Principal Teachers of
Chemistry, were sent outlining the nature and aims of the
research project, assuring anonymity and requesting
cooperations This also was granted and about 40 question-
naires were despatched, with instructions, to each of the
participating schoolse In addition, a form for comments
on the pretest (Appendix 4-9) was sent to the Principal
Teacher of Chemistrye The conclusions reached from these

comments are discussed in Chapters 4.4 and 5¢1.

4.3 Pretest sample

Since the questionnaire was eventually to be administered

to a large number of pupils from all types of schools, the
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sample chosen in the pretest had to reflect, as far as
possible, the schools and pupils for whom it was intended,
so that difficulties in interpretation, phraseology and

the time required to answer the questionnaire could be
obviated. For this reason, of the three schools chosen,
one was a 6-year comprehensive, one a Senior High School,
and one a Junior High Schoole. All were co-educational
schools offering a wide range of S«C:Es subjects at '0!
Gradee Principal Teachers of Chemistry were asked to
allow about 20 pupiis who were following at least one
science subject to answer the questionnaire and also the
same number of non-Science pupilse An approximately

equal number of girls and boys was requested as was the
requirement that science and non-science pupils should be
matched for I.Qe In all, 124 pupils completed a question=
nairee. The pupils were chosen from an area where workers
could be described as both 'blue and white collar', and

who resided mainly in a large industrial town, although one
school contained a large percentage of pupils from rural

arease

L.4 Results of the Pretest

The main purpose of the pretest was to obviate possible
difficulties which might arise when a sample of approximately
10 times that used in the pretest was used. However, the
inclusion of some statistical findings based on the
relatively small sample used in the pretest is not irrelevant
in that the methods used to produce the findings give some

indication of the procedure to be followed in the analysis
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of the main test findings in its earliest stagese It
should be emphasised, however, that no great significance
was placed on the pretest statistical findings unless they

are confirmed and re-stated in the main test resultso

Principal Teachers of Chemistry reported that pupils
had no difficulfy in completing the questionnaire and, in
fact, most had completed it in 40 minuteso This prompted
the inclusion of a further Item which will be described in
Chapter 5.1 and appears in the Appendices to that Chapters
No difficulty was reported in interpretation of the
instructions to each Item or of the method by which it had
to be answeredo All of these were considered to be
important factors to eliminate since the administration of
the questionnaires was carried out by posting them to the
various schools and relying upon the staff at each school
to deal with difficultiese The pretest did stimulate a
re-appraisal of the format of some of the Items as well as
the inclusion of a new onee. The results of this
re-appraisal are described in Chapter 5¢1 din which the
modified and extended questionnaire to be used in the main

test is describede.

Reference is now made to Appendix 4«10 which contains
the statistical results of the preteste. For convenegnce,
an abbreviation of the objective being tested is included.
Mean scores (X) and standard deviations (S) were calculated
for male and female pupils in each science and non-~science

categorye A mean score for all pupils doing science (iz)

and a corresponding standard deviation was also calculated(Sz)



as was a mean score for all pupils not doing science (21)
and a corresponding standard deviation (SI)' From these

results a 't! statistic was calculated from:

X, - X N1S12 + N,8,2
t = -ﬁ=%-. where 6 =
{J- + =
N1 N2 N1 + N2 -2
N1 and N2 are the relevant number of scores in each casee

The two categories compared here were those of science and
non-sciencee. It was not considered to be profitable, at
tuis stage, to compare the sub-categories of boys vs girls
or science boys vs non-science boys etce This was,

however, done in the main test and is reported in Chapter 5.

Using the 't!' statistic, and from relevant tables at
the 120 degrees of freedom level, the emergence of
significant differences was examinede This is indicated
in Appendix 4-10 by a value of t2 1.98 and it can be seen
that in the case of the objectives designated by 'careers!',
'value to community' and 'variables!, there appears to be
a significant difference between science and non-science
pupils for these objectives. This difference is at the
5% level of significance i.ee there is only a 5 in 100
chance of these differences having been arrived at by
chancee It should, however, be noted that, for the pretest,
a test for  normal distribution has not been carried out,
and, as has been said above, conclusions will not be drawn
from results in this work until the large sample is used
and until further statistical refinements have been

employede.
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One major difficulty which the pretest threw into
relief was that of the degree of discrimination which could
be detected by the Items includede If differences in
attitudes exist between science and noﬂ;science pupils it
is clearly essential that any method produced which is
designed to detect and measure such differences must be
capable of doing so with as high a degree of sensitivity
as possiblee One cannot assume too much in the absence of
evidence that differences between two categories of pupils
existe It could be that differences do not, in fact, existo
On the other hand the method used may not be sensitive
enough to discriminate between categories where marginal
differences do existe In this case further effort must be
made in order to increase the discriminating power of the
techniques usede Chapter 5¢1 describes the efforts that
were made in this connectione Where no differences are
found after these further efforts, it must be shown by some
test of internal consistency that no matter what techniques
have been employed to discriminate between attitudes of
certain categories, they have be¢en found to be capable of
detection and measurement, or they have not, by all of the
techniques usede. Herein lies the difficulty experienced
by the attitude tester who places objectivity above
expediency in his procedurese. For at what point can he
state unequivocally that his findings are not to be
questioned further, or his techniques no longer scrutinised
in relation to their wvalidity, reliability and discriminating
power? In view of these difficulties it is not surprising

that the literature survey has thrown up comparatively little



in the way of research of this nature, and that some of it,
as has been shown, is contradictorye Nevertheless, it
would seem to be essential that work of this kind be
carried out no matter what risks of contradiction and
derogation are run, for it is only by each successive
researcher standing on the shoulders of his predecessors

that the highest achievements can be made-s
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(1)

(2)

(3)

(&)

Appendix 4-1

THIS IS NOT A TESTe.

YOU ARE ASKED TO READ EACH ITEM ON THE FOLLOWING
PAGES AND, IN EACH CASE, PUT YOUR ANSWER (WHICH,
IN MANY CASES, IS SIMPLY YOUR OPINION) INTO THE
EMPTY "BOXES" PROVIDED. PLEASE USE A BALL=POINT

PEN.

PLEASE WRITE YOUR CHRISTIAN NAME ONLY BELOW:=-

PLEASE SCORE OUT "DO" OR "DO NOT" IN THE
FOLLOWING SENTENCE SO THAT IT APPLIES TO YOU:-
DO
I INCLUDE SCIENCE SUBJECTS IN MY .
DO NOT

GROUP OF '0O' GRADE SUBJECTS.

THANK YOU FOR TACKLING THESE ITEMS. YOUR
EFFORT WILL PROVIDE INFORMATION THAT WOULD

OTHERWISE HAVE BEEN IMPOSSIBLE TO OBTAIN.
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Appendix 4=2

ITEM 1

Which of the following four subjects -~ Mathematics, Geography,
Chemistry or Modern Studies - do you think would be the MOST
important to study if you were preparing for the careers

listed below,

think is most important in each case,

Place a tick in the box of the subject you

Career

Mathematics Chemistry

Modern
Studies

Geography

Farmer

Accountant

Banker

Doctor

Technical
Representative

Lawyer

0il Company
Executive

Architect

Meteorologist

Journalist

Photographer

Librarian

House Builder

Army Officer

Car Mechanic

Politician

Social Worker
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Appendix 4-3

ITEM 2

How do you describe different things? If you had to

describe "A Racing Car" you could do it like this:~

Quick 1 Slow

v [::] Unimportant
Safe [::] L__‘ .___J L!:: Dangerous

The positions of the ticks between the word pairs show that

Important 41

you describe it as very quick, neither important nor

unimportant and rather more dangerous than safe.

Use the same method of ticking the box you think most

appropriate to describe:-

"A Person studying Chemistry"

Serious Flippant
Careful Careless
Responsible Irresponsible
Kind=-hearted Heartless
Generous Selfish
Articulate Inarticulate
Organised Messy
Exciting . Boring
Friendly Stand-offish
Thoughtful I_T | | Scatter-brained
Well educated Uncul tured
Eccentric J Conforming
Joyful Gloomy
Interesting rﬁ | l Dull

Precise [7 Woolly-minded
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Appendix 4-=4

ITEM 3

How important do you consider the following contributions to the
benefit of the people of Britain over the past 100 years?

Rate them on the following scale:-

+2 very important
+1 important

0 if you are undecided
-1 of little importance

-2 of very little importance

Put the number of your choice in the box marked "IMPORTANCE"

after each subject,

IMPORTANCE

FREE BOOK

Fhe manufacture of man-made fibres,
e.g2. Terylene, Nylon

The rise of the mass media (T.V.,
radio, Newspapers, cinema)

The Education Act (1872), setting
jup State-controlled education

The introduction of the Welfare
State (1948)

Labour-saving devices (washing
machines, vacuum cleaners etc,)

The growth of the plastics industr
(polystyrene, PVC, polythene, etc.{

.The extension of the right to vote
(1887, 1918, 1928, 1970

The discovery of penicillin

Use of artificial fertilisers in
farming

Computers

If, as an introductory FREE OFFER, a Book Club offered you

four books on the subjects listed above, tick in the box

marked "FREE BOOK" the four you would choose,
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Appendix 4-5

ITEM 4

How valuable to the community do you consider the work of

the people listed in the table below? Rate them on the

following scale:-

+2 Very wvaluable
+1 Valuable

0 If you are undecided

-1 Of little wvalue

-2 Of very little wvalue

Put the number of your choice in the box marked "VALUE" after

the person's nameo

Put a tick in the box marked "INTEREST" opposite four of

these people you would consider to be the most interesting

to meet and to talk to about their worke

A playwright and poet
Composer of electromnic music
Psychoanalyst

Prime Minister of Britain

A Mathematician who wrote a famous work
on new fields in mathematics

Biochemists who discovered the structure
of the DNA molecule

Painter of modern art
Engineer and famous bridge-builder
Doctor who did early work on vaccination

A heart-transplant surgeon
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Appendix 4-7

ITEM 6

(1) Natasha, the eminent astrologer, proclaims:= "Due to
the alignment of the planets Jupiter and Mars, and the

coming ascendency of Saturn, powerful forces will prevail

over Sagittarians this month causing them to become moody

and ill at easeme.

Which course of action satisfied your acceptance

or rejection of her proclamation?
(a) Dismiss her as a crank r’

(b) See if her predictions were in agreement _
with the facts known about the current [‘ o
position of planets and the behaviour S—
of Sagittarians that month

(c) Accept her judgement as she is very ——
knowledgeable in matters of this kind. [

(2) On the way back to Newtown Police Station, Sergeant
Lynch remarked, "All the evidence points to Reilly
as the burglare. His landlady says he was out all night on
the night of the burglary, and three people have identified
him as the man they saw running away from the burgled house.
We've even found a jemmy back in his flate." "No, Bert,"
said Inspector Barlow, "it's definitely Andersone I know
we've nothing to pin on him at present, but when you've been
in this business as long as I have, you get this feeling,
call it 'copper's intuition' if you likeo But I just know

that Anderson's the burglar."

Of the two opinions about who committed the burglary, whose

are you more inclined to accept?
(a) Inspector Barlow, because he's an

experienced detective, and his
hunches are shrewd?

(b) Sergeant Lynch, because his

explanation is based on the known [:::
facts of the crime?
(c) Neither, because they are both |“‘*

equally convincing?
(3) / over
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Appendix 4-7 (cont.)

(3) Twenty years ago Immanuel Velikovsky published a
theory that during the fifteenth century B.Ce the
Earth was narrowly missed by a comet, and this comet

eventually struck Mars to produce the planet Venuse

Which of the following satisfies You as the best method of

deciding to approve or to reject Velikovsky's theory?

(a) See what facts of astronomy can be
collected to support his theory

(b) Accept the judgement of the thousands
of famous scientists who disagree with
him

(c) Find out what his qualifications as a
scientist aree.

(h) A famous atomic physicist has stated that a new
radioactive element of atomic number 114 existse
Which of the following would satisfy you as to the

correctness of this?

(a) Belé#ve him, since he is a famous
physicist

(b) Carry out experiments to detect this
new radioactive element

|

(¢) Accept this, as a great many people
have been saying this for fifty
years

(d) Believe him ds his shrewd guesses
have turned out to be correct in the

paste

(5) Your teacher has said that when we add 10 mle of one
liquid to 12 mle. of a different liquid, the resulting

total volume will always be 22 mle

Which of the following do you consider the most satisfactory

way of deciding whether or not this is correct?

(a) Consult a textbook
(b) Make a calculated guess
(c) Ask another teacher of chemistry

(d) Do experiments with volumes of
several liquidse
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Appendix 4-8

ITEM 7

Read through each of these passages, and then decide whether
or not the conclusions that are being drawn in each case

are justifiablee If you think that they are justifiable,
put a tick in the box "J". If you think that they are not
Justifiable, put a tick in the box "U". Then explain why
you think the conclusion is or is not justifiable in the
space below each passagees

(1) Celtic's 6-1 victory over A.C. Milan last week raises

hopes for their prospects in the forthcoming Scottish-
Italian competitione If Celts can scobtige the scintillating
soccer signors, who are, remember, the Italian champions,
then Stein's stunners will steamroller their way over the
weaker Italian teams in the tournament.

J U

(2) 1If sensitive chemical tests cannot detect the presence
of copper or zinc in a compound, we can conclude that
copper or zinc are absent in that compound.
J U

(3) "of course, Paul, you realise that Raymond Chandler's
detective novels are much better than anything

Georges Simenon has writtene."

"Why? Who says so?"

"Oh ..« eminent literary critics; they say so."

"And how would I recognise these 'eminent literary critics'?"

"Simpleo They prefer Chandler's novels to Simenon's novels."

J U

(4) / over
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Appendix 4~8 (cont.)

(4) The metal, Scotium, will displace hydrogen from acide
Since this reaction occurs for one metal - Scotium =

it will occur for all other metalse

(5) Ghosts do not exist because no one has produced

reliable enough evidence to support their existence.

(6) Film makers, responding to changes in the public's
tastes, stepped up their emphasis on themes of
violencee. And what happened? As a result, figures for

violeﬁ@ycrime during that year showed a dramatic increasee
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Appendix 4-9

COMMENTS ON THE PRE-TEST

(1) Did all of the pupils complete the
questionnaire within 1 hour? YES/NO
(2) If your answer to (1) was NO, how many

had finished within 1 hour?

QUARTER/HALF/THREE QUARTERS/ALMOST ALL

(3) Please underline any item which caused TWO or more
questions to be asked about it.

ITEMS: 1, 2, 3, 4, 5, 6, 7

(4) An indication of the difficulties which prompted
the questions in (3) would be most helpful.

Thank you for your co-operation with this questionnairee.
The results from the large-scale survey will not be
available for some time but these will be sent to you in
due courseo



Amnmos aouatos
-uou A monoﬂomv
oN oN sa] oN sa] oN oN ON sa] ;TaAST %G
38 JUBOTITUITS

99+0 9l-1 9¥e2 G0e | 0c+2 8Le0 060 06- 1 OteC 3
8¢z Lol 6Let L§+0 90+ 1 980 6Lt lge b shet  's  ep="'n
, (wsoa)
885 02e¢ 860 Lie0 £¥-0 66} Lyt 86 L 16-¢ X edouaTdog-uoN
¢hee 81 iel 8¢<0 OlL-1 180 6 | LGS (f } S 0 = N
Amhonv
£€heq Cleg 060 L1e0 00 ¢lel 0cev LeeL €6e¢ X @JoudTog-uoN
96+ | 9c-1 T AN | 9¢e0 €60 L8+0 geol 682 €G-t g 61 = N
Amauﬂwv
8G9 A XX biel 9te0 £9+0 Lol 68 $6+8 V8.2 X 9JUuSTOg-uUoN
912 g2e | VoL o0 88+0 96+0 Leet 89+ ¥ veeb  Cg L = °N
(r0q)
19+G ghe¢ GGe 52+0 180 2Let LLs¥ 19¢6 0o¢ % 9oueTog
¥0eC 9¢et beel 0v0 ¢6°0 860 89e | Vet Clet S 6y = N
(s£0q)
4934 17434 LGe} 02+0 L9+0 Slet V8e ¥ 20+6 86°2 X 80uUaTOg
Gc2 L8*0 el 80 890 2640 [AAY7 6bvev 922" S 92 = N
ﬁmﬁnﬂwv
Gle9 26e¢ 0G- 1 6Ce0 80 | G9e | G9e¥ ¢€lLe0l 0. ¢ X 8duaTog

jusmfoluy Juamfofuy
SUOTSNTOUO) SUOTSNTOUOY pur £3TUnuwo) pus £3oTPIde 03 juspnig
TeoTS0 Te0T307T S8TQBIIBA 3SaI93Ul O3 anysvp 3SaI93ul oouwjIodul AI}STWLY) SI8aI8)
JAREENY 9 wa3T G we3l ¥ wo3T ¥ wenT ¢ wogl ¢ wonl C Wo3l | Wogl

NnT=b Xinmeddw

- 72 -



Chapter 5

The Main Test

501 Design of the Main Test Questionnaire

To ensure that no major difficulties would arise when
the main sample of pupils were completing the questionnaire,
the information acquired during the Pretest was useds In
addition, further thought had been given to the manner in
which some Items were scored, and this was taken into

accounts

Reference is made to the Appendices at the end of
this Chapter and, for comparison, to those at the end of

Chapter 4.

Appendix 5=1 contains a further assurance that the
questionnaire should not be considered to be an
texamination'e Item 1 was modified (Appendix 5-%) so
that a Likert-type scale replaced the previous method which
was essentially a comparison of the value of chemistry as
compared with other subjectse It was considered that a
greater commitment would result by providing no alternative
to the assessment of Chemistry by the pupils as a basis for
the careers listedo In the same way, Item 2 (Appendix 5-3)
had previously provided the opportunity to pupils of a
'neutral vote' by including a central column (Appendix 4-3).
The inclusion of a sixth column would, it was considered,
result in improved polarisation between each word-paire

A scale of +3 to =3 was accordingly introducede The
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Likert scale in Item 3 (Appendix 5-4) was extended to

+3 to =3 for the same reason as was also the scale in

Item 4 (Appendix 5-5). The descriptions of the people

to be assessed in Item 4 were made more explicit and the
instructions in the "Interest" test were placed below the
list rather than above it where they had been previously
placed (Appendix 4-5) since there had been some evidence

in the Pretest that pupils had omitted this part,
presumably due to the slight change in format from that
used in the previous Item- Item 5 (Appendix 5-6) remained

unchanged but is included for completenesse

In Item 6 (Appendix 5-7) a further distracter was
included in each sub-Item, where possible, so that the
number of choices was increased to four, except in one case.
It was hoped that this would decrease the element of chance
inherent in this Itemo The answers to sub-Item (2) were
modified to exclude information which would have suggested
the correct responsee The method of scoring in XItem 7
(Appendix 5-8) was altered from a choice of justifiable/
unjustifiable to a Likert scale since it had been found that
the written explanations asked for in the Pretest
(Appendix 4-8) indicated that the pupils were, in some
cases, unsure of what the terms employed meante. In
addition, it was considered that a scale of marks provides
a refinement not given by what is virtually a yes/no
responses The written explanation was discontinued since

it was diffiéult to assess from the many replies in the

Pretest the score which could validly be assigned to each
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since the terminology used by the pupils varied greatlye
In addition, the invitation to teenage pupils to write
anonymously in a questionnaire had resulted in comments,
in some cases, which could not be described as relevant

to the enquirye This occurred especially in the case of
the sub-Item referfing to a football team, where responses
were obviously coloured by partisan loyaltiese The
sub=Item was subsequently re-worded to include a team
which, it was hoped, would allow the pupils to deal with

the Item objectivelyo

The Pretest had shown that the seven Items included
in it could comfortably be answered in about 45 minutese
Since the questionnaire was intended to be answered during
a double school period (60 to 80 minutes) it was
considered that the inclusion of another Item in the main
test would be possible, even éllowing for the time required
for instructions to pupilse The opportunity was taken,
therefore, to include an Item which was designed to test
the value that pupils placed in scientific method
(ises objective noe. 17 in Chapter 3.5). Item 8 (Appendix 5-9)
describes an enquiry which included procedures which, in
some cases exemplified accepted scientific method and in
other cases were completely spuriouse Some procedures
were included which fell between these extremese Again,
a Likert-type scale of marks was employed, and initially,
a total of the marks assigned to the procedures which would
normally be described as 'scientific' was made so that a

comparison between science and non-science pupils could be



made o This was followed later by a closer assessment of
the importance placed on each procedure by science and
non-science categories of pupilse. This method of
analysis of the results from certain items was widely

employed, and is described in 5.4.5 belowe

52 Organisation and Administration

Twenty six Education Authorities were selected to
provide the sample which is described in 5.3 belowe A
letter was sent to each Director of Education giving
information about the proposed test and requesting
permission to approach certain Head Teacherse All but
three Directors of Education replied to this letter and
all who replied gave permission to contact schoolsoe Fifty
four schools had been chosen in the twenty six Authorities
originally contacted and from the twenty three Authorities
who became involved, forty two Head Teachers replied
favourably to a letter requesting their cooperationes of
these, three were used in the Preteste. The Principal
Teachers were then asked to specify the number of pupils
who they could involve in completing questionnairese
Numbers of forty to one hundred were specified and these
were despatched to schools with instructions to the
supervising teacherss Of the thirty nine schools who had
agreed to cooperate in the main test, twenty nine returned
the completed questionnairess Care had been taken that
no demands were made on pupils at times when they were

involved with preparation for S.C:E. or schedule examinationso.
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The questionnaires were then marked and the scores
transferred to Data Processing Sheetse A punched
computer card was then prepared for each pupil and these
were then subjected to analysis by the computer

programme which had been preparede The computer programme

is induced in the Appendices on Pages 183 to 186.

53 Main test sample

The twenty six Education Authorities originally
contacted represented the major geographical areas in
Scotland and included urban and rural areas, industrial
areas and agricultural arease Both large and small
centres of population provided a variety of schools
normally associated with such centres including six year
Comprehensive, Senior High, Junior High, four year schools
who were building towards a six year structuree. Certain
Grant Aided Schools were includede. It is considered that
the original fifty four schools would have provided a good
representative sample of pupils both in number, and in
the manner in which they were distributed among schools of
different typese A constraint which is always present in
research which is carried out using questionnaires which
are not personally administered by the researcher, is that
the sample which results is governed by factors over which
he has only limited controle Nevertheless, the sample
which finally emerged, and on which the main test was
based is considered to have been a satisfactory representation
from most geographical areas in Scotland and representing

most types of communities and schoolse Of the twenty nine



schools who returned questionnaires, twenty two were
initially described as six year Comprehensives, four as
Senior Highs, one as a Junior High, one as a 'Selective
Comprehensive'! School and one as a Comprehensive school
together with a Senior High structuree It was, consequently,
difficult to categorise the schools in the climate of
changing structures which obtains in this country at
presentoe Further information on the schools was elicited
later (Chapter 5e4.7). In total, 1325 pupils completed

a questionnaire of whom 721 were girls and 604 boys. All
of these pupils were following courses leading to
presentation in S<C+Es subjectse Most of the pupils were
in the Fourth Year of their secondary education preparing
for presentation at '0! Grade, and the remainder were
mainly S5 although some questionnaires were completed by
pupils in S6. In each case, however, an approximately
equal number of pupils had followed courses which had a
science content as those who had noto In each school,
Principal Teachers were again asked to match science and
non-science pupils with regard {o age, sex and I.Qe It
must, however, be accepted that a major comnstraint which
must always be taken into account when research of this
nature is being carried out, which attempts to assess the
contribution to a pupil's education being made by one
subject in the curriculum, is that almost all pupils are
studying several subjects, most of which are optional and
have been chosen from several alternativese. A wide
variety of combinations is possible in most schools, and

it would be difficult to isolate and compare pupils whose
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selection differed only by the inclusion of, for example,
Chemistry. In the present work, a 'science pupil!' has
been defined as a pupil who includes at least one science
subject in the group being followede Nevertheless it is
thought that one of these subjects will almost always have
been Chemistry since the Principal Teachers of Chemistry
involved pupils mainly in their own classes to constitute
the science samplee A 'non-science pupil' is, accordingly,
a pupil who has not studied a science subject since the

S2 yeare It would not have been possible to obtain a
satisfactory sample of pupils who had never studied at any
level, since the common course being followed by most

pupils in Scotland contains elements of general sciencee

5el4 Results of the Main Test

S5ele1 Summary of the comparisons made

One of the stated aims of this work is that of
determining whether or not certain affective objectives
have been attained by pupils following S.C.E. Chemistry
coursese As has been mentioned earlier (Chapter 3) a
serious obstacle to this arises if specific criteria in
defining and assessing such objectives have not been laid
down, and as has been observed, affective objectives are
peculiarly difficult to specify in this way, and
reservations have been stated, in this connection, when
considering the affective objectives now being examinede
Recourse is therefore made to the more pragmatic method of

relating the attainments, in these objectives, made by pupils
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who have studied the science subject under consideration,
with those of a control sample of pupils who have not
studied the subjecte. Further comparisons will also be
made between other categories of pupils according to
differences in sex and in the type of school in which

they have studied the subjecto. Further categories could,
of course, be assembled according te, for example, age,
geographical location or other subjects being studied but
these have not been possible due to inevitable limitations
in the scope of the work which must be imposed. It will
be seen that the procedures adopted in making these
comparisons changed as a result of statistical evidence
which emerged, and these changes are briefly explained so
that any future workers in this field may benefit not only
from an indication of avenues which can be explored
fruitfully, but also from an indication of routes which

ultimately can prove to be sidetrackse

5el4e2 Comparison of means of various science

and non-science categories

Reference is made to Tables 1, 2 and 3 on Pages 81,
85 and 86 where the comparisons of means and standard
deviations have been made in Items 1 to 11 for the
following categories: girls science vs girls non-science,
boys science +vs boys non-science, and all science pupils
vs all non-science pupilso As has been seen in Chapters

41 and 5.1 the Items on the questionnaire in some cases

gave rise to sub-Itemse These are included in the eleven
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Items mentioned above and were similarly designated 1 to 11
in the computer print-outso For convenience, an
abbreviated indication of the objective each Item was
designed to assess is given below, and will be applicable

in all appendices derived from computer print-outso

TFrcnnaal
ITEM = ueshenrare OBJECTIVE
1 ) Chemistry as a basis for careers
2 Contribution of Chemistry to the
> individual (general)
3 Contribution of Chemistry to the
individual (specific)
L Importance of Chemistry to the Community
3
5 Interest and enjoyment in Chemistry
6 Importance of Chemistry to the Community
Y
7 Interest and enjoyment in Chemistry
8 s Influence of variables in experiments
9 b Drawing conclusions from relevant
information
10 7 Drawing conclusions from relevant
information
11 § Commitment to apply a scientific approach

An inspection of the means and standard deviations for some
Items (e.ge Item 1 on Table 1) gave cause for
concern as regards the assumption of normal distribution
due to the relatively high values of the standard

deviations, and the 'errors' were initially calculated from:

error (1) = Ji;f + dz

where 61 and dz are the standard deviationse.




A value for z1 was then calculated from:

_ Difference in Means
1 Error (1)

using the mean scores of the science and non-science
categories for all pupilse The data is shown on Table 1
together with values for the error (error (2)) and the

corresponding values for z, derived from theme These

2

second values assume normal distribution and

2 2
é é
1 2
error (2) = N Ot R
A 1 2
where N, and N, are the numbers in each categoryes A

1 2
value of z, or z, ) 196 indicates a significant difference
in means at the 5% level and a value ) 2.40 indicates a
significant difference in means at the 1% level. As can
be seen, only if normal distribution is assumed and the
value of z, taken, does a significant difference between
the two categories emerge and that in all Items except

3 and 10.

The importance of testing for normal distribution
was therefore evident and ;Kz values were calculated for
science pupils for each Iteme Values ranging from
29.80 (Item 9) to 2016.86 (Item 11) were obtainedo
On reference to tables of percentile values for the}&z
distribution and using the appropriate number of degrees of
freedom for each Item, it was found that normal distribution
could not be assumed in this category for any Iteme. For

tiuis reason, reservations must be made when the results
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from this initial attempt to analyse the questionnaire
scores are examinede At this point, a major re-appraisal
of the methods of analysis was made, although, as will be
seen below, examination using the same methods were in
train for other categories of pupilse As will be
mentioned in the next sub-chapter, the results which
emerged are included, not only for reference, but as an
illustration of the various methods which can be employed
to analyse data of this kind and, more important, of how
such methods, without rigorous examination, could cause
conclusions to be drawn invalidlye. It is hoped that it
will be clearly shown in Chapter 5.4.4 that the necessity
to re-~appraise the methods of analysis, in fact produced

results which would otherwise have remained unobservede

Tables 2 and 3 show the results of comparing
categories of girls science vs girls non-science and
boys science vs boys non-sciencee Again significant
differences are observed between the science and non-
science means in these cases when normal distribution is
assumed but never when normal distribution is not assumed,
and again, the same caveat must be enterede. It is a
matter of speculation, as well as concern, as to the
reasons why normal distribution did not result from the
above Itemse Assuming homogeneity of the sample (the
absence of which would be one reason for a distribution
othe:r than normal) it may be that a characteristic of some
attitude assessment tests is that it is much more unlikely

that the standard of 'difficulty' of the test can be
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adjusted to meet the average 'ability' of the sample with
accuracye The words 'difficulty' and 'ability' have been
placed in inverted commas since, in the context of attitude
measurement, they are imprecise and do not convey the
concepts involvedo In a sense, this may be illustrative
of an inherent constraint in many attitude measurements
which are subsequently exposed to statistical methods more
often used to analyse parameters such as cognitive test
scores or I«Qe 1ieee a normal distribution must not only
not be assumed, but, in fact, its absence accepted as the
more likely result when assessing a concept as complex as
an adolescent'!s attitudes, especially in relation to criterion-
referenced objectiveses Reference to this will be made
later in Chapter 6.2 when suggestions for further work are
being considerede It must also be accepted that a more
rigorous treatment of the pre-test results may have
indicated this difficulty in advance of the main test,
altiough it does not follow that even a major re-appraisal

of the testing instrument would have obviated the difficultye

Selt o3 Comparison of means of further categories

of pupils

Following the comparison of means between science
and non-science categories of pupils as described in the
preceding sub-chapter, it had been decided to compare other
categories of pupils in the same waye The computer had
been programmed to provide the following comparisons and

the resulting data appears in the Tables listeds=-
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Comparison of means Table

Girl pupils/Boy pupils 4
Pupils in comprehensive schools/

Pupils in schools other than
Comprehensive 5

Here again, normal distribution of scores could not be
assumed but the value of z which appears on the tables
has been calculated from the 'nmormal error' quoted which
does assume normal distributione The emergence of an
apparently significant difference between means in these
categories has been marked by an asterisk for the Items
concerned but again, the same reservations are made as in

the previous sub-chaptere

These results, together with the caveats entered,
have been included however, not only for completion of the
computer programme which had been prepared to produce them,
but also to provide a reference to which the results which
emerged during the next stage in the analysis of the data
can be madee. The comparison may indeed produce a great
deal of food for thought concerning the treatment of data

emanating from attitude measurements of this nature.

5ely o4 Percentage frequency of scores for each Item

for various categories

Following the difficulties explained above concerning
the distribution of the total scores for each Item for
various categories of pupils, it was decided to prepare a

computer programme which would provide the percentage
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frequency of the scores attained by the same categories of
pupils for each Itemo Appendices 5-10 to 5-17 1list the
raw and percentage frequencies of each possible score in
Items 1 to 11 In addition, the same data has been
presented graphically in the text for the comparison of
certain categories of pupils in Items where significant
differences in the scores attained have emergede. XQ
values were calculated for each category in each Item and
percentile values of 2? found for the four pairs of
categories which were compared. The percentile values of
Xz for the categories compared arellisted in Table 6 for
each Item, and where a significant difference is present

they have been indicated on the Tables

It can immediately be seen that significant differences,
mainly at the 1% level, have been found in all Items
except 1, 3 and 11 between the science and non-science
categoriesoe This result can be compared with that
reported in Chapter 5.4.2 which showed sipgificant
differences at the same level for the same categories but
in all categories except 3 and 10 is.ee the results are
similar in Items 2, 3, 4, 5, 6, 7, 8 and 9. It will also
be seen that in Item 9 (concerned with drawing conclusions
from relevant information) significant differences have
emerged at the 1% level for all of the categories compareds.
Furthermore, nItems 4, 5, 6 and 7 which could collectively
be called those assessing interest and enjoyment coupled
with an appreciation of the value of chemistry, significant

differences are present between the science and non-science
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groups compared in twelve cases out of a possible sixteens
It must be noted that in the light of these results, the
reservations made in Chapter 5.4.2 on the subject of
normal distribution may appear to have been rather
pessimistic in nature. Nevertheless they were made in a
desire to attain complete objectivity for any observations

made in this workoe

No significant differences have been found between
any of the pairs of categories compared for the Item
assessing the awareness of chemistry as a basis for careers
although a significant difference had been suggested by
the method of comparison of means made previouslye In the
Items which tested the pupils'! assessment of chemistry's
contribution to the full development of the individual
(Items 2 and 3) only the comparison of the science and
non-science categories produced a significant difference
and, as in the method of comparison of means, no
significant difference emerged for the science and non-
science comparison (or for any other comparison) for Item 3
which considered the specific attributes of a scientist,
particularly in connection with the image of 'human' as
opposed to 'inhuman' and 'interested in people'! as opposed
to 'interested in things'e In the next sub-chapter (5.4.5)
an examination of the frequency of response to all of the
word pairs used in this assessment of the pupils' image

of the scientist is made for the various categoriese

It should be noted that Item 10 produced a significant

difference by the method of compared frequencies, whereas
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in the previous method no such differences were founde It
might have been expected that Items 9 and 10 should have
produced similar results since they both tested the pupils!
ability to draw conclusions from relevant informatione

The absence of agreement in the comparison of the categories,
with the exception of the science/mon-science comparison
where agreement was found, is surprising in that Item 10
appeared to be the most discriminating method since it
contained a Likert-type scale whereas Item 9 required the
selection of a response from four choicese. Perhaps
the fact that two of the six sub-Items in Item 10 were
written in a scientific context as opposed to two of the
five sub-Items in Item 9 may have marginally favoured the

science pupils in this latter Item-.

No significant difference was found between the science
and non-science category for Item 11 which was designed to
test the pupils! commitment to apply a scientific approach
to new situationse However, in the case of boys science
vs boys non-science, a significant difference was shown
whereas no such difference emerged for similar girls

categoriese.

The graphsof the percentage frequencies for all possible
scores for Item 2 comparing science and non-science pupils
where a significant difference was shown are on Page 95
and indicate that for both of these categories a favourable
image of the scientist emergese. In both cases the more
desirable characteristics, which were awarded a positive

score, have a considerably higher percentage frequency than
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the less desirable and negatively scored characteristicse

In this graph only every fifth possible score with its
corresponding frequency has been included due to the
limitations of the scale, but a clear indication is given

of the relative percentage frequencies of the two categories

which resulted in a significant difference between theme.

The graphs on Pages 97, 98 and 99 for Item 4 show
where significant differences were found and again in both
cases a bias towards positive scores is observed. The
item, which tested the pupils' appreciation of chemistry's
contribution to the welfare of the community shows a good
appreciation of the four sub-Items which had an obviously
scientific bias and which were the only ones markede It
should be noted here that a closer examination of the items
assessing the important affective objectives of interest
and enjoyment and the awareness of the importance of
chemistry to the individual and to the community wviz.,
Items 1, 2, 4, 5, 6 and 7 has been made in the next sub-
chapter (5+4.5)s Item 11 has also been similarly examinede
The results from Item 5 (interest and enjoyment in chemistry)
are shown graphically on Page 100 Significant differences
between all categories compared were found here and the
percentage frequencies of the five possible scores are
showne Pages Dland 102 show that in Item 6 which also
tested the awareness of the contribution of chemistry to the
community, the appreciable frequencies lie on the positive
and more favourable side in both cases, with differences

between girls science and non-~science categories and between
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all science and non-~science categories sufficient to be
significante The interest and enjoyment objective tested
in Item 7 produced significant differences in the three
categories indicated on Page 104. The same page also
contains graphically the science/non-science result which
was significant for Item 8 which assessed the pupils!
ability to handle wvariableso From the graph, it would
appear that this result must have been marginal and it
would have been interesting here to have known which pupils
being assessed were mathematics studentse. The results
from Item 9 testing the ability to draw conclusions from
relevant information shown on Page 105 show what appears to
be a clear imdication that all of the categories compared,
with the possible exception of the girls science/boys
science, are significantly different in favour of the

scientistso

The graphical representation of Item 10 which was
similar to Item 9 in its objective shown on Page 106 is
interesting in that the Likert scale employed has produced
results where both the science and non=science categories
of pupils have scored most frequently near the zero pointe
It is possible here that the format of the sub-items was
such that the Likert scale provided an opportunity for
pupils to adopt a neutral position since a zero score could
be chosen which indicated that the pupil was 'not sure'.
Another possibility is, of course, that the nature of the
sub-items polarised the scores chosen equally in both

negative and positive directions for many pupils. The
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differences shown on the graphs were sufficient, however,
to produce significant discrimination between these

categorieso

Item 11 produced a significant difference in only
the cémparison of boys science and non-science categories
and the frequency distributions are shown on Page 108
Only the 'scientific' procedures posed in this item were
scored, and as can be seen, both of the categories were
inclined to accept them as important with a significant

difference in favour of the science pupilse

5+4+5 Percentage frequency of scores of sub-items for

certain Items for science and non-sScience pupils

Reservations have already been made concerning
conclusions drawn from the method of compared means for
categories of pupils in any iteme As has been seen, the
method of comparing percentage frequencies of scores has
been used to amnalyse the data which the computer programme
produced for each of the items subjected to ite A third
method will now be reported which was used to present tie
same data for certain items for science and non-science
pPupilse Tihis is the subject of this sub-chaptere.

Chapter 5.4.6 which follows compares the results for the
categories of science pupils of comprehensive schools and
science pupils of non-comprehensive schoolse It can be

seen that, in addition to the assessment of affective
objectives which was a stated objective of this present work,

a secondary, but perhaps equally important finding has
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evolved as the attempt to present the data as meaningfully
and as validly as possible has progressed vize.e, a
critical assessment of accepted methods which have been
widely used in previous investigations of this nature to

draw conclusions from attitude measurement techniquese

As has been seen in Chapter 1.4 earlier, the designation
of certain points on am attitude continuum as, for example,
from "very wvaluable" to "of very little value" has been
made in accepted methods by assigning to these points a
range of numerical values such as +3 to =3. Two serious
indictments of this method can now be made on the basis

of the experience gained in the present work:-

(a) The use of negative numbers in responses for attitude
assessment is certain to result in the screening of a great
deal of information if the numbers in sub-items are
summatede For example, a respondent who has assigned to
ten sub-items in a sumnated item five +3 scores and five

-3 scores would appear to have a completely neutral stance
on the attitude being assessed whereas, in fact, extreme
views are held for those facets of the attitude which have

been used in the measurement techniquee

(b) Even if negative numbers are not used in an attitude
scale, the use of numbers may be dangerous in that, if
summated, the assumption is made that the response
designated by the numeral 4, for example, is quantitatively
twice the value of that designated by 2 and four times the

value of that designated by 1. In an attitude response
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scale ranging from "very valuable" to "of very little

value" there would appear to be very little justification

for making this assumption and, in fact, every reason to

view with reservations the results produced from such
summated scores even although they appear to be statistically
viablee It must be said here that many of the reports
reviewed in Chapter 2 would be worthy of re-appraisal in

the light of the above reservationses

The solution to both of the difficulties indicated
above obviously lies in any procedure where the designating
scores are not summated, and, in fact, the use of any
other method of designation such as letters of the alphabet,
would serve instead of numeralse The percentage frequency
of selection of each point on the attitude response
continuum can then be reportede. This method was accordingly
used for Items 1, 2, 4, 5, 6, 7 and 11 to compare the
selections of science and non-~science pupils in this
sub=-chapter, and comprehensive science pupils and non-

comprehensive pupils in the following sub-chapteres

Appendix 5-18 and the graph on Page 111 show the results
from Item 1 for science and non-science pupilse The
rerceniage frequency of response in each column for each
sub-item is indicated on Appendix 5-18 and the graph

shows the total percentage frequency for those responses
which fell in the two extreme left columns ie.ee. those
which indicated a favourable response to the question as
to whether chemistry provided a valuable basis on which

to build many satisfying careerss The two central
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columns were considered to represent a fairly neutral view
and the two extreme right columns an unfavourable responses
Only the two extreme columns have been taken into
consideration here, although the examination could have
been extended to the other columnse. This was not done
because of the limitations already expressede. It is not
considered that the summation of percentage frequencies
from two columns is in any way comparable to the procedures
mentioned in (a) and (b) above and therefore not subject

to the same criticisme The summation was carried out to
achieve, if possible, greater discrimination between the
categories of pupils being compareds The same procedure
has been carried out for each of the items examined with
the exception, as will be seen, of Items 5 and 7o It
should be noted that, in all cases, a difference in
percentage frequency greater than 325 indicates a

significant difference at the 1% level.

The results from Item 1 suggest that, in most cases,
science pupils cannot be said to have a higher opinion of
the value of chemistry as a basis for careers than non-
science pupilse Item 2 however (Appendices 5=19 and the
graph on Page 113) indicates a more favourable view by
science pupils of the contribution of chemistry to the
development of the individual as personified by "the
scientist"e. It is interesting to note that no difference
in the "human" qualities of the scientist has appeared,
whereas the characteristic "involved with people"

(abbreviated as most sub-items have been throughout the
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appendices and graphs) indicates a more favourable opinion
from the science pupilse The alternate placings of the
indicators representing the categories on the graphs on
Page 115 which are based on the data on Appendix 5-20 for
Item 4 indicates inconsistency of opinions between the
categories in assessing the sub-items, but notice should
be taken that except for the "penicillin" sub-item a
significant difference appears in favour of the science
pupils in assessing the contribution to the community to
the scientifically biased sub-items "fibres", "plastics"

and "fertilisers".

The graphs on Page 116show the percentage frequency
of selection of the four "free books" used as an interest
test in Item 5o The scientifically biased selections
have been grouped nearer the origin and it can be seen
that a wide range of differences are present between the
categories for these interests in favour of the scientistsoe
The lines are however transposed as the non-scientifically
biased selections are reached in favour of the non-science
pupils and provide a striking example of the differences
in interests expressed by this method. Item 6 (Appendix 5-21)
is similar in objective to Item 4 and similar results
have emerged on the corresponding graphs (Page 117) in that
significant differences at the 1% level are shown to exist
in favour of the science pupils for two of the four
"science" sub-items and at the 5% level for a third. A
significant difference is also present in the consideration

of the mathematician as an important contributor to the
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communitye Item 7 shown graphically on Page N19is also

a test of interest as was Item 5, but here a less apparent
transposition of interest as the "non-science" sub-items
are approached can be seene. The test for a commitment to
apply scientific methods as expressed by Item 11

(Appendix 5-22) and shown graphically on Page 120show that
of the five sub-items which were, in a previous method,
scored as "scientific" procedures, and which are marked

by an asterisk, a significant difference at the 1% level
has been found for four of them and that the scientists
have favoured the fifth procedure also but at a 5% level of
significancee. It is interesting to note here that of the
six "non-scientific" procedures, the non-science pupils
have favoured them more compared to the science pupils in
three cases and that in only one case is there a
significant difference in faveur of the science pupils at

the 1% levele.

5e4te6 Percentage frequency of scores of sub-items for

certain Items for science pupils in

Comprehensive and Non-Comprehensive schools

The method used in the previous chapter was again
used to compare science pupils in comprehensive schools
with their counterparts in schools which were non-

comprehensive in naturee

It can be seen that in Item 1 (Appendix 5-23 and
the graphs on Page 121) certain significant differences

exist between the two categories in assessing the importance
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of chemistry as a basis for certain careers but that, on
balance, an overall picture showing mno obvious
discrimination emerges in favour of one group rather than
the othere. This pattern is continued in Item 2

(Appendix 5-24 and the graphs on Page 123) where the opinion
of the scientist seems to be fairly well balanced in
relation to his more desirable characteristicse Again in
Item 4 (Appendix 5-25 and the graphs on Page 124) no

pattern has emerged to show any significant differences
between the categories except in the case of the penicillin
sub-item where a more favourable response has been shown

by the comprehensive science pupilse The graphs on Page 125
show that in the interest Item (No. 5) comprehensive
science pupils show more interest in the science sub-items
whereas the non-comprehensive science pupils are relatively
more interested in the non-science sub-itemso It may well
be that the subject options available in these schools
could be a factor heree As in Item 4, Item 6 (Appendices
5-26 and the graphs on Page Uﬁ) show no important
differences between the categories in relation to their
attitude to chemistry as an important contributor to the
welfare of the communitye Similarly, the interest
measurement in Item 7 as illustrated by the graphs on Page 127
shows no significant differences for any of the sub-itemse.
It can be seen, however, from the graphs on Page 128derived
from the data in Appendix 5-27, however, that in Item 11,
the importance assigned to the "scientific" procedures
marked with an asterisk is significantly different at the

1% level in favour of the science pupils from non-comprehensive

schoolse
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Of the: twenty nine schools who participated in the
main test, twenty two were described as comprehensive
schoolse Of the seven non-comprehensive schools, four
were described as Senior High Schools and the remainder
were selective in nature. It is possible that pupils in
the non-comprehensive schools were on average of higher
academic ability than those from comprehensive schoolsoe
Apart from this, it would be unwise to assume anything
further regarding the nature of individual schools
(although further information is available and will be
discussed in the final sub-chapters) since the character
and status of many schools in Scotland are, at present,
undergoing radical changes in the educational climate
which exists at present. As can be seen, however, no
important differences have been detected between science
pupils from these categories of schools, except in Item 11
reported above, and the comﬁarison will not be extended
further in this worke Instead, a more fruitful area
would seem to be an investigation of possible causes of
differences of interest and appreciation of the wvalue of
chemistry in individual schools which is reported in the

final sub-chapterso
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5el4.7 Results from individual schools

It is probable that many authorities on the development
of attitudes towards a school subject, particularly with
regard to the interest and enjoyment aroused by that subject
and an appreciation of its value, would agree that a major
factor is the environment in which the subject is taughto
Another factor is the method by which the subject is
presented to the pupils, and a third (perhaps the most
important) is the personality and enthusiasm of the teachere
More will be said on these factors in sub-chapter 5.4.8.
What will be considered here is the identification of
certain schools where the science pupils attained extremely
high or low scores in the four items which were designed to
test interest and enjoyment in chemistry and an appreciation
of the contribution of chemistry to the community de.ee

Items 4, 5, 6 and 7.

To this end, the mean of the school means for all
science pupils (778 in number) were calculated for the above
four items and are listed as follows with the corresponding

standard deviations:

Item No-.
b 5 6 7
Std. Stde. Sstd. Stde.
Mean Dvne Mean Dvnoe Mean Dvn e Mean Dvne
9.60 0.89 1439 0.90 9.20 0.72 148 0.92

Theoretically, the procedure could now have been that a

calculation, for any item, of the mean of the school means
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+ 20588 , 4+ 2336, + 1965 and 1.648 (where & is the
standard deviation quoted above) would have identified the
0.5%, 1%, 2¢5% and 5% respectively of those schools whose
means fell outwith these limitso However, the
reservations as to the existence of a normal distribution
already expressed in Chapter 5.4.2, together with the
relatively small number of schools (29) being considered
made it necessary to replace the above statistical
procedure with an examination of the school means as
compared with the mean of school meanse By this method
five schools were identified which had extremely high or
low means in Items 4, 5, 6 or 7. As can be seen from

the data for these four items for all 29 schools on Table 7

on Page 132, the schools which were identified were as

follows:
Item Noe. Affective Objective School Noe
4 and 6 Importance of the contribution
of chemistry to the community
Extremely good 4 and 28
Extremely poor 17
5 and 7 Interest and enjoyment in
chemistry
Extremely good 25
Extremely poor 11

In Table 7 containing the results for all twenty nine schools,
reference numbers 15, 26 and 32 have been omitted, as these

were the reference numbers assigned to the three schools



Table 7

Item Noe.
L
School Stde Stde. Std. Std.
No .« Mean Dvne Mean Dvne. Mean Dvne. Mean Dvne
1 10.24 144 1¢95 090 1110 097 233 1.13
2 8¢81 191 ~0.18 0.38 9¢24 1.48 «0.06 0.24
3 8¢91 1095 100 0+60 8.23 2.56 1.64 0.83
L* 1340 17.22 1.95 1.12 895 2652 225 1.04
5 950 254 2420 2404 9.15 2.08 2.05 116
6 7020 319 080 051 8¢15 2.01 110 1.09
7 9.30 2.07 161 0.92 885 2.08 173 1408
8 9465 235 185 1401 9.10 2.07 170 115
9 9.79 1.73 1«74 0092 897 227 156 0481
10 9.14 2.39 1¢52 101 10.00 1.96 2.10 1.07
11% 1000 237 =0050 196 1020 2416 =010 0.4y
12 9.28 2.02 1455 100 9.24 2419 197 1.03
13 9.09 2.62 172 0.86 9.00 2.66 2.26 L.24
14 9e54 2612 1.80 1.44 9.25 2416 185 1010
16 9.39 2.02 1.83 1.01 9.22 2.13 165 1617
17* 8.94 2.31 153 092 770 315 1668 1401
18 9.66 2.13 171 100 940 2.22 1.87 1010
19 1055 180 191 085 8e55 3.04 191 1.12
20 9438 196 =033 1429 9.48 1.33 0.00 0.00
21 920 192 =024 059 9.04 2.03 =~0.40 0.98
22 9010 1666 =005 021 905 168 =048 0.91
23 9.05 2.06 2.15 0.96 9.00 2000 1495 0492
24 852 2622 191 0.78 9.52 2038 213 0.90
25% 8.24 2.57 2:.86 5418 8¢38 2.92 2.48 1.16
27 9.10 2.70 210 0.83 8.50 2.24 2.13 0.88
28#% 1030 2028 0490 083 1050 2¢16 120 0.98
29 9¢24 182 =012 0¢33 10620 1039 =020 0457
30 9.62 213 181 122 771 353 176 1.11
31 9.22 113 100 094 933 189 1.67 1.25
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used in the Pretests The reference numbers of the five

schools identified above have been marked with an asteriske

To conclude the present work, it was decided to carry
out and investigation by questionnaires into the attitudes
of teachers in all twenty nine schools and, by comparison,
to determine any factors which might emerge for the five
schools identified as having extreme vajues in the items
already mentionedo In addition, personal visits were
made to the five schools to determine whether any peculiar
factors of environment, methods of teaching and characteristics
of teachers might account for their identification as

described abovee

548 Teachers' attitude questionnaire

A questionnaire was designed and sent to the
Principal Teachers of the twenty nine schools who had
participated in the main test for pupilse Prior to this,
Principal Teachers had agreed to cooperate further in this
way, and had supplied an approximate number of their staff
who had agreed to complete a questionnaire. Of the
twenty nine schools who had agreed to participate, all but
one returned completed questionnaires and a total of one
hundred teachers took part, so that, in this case, the raw
and percentage frequencies of responses listed in the
tables are the same, except in the case of Table 10 which
contains the part of the questionnaire answered by Principal

Teachers onlye. In this case the raw frequencies of
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response from twenty eight Principal Teachers are includede.

Tables 8 and 9 show the parts of the questionnaire
which all teachers were asked to complete, and the
percentage frequencies of the responses made in each of the
boxes provided are showne In a few cases no responses
were made, as can be shown by summation. Table 8 was
concerned with the teachers' evaluation of twenty teaching
aids and methods. As can be seen, the teachers considered
these to be at least of some value in the majority of cases
(the column headed "of some value" contains the most
frequent response in ten cases)e. It is interesting to
note the aids or methods where the most frequent response
was "very valuable". Purpose built labs and the use of
the Periodic Table are two of these as are pupil and
demonstration experiments with the former having a marginally
better votee. It is noticeable that traditional methods of
"chalk and talk" and the use of homework have also received

the approval of most teacherse.

Of the five schools identified as having extremely
good or extremely poor results for Items 4, 5, 6 and 7, four
had returned teachers' questionnairese. These questionnaires
were examined to determine the number of responses on each
which deviated from the most frequent response made by
teachers from all schoolse Where the deviation was to the
left of the most frequent response (Table 8) it is indicated
by the word "above" in the list that‘follows, and by the

word "below" where the deviation was to the right.
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School No. Teacher Deviation
Above Below

4 Principal 6 4

(contribution Assistant 2 9
of chemistry -

extremely good) Assistant 4 8

17 Principal 3 9

(contribution Assistant 5 9
of chemistry -

extremely poor) Assistant 2 10

Assistant 3 6

Assistant 6 3

25 Principal 5 7

(interest and Assistant 1 13

enjoyment =

extremely good) Assistant 2 8

Assistant 10 I

Assistant 3 6

11 Principal 4 10

(interest and Assistant 4 10

enjoyment -
extremely poor) Assistant 2 9

It would appear from the above list that some marginal

difference exists in favour of the "extremely good" schools,
when all of the above teachers are taken into consideration,
in their attitudes to the twenty stated aims and methodse
More illuminating, perhaps, is a comparison of the data

from Principal Teachers' questionnaires where more favourable
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Table 9

Please answer the following questions briefly:-

(Yes/No will suffice in most cases).

Do you think that, in general, science
discoveries have benefited mankind?

Do you think previous employment other
than teaching is, in general, valuable
for a teacher?

Did you find your science subjects to
be the most interesting at University?

Do you think that, in general,
scientists are more interested in
"things" than in people?

Do you think Chemistry helps to prepare
pupils for a wider range of careers than
does Geography?

Do you think Science should be taught to
ROSLA pupils?

Do you teach only one subject, vize.
Chemistry?

Are you a member of a Science Teachers!
Association?

Are you a member of the Association for
Science Education?

Do you subscribe to any Science journal?

Have you attended Science In-Service
courses?

How long is your total teaching experience?

How long have you taught in your present
school?

Are you male or female?
Apart from the acquisition of scientific

knowledge and manual skills, what do you
consider to be the main beneficial effect

that the study of science has on secondary

pupils?
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% Frequency

100

85

71

24

61

65

33

35

28
35

80

No

10

15

72

28

29

65

65

72
65

20

Other

14

11



deviations from the most frequent response are shown by the
two "extremely good" Principal Teachers and more of the
least favourable by the "extremely poor" Principal Teacherse
If it can be assumed that, in every case, the attitudes of
the Principal Teachers are influential (and tais is
discussed later) the above results may be at least a
pointer to the differences exhibited by the pupils of the

schools concernede.

The questionnaire embodied in Table 9 was concerned
with the affective objectives assessed by Items 4, 5, 6
and 7 and with some personal information from teacherse.
The percentage frequency of responses shows, in general,
a favourable attitude to the affective objectivese. It is
interesting that a minority of teachers are members of
Science Teachers'!' Association or take Scientific Journalsoe
Very little of significance emerged from an inspection of
the results from the four schools which had exhibited
extreme results in this part of the questionnaire. The
responses in almost all cases were in accordance with the
most frequent given by all teachers as shown on the table.
In School Noe 17 which showed an extremely poor awareness
by pupils of the contribution of chemistry to the community,
all of the teachers taught chemistry only as did the teachers
in School No. 11 where interest and enjoyment of chemistry
by pupils was extremely poore It would be expedient to
conclude from this an academic aftitude only by these
teachers, but the reverse could also be argued i.es interest

should be inculcated by teachers whose prime concern is
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their own subjecto No differences of any significance
were shown in comparing lengths of teaching experience or
in the answer to the final question on this part of the
questionnairee It is interesting to note that the vast

ma jority of all one hundred teachers considered that habits
of objective and logical thought were the main beneficial
effects that the study of science imparted to secondary

pupilsoe

The final part of the teachers!' questionnaire is shown
on Table 10. This was comp%ted by Principal Teachers only
and gave details of the structure of the school and of the
science departmentso In addition, some indication of methods
of teaching employed were includede. The frequencies of
responses from the twenty eight Principal Teachers who
completed a questionnaire are shown after each possible
responsee Points of note are that although an integrated
science course is favoured in most schools, the Heinemann
worksheets seem to be losing grounde None of the pupils
in the schools has not been exposed to science teaching
at some stage in their school careers and, in general,
science is still more popular with boys than with girlse.
Science clubs are not popular but most schools have a
science library. The most commonly used textbook was
"Chemistry Takes Shape" by Johnstone and Morrisone.
Worksheets are used in eleven of the schools in S3 and Sk
presumably prepared by the Principal Teachers since none
is available commerciallye This may‘suggest a need for

such materiale The schools varied widely in their
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Table 10
For Principal Teachers of Chemistry only

(Frequencies fo responses from 28 Principal Teachers are in
brackets after each response)

Please underline the answer which applies to your schoole.

6 year comprehensive (21)
Senior High (3) (c¢) Junior High (1)
Oother (please specify) (3)

b

1e¢ The school is:=- a
d

2+ The pupils in the school are:-= (a) all girls (2)
(b) all boys (0) (c) girls and boys (26)

3¢ The stage to which Chemistry is taught is:-
(a) sk (1) (v) s5 (1) (c) s6 (26)

ko The stage to which some form of science is taught is:-

(a) st (3) (b) s5 (4) (c) s6 (21)

5¢ Do 1st and 2nd year pupils follow an Integrated Science
Course? (a) Yes (20) (b) No (8)

6o Do you use the Heinemann Worksheets?
(a) Yes (11) (b) No (17)

7« The approximate size of most S.C.E. Science classes is:
a) 0-10 (0) (b) 11=15 (1) (c) 16=20 (21)
d over 20 6

8+ The approximate number of candidates presented for
Chemistry in S.C.E. examinations each year is:

éa) 0-15 (0) (b) 16=-30 (1) (c) 31=U45 (2)
d) over 45 25)

9¢ Are there any pupils in the school who have been taught

no Science?
(a) Yes (0) (b) No (28)

10« Most pupils who do science are:-
a) boys (14) (b) girls (1)
c about the same number of boys and girls (13)

11e Does the school have a Science Club?

(a) Yes (5) (b) No (23)

12« Does the Science Department have a Science Library?

(a) Yes (17) (b) No (11)

13¢ Do you use a Textbook with S+:C:E+ Chemistry classes:-
(a) Yes (24) (b) No (&)
(If 'Yes', please Specif}’ @00 0000000000000 e00000sse e

..00....'......l.......‘.......l..‘.......l....l..l..)
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Table 10 (conts)

14

15

16,

17«

18,

Do you issue printed notes to S«C.E.

(a) Yes (17)

Do you use a form of worksheet in S.C.E.

in S3 and later years?
(a) Yes (11)

(b) No

(b) No

(11)

(17)

The school has a principal teacher of:

(a) Science §4)
(c) Biology (24

) &)

Chemistry (23
Physics

Chemistry classes?

Chemistry classes

25

The subjects that can be taken as alternatives to

Chemistry are:=-

(Please speCify..ODOOOOOOOOO0.0.....'....0‘...

The number of periods each week in which Chemistry is

taught to '0' grade iss-

(Please Specj-fYoo..ooooooloooooocoooooooooooo.

.0....0............O..............'.........')
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optional subjects at '0' grade and the number of periods

used for Chemistry varied from four to sevene

It cannot be said that any differences that could be
considered significant were found when comparisons of
results from the four schools being specially scrutinised
were made either with one another or with the frequencies
of responses listed in the tableo It should, however,
be remembered that one of the "good" schools is a Junior
High (the only one used in the Main Test) and a "poor"
school is a Senior High (one of three used) o Each school
was using an integrated course in S1 and S2 with Heinjlemann
worksheets except the Senior High who had, of course, no
S1 or S2. Only the Senior High was not using "Chemistry
Takes Shape" and all four schools allotted six periods a

week to the study of Chemistryoe

5.49 Characteristics of Certain Schools

One of the limitations of a questionnaire is that it
is very often difficult to see through the written responses to
the flesh and blood of the respondents, to assess the
principles by which he works and the influences of his
working environmente Because of these limitations it was
considered that this examination of the five schools, which
have been the subject of this sub~-chapter, would not be
complete without a personal visit by the examiner to each
of the schools to attempt to assess, albeit subjectively,

whether important factors causing the placing of the five
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schools in the extreme positions already discussed, could
be detectede. The visits served a dual purpose in that
it gave the present writer an opportunity to express his
appreciation, personally, of the cooperation that the
schools had affordede It should be recorded that in each
school visited a cordial welcome was received and that
the discussions which ensued with the teachers involved
were frank and friendly and an opportunity was afforded,
in each case, to view the staff and pupils in their place
of worke A brief account of the visits to schools no.
4, 25 and 28 which gave extremely "good" results is now
given, followed by an account of visits to schools no.

11 and 17 which had given "poor" resultse.

School Noe+« 28 was the only school which had not
returned the teachers' questionnaires so that findings
for this school are based completely on the visite. It is
a large, modernised comprehensive school with a roll of
upwards of 2000 and situated in an industrial town with a
population of about 50000, A long tradition of chemistry
examination success up to S¢Y.Se level has been achieved
in excellent science facilities with a staff of five chemistry
teacherse. Many of the Chemistry pupils go on to further
study of the subject at University and Colleges of Further
Educatione. Many pupils secure employment in industry and
technical services locallye The Chemistry Department is
run by a very impressive Principal Teacher who held several
views on the teaching of his subjecf and on Education in

general to which many science teachers would not have
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subscribed, but whose enthusiasm and expertise were beyond
questione The teaching of Chemistry was dis-integrated
from both Physics and Biology throughout the school in all
six yearse The thought which had been given to the
teaching of Chemistry to non-certificate pupils was
particularly impressiveo The over-all picture was one of
a highly competant, experienced and successful Principal
Teacher leading a team of Assistants with a sure and

dedicated hande.

School Noe. 4 is a Junior High School with a roll of
just over ome thousand located in a small town with
population in the region of 10000-. It is adjacent to a
larger centre of population and the academic "high-flyers"
are transferred to a Senior High School in this larger
centre at the end of S2. The remainder are classified as
non-certificate or certificate pupils and the latter are
offered a wide range of '0O' Grade subjectse On successful
completion of these, transfer to the Senior High School can
take placeo Science teaching facilities are extremely
good and the staffing position appears to have been stable
in recent years except that the present Principal Teacher
has only recently been appointed and has succeeded a teacher
who left for promotion and who had an apparently well-
deserved record of academic success and enthusiasme The
Head Teacher of this school was formerly the Adviser in
Science for a large countye The science staff in this
school expressed satisfaction for the interest in chemistry

which exists among the pupils who take the subgject and
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attributed this, in large measure, to the competence and
enthusiasm of both the former and present Principal

Teacherse.

Also located in a small town (population 15000) in
an industrial area is School No. 25 which is a large
comprehensive six year schooloe As in School Noe« 4, the
Heinnemann worksheets are used in S1 and S2 with modificationse.
The school is housed in two modern buildings which constitute
what is virtually an upper and lower school, but the
buildings are adjacent to each othere. The Principal
Teacher has held the position for over eleven years and has
a very good record of academic successe A shortage of
science staff which at present exists in the school could
not detract from the impression of competence and
diligence given during the short visite The Principal
Teacher appears to be an influential team leader who
expressed interesting opinions on the teaching of his
subject which had obviously been formulated during a long

and successful teaching careere.

The pupils of two schools attained extremely poor
results in Items 4, 5, 6 and 7. They were School Nose
11 and 17 School No. 11 is a six year comprehensive
school in a small industrial town where the manufacturing
industries are thought to be on the wanes The science
teachers are working under the considerable difficulty
of having S1 and S2 years in a separate building a mile

away from the main buildinge. The science facilities in
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the annexe are inferior to those in the main building and
the five science teachers are required to commute between
buildingse The length of science periods are often
shortened because of this since provision has not been
made, in many cases, for travelling. Chemistry is the
most popular science subject in terms of '0' grade
presentationse Some disquiet was expressed by the
Principal Teacher on the subject of the non-certificate
chemistry courses proposed by his County Authorities and
in the content of the Heinemann worksheets which he has
recently modified to try to suit the needs of the schoole
It is perhaps unfair to make comparisons in attitudes of
teachers on the basis of a relatively short visit, but it
nevertheless should be stated that the sense of
enthusiasm and teamwork very evident in the three schools

already considered was not as evident in this casee.

The fifth school visited was No. 17 which is a Senior
High School operating in a county where remnants of a two-
tier system still existe The school is situated in a
residential small town near a large centre of population
and is fed by two Junior High Schools in similar non-
industrialised settingse The Senior High has a well-
deserved reputation for academic excellence and is housed
in a modern building with excellent science facilitiese
Relevant factors when consideration is given to the
extremely poor results obtained for this school in the
attitudes already described may well be that all considerations

in the teaching of subjects may be governed by the nature
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of the school as a place of preparation for further
education in many cases, the presence of "creamed-off"
pupils only from a very good socio-economic area, and

the presentation of the subject as examination-orientated
by teachers who are clearly very academic by training
(three hold Doctorate degrees). A combination of all of
these factors, in the case of this Senior High School,
may have produced science courses where affective
objectives have consequently been relegated to a low

position in the order of attainmentse

A summary of all of these facts with a selection of
those which are considered to be the most salient for the
five schools which have been examined in detail, is made in
the general summary of findings from this work in Chapter 6

which followse
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(1)

(2)

(3)

(%)

Appendix 5-1

THIS IS NOT A TEST. THERE ARE NO "RIGHT" OR

"WRONG" ANSWERS.

YOU ARE ASKED TO READ EACH ITEM ON THE FOLLOWING
PAGES AND, IN EACH CASE, PUT YOUR ANSWER (WHICH,
IN MANY CASES, IS SIMPLY YOUR OPINION) INTO THE
EMPTY "BOXES" PROVIDED. PLEASE USE A BALL~POINT

PENe.

PLEASE WRITE YOUR CHRISTIAN NAME ONLY BELOW:-

PLEASE SCORE OUT "DO"™ OR "DO NOT" 1IN THE
FOLLOWING SENTENCE SO THAT IT APPLIES TO YOU:=-
DO
I INCLUDE SCIENCE IN THE
DO NOT

SUBJECTS I TAKE AT SCHOOL.

THANK YOU FOR TACKLING THESE ITEMS. YOUR EFFORT WILL

PROVIDE INFORMATION THAT WOULD OTHERWISE HAVE BEEN

IMPOSSIBLE TO OBTAIN.
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Appendix 5=2
ITEM |

How valuable do you think the study of Chemistry would be

if you were preparing for the following careers?

Rate Chemistry on the following scale:-
+3 very valuable
+2 fairly valuable
+1 of some value
=1 of little wvalue

-2 of fairly little wvalue
-3 of very little wvalue

Place your rating in the box provided.

Career Rating

Farmer

Accountant
Banker

Doctor

Technical Representative

Lawyer
0il Company Executive

Architect

Meteorologist

Journalist

Photographer

Librarian

House Builder

Army Officer

Car Mechanic

Politician

Social Worker
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Appendix 5-3

ITEM 2

How do you describe different things?

"A Racing Car

If you had to describe
" you could do it like this:=-

Quick ] E [ : i : ISlow
; / :"" ; .! r ’
Important; J 5‘;; f ! i Unimportant
j H L M
| Ty | i
Safe L ! P oo ;wﬁw{ ___|Dangerous

The positions of the ticks between the word pairs show that
you describe it as very quick, slightly more important
than unimportant, and guite dangerouse

Use the same method of ticking the box you think most
appropriate to describe:-

Serious
Careful

Interested
in People

Responsible
Articulate
Organised
Human
Exciting
Friendly

Valuable to
the Community

Thoughtful

Well educated

Involved with
People

Interesting

Precise

b d

R

R
) | :

.._4_,‘,_.
]
i

"A Scientist"

- T

Flippant
Careless

;Interested
.in Things
b—

EIrreSponsible

EInarticulate

i

}Messy

t
7_§Inhuman

e |

Boring

==

i

Stand-offish

Worthless to
the Community

; Scatter-brained

Uncul tured

Detached from
People

Dull

S R T

Woolly-minded
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Appendix 5-4

ITEM 3

How valuable do you consider the following contributions to
the benefit of the people of Britain over the past 100 years?

Rate them on the following scale:-

+3 very valuable

+2 fairly valuable

+1 of some wvalue

-1 of little wvalue

-2 of fairly little wvalue
-3 of very little value

Put the number of your choice in the box marked "IMPORTANCE"

after each subject,

IMPORTANCE FREE BOOK

The manufacture of man-made fibres,
e.g. Terylene, Nylon

The rise of the mass media (T.V.,
radio, newspapers, cinema)

Computers

The Education Act (1872), setting up
State-controlled education

The introduction of the Welfare
State (1948)

Labour-saving devices (washing-
machines, vacuum cleaners etc,)

The Growth of the plastics industry,

(polystyrene, PVC, polythene, etc.)

The extension of the right to vote
(1887, 1918, 1928, 1970)

The discovery of penicillin

Use of artificial fertilisers in
farming,

If, as an introductory FREE OFFER, a Book Club offered you four
books on the subjects listed above, tick in the box marked

"FREE BOOK" the four you would choose,
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Appendix 5-=5

ITEM 4

How valuable to the community do you consider the work of
Rate them on the

the people listed in the table below?
following scale:-

+3 very valuable
+2 fairly wvaluable
+1 of some value

-1 of little wvalue
=2 of fairly little
=3 of very little va

value
lue

Put the number of your choice in the box marked "VALUE"

after the person's name.

VALUE

INTEREST

A scientist who has discovered how
energy can be harnessed from the atom

Composer of electronic music

Psychoanalyst

Prime Minister of Britain

A Mathematician who wrote a famous
work on new fields in mathematics

Painter of modern art

Biochemists who discovered the structure
of the DNA molecule

Engineer and famous bridge-builder

A research chemist who discovered a new
pain-~killing drug

The discoverer of a chemical which can
turn plastic waste into a harmless
liquid

Put a tick in the box marked "INTEREST" opposite four of
these people you would consider to be the most interesting

to have on Parkinson's T.V. "chat" showo
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Appendix 5=7

ITEM 6

(1) Natasha, the eminent astrologer, proclaims:=- "Due to
the alignment of the planets Jupiter and Mars, and the

coming ascendency of Saturn, powerful forces will prevail

over Sagittarians this month causing them to become moody

and ill at ease".

Which course of action satisfied your acceptance

or rejection of her proclamation?

(a) Dismiss her as a cranke.

(b) See if her predictions were in agreement
with the facts known about the current
position of planets and the behaviour
of Sagittarians that month-.

(c) Accept her judgement as she is very
knowledgeable in matters of this kind.

(d) Ask other astrologers their opinion

(2) On the way back to Newtown Police Station, Sergeant
Lynch remarked, "All the evidence points to Reilly
as the burglaro. His landlady says he was out all night on
the night of the burglary, and three people have identified
him as the man they saw running away from the burgled housee.
We've even found a jemmy back in his flat." "No, Bert,"
said Inspector Barlow, "it's definitely Andersone. I know
we've nothing to pin on him at present, but when you've been
in this business as long as I have, you get this feeling,
call it 'copper's intuition' if you likee But I just know

that Anderson's the burglar."

Of the two opinions about who committed the burglary, whose

are you more inclined to accept?

(a) Inspector Barlow

(b) Sergeant Lynch

(c¢) Neither, because they are both
equally convincing?

(3) / over
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Appendix 5-7 (conte)

(3) Twenty years ago Immanuel Velikovsky published a
theory that during the fifteenth century B.C. the
Earth was narrowly missed by a comet, and this comet

eventually struck Mars to produce the planet Venuso

Which of the following satisfies You as the best method of
deciding to approve or to reject Velikovsky!'s theory?

(a) See what facts of astronomy can be B
collected to support his theory. [

(b) Accept the judgement of the thousands L
of famous scientists who disagree with ]
hime oo

(¢) Find out what his qualifications as a !
scientist aree. !

(d) Ignore his theory, because you have
never heard of him before.

(4) A famous atomic physicist has stated that a new
radioactive element of atomic number 114 existso
Which of the following would satisfy you as to the

correctness of this?

(a) Believe him, since he is a famous
physiciste

(p) CcCarry out experiments to detect this
new radioactive element.

(c) Accept this, as a great many people
have been saying this for fifty
years.

(d) Believe him if his shrewd guesses
have turned out to be correct in the

paste
(5) Your teacher has said that when we add 10cm> of one
liquid to 12 cm3 of a different liquid, the resulting

3

total volume will always be 22 cm™ e

Which of the following do you consider the most satisfactory

way of deciding whether or not this is correct?

(a) / over
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Appendix 5=7 (contes)

(5)

(2)
(v)
(e)
(a)

Consult a textbook
Make a calculated guess
Ask another teacher of chemistry

Do experiments with volumes of
several liquidse.
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Appendix 5-8

ITEM 7

In each of the following passages a conclusion has been
drawnoe You are asked to judge how fair it is to draw the
conclusiono Rate the conclusion on the following scale:=-

+2 +very fair

+1 fair

O if you are not sure
=1 unfair

-2 +very unfair

Place your rating in the box provided.

(1) Liverpool's 6-1 victory over A.C. Milan last week
raises hopes for their prospects in the forthcoming
English-Italian competitione. If Liverpool can scourge
the scintillating signors who are, remember, the Italian
champions, then Shankly's stunners will steamroller their

way over the weaker JItalian teams in the tournament.

(2) If sensitive chemical tests cannot detect the presence

of copper or zinc in a compound, we can conclude that

]

(3) "Oof course, Paul, you realise that Raymond Chandler's

copper or zinc are absent in that compound.

detective novels are much better than anything

Georges Simenon has written."

"Why? Who says so?"
"Oh eee.. eminent literary critics; they say so."
"And how would I recognise these 'eminent literary critics'?"

"Simplee They prefer Chandler's novels to Simenon's novels."

(#) The metal, Scotium, will displace hydrogen from acid.

Since this reaction occurs for one metal = Scotium =

]

it will occur for all other metals.

(5) / over
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Appendix 5-8 (conte)

(5) Ghosts do not exist because no one has produced

reliable enough evidence to support their existenceo

(6) Film makers, responding to changes in the public's
tastes, stepped up their emphasis on themes of
violencee And what happened? As a result, figures for

violent crime during that year showed a dramatic increaseo

|




Appendix 5-9

ITEM 8

A farmer noticed that, on gathering his crop of "Golden
Wonder" potatoes, the crop from one part of the field was
very good, and that from the rest of the field was very
poore He suspected that the reason was that he had
added two different types of artificial fertiliser to the
soil at different parts of the field. He decided to
investigate to try to prove his suspicions correctoe

How important do you think each of the following would be
in his investigations? Rate them on the following scale:-

+3 must be done
+2 very important
+1 dimportant

-1 unimportant
-2 very unimportant
-3 does not matter at all

Rating

heck the average rainfall during the time the
potatoes had grown

Sow "Golden Wonder" potatoes in two patches of
soil, each treated with a different fertiliser
and check the crop obtained

Sow "Golden Wonder" potatoes in soil with a third
fertiliser and check the crop obtained

Make sure that the original facts about the good
and poor crops were correct

[Wait until next year's crop had been obtained
from the same field before making the
investigation

Analyse soil from several parts of the field to
find what type of fertiliser had been added

Plant a trial batch of "Golden Wonders" deeper
in the soil

Analyse soil from several parts of the field to
find how much fertiliser had been added

Plant "Kerr's Pinks" potatoes in the field and
record the crop from various parts of the
field

Sow "Golden Wonder" potatoes in soil containing
no artificial fertiliser

Check whether or not frost had occurred during
the time the potatoes had grown.
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