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Abstract

This thesis examines pupils’ attitudes to science as they move from primary to
secondary school, and seeks to identify any factors that might influence these
attitudes.

A review of the literature on attitudes to science research finds that
existing studies with similar aims have tended to use cross-sectional samples,
many of which were small or unrepresentative, and furthermore that there has
often been inadequate control of potentially influential variables.

The present work employs a longitudinal study of over 3000 children,
between10 and12 years old, from schools in Essex. Data has been collected by
means of questionnaires, supplemented by a free response section, and by
interviews. Information was also collected from over 300 primary and secondary
teachers by means of questionnaires, supplemented by a free response section,
and interviews. Information was collected, by interviews and from statistical data
in the public domain, about all participating schools.

The integrated data from the children, their teachers and their schools has
been analysed in three different ways: the quantitative data was subjected to a
variety of statistical techniques to compare the two sets of data from primary and
secondary school as two cross-sections, and to investigate changes for individual
pupils taking a longitudinal approach. The qualitative data was subjected to
textual analysis and it was also integrated with the quantitative data. These
analyses yield conclusions, which inform pedagogy, school management,

teacher training, and social justice.
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INTRODUCTION

The enquiry into the flow of candidates in science and technology into higher
education (Dainton, 1968) described the worrying decline in numbers of pupils
choosing to study science in higher education as ‘the swing from science’.
Ormerod and Duckworth (1975) suggested that this decline might be the result of,

A lessening interest in science and a disaffection with science and

technology among students (Op. cit., p.1.).

Since that time, the pace of scientific advance has accelerated. Society is
totally infused with, and driven by, science and technology. But in spite of dramatic
breakthroughs in aimost every discipline, public attitudes to science do not appear
to have changed appreciably. In 1995, only 46% of Britons believed that ‘science
benefits more than it harms’ (POST, 1995), and in 2000 a survey found that only
43% agreed that ‘the benefits of science are greater than the harmful effects’
(Wellcome, 2000). The Wellcome survey also reveals that negative responses to
science are associated with science sponsored by Government or industry, and
with science whose purpose is not overtly beneficial. These negative responses
are expressed as lack of trust.

During the same period the steady decline in the proportion of students
choosing to study sciences post-16 has continued. The political response to this
trend was to provide all children with a broad science education until the age of 16,
via the introduction of, first, GCSE balanced sciences in 1986, and then in 1988
via a science National Curriculum for all children from 5 to 16 years of age. These
changes have led to a steady increase in the numbers of pupils entering for

science examinations and being successful in them.
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But despite the increase in the proportion of students gaining grades A-C at GCSE
level, figures show that the proportion of the A level cohort choosing to study the
sciences has fallen steadily since 1985 (DFE, 1994). Government has chosen to
focus on the raising of standards of achievement in science rather than on
attitudes towards science. Since students are being more and more successful in
science examinations, it seems unlikely that they reject further study of science
because of their lack of appropriate qualifications. Instead, such a choice is likely
to stem from negative views of science, and this leads one to ask: when and why
do such negative attitudes develop?

Although the relationship between attitudes and post-16 choices has been
recognised and studies of attitudes to science have been conducted over recent
years (e.g. Sears, 1995; Woolnough, 1994a and 1993), these studies have
concentrated exclusively on students aged between 15 and 17 years old, at the
time when final decisions about post-16 choices are made. The problem with
studies of this nature is that they may well concentrate on attitudes after they have
become fixed. It is believed that attitudes are very hard to change once formed
(Eiser, 1994) and that children may form their attitudes to science at a very early
age (Davies and Brember, 1994; Newton and Newton, 1992; Ormerod and
Duckworth, 1975).

Since the introduction of the National Curriculum the foundations of an
interest in science have been laid at primary school. From the age of 5 years, all
children in primary schools are now exposed to science and also to their teachers’
views about science. Yet most primary teachers have limited science
qualifications, and are therefore likely to lack confidence in teaching science. So it

might be thought that the disaffection with science begins in primary school, and



yet research indicates that attitudes to science decline after the transfer to
secondary school (e.g. Keys et al, 1997a & 1997b, Doherty and Dawe, 1985).
Perhaps some important changes occur around the time of transfer.

It has been suggested that there is a major difference between primary and
secondary teachers, both in teaching style and in perceptions of their role in
teaching science, (e.g. Education Committee, House of Commons, 1995; Spears,
1988), and that teachers’ own beliefs about science may influence the attitudes of
the children they teach (e.g. Brickhouse, 1991). Furthermore, the time of transfer
to secondary school has been cited as a cause of major disruption in children’s
educational, emotional and social development (e.g. Galton, 1983; Plowden,
1967). Thus, the time of transfer from primary to secondary school seems to be a
crucial point at which to investigate attitudes to science.

Do children’s attitudes to science change as they move from primary school
to secondary school? Despite major changes in science education in the last 20
years, the answer to this question still rests on a research study carried out in
Scottish schools in 1981 (Hadden, 1981). The question is asked again now in
order to reassess some fundamental issues in the light of recent changes in
science education: how do children feel about science at school, does transfer
have a negative effect on their attitudes and what factors affect these attitudes?

The lack of more recent quantitative evidence means that statements such
as the following are generally accepted:

Research shows that in transferring from primary to secondary school many
pupils lose momentum —or even regress educationally. (Barber, 1999)

| have seen primary heads almost in tears when their bright, confident, self-
sufficient Year 6 children become under-stimulated secondary pupils sitting in
rows. (Adey, 2001)
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It is sad that more children seem turned off science by the formal subject,
laboratory based lessons than are turned on - particularly girls! (Watkinson,
1992, p.8.)
But to what extent do these statements provide a realistic picture of science
education at the time of primary-secondary transfer? It was in an attempt to
explore this question that this research was undertaken. The essential questions
for this study are therefore:
¢ Are there any quantifiable changes in children's attitudes to science as they
move from primary to secondary school?
e To what extent does the approach to teaching science change on transition
from primary to secondary school?
e What factors affect children’s and teachers’ attitudes to science?
Although the subject of this research is apparently not new, much has changed
since it was last studied: the development of the concept of primary-secondary
transfer, the major historical, political, scientific and educational influences on
science education, and the changes in attitude theory and attitude measurement
may all affect the relevance of much of the earlier research into attitudes to
science. Chapter 1 sets the scene by describing the historical context of the study.
The existing research literature extends over a large time period, going back to the
first half of the last century, and covers three separate areas: attitudes to school,
to science and to transfer. In Chapter 2 the review of this literature examines these
three separate areas, focusing on their relevance to the present study in terms of
historical context and methodology. Three methodological issues arise from this
review: first, the lack of longitudinal studies and the dependence on cross-

sectional studies for evidence of change in attitudes: second, the apparent inter-



relationship between attitudes to school and attitudes to science; and third, the
researcher’s choice of quantitative or qualitative methods.

These three issues had a major influence on the design of the present
study, and so the arguments surrounding them are reviewed in Part 1 of Chapter
3. Theoretical perspectives and methodologies are there critically discussed in
order to develop a suitable model for an exploration of attitudes to science at the
time of transfer. The design that emerges is a large-scale longitudinal study, with
both quantitative and qualitative aspects. The methods chosen are tried and tested
ones, but they have not been applied to this topic before. The detail of these
methods is laid out in Part 2 of Chapter 3.

In Chapters 4 to 7, data from the study are presented and analysed in
different ways. In Chapter 4 the data is treated as two cross-sections, and
comparisons of attitudes are made between quantitative data gathered in the last
year of primary school and the first year of secondary school. Although much
previous research has taken this approach, the effects of other important variables
on attitudes to science have been largely ignored; this aspect is dealt with in
Chapter 5 by means of regression analysis.

The qualitative data is reported and discussed in Chapter 6, using textual
analysis of children’s written comments to make comparisons between the two
years.

In Chapter 7, the longitudinal data is used to investigate individual
changes, and the factors that are linked with these changes. This longitudinal
approach is similar to that taken by Hadden (1981), but different statistical
methods are used in the analysis of the present data. (A comparison of the cross-

sectional and longitudinal results appears in Appendix 9.)
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The thesis concludes, in Chapter 8, with a brief account of the main findings of the
study, suggestions for future work, and the relevance of the research to science
teacher education.

Where this thesis has sought to make an original contribution is in the use
of three different methodological approaches to provide fresh insights into
teachers’ and children’s attitudes to science on transfer from primary to secondary
school in a new educational system. It is hoped that the findings of the study will

provide a pertinent and timely resource that may assist and inform future science

education policy discussion.



CHAPTER 1. THE HISTORICAL CONTEXT

1.1 The years of definition: 1926 — 1967

This summary of events surveys the situation up to 1967, dealing with the
introduction of the process of ‘transition’ and the consequent concepts of
‘continuity’, ‘liaison’ and ‘progression, and with the parallel developments in
attitude research. It is accepted that this is only part of a much larger picture, the
development of British education in the 20™ century, but it is essential to focus

here on the particular issues on which this research is based.

1.1.1 THE CONCEPT OF TRANSITION FROM PRIMARY TO SECONDARY SCHOOL

Transition may be defined as a ‘passage from one place, state, stage, style or
subject to another’, (The Chambers Dictionary, 1998). In the course of the
twentieth century, the term has come to define any one of the critical periods in the
process of schooling, when an individual moves from one stage to the next. For
example, the move from one school to another, (from primary to secondary, from
junior to middle, or from secondary school to a sixth form college), is often
described as a transition. Transition is also used to describe stages within
individual schools, such as the move from infant to junior school within a primary
school, or the move from GCSE courses (generally from 14 to 16 years of age) to
sixth form studies (post-16) within a secondary school. In the context of the
present study, transition will refer to the move from primary to secondary school at
age 11.

All transitions share a common feature - a period of discontinuity. In

particular, educational transition has been compared to the process of changing
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jobs (King Rice, 1997), so transfer to secondary education could be regarded as a
discontinuity in the work environment, with its consequent changes in expectations
and values within the new social structure. Although it is inevitable, when changing
schools, that there will be a change in the physical environment, other changes will
be dependent upon the ethos of individual schools and upon the accepted
conventions of the day.

The opportunity for transition from primary to secondary education is
relatively new. Prior to the 1918 Education Act the majority of children in Britain
attended elementary school until the age of twelve, and subsequently up to the
1944 Act, to age fourteen; but only more privileged families had access to
‘secondary’ schooling, for which fees were charged. However, political
interventions over little more than a single generation have changed the character
of education in England and Wales in this regard.

It was R.H.Tawney, in his comments on secondary education in the 1920s
who made the first suggestion of some form of secondary education, following
primary education, for all children. Tawney became a member of the Hadow
Committee, and is regarded as the moving spirit behind its subsequent report The
Education of the Adolescent, in 1926. That Report states:

We therefore propose that all children should be transferred, at the

age of eleven or twelve, from the junior or primary school either to

schools of the type now called secondary, or to schools (whether

selective or non-selective) of the type which is now called central, or

to senior and separate departments of existing elementary schools.

(Hadow, 1926, p. xix, quoted in Maclure, 1968, p.180.)

A later committee, chaired by Hadow, in 1928 was asked to ‘inquire into and report

as to the courses of study suitable for children...up to the age of 11’ (Maclure, Op.

cit.). This second Hadow Committee (1931) recommended that ‘the curriculum is
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to be thought of in terms of activity and experience rather than of knowledge to be
acquired and facts to be stored’. So, having established the idea of transition and
two stages of education, the Hadow Committee’s second report foreshadowed the
Plowden Report (1967) in suggesting two different types of education at these two
stages. The Committee’s advocacy of close co-operation between the teachers in
primary and secondary schools, and the view of education as a continuous
process presaged the later recognition of the problems of continuity. Jarman,
Keogh, and Naylor define continuity as,

...consistency in aims, values and expectations, but not uniformity of

experience, and it [continuily] suggests that there are no sudden

changes in the nature of the learing experience without good

reason.(Jarman, Keogh, and Naylor, 1994, p.7.)

This is clearly a difficult state to achieve when a child’s education is
interrupted by the physical move to another school. Continuity has generally been
viewed from two major aspects: curricular continuity, and continuity in the nature of
school experience, (often referred to in terms of children’s adjustment to their new
school).

The change from primary to secondary school has been recognised as a
challenging and traumatic time for children from the earliest days of primary-
secondary schooling. For example, the Norwood Committee (1943) recommended
a common curriculum for the first two years of secondary education, ‘/n order to
ease the transition from primary education to...secondary ...’ (Maclure, Op. cit.
p.204.). However, a main concern was the age of transfer to secondary school and

a common curriculum was suggested partly to ensure the possibility of later

transfer between different kinds of secondary school. In the
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event, the 1944 Education Act diluted this recommendation, and states that
...the different types of secondary school must be ‘broadly equivalent...[and
that] ...the free interchange of pupils from one type of education to another
must be facilitated (quoted in Barber, 1994, p.65.).

With the 1944 Act the clean break at eleven was approved and the idea of
education as a continuous process was promoted as an important goal for the first
time'. Discontinuities in the physical environment and in social structures are an
inevitable result of transition, and nowadays schools attempt to deal with such
problems by means of a variety of liaison strategies. For example, induction visits
are arranged for primary children to their new secondary school during their last
term at primary school, and often secondary school staff and pupils visit primary
schools in advance of the transition. Before 1967, formal liaison between primary
and secondary schools was uncommon. However, the Plowden Committee
(1967), which was set up ‘to consider primary education in all its aspects, and the
transition to secondary education’, made some far-reaching recommendations: the
Report advocated liaison strategies designed to reduce the level of discontinuity at
transition (in terms of both pupil adjustment and curriculum continuity), induction
visits for children from primary schools to their new secondary schools and visits to
secondary schools by parents of new intake should be planned to help children
adjust to the new schools, curricular continuity was to be promoted by transferring
folders of children’s work from primary to secondary school, and by contacts

between primary and secondary school (including teachers’ visits, meetings and

" It could be argued that the 1944 Act in fact caused considerable curricular discontinuity, partly because primary
school pupils spent a good portion of their final year preparing for the 11+ examination, to the detriment of the
recommended experience-based work; and also partly because at secondary school they were introduced to new subjects
such as Latin (in grammar schools) or craft-based work in secondary modern and technical schools. This curricular
discontinuity diminished when comprehensive education became the norm, but recent reports suggest that it is re-emerging
in another guise as a result of preparation for Key Stage tests. This idea is discussed later on p. 52.
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joint in-service training). These aspects of the Plowden Report were quite widely
adopted and are now common features of the transfer process. However,
Bernstein and Davies (1969) speculated ‘upon the possible mechanics and
consequences of keeping such folders’, the problems of who would write them up
and control them, and the difficulties of confidentiality and access, and such issues
have continued to be problematic in primary-secondary liaison.

The Plowden Committee also advocated ‘ a new approach.’ summarised as
‘learning by discovery”, based on earlier suggestions (Hadow,1931). Bernstein
and Davies (Op. cit.), in a critique of Plowden, spoke of the far reaching
implications’ of the experiential learning approach. It was their opinion that the gap
between primary and secondary schools would be more difficult to bridge, since
transfer of information would become more, rather than less, problematic. As they
put it:

It crucially heightens the problem of the evaluation of children’s progress and
that of the pedagogy itself. It will serve to reduce the salience of traditional
attainments in the evaluation of children. Pupil success will be defined less
sharply in terms of the efficient recall of conventionally taught material.
(Bernstein & Davies, 1969, p. 78)

This illuminating commentary goes to the heart of the problems of transition
when it speaks, crucially, of the evaluation of children’s progress and success.
This period, the mid-‘sixties, marks the beginning of much research into ‘transition’
issues: the particular problems associated with transition, the liaison strategies,
and the changes in pupils and for pupils around the time of transition from primary
to secondary school. During the years following the publication of the Plowden

Report, the main emphasis for schools was on providing strategies to assist pupil

adjustment to secondary school experience. However, curricular continuity
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received much less attention, and the idea of curriculum progression was in its
infancy.

Progression is concerned with moving the child forward within the
curriculum, through increasing maturity of approach, to a better understanding of
concepts and increased factual knowledge. The Plowden Report devoted a whole
section to the primary science curriculum, noting initially that,

Traditionally, the only science taught in primary schools was nature study.....
(Plowden, Vol. 1, p240).
However, it welcomed ‘the introduction of a greater variety of subject matter into
primary schools’, (Ibid., p241), and in particular the (limited) introduction of the
Nuffield Junior School Project in 1965. The Committee recognised that
developments in primary science might have negative, as well as positive, impacts
upon secondary sciences. As they put it:
The development [of primary science] has not been greeted with unanimous
enthusiasm in all quarters. Some teachers of science in secondary schools
have feared that children would come to them possessing all kinds of
fragmentary, unclassified information, some of it inaccurate or at least
“unscientific”, all of it incomplete. (lbid., p244)
It was also hoped that secondary school science teachers would recognise the
value of equipping children at primary level with the means,

....to proceed with a scientific education. We believe that many secondary
school teachers of science welcome this already and we hope that soon all of
them will do so.(Ibid., p. 244).

Thus, the development of primary science was encouraged, and so continuity and

progression from primary to secondary science became transition issues. During

the following years there was considerable growth in primary science, and
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consequently it became a new focus for research on transition from primary to

secondary school.

1.1.2 THE GROWTH OF ATTITUDE THEORY

The concept of attitude as an important determinant of behaviour was in its
infancy when the first Hadow Report was published in 1926. The following years
saw a proliferation of definitions and theories of attitude as well as of methods of
attitude measurement. Since the concept of attitude was identified by Aliport as,
‘the most distinctive and indispensable concept in... social psychology” (Allport,
1935), there has been much disagreement concerning the production of a single,
all-encompassing definition. Allport recognised this controversy and stated that,
Within the past fifteen years the doctrine of attitudes has almost completely
captured and re-fashioned the science of social psychology. The nature of
attitudes, however, is still in dispute, and it may correctly be questioned
whether a science raised upon so amorphous a foundation can be strong.
(Allport, 1935, p.839.)

Indeed, he gave sixteen examples of “representative” definitions. Allport's own

definition of attitude in 1935 was:
...a mental and neural state of readiness, organized through experience,
exerting a directive or dynamic influence upon the individual’s response to all
objects and situations with which it is related (Op. cit., p.8)

This is not very far removed from some more recent definitions, such as:
...an attitude is a state of readiness, a tendency to respond in a certain
manner when confronted with certain stimuli. (Oppenheim, 1992, p.174.)

It might appear that there is some degree of agreement about the broad definition

of attitude. However, the above definitions indicate a relationship between
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attitude and behaviour, which other later definitions do not. For example:
Altitudes are likes and dislikes, favourable or unfavourable evaluations and

reactions to objects, people, situations or any other aspect of the world,
including abstract ideas and social policies. (Atkinson & Hilgard,1996).

Or, an even more general definition:
...an attitude is an evaluation of some object about which an individual has
some knowledge (Pratkanis & Greenwald, 1989)
Attitude was originally regarded as an important concept in social psychology
because of the suggested link between attitude and behaviour. Consequently, the
advertising industry was an early driving force in the development of attitude
change theory. For example, in the Yale research group (Hovland, Janis and
Kelley) approach to attitude change (Zimbardo et al, 1977), the attitude
(favourable or unfavourable reaction) is influenced by altering beliefs through
persuasive communications. This approach, along with many other more formal

theories, derives from the view that knowledge, attitude and behaviour are closely

linked in a triadic relationship, represented in Figure 1.1 below.

Figure 1-1: Model of the triadic view of attitude, knowledge and behaviour

knowledge

attitude q— » behaviour
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As we will see, recent work has challenged the idea of a direct relationship
between attitude and behaviour. However, early work also contributed
considerable evidence to suggest that attitudes might not be directly linked to
behaviour, the most famous example being the work of Lapiere (1934). Lapiere
accompanied a Chinese couple on successful visits to various restaurants and
motels. Later, he wrote to the same establishments asking if they would accept a
reservation for a party including Chinese people. Many of those who had given
hospitality to Lapiere and his Chinese friends replied that they would not accept
the booking. Consequently, some theorists defined attitude change in terms of two
components: affective and cognitive, arguing that behaviour should not be
regarded as a component part of attitude.

Although earlier research had looked at the effects of persuasion on
behaviour, later in this period, 1928-1967, research concentrated on
understanding the relationships between attitudes, behaviour and social
influences. This research led to the development of a variety of theories to explain
attitude changes in terms of behaviour and social influence. Two particular groups
of theories tried to explain such effects; consistency theories and social learning
theories. The first of these, consistency theories, suggest that attitude changes
occur because of a basic personal need to maintain consistency of one’s own
attitudes with either one’s own behaviour or with the attitudes of other people.

Consistency theories, such as those of Heider in1946 and Festinger in 1957
postulated a basic need for consistency among attitudes or between attitudes and
behaviour (Zimbardo et al, 1977). These theories assumed that the presence of an

inconsistency produced psychological discomfort and in order to



16

reduce this an individual would alter their attitudes to produce consistency. One of

the first of these attitude change theories was Heider's balance theory (1946). In

this theory, three elements are involved, forming a triad: the triad consists of two

people (P and O) and either a third person or the attitude object (X) making up the

third part of the triad (Figure 1-2).

Figure 1-2: Some examples of Heider's attitude triads

P P
Balanced + + + -
attitudes O + X O - X
P
Unbalanced + -
attitudes O + X

Triads can be balanced or unbalanced, in terms of attitude. There is balance within
the triad as long as the attitudes are balanced + denotes a positive attitude
between two of the triad and - denotes a negative attitude between them. In this
theory Heider attempted to explain the changes in attitude taking place when two
or more people operate together. A balance in attitudes would only exist when all
members of the group had the same negative or positive character. Thus, if you
(P) like your best friend (O) and your best friend likes science (X), then you should
like science. If you do not like science, then the triad is unbalanced. At that point,
you change your attitude so that you do like science, or you deny that your friend
likes science, or you alter your opinion about your friend.

An extension of the balance theory, proposed by Newcomb in 1961,

concerned the strength of the social and psychological bonds between people.
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Newcomb predicted that the extent of attitude change depended upon the bonds
between the people involved. Attitudes would change as the strength of the
relationship changed, and individuals tried to reconcile conflicting attitudes.

According to Festinger (1957) individuals also try to reconcile conflicts
between their attitudes and their own behaviour. Festinger's Cognitive Dissonance
theory is one of the best known of the consistency theories, the main elements of
the theory are as follows:

e Attitudes & behaviour can be inconsistent (dissonant)

e Dissonance is physiologically arousing & uncomfortable
Dissonance can be reduced through changing dissonant elements: most easily
changed are attitudinal, rather than behavioural elements.

A powerful source of inconsistency can occur between an individual’s self-
attitude and self-perception of their behaviour. For example, if an individual says ‘I
am good at science’ and ‘| don’t get good marks in science’ these are dissonant
elements and the individual would be motivated to reduce the dissonance by
altering the attitude to science, or by working to improve their marks. According to
the theory the attitude is the more likely to change.

Thus the theory of cognitive consistency suggests that people organise
their attitudes so that they contain the minimum possible sources of contradiction.
Cognitive dissonance only occurs when the person has a free choice, when there
are unpleasant consequences and when the person knew the consequence when
they made the choice to behave in a particular way.

The second group of theories proposed at this time, considered the effects

of social learning on attitudes. Attitudes may be acquired or changed through
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social learning and social comparisons. Social learning includes classical or
instrumental conditioning and observational learning or modelling. Classical
conditioning studies showed that when initially neutral social stimuli are paired
repeatedly with positive or negative stimuli, subjects developed positive or
negative attitudes toward the previously neutral stimulus. Instrumental conditioning
occurred when individuals were rewarded for expressing the "correct” attitudes.
However, observational learning or modelling happens when individuals form
attitudes by observing and then imitating models they like and admire. Thus,
behaviour may or may not be consistent with attitude depending upon the social
pressures operating, and may change in order to correspond to social norms; the
attitudes and behaviour of peer groups and family are likely to play a major part in
the development of overt behaviour. Therefore, behaviours such as naming
science as a preferred subject choice or as a career may be very closely related to
the attitudes, beliefs and behaviour of parents and/or peer group.

In the outline above the underlying theme is that attitudes themselves serve
a useful function; that of organising our beliefs, values and knowledge.
The idea that attitudes serve certain functions, and that certain needs or motives
activate and direct attitude functioning, was developed during the period from1930
to 1960; in 1960 Katz described four basic functions of attitude:

e Ego-defensive — allows people to protect themselves from unpleasant realities.

¢ Instrumental — enables people to maximise rewards in their environment and to
minimise punishments.

e Value-expressive — allows people to express their personal values and self-
concepts.

o Knowledge — enables people to make sense of their experiences.
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In consistency theories, the ego-defensive function is the principal function served:
where a positive self-attitude protects the ego by promoting a positive self-image.
On the other hand, social learning theories emphasise the instrumental function.
Attitudes take into account the social pressures operating, holding attitudes similar
to those of friends, family or peer group allow one to maximise social approval.

Attitudes supply a standard ‘frame of reference’ for organising and
simplifying people’s perceptions of an often complex or ambiguous informational
environment. (Eagly and Chaiken, 1993). Thus, stereotyping is an integral part of
the knowledge function, which help people to simplify their social perceptions and
understand the world more easily. For example, gender stereotypes function very
powerfully to shape an individual’s expectations of others and their own behaviour
(Basow, 1986).

Later, theories were developed which attempted to bring together some of
the ideas discussed above, and these will be reviewed in the next section.

As attitude theories were developed, so too attitude measurement methods
began to proliferate. Thurstone, in his seminal paper, ‘Attitudes can be measured’
(1928), defined opinion as ‘ a verbal expression of attitude’, and believed that
opinions could be used to measure attitudes. Likert (1932) offered two definitions
of attitude: first, that attitudes are dispositions toward overt action; second, that
they are verbal substitutes for overt action.’ His preferred choice was the first. He
agreed with Thurstone that attitudes can be measured: ‘aftitudes are regarded as
an indirect method of measuring dispositions’. Both Thurstone and Likert were
agreed that verbal opinions could be used as a measure of attitude and this view

forms the basis of most contemporary attitude questionnaires.
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Thus, in 1967, research into changes in attitude at the transition from primary to
secondary education was set to develop rapidly, and this research is the subject of

the next section.

1.2 The years of development: 1967-1987

This period fostered much research into the effects of transition. Indeed, the first
major study of transfer, (Nisbet and Entwistle, 1967) reported the first part of its
findings as the Plowden Committee was meeting. Subsequently, a number of
other studies investigating the effects of transition on children’s attitudes were
published; this research will be critically reviewed in Chapter 3. During this same
period there were substantial developments in science education: new schools of
thought about education and science emerged, and there was curriculum
development at both primary and secondary levels. This was also a time of
increasing political intervention, leading, at the end of the 1980s, to the
introduction of a National Curriculum for science for all children aged from 5 to 16
years. Each of these aspects, educational and political, has had its effect on the
transition from primary to secondary school, and it is in consideration of these
effects that the two areas of educational change and curriculum change, will now
be briefly reviewed.

It was also during this time that attitude theory and measurement were
refined and combined, and studies of attitudes to school and to science flourished.
Therefore, the final part of this section will consider these major changes in

attitude theory.
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1.2.1 CHANGES IN APPROACH TO SCIENCE EDUCATION

The ideas of Piaget (1896-1980), which were not widely recognised until the
1960s (Boden, 1979), had a powerful influence on the Plowden Committee. In
Piaget's view, intellectual development was characterised by a series of stages,
and each stage was held to lay the foundation for the next. These stages were
thought to be linked to particular age ranges. For example, the ability to perform
‘concrete operations’ was linked to the age range 7 to 11 years, and the more
abstract concept-forming stage was associated with the age range 11 to 15.
Accordingly, children at primary level might be expected to investigate a real,
practical situation and understand the use of fair testing in that context, but would
not have developed sufficiently to think in abstract terms. This later developmental
stage was associated with the age of secondary schooling. Piaget's idea of an
essential difference between stages inevitably strengthened the discontinuity in
styles of teaching and learning on transfer from primary to secondary school.

A decade on from the Plowden Report this difference in style of teaching at
primary and secondary levels was still evident, as this definition of science studies
to be included in the primary schools curriculum demonstrates:

The emphasis will be on developing the right attitudes to scientific work
rather than acquiring a formal knowledge and understanding of any
prescribed areas of subject content. This is not to say that by the end of
this phase a pupil will not know any science, but merely that this
individual store of knowledge and experience will be idiosyncratic and
highly personal. We believe this is as it should be, and would provide

the basic interest and motivation for the more formal study of science in
the later stages of general education. (ASE, 1979, p.42).
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Although such an approach might well have increased the motivation to pursue
school science and raise expectations about secondary science, it was unlikely to
reduce perceived differences in style on transition to secondary school.
However, Piaget’s theory was not the only one under consideration at this
time, and in 1978 Novak presented a variety of research studies, which indicated:
...no evidence of ‘stages’ of cognitive development over the age range six
tfo twenty-plus, but rather evidence of cognitive development manifested as
a broadening array and elaboration of specific concepts. To the extent that
broad, widely relevant concepts are differentiated over time, older subjects
show more facility for learning new, relevant concepts, and hence a
generalized increase in competence for abstract reasoning is manifest.
(Novak, 1978, p.26.).
He also proposed Ausubel's theory of cognitive learning as more relevant
for science education. In Ausubel’s view learning should be meaningful, and such

‘meaningful learning’ is dependent upon a range of variables. These learning

variables, falling into two groups, intra-personal and situational, are briefly outlined

below.
Intra-personal variables Situational variables
o Previous knowledge o General school practices
o Developmental readiness o Instructional materials
) Intellectual ability J Group and social factors
) Motivational and attitudinal factors e Characteristics of the teacher
J Personality factors

(Ausubel, Novak & Hanesian, 1978)

In respect of the transition and continuity of learning, probably the most important
of these variables is ‘previous knowledge’. Accordingly, if Ausubel’s view was
accepted, previous knowledge would be taken into account and secondary

schools would build upon the work done in primary schools. Consequently,
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acceptance of Ausubel’'s cognitive view should have the effect of reducing
problems of continuity.

Ausubel viewed meaningful learning as the clarification and organisation of
concepts, and believed that the ‘discovery learning’ approach, advocated by
Plowden for primary level children, did not necessarily guarantee meaningful
learning. Thus, Ausubel placed discovery learning along a different continuum
from meaningful learning. As illustrated in Figure 1-3, reception and discovery
learning are on a continuum distinct from rote learning and meaningful learning.

Typical forms of learning are shown to illustrate representative different positions

in the matrix.

Figure 1-3: Ausubel’s view of meaningful learning

>

MEANINGFUL® Clarification Well designed Scientific research.
LEARNIING of relationships audio-tutorial New music
between concepts instruction or architecture
Lectures, most routine
most textbooks, ‘research’ or
presentations intellectual
production
School
laboratory
work
Multiplication Applying formulae Trial and error
ROTE v Tables to solve problems ‘puzzle’ solutions.
LEARNING ' €
RECEPTION GUIDED AUTONOMOUS
LEARNING DISCOVERY DISCOVERY
LEARNING LEARNING

Source: Ausubel, Novak and Hanesian, 1978, Educational Psychology: A Cognitive View. P.25.

Discovery learning was regarded as an appropriate method for primary science,

but it was less often used in secondary science, although it was manifested in

aspects of Nuffield Secondary Science. So the increase in the use of reception
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learning, encouraged by Ausubel’'s theories, had the potential to move the
methods of the primary school closer to those of most secondary schools.
Vygotsky (1962), like Ausubel, regarded the organisation of concepts into a
more generalised form as essential for cognitive development. However, he also
demonstrated that children are more able to clarify and organise their learning if
they are given a small amount of assistance. In the example given by Vygotsky,
two children of apparently the same mental age, say eight years, (and assumed to
be at the same developmental stage in Piagetian terms), were given harder
problems to solve than they could manage on their own. When provided with some
'slight assistance’, one child was able to solve problems for twelve year-olds.
However, another could not progress beyond problems for nine year-olds. The
difference between the child’s mental age and the level of problem solving
reached, with some help, was described as the ‘zone of proximal development'. If
Piaget's theory of cognitive development was accepted, then work would be set at
a level matching the child’s expected developmental stage. However, by offering
work directed at the child’s apparent mental age (or stage), the zone of proximal
development was not made use of, and so progress was not encouraged. The
essential difference between Vygotsky’s view and that of Piaget was stated clearly
by Vygotsky:
Our disagreement with Piaget centers on one point only, but an important
point. He assumes that development and instruction are entirely separate...
that the function of instruction is merely to introduce adult ways
of thinking, which conflict with the child’s own and eventually supplant them.
...Our own approach focuses on this interaction [of development and
instruction]. (Vygotsky, 1962, p.117)

Thus, the focus moves away from age-related stages of development and towards

the idea of the teacher as central in cognitive development. In consequence, the
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teacher can be seen as instrumental in helping the cognitive development of the
child, whatever the age or stage of the child; and the need for different types of
education, at primary and secondary level, becomes redundant.

Vygotsky also maintained that the development of language is essential in
concept formation. This importance of language in concept formation was explored
by Barnes et al (1969), who identified a ‘language of secondary education’ as a
barrier to learning. This language was regarded as distinct from the subject
specialist language, which was often encountered on transfer. This form of
language was outside the linguistic experience of most eleven-year olds, and it
was hypothesised that children who were unable to master this new language
would have difficulty in learning, on transfer to secondary school. From the point of
view of science education, there were therefore two barriers to be overcome on
transfer to secondary school: the specialist vocabulary of science and the
‘language of secondary education’. The need for common language was explored
later by Edwards and Mercer (1987) who regarded education as a communicative
process, and therefore gave prominence to the philosophies of Vygotsky and
Bruner.

In Bruner’s view children could build upon previous experiences and
knowledge with the help of teachers. The role of the teacher was to provide a
‘scaffolding’ for the pupil, which linked their existing knowledge with new
knowledge. Thus, ideas could be explored within a familiar context so that new
meanings and concepts could be constructed. Two important aspects of
scaffolding are context and continuity. The context is the shared understanding of
the words used to describe mental phenomena; when the participants’

conceptions of each other's mental views are incorrect or incomplete this shared
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context breaks down. Continuity here is a framework of shared understanding
between children and teacher and is the foundation for future learning. Therefore,
at transition from primary to secondary school there is a crucial requirement for a
common understanding of roles and aims between the primary and secondary
level teachers.

Edwards and Mercer also stress that discovery learning alone is insufficient
for learning, unless scaffolding allows the process to be meaningful:

...talk between teachers and children helps build the scaffolding; children’s

activity, even ‘discovery’, in the absence of such a communicative

framework may, in cognitive terms, lead nowhere.

(Edwards & Mercer, 1987, p.167).
This extract expresses clearly the difficulty for informed primary level teachers,
who while relying upon the Plowden ideology of discovery learning, may fail to
make explicit the purposes of the science learning. It also re-emphasises
Ausubel’s view that discovery learning alone will not lead to meaningful learning.

Thus, the use of Piagetian theory stressed the differences between primary
and secondary schooling, and the ideas of Ausubel, Vygotsky and Bruner all have
particular roles in reducing these differences. Meaningful learning at primary
school requires the careful use of shared language and explanations, but
progression in learning on transfer requires the continuity of that shared context,
rather than the separation of the teacher’s role from the child’s development.
Furthermore, since meaningful learning is dependent upon previous knowledge,
transition should not imply the beginning of a completely separate educational
stage.

A more recent approach in science education — the constructivist approach

—also employs the above ideas. The constructivist approach to science teaching is
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defined in terms of how the learner is helped to interpret phenomena in terms of
their previous experience and culture. For example:

The most important feature of an approach to science classes, which
addresses the difficulty of changing ideas, is conversation. Science lessons
which continually seek learners’ ideas, which help to clarify them, and which
provide an open and unthreatening environment for changing these ideas
through conversation are classes in which learning science can be
improved. (Carr et al, 1994, p.158.)

In theory, this constructivist approach to science learning should provide the
means to reduce the transition gap since it requires an approach involving more
discussion and collaborative activities, and while such an approach might be used
frequently in primary schools it has been less commonly found in secondary
science lessons. However, in practice this approach has often been found difficult
by primary school teachers because of the levels of knowledge and confidence it
requires on the part of the teacher (Russell et al, 1994a). Lack of pedagogical
knowledge may present difficulties in knowing what questions to ask, and in
which ways to develop children’s discussion of ideas. As Osborne and Freyberg
(1985) put it,

Teachers who are themselves insecure in their knowledge of science can

find the uncomplicated transmission of knowledge attractive (quoted in Carr

et al, 1994, p.148.).
The ASE recognised the problems in this type of science teaching, and stressed
the need for initial teacher training which concentrated on the methodology of
science teaching and which promoted confidence :

Courses should emphasise ... how best teachers with limited personal

knowledge of science can stimulate and facilitate such a process.
(ASE 1981, p.35)
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However, this issue of primary teachers’ knowledge and confidence in science,
continued to be problematic as the science curriculum developed, and it will be
discussed further on pages 33-36.

The developing ideas of philosophers of science were also influential, in this
debate, and it is relevant here to refer briefly to the ideas of Karl Popper and
Thomas Kuhn. Before the 20™ century, the dominant view of science was
‘positivist’, namely,

The idea that science has three separate stages: description, followed by

induction of generalisations that then have to be tested against new

observations of the same phenomena (or perhaps by an experiment) to

check whether the generalisations hold true. (Dunbar, 1995, p.18.)

This is still the view of many non-scientists today. However, in the 1930s Popper
suggested that science proceeds by generating hypotheses and by then
attempting to disprove these hypotheses, that is, by a process of falsification.
Dunbar says this view of science was too dogmatic, indicating only what scientists
ought to do; but in practice, what they actually do was better described by Kuhn
(Dunbar, 1995). Kuhn suggested that scientists proceed by testing a theory
rigorously over a period of time until eventually there is general acceptance of it
among the scientific community. This theory then becomes ‘normal science’-the
paradigm. Eventually, this theory will begin to be falsified, and the amount of
falsification will become so great that once again there will be what is called a
‘paradigm shift’. This view of science has led some to take a relativist position,
where the theories of science are seen merely as the product of the cuiture, and
without external validity. However, in an alternative rationalist view, science

proceeds by testing theories until they are found to be falsified, and then replaces

old theories by a new ones, which will also be rigorously tested.
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Within such philosophies is the potential for differences of opinion about the nature
and status of science, and such differences may be exacerbated by the scientific
understanding of the individual. Here, then, is another possible division between
primary and secondary teachers; the difference in science understanding at these
two levels may be linked with different views of the nature of science. If this were
the case, then the gap between primary and secondary science would be not just
in terms of teaching style and level of knowledge, but also in actual views of the
nature of science.

Such ideas have certainly been influential in changing the methods of
secondary teachers from the didactic to the more consensual, but it is possible
that they have had a different effect upon primary level teachers. The relativistic
ideas of Kuhn may be taken as a reason for discovery learning, as in the following
guotation.

If pupils were to be trained for such an uncertain battlefield, it could be more

important that they were armed with a foretaste of discovery than with an

armoury of well-learnt theories which might be superseded tomorrow.

(Solomon, 1994, p.14.)

Piagetian theory was given a new franchise through the work of Shayer and Adey
(1981). The Cognitive Acceleration Science Education (CASE) project was based
on Piagetian levels of cognitive development, and was designed to bring forward
the onset of formal operational thinking (Adey, Shayer & Yates 1989a). The
scheme involved the deliberate development of cognitive conflict, and although
there may be some element of assistance by the teacher, this was directed
towards developing cognitive conflict rather than directly assisting the pupil in

solving the problem (i.e. scaffolding). The first experimental results obtained by

Adey et al (Adey, 1987; Adey et al, 1989b) indicated that overall the use of the
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CASE scheme had a positive effect, the experimental group made gains (in terms
of Piagetian levels) significantly greater than the control group. Later work
suggests that children who have used the CASE scheme perform substantially
better in Key Stage 3 tests than children who have not been exposed to the
scheme, and that there are positive long-term effects on GCSE levels (Shayer,
1999). This work will be critically reviewed in Chapter 2.

It has been suggested that classroom context might have had an important
influence on the CASE results. The CASE scheme encouraged small-group
teaching, requiring children to be more autonomous, whereas whole-class lessons
tended to lead to more formal, teacher-controlled activities (Leo & Galloway,
1996). Most effective teaching in the past relied heavily on a didactic approach
where much of the time was spent on whole class teaching, but there has been a
move to greater use of small group work over the years (Kyriacou, 1997). Cooper
and Mcintyre (1994) in a study of the perceptions of teachers’ and pupils’
perceptions of effective classroom learning, found that their sample of year seven
pupils regarded the use of group work as particularly helpful to their learning. It
enabled pupils to advance their thinking in ways that they could not achieve alone.
Group work can be seen as offering both scaffolding (here provided by peers as
well as by the teacher), and also opportunities to organise concepts into
meaningful learning. Pupils expressed a strong preference for this teaching
method, but the sample of teachers of these pupils (8 English teachers and 5
history teachers) did not see group work as distinctive, and tended to regard
different methods as appropriate for different learning tasks. A variety of teaching
approaches have long been used in primary classrooms, but the use of

individualised or group work has tended to predominate, (see for example Bassey,
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1978 and Gammage, 1986). The increase in the use of this approach at secondary
level should again improve continuity of learning experience for children on
transfer.

In summary, developments in psychology and philosophy over this period
(1967-87) should have had the effect of reducing the differences between primary
and secondary school science teaching approaches, and by 1988, when the
National Curriculum was introduced, continuity in learning and teaching methods
should already have improved. One function of the National Curriculum was to
encourage curricular continuity from primary to secondary school, and in the next

section, curricular changes leading to the establishment of a National Curriculum

will be examined.
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1.2.2 THE DEVELOPMENT OF THE SCIENCE CURRICULUM

Scientific teaching ought to be made a fundamental part of all primary teaching in
the kingdom (Huxley, 1872).

Table 1-1: Twenty two years of science development

Year Curriculum development

1967 Science 5-13 Project set up

1974 APU inaugurated by DES

1976 The Ruskin college speech — call for national standards and a core curriculum.

1977 The great debate — no national control of the curriculum but instead consultation

1978 HMI report on Primary Education — ‘in science the work was weak overall.’

1979 HMI The secondary survey — broad and balanced science advocated

1979 ASE consultative document ‘Alternatives for science education.’

1980 First APU report on science
DES publishes ‘A framework for the school curriculum’ but states that there is 'no
intention of seeking to change the existing pattern of responsibilities for the curriculum
but emphasised that they had “an inescapable duty to satisfy themselves that the
work of schools matches national needs.”

1981 DES publishes ‘The school curriculum’ — guidance to the education service. A key
issue is the recommendation that primary science should provide more effective
science teaching.

ASE policy statement: Education through Science

1982 DES green paper ‘Science Education in Schools — all children should have a broad
science education until the age of 16. Proposals concerning primary science.

1983 The school curriculum development committee is established and the schools council
was to close in 1984

1984 Discussion paper: 5-16 curriculum issued

1985 DFE produces ‘Science 5 to 16 a statement of policy’ — all pupils in primary schools
should be properly introduced to science.

1987 Science national Curriculum working group established

1988 First draft of the Science National Curriculum published (22 attainment targets)

1989 Science National Curriculum becomes law. All children have a legal entitlement to a
science education. (17 attainment targets)

At the start of this period, that eloquent Victorian, T. H. Huxley’s vision of science

education for all primary children seemed close to realisation. Blackie, writing in

1967 reflected optimism about primary science:

Science is fashionable and for very good reasons, so that no excuse is
required for including it in the curriculum. Geography and History, time-
honoured school subjects though they are, are rather less secure. ..

(Blackie, 1967. P.100).
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Pressure for a consideration of ‘primary stage science education’ had come with
the formation of the ASE in 1963, and its subsequent general policy statement in
1965, entitled School science and General education. Science was being taught in
many primary schools, the Nuffield Junior School Project (NJSP) had produced
science books for teachers’ use, and another large-scale science project
(commissioned by the Schools Council) was about to begin (Plowden, 1967).

The Science 5-13 project, which developed out of the NJSP, and was
funded chiefly by the Schools Council, was begun in 1967. Overall, the project
aimed to provide help for teachers in teaching science to children in the 5to 13
age range (Harlen,1975). The project lasted for seven years, producing 25 books
with much guidance for teachers; and it was praised by the Schools Council for its
work in curriculum development and for ‘the first major attempt to establish some
continuity of learning across the upper primary and lower secondary boundary.’
(Ross, Razzell and Badcock,1975). Despite the availability of these excellent
materials, when the Schools Council visited schools, between 1968 and 1972,
they found that some schools included very little science teaching in the curriculum
(ibid, 1975). They suggested that non-specialist teachers at junior level needed
more encouragement and help in delivering a science curriculum. It has been
suggested that the NSJP also had limited influence for similar reasons: because of
teachers’ lack of confidence’ and ‘the paucity of their own scientific knowledge’,
(Boyd, 1984). These issues of teacher confidence and scientific knowledge re-
emerge as a source of concern throughout this period of development in the
primary science curriculum.

The following years saw the publication of major reports detailing science

teaching in primary schools. The HMI survey of primary schools in England took
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place between 1975 and 1977, (HMI, 1978), and the Assessment and
Performance Unit reports on Science in Schools began in 1980, the first one being
issued in 1981, (Harlen,1981). The HMI survey Primary Education in England
(1978) found that little science was being taught in primary schools. In about 20%
of the 542 schools surveyed, there was no evidence of any science work. Where
science was included, the ‘work in observational and experimental science was
less well matched to children’s capabilities than work in any other area of the
curriculum’ (HMI, 1978). In commenting upon this state of affairs, the Report
observed that,

The most severe obstacle to the improvement of science in the primary

school is that many existing teachers lack a working knowledge of

elementary science appropriate to children of this age. This results in

some teachers being so short of confidence in their own abilities that

they make no attempt to include science in the curriculum. (HMI, 1978,

p. 58).

Support for teachers was recommended: in-service training for teachers with
responsibility for science, better resourcing of school science and greater attention
to the role of initial teacher training.

One result of the HMI survey was to bring the issue of subject specialism in
primary schools to the fore. Where the Plowden Report mentioned the role of
subject co-ordinators it was in the context of advice and support for class teachers.
The suggestion that individual teachers in primary schools might take

responsibility for one particular area of expertise and help their colleagues, even to

the extent of teaching children from outside their own class was new.
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As Thornton (1998) has observed,

This was the first endorsement of more subject-specialist teaching in

primary schools, reiterated frequently in subsequent DES, HMI and

Select Committee Reports. It represented a substantial challenge to the

orthodoxy of generalist class-teaching.

At the time, this suggestion was welcomed, but with the note that very small
schools might have difficulty with providing the necessary expertise across the
whole curriculum. (Thomas, 1980).

The APU reports between 1980 and 1985 found that there had been an
increase in the amount of time spent on science, but generally the proportion of
time allocated was still less than the10% regarded as appropriate (HMI, 1985).
Despite the earlier recommendations of HMI, the proportion of teachers receiving
in-service training in science remained very small (9% of all teachers in England &
Wales). Priorities in terms of science—based activities remained unchanged over
the five years, with observation skills, enjoyment of science activities and
development of a questioning attitude topping the list. Understanding basic
concepts, correct use of simple equipment and ability to plan experiments had
remained at the bottom (Harlen, 1988). Children’s performance in the APU science
tests over this period appeared static: overall they found no change, and there
were no apparent links between school characteristics, such as amount of time
spent on science, and performance. However, there was some evidence to
indicate that children performed better where teachers had some science training
(Harlen, 1981). There were clear indications that socio-economic factors and

gender were relevant to performance, favouring the more affluent catchment areas

and boys (for application of science concepts) (Johnson, 1988).
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After the national primary survey (1978), there was a slow but steady increase in
the amount of science taught in primary schools, but teachers’ confidence and
knowledge of science remained an issue (HMI, 1989). Twenty years on from the
optimism for primary science expressed in the Plowden Report, children moving to
secondary school were still thought to perceive a discontinuity in their science
education on transfer (Hadden, 1981; Craig, 1987).

Meanwhile, secondary science had also been the subject of scrutiny.
Between 1975 and 1978, HMI surveyed 10% of all maintained secondary schools
in England. Of major concern were teaching methods and the lack of opportunity
for many children to study science beyond the age of 14 (HMI, 1979).

HMI were critical of teaching methods, finding too much didactic teaching
and note taking and too little opportunity for children to develop their own thinking.
It was acknowledged that practical work was being done, but a ‘more problem-
solving ’ approach was advocated. There was concern about lack of teacher
qualification: 16% of those teaching physics had no qualification in physics, and
5% of science teachers had no science qualification at all. There was a
recommendation that teacher training for specialist scientists should include some
training in the full range of sciences, and that more physics students should be
recruited. In these recommendations can be seen a reflection of developments at
primary level, and a movement towards narrowing the gap which existed between
primary and secondary science.

There was also concern about the number of pupils not doing science,
particularly after the age of 14. HMI| advocated a broad and balanced science
course up to the age of 16-plus for all pupils. Particular concerns were expressed

about girls, for the survey had revealed that tradition still prevailed with more girls
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opting for biology and more boys opting for physics.

By not studying the physical sciences beyond a very elementary level,

girls are denying themselves skills and knowledge in important areas of

the curriculum and are cutting themselves off from many career

opportunities in science and engineering. (HMI, 1979, p199)
This was a period during which ‘a level of agreement about frameworks for science
education’ was reached (Nellist, 1989). The question of what should be included in
the science curriculum centred on the ‘process — content’ debate. At secondary
level, concerns were expressed about the ‘sheer amount’ of content, and the
unresolved problem of fitting in the desirable amount of practical work whilst
maintaining examination standards (Ross, Razzell and Badcock,1975).
Nevertheless, there was an increased emphasis on skills rather than on specific
subject matter in secondary science as attested to by the publication of schemes of
work such as ‘Warwick Process Science’ (Screen, 1988) and ‘Science in Process’
(ILEA, 1988). As mentioned above, the APU had found that primary teachers were
concerned to develop skills, enjoyment and questioning attitudes rather than an
understanding of basic concepts, but the need for a balance between process skills
and content at primary level was recognised (Harlen, 1978). These developments
tended to bring the primary and secondary sectors a little closer together.

Through the work of the APU it became clear that process and
content/concept were inextricably linked in school science. They identified the
requirement for both the generalist process work and the specialist knowledge
base. As Black and Russell (1988) put it,

The data, in showing how performance falls rapidly when more

precise and developed levels of skills are explored, and in

demonstrating how inextricably linked process and content may be,

do not suggest that all will be plain sailing in the process curriculum
(Op Cit, p.121).
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Political and economic pressures operating during this time caused an increase in
the government’s concentration upon the science curriculum, culminating in the
introduction of a 5-16 National Curriculum for Science. First, there was the so-
called ‘Swing from Science’: the shortage of boys and girls going on to study
science and technology in higher education, which was first brought to prominence
by the Dainton Report (1968). It had been hoped that this swing from science
would be only temporary, but government statistics showed plainly that the
proportion of those choosing to study science beyond 16 continued to decline,
(see for example DFE, 1994). International comparisons of achievement, such as
the IEA tests in 1970-71 and 1983-84, suggested that England was achieving less
well than many other countries in science at every level (Keeves, 1992).

The ‘Black Papers’ — critical reports on teaching methods and standards
following the Plowden and Dainton Reports - were another source of pressure.
The so-called Black Papers were a series of publications, beginning in 1969, in
which concerns were expressed about the use of progressive methods and
standards in maths and science.

By the mid 1970s, the suggestively ambiguous central concepts of the

right (‘standards’) and their imprecise but sweeping demands (for more

‘control’) seemed to be ubiquitous and virtually uncontested. (Education

Group, Centre for Contemporary Cultural Studies, 1981, p.200.)

Against this background of strongly critical comment about education, the then
Prime Minister, James Callaghan, made his famous Ruskin College speech

(1976), which many regard as a watershed for current attitudes to schools. He
called for a public airing of concerns about educational standards, and initiated

‘the great debate’, also pressing for national standards and a core curriculum.

‘The great debate’ in 1977 addressed four areas: the school curriculum 5-16; the
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assessment of standards; the education and training of teachers; and school and
working life. However, the concerns about standards were evident in the
commissioning of the APU in that year, to develop test materials for monitoring
pupil performance in mathematics, language and science (DES, 1977).

HM Inspectorate’s Report, A view of the Curriculum, based on their recent
surveys of primary and secondary schools, initiated consultation on policies for
the curriculum (DES, 1980). This was closely followed by The school curriculum
which recommended the provision of more effective primary science teaching
and, for secondary science, a broad curriculum up to 16 (DES, 1981). During the
same period the DES continued to press for improvements in the transition
process, and expressed concern about the break in continuity and progression at
transition. A consultative paper in 1982, Science Education in Schools, set out
the objective of a broad science education for all children up to the age of 16.
The School Curriculum Development Committee was established in 1983 as the
successor to the Schools Council, to promote curriculum development, and
discussion papers on a 5-16 curriculum were published in 1984. In 1985 the
White Paper Science 5-16: A statement of policy, was published, in which it was
stated that,

e Science should have a place in the education of all pupils of compulsory
school age, whether or not they are likely to go on to follow a career in
science or technology.

e All pupils in primary schools should be properly introduced to
science.

o Throughout the secondary years each pupil should have a

programme of study, which is broad and balanced.
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Pressure for suitable continuity arrangements in view of the increasing amount of
science taught in primary schools (DES, 1985) led to science becoming a "core"
subject in the National Curriculum and for the first time a compulsory subject at
primary level.

These gradual changes had moved science education from a subject
specialism at secondary school to a part of every child’s educational entitlement
from the age of 5 years. However, teacher training had lagged behind. For many
primary school teachers the introduction of the science National Curriculum made
new demands about which, initially, they did not feel at all confident (Wright, 1990;
Sorsby and Watson, 1993).

In 1978 HMI had been clear that science knowledge among primary
teachers was weak, and had recommended greater attention to the role of initial
teacher training. The ASE had also stressed the need for initial teacher training to
promote confidence in science teaching. However, changes in teacher training
were slow in coming, and it was not until the late 1990s that government
intervention made primary science a compulsory element in all initial primary
teacher-training courses (DfEE, 1998), and ensured that all entrants had a science
qualification’. The issue of primary teachers’ confidence in science teaching is a

subject of some considerable research, and will be returned to in the next chapter.

1.2.3 DEVELOPMENTS IN ATTITUDE THEORY

As mentioned in Section 1.1.2, attitudes were originally regarded as important
because they were thought to affect behaviour, and the relationship between

attitude and behaviour was a subject of much research in the years following the

' Since 1998 entrants to primary teacher training have been required to have achieved a
minimum of GCSE grade C or its equivalent in science.
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work of Hovland, Janis and Kelley (1953), but the outcomes of this research were
not promising. By the late 1960s there was general disillusionment about the
relationship between attitude and behaviour, and it was suggested that attitude
was probably unrelated (or only slightly related) to behaviour (Petty & Cacioppo,
1996).

However, earlier research was brought together around what has been
called a ‘cognitive approach’ to the study of attitude and persuasion (Eiser, 1980).
In the light of research showing low and typically non-significant correlations
between attitude and behaviour, Greenwald et al (1968), proposed that it was not
the message itself but the individual’s response to the message that determined
the level of persuasion or resistance. He introduced the term ‘cognitive response’
to describe this process. The basic assumption was that individuals processed the
information in any message and that their attitude was based on their response to
thinking about the message and not to the message itself (Petty, 1995).

Ajzen and Fishbein (1975) extended this idea of the individual as a
message processor, and formulated theories suggesting that, under certain
circumstances it would be possible to predict behaviour. The basic assumption of
their theories is that that individuals think about the consequences of their actions
and make deliberate decisions to achieve some outcomes and avoid others. Ajzen
and Fishbein (1975) combined various aspects of earlier theory, suggesting that
an individual's attitude towards a behaviour and the effects of social learning
would both have an affect on the behavioural outcome. The elements of this

theory of reasoned action are illustrated in Figure 1-4 overleaf.



Figure 1-4. The theory of reasoned action
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Fishbein and Ajzen's theory of reasoned action (1975) is a theory of how attitudes

predict planned, deliberate behaviour. According to their theory, an individual’s

behaviour can be predicted if two things are known: the person's specific attitudes

and his or her ‘subjective norms’ toward the behaviour. Attitude refers to the

person’s positive or negative feelings about engaging in the behaviour, and

subjective norms refers to the person’s perceptions of the social pressures to

perform or not perform the behaviour. Generally people will perform behaviours

that they value highly and that are popular with others, and will refrain from

behaviours that they do not regard favourably and that are unpopular with others.
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Accumulated research has provided rather consistent support for the notion that
specific behavioural intentions can be predicted from attitudes and subjective
norms as specified in the theory of reasoned action. (Petty and Cacioppo, 1996).
This model has been shown to be useful for situations where individuals
have time and inclination to think about possible behaviour. However, it has limited
application because within this theory behaviour is assumed to be always rational.
The idea that human beings always act in a rational way has been questioned and
the results of experimental research by Fazio and others, which are discussed
below, indicate that this assumption may not always be true. Furthermore, to
suggest that attitude precedes behaviour is to ignore research by Bem and
Festinger indicating that behaviour drives attitude (Eagley and Chaiken, 1993).
Indeed it is likely that behaviour and attitudes are reciprocal rather than
unidirectional (Ausubel, 1978; Petty, 1995).
Bem (1972) explained consistency using the theory of self-perception.
According to Bem much of our behaviour is not a product of thinking about internal
feelings and attitudes prior to acting. Instead the opposite often happens, and we
infer our own attitudes in the same way as we infer other people's attitudes,
through looking at our own behaviour. Thus, our attitude results from our
behaviour, and as Zimbardo & Lieppe (1991) put it,
When we are directly asked our opinion about something or when we expect
to encounter the object directly in the near future, this is the time when we
turn to perceptions of our behaviour to discover what we believe about an
issue. (Op. cit. p.100)

During the early 80s Fazio, Zanna and others studied the impact of direct

experience on attitude-behaviour relations and observed that attitudes based on

direct experience are more predictive of behaviour. They came to believe that the
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underlying reason for this is that they are more accessible from memory. Eagly
and Chaiken describe this as follows,
_attitudes based on direct experience are more easily retrieved

from memory than those not based on direct experience. More

specifically, the speed with which attitudes are accessed, ... IS

regarded as consequential in relation to attitude-relevant behaviour.

Attitudes that are more accessible (i.e., activated quickly) are

presumed to be more powerful determinants of behaviour than

attitudes that are less accessible (i.e., activated more slowly) because

they are more likely to be activated upon exposure to the attitude

object or other relevant cues. (Eagly and Chaikin, 1993, p. 195.)
Later work by Fazio and colleagues, published in 1986, developed the view that
attitudes that are highly accessible will be automatically activated in the presence
of the attitude object, this is often referred to as ‘priming’.

These theories made use of the idea that attitudes could be accessed
through schemas. Schemas are regarded as,

Cognitive structures of organised prior knowledge, abstracted from

experience with specific instances. (Fiske & Linville, 1980, p.543.).
The measurement of attitudes developed considerably after the early papers by
Thurstone (1928) and Likert (1932). Selltiz et al (1981) placed current methods
into five main categories: inferences from self-reports, observation of overt
behaviour, reaction to partially structured material, performance on objective tasks
and physiological observations. These methods of measurement will be described
briefly below.

Measures in which inferences are drawn from self-reports, for example

questionnaires, using Likert or Thurstone scaling, were by far the most commonly

used. They relied on the assumption that there was a relationship between attitude
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and expression, and that attitude preceded behaviour or that attitude and
behaviour were reciprocal.

Since attitudes might be situation specific they might be best examined ‘in
situ’, and this was done by observation of overt behaviour. Since subjects need
not be aware that they are being ‘measured’ this method should not be affected by
experimental bias. However, attitudes were inferred on the assumption that
attitude and behaviour were consistently linked and, as stated earlier, the link
between attitude and behaviour was not entirely consistent and therefore such
measures were not frequently used.

Indirect measures in which inferences were drawn from the individual’s
reaction to partially structured stimuli, for example projective tests, or their
performance on objective tasks were seen as a way of overcoming some of the
response barriers associated with direct questioning (Oppenheim, 1992).
However, such tests made assumptions about the relationship between attitude
and corresponding behaviour and doubts about the validity of that assumption
were expressed (Catterall & Ibbotson, 2000).

Physiological measurements such as the use of lie detectors were regarded
as being of doubtful value and were not regarded as appropriate or ethical in
educational research (Oppenheim, 1992; Eagly & Chaikin, 1993).

Thus, during this period (1967-1987), although a wide variety of techniques were
available for measuring attitude, few were in common use, and the attitude
questionnaire was by far the most widely used. More recently there has been a
renewed interest in the use of projective techniques and an increased use of

interview and observation; however, attitude questionnaires remain in common

use.
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1.3 The years of direction: 1988 — 1998

1.3.1 AFTER THE NATIONAL CURRICULUM

The culmination of the many changes and concerns outlined in Section 1.2 came
in 1988 with the Education Reform Act, and the introduction of the National
Curriculum into schools between 1989 and 1992. The National Curriculum, it was
claimed, would,
...help children’s progression within and between primary and secondary
education ... and will help to secure the continuity and coherence which is too
often lacking in what they are taught. (DES, 1987, p.4.)
Despite the above claim, it would appear from recent reports that the problems of
continuity and progression on transfer may not have been solved, and that there
may also be new problems emerging as a result of the 1988 Act. Two examples,
from two very different LEAs, Suffolk and Lewisham (South London), demonstrate

that the problems outlined in Section 1.2 seem to be still much in evidence (Table

1-2).

Table 1-2: Two examples of the problems of transition

Suffolk (1997) Lewisham (1997)
Little regard to pupils’ prior experiences and Too little knowledge [is assumed] on the part of
attainment Year 7 children, rather than too much
Little use is made of the information that is Little use made of primary records
transferred between schools
Belief in a ‘fresh start’ approach The ‘blank sheet syndrome’ was common

Sources: derived from Yardley, 1997 & Suffolk LEA, 1999).

A large-scale survey by the NFER in 1995 indicated that these issues are not
restricted to only a few LEAs (Lee et al, 1995). This survey, using questionnaires
and interviews with a full range of types of LEAs across England and Wales can
be regarded as representative of general practice. Lee et al concluded that there

was a priority need for ‘establishing good transfer of information’. Differences in
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practice and perception were highlighted, and collaboration between teachers in
the two sectors was recommended by these authors,

There is still some lack of continuity between the primary learning focus and
the secondary focus on subject knowledge, and there is perhaps a place for
collaboration between primary and secondary staff on core/learning/thinking
Skills, in order to bridge the differences and get to the roots of progression in
children’s learning. (Lee, Harris & Dickson, 1995, p.93.).

In the same year The House of Commons Education Committee (1995)
presented a report on the particular problems of continuity and progression in
science and technology between Key Stages 2 and 3. They found that,

The problem of discontinuity is particularly stark at Key Stages 2 and 3, when
pupils generally transfer from primary to secondary school. Here, we found
evidence of both work and assessment routinely being repeated, leading to
children becoming bored and demotivated. (Op.cit. p. xv, Vol. |)
They emphasised that this applied to ...all of the Curriculum to a greater or lesser
degree.

By 1995, all children in their first year at secondary school had been
exposed to National Curriculum science since the beginning of their primary
education. This was the year in which the planned National Curriculum
programmes of study were to come to fruition, and the first reported assessments
would take place (DES, 1989).

So even after seven years of a National Curriculum for science, it would
appear from all of the above that, not only had the 1988 Education Reform Act not
solved the earlier problems of transition, but new concerns might also be

emerging. These concerns related to three main areas: new difficulties for

continuity and liaison strategies between the primary and secondary sectors, the
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effects of Key Stage testing, and teacher training and in-service training in
science.

To take the first of these concerns, the promised improvement in continuity
had not materialised. The greatly increased emphasis on parental choice and the
element of competition between schools (another aspect of the 1988 Education
Reform Act) made liaison between schools more difficult to achieve. Before the
Education Reform Act, it was usual for a primary school to regard itself as a feeder
school for only one or two secondary schools; but since 1988, children from one
primary school might have a choice of at least six different secondary schools.
This change increased organisational and time-management problems for primary
school staff who, under other circumstances, would wish to collaborate with
secondary school staff. Similarly, secondary schools, now taking pupils from a
much wider geographical area and a much larger number of primary schools, had
a more difficult task in ensuring good liaison.

Increased parental choice and the introduction of Grant Maintained schools
made mitigation of these problems difficult. The rationalisation of the transfer
procedure for all the schools in a particular locality was often more problematic as
a result of parental choice (Schagen & Kerr, 1999). It was suggested that Local
Education Authorities should encourage and assist the formation of clusters of
schools working together, to overcome the problems highlighted (Lee, Harris &
Dickson, 1995). This, however, did not fully take into account the particular

situation of opted-out schools; for example, at the time of the present study of
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Essex schools there was a very high proportion of grant-maintained schools at
both primary and secondary levels'; and the LEA was not directly involved.

Secondary schools have developed a variety of strategies to deal with such
difficulties over continuity and liaison, and generally, they are similar to those
recommended by SCAA (1996). The development of liaison strategies with a
specific focus on curriculum and/or assessment, and good transfer of records of
achievement have been emphasised. But, in order that the transfer of information
could be effective, liaison with primary schools needs to be an essential feature of
any strategy. Collaboration between the two phases should be regarded as a
fundamental requirement.

However, although most secondary schools do try to use such strategies,
there are still problems. Curricular progression is apparently hindered by the
failure of many schools to pass on records of National Curriculum levels, and
secondary schools feel that the scores would be more useful than the National
Curriculum levels (Schagen and Kerr, 1997). An emphasis on differentiation relies
on the effective use of assessments made at the primary school, the secondary
school or at both schools. As a SCAA report put it,

Evidence, including that from OFSTED, continues to show that, in some
schools, pupils are given work that is pitched at an inappropriate level... in
secondary school. (SCAA, 1996, p. 10)

Furthermore, as indicated in Table 1-2 (page 46), it is suggested that many

secondary teachers still do not view the educational process as continuous and

that another strategy, not recommended by SCAA, is used, namely, the ‘clean

slate’ approach. The ‘clean slate’ approach assumes that children need to begin

' In Essex, three out of four secondary schools and one in ten primaries opted out in the 1990s.
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afresh on science after transfer. One interpretation of this approach is that
secondary science teachers lack confidence both in the science teaching that has
gone before, and in the content of the transfer information that has preceded the
child to secondary school. This view has been eloquently described by one
primary head-teacher, clearly he felt rather strongly about the issue,
The child goes into the secondary school as a blank sheet. They don’t bother
to look at the primary records. That’s deliberate — they don’t want to give a
dog a bad name — and what we have to say isn’t valued anyway. Then
there’s the curriculum. They assume the child knows next to nothing — blank
sheet again, you see — and so they spend the first year repeating work we
have already done with them. No wonder the poor little blighters are often
bored out of their minds and start playing up. (Yardley,1997, para.6.2)
Recent research by the National Foundation for Educational Research (Schagen &
Kerr, 1999) suggests that many schools do still use the ‘clean slate’ approach and
rely on their position as subject specialists. Their reported arguments for this
position relate to the lack of trust in primary schools’ ability to cover the work, the
lack of a skills base in primary schools, and the lack of primary subject specialists
in science. Secondary science teachers often view year 7 as children’s first year of
science.

Curriculum continuity has consistently been recognised as being dependent
upon good primary-secondary liaison. But ultimately, differentiation of curriculum
material is vital for progression; this demands good transfer of assessment
information and the appropriate use of this information to provide individual
learning programmes for the children concerned. The National Curriculum Levels
of Achievement often have not met the needs of the teachers in the transfer

schools, and their use appears to have slowed down attempts to simplify and

rationalise the transfer of records (Lee, Harris & Dickson, 1995). Furthermore,
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some secondary schools “did not trust” the information provided by the primary
schools, and hence the records were less likely to be effectively used (Russell et
al, 1994b; Education Committee, House of Commons, 1995).

The above-mentioned problems concerning assessment brings us to the

second new concern, referred to on page 48, which is related to Key Stage testing.

The introduction of these tests may have exacerbated the break in continuity on
transfer for three reasons. Firstly, there is a difference between children’s Key
Stage 2 test results and their performance the following year at secondary school.
As a result of the Key Stage 2 assessments, teachers at secondary schools have
expectations about the levels of attainment of the new intake of children. However,
there is an apparent regression in achievement on transfer (for example,
Sainsbury, Whetton, Mason & Schagen, 1998; DfEE/HMI, 1999; Doyle, 1999;
OFSTED, 2000). The effects of this ‘fall-back’ are as follows: teachers at
secondary school perceive children doing less well than expected and therefore
set them work at lower levels than they were capable of in year 6 — thus
preventing effective progression. Doyle (1999) suggests that the ‘progress dip’ on
transfer' may be fuelling the mistrust between sectors, saying

...It is not surprising that teachers re-assess the children they receive into

year 7 at a lower level than the key stage 2 tests, and consequently set the

children work at a lower level than [they] had been capable of in Year 6

(Doyle, 1999, p.7).

This leads to the secondary teachers’ confidence in both the testing

procedure and the ability of primary teachers to assess the children’s levels

correctly being reduced. Lack of trust by secondary teachers in the assessments

' Recent research indicates that the ‘progress Qip’ identified by Nisbet and Entwistle (1969) and confirmed by Galton and
Wilicocks (1983) persists despite the 5-16 curriculum (Sainsbury, Whetton, Mason & Schagen, 1998; Doyle, 1999;). There is
also evidence that the same effect occurs in the USA (Alspaugh, 1998).
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may prevent the transfer information from being used (McCallum, 1996; Ellis,
1999; Schagen & Kerr, 1999; Suffolk County Council, 1999).
Secondly, there are concerns that the Key Stage tests might be causing an
interruption in progression at primary level. There are indications that an
increasing number of schools now regularly spend time revising during the middle
term of the last year of primary education, in preparation for the tests (Hofkins,
1995; Ellis, 1999). After the tests there is a period of time before the end of the
primary school year which some perceive as a gap between Key Stages (Zeneca
Pharmaceuticals, 1997; Ellis, 1999). There is evidence to suggest that
expectations in Year 6 diminish after the tests, as the Report by Suffolk Education
Department (1997) indicates in this extract,
The programme of study is completed prior to the tests and a good deal of
uncertainty exists as to what should happen in the rest of the term. This lack
of direction can lead to some undemanding work being presented to pupils at
the end of Year 6. (Op. cit. Annex C, p.4.)

Could this be a new aspect of curricular discontinuity?

Finally, there are concerns that teachers are now ‘teaching to the tests’ and,
that since Science 1 (investigative work) is not tested, this effectively reduces the
science teaching to the transmission of content (Clarke, 1996).

The third emerging difficulty referred to on page 48, is related to teacher
training and in-service training in science. As a direct result of the introduction of
the National Curriculum, there were increasing demands for more specialist
teaching within primary schools. It was suggested that a greater degree of
specialist teaching would be appropriate in the final years of primary school

(OFSTED, 1997). This demand for greater specialist knowledge, combined with

continuing concern over primary teachers’ science knowledge, increased the need
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for good quality provision of science teacher training and science in-service
training. However, as mentioned above, science was not made a compulsory part
of teacher training until 1998, and it will be recalled from Section 1.2, that concerns
have been expressed over primary teachers’ level of science knowledge for many
years. Teachers’ science subject knowledge and confidence have been areas of

considerable research work, which will be examined in the next chapter.

1.3.2 FURTHER DEVELOPMENTS IN ATTITUDE THEORY

It will be recalled from Section 1.2 that early theories dealt with the effects of
persuasion on attitudes, and the spontaneous changes brought about through the
desire for consistency and/or social learning. However, attitude theories
formulated during the 60s and 70s, tended to focus on specific issues and were
more limited in their range; there was a particular focus on the relationships
between attitude and behaviour. The more recent theories of attitude change have
achieved greater breadth and attempt to draw together earlier theories into a
coherent whole.

As discussed in Section 1.2, attitudes and associated information are
generally believed to exist as attitude structures or schema. A current view takes
this idea further, and suggests that attitude structures depend on an associative
network model of memory, which allows rapid accessibility to a wide range of
attitudes. The importance of such attitude structures have been described by Petty
(1995) as follows,

... this means that if you ask people about one attitude, they will be able to
give you their attitude about a related issue faster than an unrelated

issue....Perhaps the most important implication of viewing attitudes as
integral structures is that if you modify some particular aspect of the attitude
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....this will likely lead to some change in the overall evaluation of the object
(i.e., the attitude) itself, though it might take some time and thought for the
change to occur. (Op. cit., p.200).

For example, in Figure 1-5, the individual is shown as having a favourable attitude

towards science. This attitude can be retrieved directly from memory or can be

constructed based on some subset of the various attributes the person associates

with science. If the individual finds, say, that practical work is not exciting or that

science is not easy then eventually there would be a change in the overall attitude

to science.

Figure 1-5: Attitude structure.
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In Section 1.2 it was noted that Fazio and colleagues held that most of the time

decisions are not based on rational thought but on spontaneous processing of

available attitudes. The network model described above implies that there may be

a variety of accessible attitudes, which could be involved in such spontaneous

processing.
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From his earlier theories Fazio developed the MODE model (1990). This theory
suggests that reasoned, systematic thinking is likely to operate only when the
people have sufficient motivation and opportunity. At other times the attitude will
be spontaneous and not based on a rational process. This model illustrates
perhaps the most fundamental difference between the more recent and earlier
theories; the earlier theories assumed a sequential route, whereas more recent
theories assume that parallel routes could be involved.

The Elaboration Likelihood Model (ELM) (Petty & Cacioppo, 1996) and the
Heuristic Systematic Model (HSM) (Chaiken et al, 1989), are two examples of dual
processing approaches. Dual processing models visualise attitude processing
occurring by two parallel routes, which depend upon the individual mode of
thinking. Such models assume that individuals are motivated to hold valid or
correct attitudes, but that they are not always sufficiently motivated to engage fully
in processing the available information. The basic idea within the ELM is that
persuasion hinges on whether the likelihood of relevant thinking is high or low. In
order for attitude change to occur, an individual must be motivated to think about
the message arguments. Only then can the following sequence of steps occur

after being exposed to a persuasive communication:

—

. Attention to the message

2. Understanding of message content

3. Evaluation of the message

4. A change of attitude.
The ELM (Petty & Cacioppo, 1996) is represented in a simplified diagram in Figure
1-6 on the following page. In this model, central processing will occur only if the

individual is both:
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2. Able (is able to follow the argument).

56

Motivated (cares enough about a topic to pay attention to it),

Distractions reduce the chances of persuading even a motivated individual.

Figure 1-6: A simplified representation of the elaboration —likelihood model (ELM)
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Individuals who engage in central processing think about the issues, and pay
attention to the arguments presented. But even after some central processing,
individuals may resort to peripheral processing at stage 3 if the information
contained in the message does not produce a strong evaluation. At this stage the
type of processing depends upon:
e Prior Attitude - if individuals already have strongly held attitudes, the
arguments for a different view won't change them.
e Argument Strength — once stage 3 has been reached individuals usually
shift towards the speaker's view, if the speaker's arguments are strong. But,

if they are weak, individuals move further away from the speaker's position.

Attitude changes that occur via the central processing route are likely to last.

A weakness of the ELM as a theory was that it failed to explain why individuals
would use peripheral processing rather than central processing. However, the
HSM explains that situational and personality variables affect the mode of thinking
that an individual will employ, and defines two modes of thought: systematic and
heuristic. Individuals in systematic mode make an effort to think carefully, in
contrast individuals in Heuristc mode do not think carefully about the arguments
involved. Systematic thinking is “turned on” by relevance and comprehension. If a
situation has little relevance or is difficult to understand then the individual is likely
to use the Heuristic mode of thinking. Individual personality characteristics also
affect modes of thought. Self-monitoring, the tendency to adjust one's behaviour to
fit the situation, awareness of one's effects on others, and the ability to regulate

one's non-verbal cues and behaviours to influence
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others' impressions may be high or low. (Eagly & Chaiken, 1993).High self-
monitors with a strong need for understanding, typically think carefully about things
most of the time, in contrast low self-monitors have a low need for understanding
and typically think as little as possible about a situation.

In Heuristic mode relatively simple ‘rules of thumb’ are used for making
decisions. Such rules may include ‘experts usually have valid arguments’, or
‘people like me are usually correct’. The net result is that the message context is
given priority over the message content. Peripheral cues change a listener's
opinion without relying on any active thinking about the issue. For example, a
school pupil may base their attitude to school science on:

e Source credibility — ‘my teacher is a science specialist’

e Source likability — ‘my teacher seems nice’,

¢ Pleasant setting — ‘we work in laboratories, and do lots of practicals’
Changes in attitude on the Peripheral Route are not likely to last.

The persistence of attitudes has been linked to the amount of central
processing and first-hand experience of the attitudinal object (Eagly & Chaikin,
1993; Petty, 1995), and the more people change as a result of processing the
arguments the more they will resist any further change of attitude (Petty, 1995). An
important implication of the ELM and HSM is that effectiveness is dependent on
the personal relevance.

It was noted in Section 1.2 that although attitude questionnaires remain in
common use, there appears to be a renewed interest in the use of projective
techniques (Catterall & Ibbotson, 2000), and in interviews and observation. An

examination of standard texts on attitudes reveals that when discussing attitude
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measurement these texts focused mainly on the use of attitude questionnaires
(Zimbardo and Leippe,1991; Oppenheim,1992; Himmelfarb,1993) Oppenheim
(1992) includes a single chapter on projective techniques, and Zimbardo and
Leippe (1991) mention in passing the use of content analysis of written essays,
transcripts of interviews, and other verbal responses. Nevertheless, these
methods are increasingly used to obtain information about the attitudes of
individuals (Ritchie & Spencer, 1994).

Such methods tend to involve only small groups or individuals; but
examination of an individual attitude is not generally helpful because it does not
allow the prediction, with any degree of reliability, of that individual’s likely
behaviour. However, the examination of population characteristics allows a degree

of reliability in the prediction of the group’s behaviour.

1.3.3 THE RELATIONSHIP BETWEEN ATTITUDE AND ACHIEVEMENT IN SCIENCE

As we have already seen some early research suggested that attitudes do not
always determine behaviour (LaPiere, 1934) but current research indicates that
modes of thought and situational factors may moderate the attitude change. In the
particular area of children’s attitude to science and achievement (behaviour) in

science, the relationship between attitude and achievement has been the subject

of considerable study over the last three decades, and there has been a very wide
variation in the results obtained (see Table 1-3 on page 60). Various methods
have been used to collect and analyse the data, and although much of the
research has been carried out in the UK, some evidence comes from the USA,
Brunei and Nigeria, where cultural differences may come into play.

Gardner (1975) in his review of the literature found only a weak relationship
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between attitudes and achievement in science. Fraser (1982), commenting on a

meta-analysis by Willson (1980) found correlations ranging from —0.18 to 0.48,

and no relationship between attitude and ability. Fraser investigated the

relationship between attitude and 1Q in 46 seventh grade classes in Australia, and
found correlation coefficients ranging from 0.00 to 0.37, suggesting a weak

relationship between attitude and ability. Schibeci in his later review (1984) drew a

stronger link between attitude and achievement, finding correlations from 0.3 to

0.5. More recent studies report correlation coefficients ranging from 0.2 to 0.69 for

attitude and achievement.

Table 1-3: Research into the relationship between attitude and achievement

Date Author Country | Methodology/sampling Pearson’sr
of origin
1975 Gardner Review. 0.00-0.37
1976 Brown Scotland | 2815 pupils in 40 secondary schools 0.32-0.36
1980 Willson Meta-analysis -0.18 t0 0.48
1982 Fraser Australia | Pupils from 46 classes 0.00 t0 0.37
1984 Schibeci Review. 0.3-0.5
1985 Pell England | 741 pupils in 16 secondary schools 0.25
1987 Keys England | 1000 pupils, random sample. 0.33
and
Wales

1992 Breakwell England | 1080 pupils in years 7-9. 0.58

and

Beardsell

1992 Daniels England | Sample size not given 0.16 (9),

and 0.04 (b)

Welford.
1994 Asghar Brunei 120 pupils in 4 secondary schools 0.35
1995 | Weinburgh USA Review (Biology). 0.48 - 0.61(b),
0.46 -0.65 (g)

1995 | Weinburgh USA Review (Physics). 0.34 (b), 0.37(g)
1996 Chidolue Nigeria | 375 pupils in 11 secondary schools 0.69 (partial)
1998 Koleoso Nigeria | 110 pupils in 4 schools 0.65

and

Olasehinde

On the basis of the evidence, it seems likely that attitude and achievement are
significantly related, and that for UK secondary school pupils, Pearson’s r is in the
region of 0.3. Furthermore, it is possible that enjoyment of science is more closely

related to achievement for girls than for boys.
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How attitudes and achievements are linked is another frequently researched
question. Does one precede the other, or are the two inter-related? Since the
majority of the research is correlational it does not help to clarify this issue.

Shrigley (1990) suggested five perspectives:

o Attitude precedes behaviour

o Attitude is behaviour

o Attitude is not directly related to behaviour

o Attitude follows behaviour

o Attitude and behaviour are reciprocal
The majority of studies concerning attitudes to science base their methods on the
first of these approaches; they use attitude questionnaires in order to measure
attitudes, which in turn are related to behaviours such as achievement. Criticisms
of such studies rest mainly on the lack of theoretical models behind the attitude
measurement (Gardner, 1975; Schibeci, 1984; Krynowsky, 1988) and the
inadequate validation of the measurement scales (Gardner, 1975 and 1995,
Munby, 1983 and 1997). With improved validation of attitude scales and sound
theoretical models now underpinning them ‘the premise that attitude precedes
behaviour dominates current research’ (Shrigley, 1990).

Some studies support the view that attitudes precede behaviour showing that
earlier enjoyment of science is the best predictor of later achievement (Brown,
1976; Pell, 1985; Asghar, 1994). However, these studies cannot be said to reflect
the current educational situation in England; Brown'’s research was conducted in
Scottish schools nearly 30 years ago, Asghar’s study was set in Brunei and the

work of Pell relates to only a limited sample of schools, and pre-dates the
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introduction of the National Curriculum. On the other hand, Reynolds and Walberg
(1992), in a longitudinal study involving a national probability sample, found that
prior achievement predicted later attitude, rather than the reverse. This study is
recent and involves a random and representative sample. However, the study was
conducted in Australia, and so this result may not be typical of English schools.
Such conflicting evidence makes it difficult to reach a definite conclusion on this
matter, however it seems most likely that attitude and achievement are reciprocal,
as suggested by Ausubel et al (1978).

The Educational Reform Act made testing of children at the ages of 11 and
14 the rule, and the results of these tests are frequently used as an indication of
the performance of schools and teachers. Such testing has revealed an apparent
fall in standards between Key Stages 2 and 3, focusing government attention on
the primary - secondary transition (see for example Barber, 1999; Carvel, 2000).
Attitude research may have an important part to play in understanding the
changes in performance indicators across Key Stages since both attitude theory
and empirical findings from science attitude research indicate a link between
attitude and behaviour.

However, the political focus has tended to be on the performance and
effectiveness of teachers and schools, and the pupils’ views have rarely been
given serious attention (Ruddock et al, 1996). There are indications that this may
be changing, for example the Council for Science and Technology have taken care
to include ‘an assessment of the research literature about young peoples’
attitudes towards science’, in their analysis of the current situation, (The Council

for Science and Technology, 1998). But, their own research was not able to find
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any recent large-scale studies of children’s attitudes to science at the transition

from primary to secondary school.

1.4 Summary

Two important and influential themes run through this account: first, the
significance of psychological and philosophical changes occurring in education
and in science, and second the political pressure for a common curriculum.

The first of these came from the research community, but the second appears to
have been driven by political and economic concerns (see for example, Kelly,
1990; Jenkins & Swinnerton, 1998). The combined effects of all these changes
should have been to reduce the transition gap, and make continuity in science
education on transfer from primary to secondary school less problematic. In
consequence, the learning experiences in science for children moving from one
sector to another should now not change significantly, although in the past there
were significant changes. According to the developments in attitude theory, such a
shift in the teaching and learning of science should have had some observable
effect upon children’s attitudes to science over this time. In the next chapter, the

research literature will be critically examined with such changes in mind.
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CHAPTER 2. THE RESEARCH LITERATURE

2.1 Introduction

The aim of this chapter is to examine the research evidence concerning children’s
attitudes to school science, at and around the time of transfer from primary to
secondary school. There is a huge body of research, which has examined factors
affecting attitudes to science, but there is little that has focused on the effects of

school transfer on science attitudes. There is general agreement among reviewers

of attitudes to science research that the most important factors influencing
children’s attitudes to science are age, gender, home background, attitudes of
peers and friends, classroom and pedagogical variables, and teacher variables.
However, no review deals adequately with the research evidence showing that
children’s attitudes to science are closely linked with their attitudes towards school
and education in general (for example, Garverick, 1964 Keeves, 1975; Keys,
1987: Simpson and Oliver, 1990). There is a considerable amount of research
concerning the factors influencing attitudes to science and also to those
influencing attitudes to school, and the effect of transfer on children’s attitudes to
school has been an important area of research over many years. So, in order to
fulfil its aim, this review must take account of three separate research areas.
These areas are attitudes to school, attitudes to science, and school transfer
research.

This review first looks at the research investigating influences on children’s
attitudes to school. In the light of this evidence, the second section will focus on

the research into influences on children’s attitude to science. The third section
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examines research that specifically addresses changes in attitudes at the time of
school transfer: firstly changes in attitude to school, and then changes in attitude
to science. The area of most direct relevance to the focus of this thesis is that
concerning school transfer, but each of the other areas has an important bearing
on the theoretical model to be developed and used in the collection and analysis of
the data. In view of the lesser relevance of the first two sections, and the very
large amount of existing research into the influences on attitudes to school and
attitudes to science, these two areas will of necessity be reviewed relatively briefly.
However, the third section, concerning transfer studies will be more detailed.

Because of the extensive literature on attitudes to science and attitudes to
school, and the very small number of transfer studies, certain criteria have been
applied to limit the selection discussed in this review. Research studies have been
selected on the basis of their relevance to:

e The effects of transfer between schools or stages.

e Upper primary and/or lower secondary pupils.

e UK schools
Other research studies are mentioned only when relevant data using the above
criteria are not available, or are very limited.

Finally, in order to minimise the need for later repetition, the criteria for
assessing the relative contributions of studies are given here, these are: date,
methodology, and sampling. As regards date, more recent research, particularly
research carried out since the Education Reform Act of 1988, should be more
relevant to the current educational system than research carried out say, forty

years ago. However, seminal works, such as the first major study of school
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transfer by Nisbet and Entwistle (1969), will be included because of their relevance

to later studies.

Methodology is strictly speaking the subject of Chapter 3, and all the points

mentioned here will be discussed in greater detail there. However, the main
considerations as to the relevance of qualitative and quantitative methods are
briefly presented here, in order to clarify the assessments made in this review. A
fundamental aim of this study is to identify trends in attitude on transfer, and
therefore quantitative survey research is of particular relevance. If random
population samples are used, then it is considered acceptable to generalise from
such research and this may allow trends and patterns to be identified. Qualitative
research, because of its more intensive nature, usually involves smaller and often
purposive samples, and it is not usually possible to make generalisations from
small, purposive samples. However, such studies often provide valuable
methodological triangulation, particularly in areas where little research has been
conducted. Furthermore, qualitative research studies sometimes illuminate
variables in a way that quantitative research cannot do, because they often probe
individual issues more deeply. This may lead to clarification, for example where
two or more variables are interrelated.

The size and nature of a sample have been referred to above, and need
only a little more explanation here. Strictly speaking, it is only possible to
generalise from a quantitative survey if it is based on a sample that represents
the general population. Also, larger samples are generally subject to smaller
errors. So, large, random population samples should provide the most reliable

data for the purposes of making generalisations.
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Finally, where the aim is to examine change, the relative values of cross-sectional
and longitudinal studies must be considered. The problem with all cross-sectional
studies is that data from different groups of people are compared. To equate a

difference in the data from two different groups of people with change in data from

one group on two different occasions is to make the assumption that these two

groups are so well matched that they will think and feel in identical ways. However,
cross-sectional studies that use large, random population samples are relatively
reliable since, by definition, they are matched samples. Nevertheless, longitudinal

studies are preferred when the aim is to investigate change.

2.2 Attitudes to school

In this section, the focus is specifically on research describing the influences on
pupils’ attitudes towards school and such attitudes are defined in the terms
described in Chapter 1:

Aftitudes are likes and dislikes, favourable or unfavourable

evaluations and reactions to objects, people, situations or any other

aspect of the world, including abstract ideas and social policies.

(Hildgard, 1996 )
Thus, studies of children’s worries about school, and adjustment to school are only
included here where they also discuss children’s favourable or unfavourable
feelings about school.

Table 2-1, overleaf, summarises studies dealing with children’s attitudes to

school, but not those concerning attitude changes on transfer, which are

discussed separately in Section 2.5.2.
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Table 2-1: Summary of research into attitudes to school

Date Author Location | Methodology | Schools | Pupils |[Summary of conclusions
N N

1966 Murdoch Scotland Essay 338 552 80% of pupils expressed positive feelings about
secondary school.

*1971 | Barker Lunn | England | Questionnaire 23P 884 Attitude to school related to social class.

1975 Neal Birmingham | Questionnaire 9s 375 88% of pupils expressed positive attitudes
about secondary school

1977 | Youngman & [ Nottingham | Questionnaire 6S 1500 |Attitudes to school were mainly favourable, but

Lunzer 10% of pupils were ‘disenchanted’. Ability not
linked to attitude. Individual school differences,
small schools were linked with children’s more
positive attitudes.

1979 Spelman Northern Essay & 318 3050 |Alienation to secondary school was highest

Ireland questionnaire among those with low verbal reasoning and
manual background. Girls may be more positive
than boys.

1986 Brown & London Essay 28 89 92% of pupils expressed positive attitudes

Armstrong about secondary school. Boys and girls did not
differ significantly in positive feelings.

*1990 | Sammons London Questionnaire 50P ~2000 |Attitude to school may be related to social

and class. Positive attitudes decline with increasing
Mortimore age. Girls more positive than boys.

*1994 Barber Midlands | Questionnaire |Not known{ 8000 |[88% of pupils expressed positive attitudes
about secondary school. Girls were more
positive than boys. Positive attitudes declined
with age.

1994 Blake South of Interviews & 5P 100 At the end of KS2 the main feeling was one of

England essays acute anxiety about transition to secondary
school.

1995 Keys et al England & | Questionnaire 80S 1000 |82 % of pupils expressed positive attitudes

Wales about secondary school. Girls were more
positive than boys.

*1996 | Kinder et al England Interview 20P &S | 23 atP |An origin of disaffection may be related to

and 76 at |learning activities and curriculum content , this
S may apply more to boys than girls.

*1996 | Blatchford London Interview Not known 175 Few gender differences in attitudes to school
and school work. Differences related more to
general attitude to school than to particular
subjects. Small decline in attitude to school with
age

1996 Gross & Midiands | Questionnaire 1S 75 85% of pupils expressed positive views about

Burdett secondary school.

*1997 | West et al London Questionnaire 6P 290 Y2 |57% were ‘very happy’ or ‘happy’ about coming

& interview to school. More girls (66%) than boys (49%)
were positive about coming to school. More
minority ethnic groups (70%) than ESWI (46%)
were positive about coming to school.

*1998 { Smees and | Lancashire | Questionnaire 69S 8681 from [79% of pupils in Y9 ‘usually’ or ‘always’ enjoy

Thomas. Y9 school.

N.B. P = primary school, S = secondary school

All these studies vary in a number of respects, most obviously being their

respective dates, and hence the educational context in which the research was

carried out. The other major differences between studies are the sample sizes and

the methodology. Sampling was very varied, ranging from very small convenience

samples to large, random population studies. Methodology included a variety of

qualitative approaches, such as classroom observation, interviews,
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content analysis of essays, as well as quantitative questionnaire surveys. Finally, it
should be noted that most of these studies concentrate upon attitude to school
during the last year at primary school or the first year at secondary school, but that
some covering a wider age-range (denoted by * before the date) have been
included. The latter are included because they provide additional information about
factors affecting attitudes to school. Despite differences in date, location,
methodology, phase and size of sample, the findings are remarkably consistent,
indicating that at least 80% of the year 7 children surveyed had positive feelings
about school.

Where research was carried out using very small samples, or in a limited
number of schools, the conclusions may be specific to that particular local area, or
school (Brown & Armstrong,1986; Blake, 1994; Gross & Burdett,1996).
Nevertheless, the overall picture is one in which the majority of children in year 7
have positive feelings towards school. However, there is clearly some variation,
which might be ascribed to differences between location, schools or pupils. This

variation and these differences are considered next.

2.2.1 AGE

Where attitudes have been measured over a range of ages there is evidence from
cross-sectional studies to indicate that positive attitudes decline with age, both at
primary level (Mortimore et al, 1988) and at secondary level (Keys, 1987; Barber,
1994 Blatchford, 1996). However, the Lancashire study (Smees and Thomas;

1998) indicates that attitudes to school may have declined only slightly by year 9.
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2.2.2 GENDER

Some studies have indicated that girls’ attitudes to school may be more positive
than those of boys (Spelman, 1979; Barber, 1994; Keys, Harris & Fernandes,
1995; West et al, 1997). Three of these studies involved large samples of children
from a wide range of localities, namely: a random population sample from schools
across Northern Ireland (Spelman,1979), a large sample from the Midlands
(Barber, 1994), and a large random population sample from England & Wales
(Keys, Harris & Fernandes,1995). On the other hand, two studies found no
significant difference between the attitudes of boys and girls (Brown & Armstrong,
1986; Blatchford, 1996), but these latter studies were limited to quite small groups,
each within a specific environment. Brown & Armstrong investigated children from
only two secondary schools in south west suburban London, a small boys-only
school, and a large girls-only school. Blatchford’'s concern was with factors
affecting the educational progress of black and white children, and his study
centred on inner-city, working class and generally socially disadvantaged
communities. These contradictions may be related to the sample size. When large
numbers of schools are studied, then overall, girls appear to be more positive
about school than boys; but when very specific types of school are studied these
gender differences are not obvious. It is possible that there are differences
between schools or areas that only emerge when these groups are studied at the
individual level (Smees and Thomas, 1998). Hargreaves, Earl & Ryan (1996) have
pointed out that groups who may be particularly at risk of alienation after transfer

include low achieving boys, and girls with low self-esteem.
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Some of the studies referred to above have also indicated that gender may
interact with other variables. Keys, Harris & Fernandes (1995), investigating
influences for the group of children who did not enjoy secondary school, found that
they were significantly less likely to have a positive academic self-image than
those who were positive about school. Blatchford (1996) observing that black
children were more positive about school than white children, also noted that the
black children had more positive views of their own ability. Blatchford linked this
positive self-concept with parental support and encouragement, and Keys, Harris
and Fernandes also noted that pupils who disliked school tended to have less
supportive parents. So, there may be a combination of influences at work here:
any observed differences may result, not simply from gender differences, but also

from family influences, which may interact with those gender differences.

2.2.3 ETHNICITY

There is little research in this area, but what there is suggests that, in the UK,
ethnic minority groups may have more positive attitudes to school than those
pupils from the majority culture (Blatchford, 1996, West et al, 1997). However,
these samples may have been unrepresentative, and West et al (1997)
acknowledge that their sample was too small to allow comparisons between

particular ethnic groups.

2.2.4 SOCIO-ECONOMIC STATUS

As part of the first major study of the effects of transfer (Nisbet & Entwistle, 1967),
Murdoch found some indication, with one very small group of pupils, that attitude
to school and social class might be related. In a seminal study, involving a large

sample of children, and statistical analysis, Barker-Lunn (1971) reported a positive
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relationship between attitude to school and social class. Later, attitude to school
was linked to social class by Spelman (1979) and by Sammons and Mortimore
(1990). In each of these two studies large samples of children were involved, and
in both cases careful statistical analyses were used. However, both preceded the
introduction of the National Curriculum, and Spelman’s work was carried out in a
selective educational environment (Northern Ireland). Spelman found that
alienation from school was highest among those from manual backgrounds. Since
his research involved a large sample of children (3,050) from a representative
sample of schools and regression analysis was used to control for multiple
variables, the findings may be considered to be reliable.

As indicated, the research was carried out in Northern Ireland, which has a
selective 11+ system, and Spelman found that the type of secondary school
attended was significantly related to social class, (for example children attending
grammar schools had more positive attitudes than those attending secondary
modern schools). Since Spelman made separate analyses for each type of school
it is possible that different school types as well as social background were
responsible for his findings. Indeed, Spelman found that learning environment was
a significant factor, and that different educational environments influenced the
extent of alienation, children attending Grammar schools being least alienated.
However, since grammar school pupils were more likely to be from middle class
families, social class and educational environment factors were confounded in this
study. To summarise, there is some evidence that social background may
influence attitudes to school but none of it reflects the present educational context

in English comprehensive schools.
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2.2.5 SCHOOL VARIABLES

Spelman’s work indicated that school variables may have an important influence
on attitudes, and this view has been supported by other research (Youngman &
Lunzer, 1977, Brown & Armstrong,1986; Kinder, Wakefield & Wilkin,1996). These
variables may be most conveniently categorised under the following headings:

e pastoral liaison strategies

e teaching approaches

e curriculum,
Numerous studies suggest that these school variables may have important effects
on attitudes via continuity and progression, but do not deal directly with attitudes to
school, and so they do not appear in Table 2-1, above. For example, in Chapter 1
the dip in progress on transfer was discussed and linked with effective liaison
(page 51), and it will also be recalled from Chapter 1 that good liaison has been
stressed as being beneficial to continuity and progression by many, from Plowden
(1967) to SCAA (1996). There is also a little evidence suggesting that good liaison
between feeder schools and secondary schools might have a positive influence on
attitudes to school after transfer (Youngman & Lunzer, 1977; Brown &
Armstrong,1986).

However, there is less agreement about the use of different teaching
approaches. In particular, Galton and Willcocks (1983), suggest that the very
different teaching styles at primary and secondary school might be a reason for
the less positive attitudes to school at secondary school. In an ethnographic study
of transfer, Measor & Woods (1984) suggested that attitudes to secondary school

might be improved by a more integrated teaching approach in the first year.
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However, their research focused on the changes for one group of children from
one school only, and did not specifically address change in enjoyment of school.
Youngman & Lunzer (1977) observed that, although this approach offered some
advantage to children during the first few weeks at the new school, their data did
not support the view that such organisational changes, taken alone, improved
attitude.

As to curriculum, Kinder, Wakefield & Wilkin (1996), in a study of
disaffection, noted that curriculum content problems, such as lack of relevance,
stimulus and variety in learning tasks, may be important factors. Curriculum
content problems were frequently given as reasons for truancy in the lower

secondary, but were rarely mentioned by pupils at primary school.

2.2.6 OVERVIEW

Surveys, observation, analysis of interviews and essays have all been used to
establish children’s feeling about school. The majority of children appear to have
very positive attitudes to school at both primary and secondary school; but some
research has suggested that gender and social background may be significant
influences, girls and children from higher socio-economic status (SES)
backgrounds having more favourable attitudes. Research has also suggested that
effective liaison and the relevance of the curriculum content may have positive
effects on attitudes to school. Finally, there are some indications that the different
teaching styles at primary and secondary schools may lead to less positive

attitudes after transfer.
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2.3 Attitudes to science

2.3.1 INTRODUCTION

Children’s attitudes to science have been the subject of study for at least 50 years,
and despite changes in the education system some of the trends and influences
revealed in early studies appear to have persisted to the present day. For
example, early studies indicated that girls appeared to have less favourable
attitudes to science than did boys, and recent studies make the same suggestion.
As attitude theory and methods of measuring attitude were developed, studies
of attitudes to science also accumulated. Eventually, in 1975, two major reviews of
science attitude research were published, providing some much needed analysis
of the research up to that time (Gardner, 1975; Ormerod and Duckworth, 1975).
Later reviewers (Haladyna and Shaughnessy, 1982; Schibeci, 1984; Laforgia,
1988; Osborne et al, 1996) tended to follow the lead of those earlier reviews, and

few additional influences were identified.

2.3.2 DEFINING ATTITUDES TO SCIENCE

Klopfer (1971) listed a set of behaviours associated with attitudes to science,
including ‘the adoption of scientific attitudes’ and ‘the enjoyment of science
learning experience’, which Gardner (1975) later clarified. Gardner pointed out that
‘attitude to science’ research had generally investigated two broad categories,
which he identified as: attitudes towards science, and scientific attitudes. Aftitudes
towards science included a wide range of constructs such as attitudes to science
careers, attitudes to science education and attitudes to specific issues such as

‘nuclear energy’ or ‘environmental issues’. Gardner
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placed these in the same general category because they all involved some distinct
attitude object, to which the respondent could react favourably or unfavourably.
However, the second category, scientific attitudes, (for example, ‘open-
mindedness’ and ‘tolerance of the views of others’) he suggested were better
described as styles of thinking. Since this thesis is concerned with changes in
attitude, this review will concentrate specifically on the research concerned with

attitudes of children towards school science.

2.3.3 MEASURING ATTITUDES TO SCIENCE

Much research into attitudes towards science has involved quantitative survey
methods, and less use has been made of interpretative studies. This may be
because, more often than not, those studying attitudes to science are themselves
scientists, trained in quantitative, ‘objective’ methods. However, it is also clear that
while earlier research involved mainly quantitative methods, more recent studies
have, from time to time, used qualitative approaches such as case studies and
ethnography. This change in methodological emphasis may reflect changes in the
research community’s views about qualitative methods, and the ‘present antipathy
towards the statistical-experimental paradigm’ (Cohen & Manion, 1994). As
discussed in Chapter 1, ‘measuring’ attitudes is an uncertain business and
attitudes to science have been approached from a variety of directions. Where
qguestionnaires have been used, many have involved semantic differentials or
Likert-type items that allowed respondents to say how they felt about various
aspects of school science.

However, some have asked pupils to express subject preferences,

attitudes towards subject teachers, intention to enrol in science classes, or career
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choices (Colley et al, 1994; Hendely, et al, 1995; Stables & Wikeley, 1998;
Wikeley & Stables, 1999; Furlong & Biggart, 1999; Francis, 2000) and these may
be less useful for measuring attitudes to school science.

Although these strategies have provided some useful information about
interest in science, (for example, Francis (2000) used career choice as a means of
showing gender differences in science interest, and Ormerod and Duckworth
(1975) noted that physics and chemistry were two of the least popular subjects
post-14), there are problems with such methods. It is possible for an individual with
a very positive attitude to all school subjects to rank science as the least popular,
and yet still have a more favourable attitude to it than another student who has a
dislike for all subjects. Subject preference is less useful in longitudinal studies
because of the potential change in the number and type of subjects that could be
chosen from year to year. This is particularly important when moving from primary
to secondary school where the choice generally becomes greater after the move.
Subject preference changes under these circumstances may not necessarily be a
reflection of anything more than greater available choice.

Liking for a particular teacher must surely emanate from a number of complex,
and not necessarily related, variables: for example, the teacher’s personality and
appearance, the subject matter, the teachers’ chosen pedagogy, and the
classroom environment. What valid statements can studies of pupils’ attitudes to
teachers make about underlying attitudes to science? Furthermore, since a
change of teacher is almost inevitable, for most children, this approach appears to
be particularly unfruitful.

The remaining approaches mentioned above, enrolment intentions and career

aspirations, may have relevance to older children but seem to be inappropriate for
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children aged 10 or 11 years. These children have no choice in the matter, science
is on the curriculum and they must study it! As to career intentions, although some
children have clear and unwavering ideas about their future, they are in the
minority. Accordingly, studies falling into the categories mentioned above (i.e.
subject preferences, attitudes towards subject teachers, intention to enrol in

science classes, and career choices), will be discussed only where other research

evidence is extremely limited.

2.3.4 INFLUENCES ON ATTITUDES TO SCIENCE

There is general agreement among reviewers concerning the most important
factors influencing children’s attitudes to science. The most recent review was
written by authors in England and post-dates the introduction of the National
Curriculum (Osborne, Driver and Simon, 1996). These authors note that:

The underlying factors of influence have not changed substantially over the

last 25 years. (Op. cit. p.7.)
These factors are age, gender, home background, attitudes of peers and friends,
classroom and pedagogical variables, and teacher variables. Major reviews were
published in the 1970’s and the 1980’s, (Gardner, 1975; Ormerod and Duckworth,
1975; Haladyna and Shaughnessy, 1982; Schibeci,1984; Laforgia, 1988). The
earliest reviews (Gardner,1975; Ormerod & Duckworth, 1975) although very
extensive, dealt with a pre-ERA system in which not all children studied science.
Haladyna and Shaughnessy reviewed American research, and Schibeci’'s study
was written from the Australian perspective.

The major influences to be discussed fall into three categories: personal,

school and teacher influences, and are shown in Table 2-2 overleaf.
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Table 2-2: The main influences on attitudes to science

Personal School Teacher
Achievement and ability Classroom environment Atftitude to science

| Age Curriculum and pedagogy Knowledge and understanding of science
Gender Peer-group influences Conception of the Nature of Science
Parental influences Socio-economic environment
Social class /cultural background

These categories reflect the exogenous and endogenous categories adopted by
Haladyna et al (1982), personal variables being generally outside the influence of
the school (exogenous), but school and teacher variables being, to some extent,
within the control of the school (endogenous). The exogenous variables reflect
those found for general attitudes to school, and so it is likely that children’s school
attitude will affect their science attitude. The literature will be reviewed below
within the categories shown in Table 2-2, and will take the early reviews, of the

“70s and ‘80s, as an appropriate starting point.

2.3.5 PERSONAL INFLUENCES

2.3.5.1 AGE
The literature indicates a steady decline in favourable attitudes to science with
age. Cross-sectional studies using random population samples have observed a
small decline in positive attitudes between the ages of 9 and 14 years. The most
recent of these studies, the Third International Maths and Science Study (TIMSS),
indicates that the majority of year 5 pupils in English schools liked science (liked or
liked a lot : 81%), and using similar tests for year 9 pupils, attitudes were slightly
less positive (liked or liked a lot :78%), suggesting that positive attitudes to science
may decline slightly between the ages of 9-10 and 13-14 years (Keys, Harris &
Fernandes, 1997a and 1997b). A similar result was obtained in the Second
International Maths and Science Study (SIMSS), when 10 years-olds in England

were more likely than the 14 year-olds to agree that science lessons were
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interesting and enjoyable (Keys, 1987). A very large cross-sectional study of
secondary aged children (Miller et al, 1999) and other, smaller cross-sectional
studies have found similar results for secondary aged children: attitudes to science
decline with age (for example, Breakwell & Beardsell, 1992; Francis and Greer,
1999a). These findings are consistent with those from longitudinal studies of
secondary school children (Hadden, 1981;Doherty & Dawe, 1985; Kelly, 1986).
Studies focusing on children from countries outside the UK, with large

groups of children and quantitative survey methods, indicate a similar decline in
positive attitudes with age (for example in the USA, Butler-Kahle and Lakes, 1983;
James & Smith, 1985; Yager & Penick, 1986; Simpson & Oliver, 1990;
Greenfield, 1997). Since this factor is common to many countries, it may be
unrelated to any particular educational system or curriculum and is perhaps a
factor outside the control of the educational process. However, there appears to
be some doubt about what happens to attitudes between grades 6 and 8. Perrodin
(1966), who used a projective-type test with a total of 554 children from grades 4,
6 and 8 in the USA, concluded that:

In general it appears that fourth graders have very favourable attitudes

towards science, favourable attitudes reach a peak in the sixth grade, and

decline somewhat at the eighth grade level. (Op. cit., p. 218)
This finding is slightly at odds with that of James & Smith (1985), who studied
attitude changes between grades 4 and 12. They observed that the greatest
decline in positive attitudes occurred between grades 6 and 7.

However, Simpson and Oliver (1985) looking at attitudes from grades 6 to

10, found no significant difference between attitudes in grades 6 and 7, and also

that ‘student attitude to science is most positive during grades six and seven and
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least positive during grade eight’. Overall, these studies suggest no major change
occurring between grades 6 and 7 in the USA, and any disparity might relate to
local or methodological differences.

Studies of attitude change for younger children (5 to 9 years-old) are less
well represented. The work of Davies and Brember (1994a and 1994b) found no
significant change in the scores for either boys or girls between the ages of 6 and
8 years. These children were from six randomly selected primary schools in one
LEA. In all, 167 children were surveyed, using a ‘smiley scale’, on two separate
occasions: in year 2 and then again, two years later, in year 4. However, in a
recent qualitative study from the USA, it was concluded that very young children
enjoyed science but that attitudes became more negative with age (Piburn &
Baker, 1993). Piburn and Baker used semi-structured interviews with a cross-
section of 149 children from kindergarten to grade12, whereas Davis and Brember
used a longitudinal method, so the latter study is likely to be more reliable.
However, at present there is little to go on, and it is recognised that the
investigation of attitudes in very young children is problematic (West et al., 1997).

Studies of children in their last two years at primary school have produced
more consistent results. Children in this age group tend to enjoy science at school;
for example, Keys et al, (1997b) found that the majority of English children aged 8
or 9 years liked science. A report commissioned by the Australian National Board
of employment (1993) found similar results for children in their last year at primary
school. In the USA, a large national survey (Yager & Penick, 1986) found that
science classes are perceived as being most fun by 9 year-olds.

In summary, it would appear that the relationship between attitude to

science and age is unclear before the age of about 9 years, but that thereafter it
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seems to fall steadily with age. However, this research does not appear to have
taken into consideration the research into more general attitudes to school. Since
there is considerable evidence to indicate that children’s attitudes to school in
general decline with age, the observed decline in attitudes to science may simply
reflect this more general decline in positive feelings about education, rather than a
decline in enjoyment of science. In view of this lack of methodological control it is
difficult to positively identify attitude to science as declining with age.

2.3.5.2 GENDER
Gender has been identified as an important variable affecting attitudes to science
(Gardner, 1975), and has since been studied extensively (Table 2-3, overleaf).
Despite considerable changes in the science curriculum since Gardner’s review,
research continues to indicate that girls are less positive about science than are
boys, (for example, Brown, 1976; Davies and Brember, 1994a and 1994b;
Hendley et al,1995; Weinburgh, 1995; Woodward & Woodward,1998b; Francis &
Greer,1999a).However, much of this research fails to take account of social
influences such as stereotyping and peer and parental influences. Furthermore,
some researchers report no difference in attitude to science between boys and
girls (Breakwell & Beardsell, 1992; Miller et al,1999), and others report only very
small differences (Collins, 1993 ;McMahon, 1999). Breakwell & Beardsell (1992)
controlled for social class and this may account for their different findings; and the
very large sample of Miller et al (1999) may have had the effect of smoothing out
class differences. The two studies where only small differences were observed,

(Collins, 1993; McMahon, 1999), were small case studies of the researcher's own
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class, and differences within a single class are generally expected to be smaller
than differences between classes, or schools (see for example, Aitkin et al, 1981;
Goldstein, 1987) because of the background similarities of such children. Also,
these studies involved young children; in particular, Collins (1993) worked with 6-7
year-olds.

There is evidence of gender stereotyped views of science and scientists
being held by children as young as 6 to 8 years of age (Smithers & Zientek, 1991,
Newton & Newton, 1992; Matthews 1996; Matthews and Davies, 1999; Miller &
Budd, 1999), and that the scientist is most generally perceived as male (Matthews
1996; Newton & Newton, 1998; Matthews and Davies, 1999). There are
indications that girls may now hold less stereotypical views than boys (Colley et al,
1994; Havard, 1996; Lightbody and Durndell, 1996; Whitehead, 1996; Gallagher,
McEwen & Knipe, 1997; Miller & Budd, 1999). Gallagher, McEwen & Knipe (1997),
suggest there may have been a reduction in such stereotyped views recently, but
their sample included only Grammar school pupils in Northern Ireland, and this
may have led to bias; it is also interesting that the girls in Catholic schools did not
conform to the trend observed in the other schools surveyed. However, the
research by Whitehead (1996) and Miller and Budd (1999) involved large samples
of children from comprehensive schools across the UK, and show that boys are
likely to hold stereotyped views throughout their school career, whereas such
views are likely to decline for older girls.

Parental attitudes appear to operate in association with gender, and are
powerful influences (Brown & Riddell, 1992; Mann, 1998; Barnes et al, 1999;
Kutnick, 1999). There are suggestions that parents are more likely to encourage

boys in scientific study (Breakwell & Beardsell, 1992; Mann, 1998), but that if girls
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are interested in science, then they are encouraged by parents to take up biology
rather than the physical sciences (Barnes, 1999). When attitudes to the individual
sciences are investigated, a consistent pattern is found: girls have greater interest
in biological subjects and boys have greater interest in the physical sciences
(Ormerod, 1976; Harvey & Edwards, 1980; Kelly, 1981; Ormerod & Wood, 1983;
DES, 1986, Stables, 1990; Stark, 1999). However, such differences may result
from parental expectations and gender stereotyping. Subject preference may be
restricted by the masculine/feminine connotation, which every subject acquires
(Riddell, 1992; Elwood & Gipps, 1999), and such gendered perceptions may be
intensified on transfer (Measor and Woods, 1984). In particular, Measor and
Woods observed that girls adopted negative attitudes to science in order to
reinforce their femininity, and physics has often been singled out as intrinsically
masculine (for example, Ormerod, 1976; Riddell, 1992).

Some studies have suggested that single-sex school environments may
reduce the effects of stereotyping. Girls in a single-sex environment are more
likely to choose to study physical sciences at A-level (Cheng et al, 1995), and the
views of both boys and girls in single-sex environments are less polarised than in
a mixed-sex environment (Stables, 1990; Kniveton, 1995 & 1998; Vlaeminke et
al,1997; Scaife, 1998).However, this evidence must be balanced against other
research which argues against a single-sex environment (Hannan et al, 1996;
Robinson & Smithers, 1999) although the arguments presented tend to rest on
academic achievement and personal development, rather than the issue of
attitudes to science. Although there may be ‘no conclusive evidence to suggest
that single —sex schooling is better than co-educational schooling’ [in terms of

achievement] (Elwood and Gipps, 1999), on balance it seems likely that a single-
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sex environment may be helpful in forming more favourable attitudes to science
among girls.

Finally, there may be social class differences that interact with gender
(Fennema,1996; Arnot et al, 1999), although research indicating how attitudes to
science are affected by the inter-relationship between gender and social class is
extremely limited. Smithers and Zientek (1991) report a tendency for more sex
stereotyping among young children from a manual background. Girls from lower
social classes may be less likely to study science, or express preference for
science subjects (Croxford 1997; Wikeley & Stables,1999; and 2000;Bentley
reported in Hofkins, 1996)

Thus, the influences of society may be responsible for many of the
differences between boys and girls, and to suggest that girls are inevitably less
positive about science than boys may be to overemphasise one aspect of the
research evidence. The research studies above appear to have given no
consideration to the effects of more general attitudes to school. In the case of
gender, research suggests that girls are likely to be more positive about school
than are boys, so, if there really were no gender differences in attitudes to science
then it might be expected that girls would also be more positive about science.
However, there is no research to suggest that this is the norm, and although some
studies indicate no difference between boys and girls, there are many indicating
that girls have less positive attitudes than do boys. Therefore, the evidence points
to a gender difference in favour of boys.

2.3.5.3 ETHNICITY

Relationships between achievement and ethnicity have been usefully reviewed by

Gillborn & Gipps (1996), and there is a well-supported view that some minority
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groups perform less well, on average, than those of the majority culture in science
(e.g. Sammons 1994, Reiss 1993). However, studies concerning ethnicity and
attitude to science are few, and the link between achievement and attitude is
recognised as being, at best, only moderate (see Chapter 1, page 60).

Further, it is likely that factors other than ethnicity (for example, parental
influence, gender and SES) are involved in both attitude and achievement.
Kelly’s1988 longitudinal study in the Manchester area, involving more than 1000
pupils, is one of the few major studies to examine ethnic differences in attitudes to
science. She found some significant differences in attitude between the white,
Asian and black students in her sample. One of the most important was that Asian
boys expressed the greatest liking for science, and were more interested in
learning about physical science than the other ethnic groups. However, as Kelly
herself pointed out, with only 88 non-white, compared with 1,213 white pupils, her
sample was too small to make any firm judgements. Later, Riley (1994), working
with girls from three London schools, found that black girls were particularly keen
on science and technology. A recent USA study provides some limited support for
these findings (Catsambis, 1995). Catsambis used nationally representative data
from the National Educational Longitudinal Study (NELS) of 1988 ! and found that
Afro-Americans and Latinos were more positive than whites about science. On the
other hand, in Hawaii, with a group of whites, Japanese and Hawaiians, Greenfield
(1996) found that whites were overall the most positive about science. However,
Greenfield's sample although large (over 1000 students) was limited to 9 schools

from 3 districts in Hawaii, whereas Catsambis used a national population sample,

' NELS-88 involved a national probability sample of eighth grade students across the USA with a sample size in excess of
16,000.
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which was likely to produce a more reliable result. So, on this evidence whites may
have less positive attitudes to science than other ethnic groups. However, none of
these researchers took account of attitudes to school, which may have affected
their results. As it will be recalled from Section 2.2.3, p.72, there is some evidence
to indicate that differences in attitudes to school, may be related to ethnic
background (Blatchford, 1996; West et al, 1997).

To summarise, it would appear that the research in this area is very limited;
ethnicity may be an influence on attitudes to science but the data so far does not
allow a firm judgement to be made. However, on the evidence to date, it appears
that, in predominantly white countries, minority ethnic groups, particularly Asians
may have more positive attitudes to science.

2.3.5.4 SOCIO-ECONOMIC STATUS
As with ethnicity, there is little evidence concerning the relationship between socio-
economic status (SES) and attitude to science. Gardner’s review (1975) reported a
few references to SES, finding a positive relationship between higher occupational
status of father and greater enjoyment of science, and Ormerod and Duckworth
(1975) reported similar findings. However, those studies were from the late 1960s,
and there have been changes in society since that time.

More recent studies provide conflicting evidence. In Australia, there are
indications that attitudes to science are strongly related to SES, as above (Fraser,
1977, 1980). In contrast, Breakwell and Beardsell (1992) found that children from
higher social class had less positive attitudes to science. Unfortunately, although
their original sample was a cross-national sample of 1,080 children from years 7-9,

only 36% of these children were included in the final analysis. Incomplete
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questionnaires were excluded from analysis, thus excluding from analysis those
children who were less able to complete a questionnaire, and hence they may not
have had a representative cross-section of society. Some studies have found no
relationship between SES and attitude to science (Hadden, 1981) and others have
found only slight relationships (Brown, 1976; Keys, 1987). The research
suggesting no relationship between SES and science attitudes may have failed to
find a relationship because of sampling problems. Hadden used only three
secondary schools, and took location rather than socio-economic background as
the basis for his conclusions. The studies of Keys (1987) and Brown (1976) used
representative samples, and controlled for many variables using regression
analysis, and furthermore, Keys took account of attitudes to school when
analysing the data. Nonetheless, both studies pre-date the present educational
system in the United Kingdom, and so may not represent the present situation.
However, the literature concerning children’s subject preferences tends to
support a link between SES and science attitudes. We have noted on page 77 that
subject preferences are not an ideal vehicle for examining children’s attitudes, but
in view of the conflicting evidence about SES, these studies should be considered.
It has been suggested for example, that children from more affluent backgrounds
tend not to opt for lower status, non-academic subjects, and that science is
regarded as an academic, high status subject (Abrahams, 1995). Furthermore,
separate sciences have a higher status than general science, and physics and
chemistry have higher status than biology (Maden, 1995). Croxford (1997 and

2000) observed an SES-related difference in the science choices made by



90

children in Scottish schools, children from working-class backgrounds
predominantly studied general science, but physical sciences were more likely to
be studied by those from professional backgrounds.

Similarly, Cheng, Payne and Witherspoon (1995), in their analysis of
science and mathematics choices at age16 for the England and Wales Youth
Cohort Study, found that children of professional parents and parents with degrees
were more likely to study physical sciences than were others. Evidence such as
this certainly suggests that social background may have an influence on attitudes
to science, and it is probable that lower SES is associated with less positive
attitudes towards science.

2.3.5.5 PEER GROUP INFLUENCES
It has also been argued that peers will exert a fairly direct influence on an
individual's attitudes to science (Keeves, 19795). A recent UK study found that
having more scientifically minded peers had a positive effect on pupils’ attitude to
science (Breakwell & Beardsell, 1992), and this bears out earlier, American
(Haladyna et al, 1982; Talton & Simpson, 1986), and Australian (Keeves, 1975)
findings. Such limited evidence as exists tends to support the view that peer
groups have a strong effect on attitudes to science.

2.3.5.6 PARENTAL SUPPORT
A recent analysis of the large data-set from the National Educational Study of
1988 (NELS-88) in America, (George & Kaplan, 1998), provides evidence to
support the view that parental involvement has a significant, direct effect on
science attitudes. Parental support of out-of-school science activities is seen as
particularly influential. Several UK studies also see a strong relationship between

pupil attitudes to science and parental support (Keys, 1987;Breakwell & Beardsell,



91

1992; Woolnough, 1994). All these research studies are in agreement that

parental support for science activities has a positive effect on children’s attitudes.
So, as with peer group influence, such evidence as we have tends to

support the view that the home background is an important influence on children’s

attitudes to science.

2.3.6 SCHOOL INFLUENCES

2.3.6.1 INTRODUCTION
When the question is ‘do individual schools have an effect on attitudes to
science?’ the evidence is apparently inconclusive.

Researchers looking at attitudes to science across small numbers of schools
have found that that some differences seemed to be attributable to the schools,
although they have been unable to identify specific influences (Hadden, 1981;
Schibeci, 1989; Simpson & Oliver, 1990). In each of the first two studies, only two
schools were involved, and insufficient data were gathered to identify specific
variables connected with these schools. However, Hadden felt that the difference
in attitudes might have been related to differences within the science departments,
and, in Australia, Schibeci suggested that the local influence of background
variables might be an influence on attitudes to science. However, in the USA,
Simpson & Oliver (1990), in a longitudinal study involving 12 schools, found that
as much as 73% of the variance in attitude was explained by within-school
variables, although they were not able to clarify the relationships between
individual school variables and attitudes.

However, when larger numbers of schools are involved there seems to be less

evidence of generic difference. Brown (1976) in a survey involving 40 Scottish
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schools found that the school characteristics (size of intake, location, and
denomination) had no significant effect on attitudes to science. In a study of
attitude to technology, in 60 primary schools in the Netherlands, Wolters (1989)
found that the influence of school variables (secondary school choice, liking for
school) was very weak. Keys (1987) reported that “the association between school
factors (class size, PTA social activities, location, region, size of year group and
computers at school) and students’ attitudes towards science were very weak” in a
study of 181 primary and 147 secondary schools across England.

All of the above studies suffer from methodological problems: the first group of
studies, finding differences between schools, looked at a wide variety of school
variables, but involved only a few schools. Therefore, these researchers were
unable to identify specific variables responsible for the differences. The latter
researchers may not have been able to link school variables and science attitudes
because they did not include the relevant variables. Although they investigated a
large number of schools, they included very few school variables. Schibeci’s
suggestion that the local influence of background variables might be an influence
on attitudes to science does not appear to have been taken far. Although the size
and location of the schools were investigated, the socio-economic background of
the school does not appear to have been considered.

So, there is no conclusive evidence among these studies about the overall
effects of schools on attitudes to science, but, as will be seen in the following
sections, at a more detailed level there are a variety of influences that do appear

to be important.
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2.3.6.2 CLASSROOM ENVIRONMENT
Research has suggested that the learning environment may be closely related to
student attitudes. There is considerable evidence to support the view that the
organisation and environment of the classroom has an important influence on
attitudes from both quantitative studies (Haladyna & Shaughnessy, 1982; Simpson
& Oliver, 1990; Tobin, Kahle & Fraser, 1990; Myers & Fouts,1992; Wong, Young &
Fraser, 1997; Hanrahan, 1998) and qualitative studies (Piburn & Baker,1993).
Although none of it comes from UK research, it might be expected that similar
associations would be found in UK schools. The quantitative studies used reliable
samples and multivariate analysis, and there was good agreement between both
quantitative and qualitative work about the important influences.

This evidence indicates that open-ended laboratory activity, greater pupil
autonomy and pupil-centred approaches in an organised classroom setting with
clear, agreed rules have positive influences on pupil attitudes.

2.3.6.3 PRACTICAL WORK
There is some evidence to suggest that the use of practical work promotes more
positive attitudes to science (Woolnough, 1994b; Gott & Duggan,1995; Parkinson
et al., 1998). However, a study from Germany (Killerman, 1996) stressed that
conceptual understanding does not always accompany the indiscriminate use of
practical work. Killerman concluded that no single method tested in his research
could account for both increased effective conceptual understanding in science
and more favourable attitude and interest towards the subject. in this study,
teacher-demonstrated experiments produced more effective conceptual learning in
biology but had a negative effect on attitude, whereas lessons where the children

carried out their own experiments had a strong positive effect on attitude but were
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less effective in terms of knowledge gains. Although pupils report that what they
most enjoy about science is the practical work, their enjoyment may be related to
the greater variety of teaching styles and the active approach used in such work
(Cullingford, 1987).

Active learning is generally regarded as a means of developing positive

attitudes; indeed, Woolnough (1994 b) has said:
it is clear from the words of the students in the research cited in this book
and from the accounts of their projects, that the active involvement in
scientific activity...had an important, positive effect on their attitudes, their
motivation and achievement. (Op. cit., p.106)
Moreover, Murphy, (1994) has observed that ‘practical work can play a crucial role
in combating gender differences’; but she stresses the need for classroom
strategies to take account of the differences in preferred styles of working of boys
and girls. Girls’ performance was found to be significantly higher than boys’
performance where tasks were both active and open (Op. cit. p.141).

It would appear that the use of practical work enhances enjoyment of
science lessons, but that careful planning and organisation is necessary if such
practical work is to have any other benefits. However, the preceding section
found that an organised classroom setting with clear, agreed rules also have
positive influences on pupil attitudes. So there is no apparent conflict between
these two approaches.

2.3.6.4 COLLABORATIVE OR GROUP WORK
There is considerable support for the view that collaborative or group work
encourages positive attitudes and improves motivation for example, at the primary

school level, see Galton & Williamson (1992), and at the secondary school

Kyriacou, (1997).
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In science education there are many supporters of the use of group work (for
example, Kempa, 1990; Lazarowitz et al, 1994, Scaife, 1994; Solomon: 1994, Gott
and Duggan,1995; Lord, 1998). However, the need for careful management

for effective group work has been stressed by Wellington (1994):

Teachers commonly place pupils in small groups and assume that the group
will work. Close observation shows that this is often not the case, especially
in groups of three or more. One pupil may dominate while others play little
part, for example, in planning, predicting or carrying out a practical. ... There
are many other issues connected with group work — my general point here is
that we cannot assume that groups are teams or that pupils share or rotate
their roles in a group. In short, group work must be managed — it cannot be
taken for granted. (Op. cit., p. 137).

But care must be taken in defining ‘group work’, as Kyriacou (1997) points out,

Many might regard science practicals, usually involving two or three pupils
working together, as a common example of small group work. However,
many science practicals simply involve pupils carefully following instructions
and directions given by the teacher. They thus offer little room for discussion
and collaboration other than the co-operation required for the conduct of the
practical. In fact small group work involving genuine collaborative leaming
occurs most often in English, history and social studies in the secondary
school, ... (Op. cit., p. 51).

Similarly, Gott and Duggan (1995) acknowledge the potential value of
collaborative work noting that,
... the peer interaction that occurs in group work influences performance.
Collaborative skills can enhance learning, providing support for the less
confident pupil. (Op. cit., p.61).
But they also differentiate between collaborative work and practical work when
they say that although practical work may aid motivation and social skills it is not
proven to assist the learning of concepts (Gott and Duggan, 1996); this latter view

is supported by the work of Killerman (1996).



96

However, when cooperative methods are used Lazarowitz et al (1994) have
shown that its use has a positive effect on attitude and motivation without any loss
in academic achievement, and Lord (1998) has indicated improvement in
achievement through the use of such methods.

Hanrahan (1998), in a qualitative study of 12 year 11 biology students,
observed that although group discussion was thought to lead to deeper learning
and greater student autonomy, in fact the way that the teacher implemented
these strategies was vital, and that they are often constrained by teacher-centred
methods of instruction. The management of group discussions has been
emphasised by Solomon (1994), and Galton & Williamson (1992) have noted that
research on collaborative working has offered little guidance to teachers about
their role and that children needed to be taught how to collaborate. Thus, both
teachers and pupils may require educating about the use of cooperative work.

Matthews (2001), in a study involving three year 7 classes (82 pupils) in a
typical inner city state comprehensive school and three parallel year 7 classes
used as controls, found that when boys and giris were shown how to work together
cooperatively their enjoyment of science increased, and also that they felt more
confident about working with the other sex.

Evidence from classroom observations of science lessons over many years
indicates that boys tend to dominate both discussion and equipment (Whyte, 1985;
Scaife, 1998; Reiss, 2000), and there are some small-scale studies that find girls
and boys prefer to work in single-sex groups in science lessons (Moller, Anderson
& Sorensen, 1995; Murphy et al, 1995; Matthews and Sweeney, 1997). These
researchers also suggest that careful classroom organisation would be necessary

to get the most out of group activities, since in mixed groups there is a danger that
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conflicts will reduce the effectiveness of the approach (Murphy et al, 1995;
Alexopoulou & Driver,1997; Matthews and Sweeney, 1997). Collaborative work
may be cooperative or competitive and there is evidence to suggest that
competition works better with boys and co-operation works better with girls (Head,
1996, Fennema, 1996). This view is partly supported by the work of Alexopoulou &
Driver (1997) who, in a study of 86 Greek secondary level students, found
evidence to suggest that males and females respond to conflict within small group
discussion in different ways. They found that boys were abie to use conflict to
make progress whereas girls needed consensus if they were to progress in their
development of ideas in science.

These small-scale studies are supported by the results of a large
quantitative study by Stark and Gray (1999). Reporting on part of the Assessment
of Achievement Programme (AAP) in Scotland with approximately 2000 pupils at
each stage, Stark found that discussing science in groups was enjoyed by almost
half of the pupils surveyed in primary 7 and secondary 2. However, boys enjoyed
this activity more than girls, at both primary and secondary level. This research
evidence suggests that much of the current collaborative work may involve
competition rather than cooperation.

To summarize: research evidence indicates that group work improves
motivation and enjoyment, and that co-operative group work is particularly
beneficial, but that teachers need to organise such work carefully if teaching is to
be effective, and pupils need to be taught how to work co-operatively to ensure

equality of opportunity for boys and girls.
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2.3.6.5 CURRICULUM AND INSTRUCTIONAL VARIABLES
Gardner (1975) and Schibeci (1984) reviewed a considerable number of
curriculum and instructional variables, but none appeared to have any significant
influence on attitude to science. These reviewers suggested that teacher and pupil
variables may exert more powerful effects upon attitudes than curricula and
instructional materials, but no definite conclusions were reached. More recent
research has not simplified the picture. Studies examining students’ attitudes to
science in relation to new curriculum or instructional materials comprise the largest
part of attitude research; most of these studies come from America and the results
have not been conclusive.

In the UK, two schemes of work may be important. Both have been widely
used and there have been suggestions that pupils’ attitudes to science might be
related to the use of these schemes. These are the Salters Science Scheme
(Salters), and the Cognitive Acceleration through Science Education project
(CASE).

The Salters course uses everyday contexts as starting points from which to
develop scientific concepts. The course emphasises the technological and societal
aspects of science and uses a wide variety of learning strategies. Ramsden,
(1992) used a questionnaire survey with pupils in schools carrying out trials of the
Salters course. She found that the pupils using this scheme had very positive
attitudes to science, and that there were only small differences between attitudes
of girls and boys, indicating that this approach might reduce gender differences.
She suggests that the Salters scheme increases pupils’ interest and enthusiasm
for science. However, since no comparison was made with a matched group who

did not use the Salters scheme this suggestion cannot be confirmed. Ramsden
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later followed up her earlier work by interviewing some of the teachers in trial
schools (Ramsden, 1994). The teachers were asked to comment on any changes
they had observed in pupils’ attitudes, as a result of using the Salters approach.
The teachers generally found it quite difficult to make such judgements, although
they were confident that their pupils were enjoying the current science lessons; but
again, no comparisons could be made between similar pupils in Salters and non-
Salters classrooms.

However, there was general agreement that the use of a wide variety of
activities and greater personal autonomy appealed to pupils, as this comment
from one teacher illustrates:

One [of the pupils] said the best thing about science was not having the

teacher on your back all the time telling you what to do.

(Ramsden, 1994, p.11.)
The pupils’ positive attitudes may have resulted from the use of this specific
scheme, or from one or more particular aspect of the scheme such as the wide
variety of teaching strategies. However, at present there is insufficient evidence to
conclude that the Salters course itself has a positive effect upon attitudes.

The CASE approach, embracing the Piagetian model of cognitive
development, encourages the development of thinking from concrete to formal
operational by means of a set of activities designed to enhance ‘thinking skills’.
The activities are designed as enrichment to regular science lessons rather than
as a replacement for them, generally occurring once every two weeks. Research
has yielded evidence indicating that the CASE scheme improves later
achievement (Adey, Shayer and Yates, 1989a), resulting in its widespread use. It

has been estimated that upwards of 10% of all secondary schools in the UK have
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been involved in the CASE CPD programme (McLellan, 2000).

However, Adey and Shayer have been criticised for failing to give an
adequate account of why some pupils benefit more than others (Leo & Galloway,
1996; Jones and Gott, 1998). Leo and Galloway have suggested that motivational
style might provide the missing explanation, arguing that for children with a
‘learned-helpless’ motivational style, problems of motivation were likely and
therefore that such motivational effects might reduce the effectiveness of CASE for
some children. Rogers et al (1994) have shown an increase in learned
helplessness at the time of transfer. Jones and Gott have suggested that context
might have an important effect, in particular the extensive use of group work. At
the time, Adey rejected both motivation theory and context as adequate
explanation of the effects of CASE (Adey, 1996; Adey, 1997), although the effect
of the social environment has been recognised as an important influence (see for
example, Solomon, 1994; White,1988; Kyriacou,1998, Shayer, 1999). Such
criticisms have led to further research into the effects of motivational style on
CASE, which is currently in its early stages (McLellan, 2000). McLellan indicates
that there are striking differences between CASE and non-CASE schools; the
former have a higher proportion of students with adaptive motivational patterns,
who might make better use of the CASE intervention. Further, she has observed
that classroom environment may influence pupils’ goal adoption, emphasising the
importance of the teacher.

The effects of the CASE scheme on attitudes remains unclear since
evaluations by Adey and Shayer have concentrated on the effects on
achievement. However, a qualitative study suggests that girls may respond more

negatively than boys to CASE (Sharp, cited in Whitelegg, 1996); interviews were
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conducted with groups of pupils from a girls’ only school and from a co-educational
school. Since this study deals with such a small sample and is still in progress it is
too early to draw any conclusion from these results.

To summarise, the CASE scheme appears to have beneficial effects on

students’ achievement, but its relationship with students’ motivational style and

attitude to science is not yet clear.

2.3.7 TEACHER INFLUENCES

2.3.7.1 INTRODUCTION
The quality of the teacher has been identified as a particularly important influence
on students’ attitudes to science (Haladyna et al, 1982; Parkinson et al, 1998), and
also as very important in the promotion of learning (Hallam & lreson, 1999).
‘Quality’ is rather a nebulous descriptor, which refers to both the teacher’s
knowledge of the subject of science’, and their feelings and beliefs about science
and science teaching. For Haladyna et al, (1982), it meant teacher enthusiasm for
science, and the student’s respect for teacher’s subject knowledge.
Osborne et al (1996) suggested that ‘good teaching’ was a positive influence on
pupils’ attitudes to science, adding that pupils were influenced by teachers’ subject
confidence. Wragg et al (2000) observed that, from the pupils’ point of view,
subject knowledge was one of the most important attributes of a good teacher.
Subject knowledge has been identified as an important influence on classroom

practice (e.g. Shulman, 1986; Bennett and Turner-Bisset, 1993).

Several kinds of subject knowledge were suggested by Shuiman (1987) including content knowledge, and pedagogical
content knowledge, which he describes as, ‘that special amaigam of content and pedagogy’; and later as ' ... the key to
distinguishing the knowledge base of teaching lies at the intersection of content and pedagogy, in the capacity of a teacher
to transform the content knowledge into forms that are pedagogically powerful...” There is considerable agreement that
pedagogical knowledge is important (Mant & Summers, 1995; Harlen, 1997), and that it depends upon subject knowledge.
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Finally, technical competence and teachers’ own beliefs and expectations (Hallam
and lreson, 1999) were regarded as important in the more generai context of
learning outcomes.

In this review, teacher quality will be taken to refer to content knowledge,
pedagogical knowledge, confidence, and beliefs. Research into subject knowledge
(content and pedagogy) and confidence in science teaching has
tended to focus on primary teachers, who since the 1988 Act, have had to take
on a wider range of science teaching than they might previously have been used
to. Research into beliefs about science and science teaching has included both
primary and secondary levels in similar proportion.

2.3.7.2 SUBJECT KNOWLEDGE
Several recent studies of practising primary teachers’ knowledge of science have
shown that primary school teachers are often ill equipped in terms of background
knowledge, as recognised by HMI in 1978 (see Chapter 1, page 34). The Primary
School Teachers and Science (PSTS) Project at Oxford University has published a
variety of papers indicating that the understanding of concepts shown by primary
teachers is often weak. For example, Kruger et al (1990) found that only 11 of 159
primary teachers questioned about force and motion believed that there is no net
force acting on a car moving at a steady speed. In another publication for the
PSTS project, Lenton and McNeil (1993), using a questionnaire about biological
concepts, observed that 74% of the 125 teachers responding believed that a
plant’s food source comes from the nutrients in soil.

Teachers recognise their difficulties with the subject matter. Shortly after the
introduction of the Science National Curriculum a large survey of primary teachers’

perceived competence (Carre et al, 1989), found that teachers felt most competent
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in teaching English and Maths, whereas in science teaching feelings of
competence were among the lowest. In a follow-up survey (Bennett et al, 1992),
with almost 50% of the original sample, found that feelings of competence in
Science teaching had improved. The authors attributed the change in ranking to,
...the allocation of resources, both human and material, to science teaching,
together with the provisions set out in statutory orders...
(Op. cit., p.58.)
Later research with a large sample of primary teachers in Scotland (Holroyd &
Harlen, 1996) found a correspondence between their rankings of 1993 and those
of Carré et al (1989). This research also linked science background and
understanding: those teachers in the top one-third (on the basis of understanding)
were likely to have some science background, whereas none of those in the
bottom one-third had a science background.

Research has found similar difficulties among pre-service primary teachers.
Young (1998), in a questionnaire survey of 115 first-year primary teaching
undergraduates, observed that those with a science background were the most
positive and least anxious about teaching science. Lloyd et al (1998) surveyed
pre-service primary teachers in both Singapore and the UK, noting that those
students who had elected to study science to GCE O- level or A-level were slightly
more knowledgeable. However, the introduction of compulsory school science
may have led to an improvement in the general science knowledge of pre-service
primary teachers (Murphy et al, in press). In this study, the science subject
knowledge of two groups of initial teacher training students with contrasting

experiences of school science was compared, and Murphy et al found
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that those students who had experienced compulsory school science from the
ages of 11 to 16 had significantly higher scores than students for whom school
science was optional at secondary level. However, the study also found that
almost all of the students tested still found difficulty with many basic science
concepts, such as the circulatory system, light, sound, and electric circuits.
Specialist science teachers in secondary school asked to teach a science
subject outside the area of their own specialist knowledge may suffer from similar
problems (Denley & Bishop, 1995; Finlayson et al, 1998). Denley and Bishop
described the case of a specialist biologist preparing to teach ‘forces’ to a year 9
class:
As a biologist she had little background knowledge of the topic and readily
admitted her ignorance. (Op. cit., 1995, p5)
However, her lack of knowledge of the pedagogical reasoning underpinning the
school's scheme of work meant that despite her good grasp of theory she still had
problems in being able to present this topic to the class, as this comment shows,
...on Thursday I've got to do a lesson on more than one force acting on an
object, and looking at other people’s work, and looking at the work scheme |
haven’t got a clue because | don’t know the equipment and | don’t know the
practical. ...(Op. cit., p. 6.)
Lack of subject knowledge and lack of pedagogical knowledge were also problems
for the pre-service teachers questioned by Finlayson et al (1998).
They also observed that many of these students had less confidence in teaching
outside their specialist area, and this issue of confidence in teaching science is the

subject of the next section.
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2.3.7.3 CONFIDENCE

Confidence in teaching science is closely related to subject knowledge, and the
two have been linked in several of the studies discussed in the previous section
(Carre et al, 1989; Bennett et al, 1992; Holroyd &Harlen, 1996; Denley & Bishop,
1997; Finlayson et al,1998; Young,1998).

In particular, Harlen & Holroyd (1997) showed that overall levels of
confidence appeared to be significantly influenced by science knowledge. There
are suggestions that there has been an improvement in confidence since the
introduction of the National Curriculum (Carré & Carter, 1993; Littledyke, 1994).
However, there are particular areas of difficulty, and Carré & Carter pinpoint basic
physics concepts as a curriculum area causing particular problems. Appropriate
support appears to improve even these difficult areas: the (PSTS) Project
demonstrated that appropriate INSET in teaching electricity could help to develop
subject knowledge and confidence (Summers, Kruger & Mant, 1996).

Experience was also shown to be an important factor: in a comparison of
the confidence of PGCE students and practising primary school teachers, the
teachers were more confident than the students about all aspects of National
Curriculum science (Sorsby and Watson, 1993). The suggestions from these
surveys that experience and support are important in improving teachers’
confidence are supported by case-study research in Australia. Appleton (1995)
found that pre-service teachers’ confidence improved when they were given a
special ‘science education’ unit about energy.

Ginns & Watters (1998) found that support from colleagues and positive
feedback from pupils had positive effects on the attitudes to science teaching of

four practising teachers. Appleton and Kindt (1999), who interviewed nine teachers
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during their first 18 months in teaching, observed that self-confidence was related
to science knowledge, and that after some teaching experience self-confidence
tended to improve. However, if teacher self-confidence was very low, then science
teaching was so difficult that some abandoned it altogether.

Teachers’ confidence levels have also been linked with their teaching
strategies (Harlen & Holroyd, 1997). These authors suggested that primary
teachers’ low confidence led to restricted practices in the classroom. They
observed that teachers appeared to have found ways of teaching that minimised
the risk of challenge to their confidence and understanding, and identified various
coping strategies. For example they compensated by doing less of a low-
confidence aspect by doing more of a higher-confidence aspect, emphasising
expository teaching, and avoiding all but the simplest practical work.

In summary, teachers often lack sufficient subject content knowledge to teach
effectively outside their own specialist area. Insufficient subject knowledge is often
associated with less confidence in teaching and this in turn has been linked with
specific teaching strategies within the classroom.

2.3.7.4 VIEWS ABOUT THE NATURE OF SCIENCE
At the beginning of this section about teachers it was suggested that teachers’
own beliefs might have an important part to play in the concept of ‘teacher quality’.
In this sub-section the relevance of teachers’ beliefs about the nature of science in
the context of their classroom approaches will be considered.
Lederman (1992) reviewing teachers’ views about the nature of science

observed that there seemed to be an implicit assumption in many studies that a
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teacher’s classroom behaviour and decisions are influenced by their beliefs about

science. He concluded that,

Debate still surrounds the issue of whether a teacher’s understanding of the

nature of science is directly related to the development and/or performance

of [specific instructional behaviours, activities, and decisions implemented

within the context of the lesson] or other aspects of classroom practice.

(Op. cit., p.351))
Recent research with teachers at secondary level does not contradict his
conclusion. Case studies in the USA (Brickhouse, 1991; Abd-Khalick et al, 1998),
have shown no definite relationship between teachers’ conception of the Nature of
Science and their classroom teaching. Equally, research in Spain (Mellado, 1998)
has been unable to show any clear relationship between teachers' conceptions
about teaching science and their classroom behaviour. However, a researcher in
Palestine (Hashweh, 1996) has suggested that teachers with a constructivist view
use a wider range of explanatory techniques, although the number of teachers
involved in this study was very small to allow such a conclusion.

The few studies of primary pre-service teachers views of science (Bloom,

1989; Abell & Smith, 1994; Murcia & Schibeci, 1999) found that science was
predominantly viewed as a process of discovery in which the truth about the world
is uncovered. But although links between views about science and beliefs about
teaching science have been suggested, there does not appear to be any evidence
to connect these in these research studies. Livesey (1981) investigated
the influence of the primary teacher on children’s attitudes to science and,

although unable to demonstrate any significant influence connected with teachers’

views, her results suggested that girls seemed more interested in science when
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taught by a woman rather than a man, whereas for boys the sex of teacher made
no significant difference. However, Livesey had only a small sample of 15 teachers
to compare.

What seems clear from the research is that many primary teachers have a
rather limited view of the Nature of Science. Abeli and Smith (1994) asked pre-
service primary teachers to answer the question, ‘What is science?’ and found that
their students were confused about science as a discipline, often failing to
distinguish between science and science education. They commented that,

Some responses were difficult to categorise. What at first appeared to be a

discussion of science turned into a statement about education...(Op. cit.,

p.481)
This same point was made about practising primary teacher’s views of science
(Hayes and Johnston, 1995). These researchers also found that their group of
practising teachers in England saw science as process-oriented, discovering facts
about the world. Laplante (1997) in a small study, observed 2 kindergarten
teachers in a naturalistic setting, and found that these teachers saw themselves in
the same role as their pupils, as ‘consumers of knowledge’, and that they viewed
science as a body of knowledge to be transmitted.

Since secondary teachers are science specialists they might be expected to
have clear views on the nature of science. However, Lakin and Wellington (1994)
found the teachers in their study lacked knowledge of the nature of science and
were unclear about scientific method. This study involved only four teachers but is

supported by work in the USA (Kimball, 1968; Loving, 1991).
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Kimball (1968) found that science teachers were,
...at least as understanding of the nature of science as their professional
science counterparts (Kimball, 1968, p.119)
But that, in general, there was a poor understanding of the nature of science by all
science graduates, which he suggested might be due to inadequate teaching
about the nature of science at university. This idea was supported by the work of
Loving (1991).

In summary, the research evidence concerning the influence of teachers’
views about the nature of science on their pupils’ attitudes to science, is still open
to question, since the research has been scarce and often relied upon pre-service
teachers rather than practising teachers. Furthermore, research has tended to
rely on surveys with very small samples or on small numbers of case studies.
However, it seems likely that teachers of science, at all levels, have inadequate

knowledge concerning the nature of science.

2.4 Transfer studies

2.4.1 INTRODUCTION

In an ideal study of the effects of transfer, the attitudes of a large group of pupils
would be assessed on a humber of occasions over the transfer period, in a way
that enabled individual changes to be observed. Although a few studies have used
this longitudinal approach more have used cross-sectional methods. Some cross-
sectional research has focused on children in their final year at primary school and
has investigated feelings just before transfer; such studies are described here as

prospective. Prospective studies look at children’s expectations, and these are

likely to be based on the amount of information they have received and the
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sources of that information. Such studies may provide valuable insights into
children’s perceptions of transfer, education and science lessons, but they cannot
provide any comparison of attitudes before and after transfer.

Other research has investigated the attitudes of children in their first year at
secondary school, looking back over the time of transfer and making comparisons
between memories of primary science and their current views of secondary

science; these are described as retrospective studies. There are two major

problems with retrospective studies: first, they depend on memory, and it is
recognised that memory is extremely unreliable (Baddeley, 1979). Second, any
view of the past is interpreted in terms of the present (Hindley, 1979). The view of
primary school through the eyes of the newly promoted secondary pupil is likely to
be susceptible to both these problems.

Finally, there is a group of ‘before-and-after’ studies, which have
investigated attitudes for separate groups of children in different primary and
secondary schools at the same time, and made comparisons between them; these

are described here as cross-sectional studies. Such studies cannot illuminate

changes in attitude at the time of transfer, but they do offer information about
attitudes at primary and secondary school that has been obtained in the same way
and at the same time. If cross-sectional samples have been well matched, or
consist of large population samples, then they may approximate to the changes
occurring on transfer. But longitudinal studies, where the same children express
their views at two or more different times, are likely to give a more valid picture of

the changes in attitude than are other types of study.
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As can be seen from Table 2-4 below, there has been a considerable amount of

research into children’s attitudes to school. Few studies have been prospective but

there have been many retrospective and cross-sectional studies, as well as a

considerable number of longitudinal ones. Table 2-4 lists the major studies carried

out in the UK.

Table 2-4: Exemplars of research into attitudes to school in the UK

Date Author Location Methodology Sample Type
1988 | Inkson. _England Discussion Not known P
1992 [ Short. England Essays N=124 P
1998 | Naughton ireland Questionnaires N=110 P
1966 | Murdoch. Scotland Essays N=60 R
1977 | Youngman. & Lunzer. Nottingham Questionnaire 1500 R
1979 | Spelman. Northern Ireland Essays and questionnaires 3050 R
1988 | Bruce & Hobbs. Scotland Questionnaire Not known R
1994 | Taylor. England Written responses to questions 92 R
1995 | Lee, Harris and Dickson. England Interviews 164 R
1996 | Ruddock, Chaplain and Wallace. England Interviews ~80 R
1999 | Schagen, and Kerr. England Discussions & questionnaires ~60 R
1995 | Keys, Harris & Fernandes. England & Wales | Questionnaire 1000 C
1969 | Nisbet & Entwistle Scotland Questionnaires 2000+ L
1975 | Neal. Birmingham Questionnaire 375 L
1981 | Jennings & Hargreaves. England Questionnaire and essays 92 L
1983 | Galton & Wilcocks. England ORACLE Not known (58P) L
1984 | Measor and Woods. England Ethnographic Not known (1S5) L
1986 | Murdoch. England interviews & profiles 42 L
1986 | Brown and Armstrong. London Essay 89 L
1988 | Alston. London Questionnaires 1266 L
1990 | Nicholson. Wales Interviews Not known (4P) L
1996 | Gross and Burdett. England Questionnaire 75 L
1997 | Hugginsand Knight. England Questionnaire 106 L
1999 | Galton, Gray & Rudduck. England ORACLE 300 L

P= Prospective, R = Retrospective, C= Crogs-sectional, L=Longitudinal

2.4.2.1 PROSPECTIVE STUDIES

Three prospective studies have explored expectations about transfer from the

viewpoint of the children still at primary school (Inkson, 1988; Short, 1992;

Naughton, 1998). Although they had different aims and used different methods, the

information concerning attitudes to transfer was quite similar. Inkson aimed to

develop a procedure to identify sources of anxiety among children who were about

to transfer, and interviewed small groups of children. Short was interested in the

attitudes of different ethnic groups to transfer, and he interviewed, and analysed
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the essays of 124 children from three primary schools in London. Naughton asked
whether boys and girls might have different anxieties and expectations, using a
qguestionnaire with 101 children from four primary schools in Ireland.

The main anxieties expressed related to the size and number of school
buildings and getting lost, bullying, relationships with new teachers and peers, and
aspects of academic work (level of work and homework), and getting into trouble.
Expectations of transfer were doing new subjects, making new friends, sport, going
from class to class, school trips, more responsibility, and more freedom. However,
Inkson and Naughton observed that boys were more likely to comment about sport,
whereas girls more often commented on the greater degree of personal autonomy;
and in Short's research, more boys than girls mentioned worries about getting into
trouble. Short found no obvious differences between the different ethnic groups in
his study.

These three studies indicated that academic work featured among both
negative and positive aspects of transfer. Children looked forward to new subjects,
but at the same time worried about the level of difficulty and the amount of
homework. Boys looked forward to more sporting activities, but girls hoped for
more autonomy at secondary school.

2.4.2.2 RETROSPECTIVE STUDIES
A number of researchers have investigated the effects of transfer on attitude from
a retrospective point of view (Murdoch, 1966; Youngman & Lunzer, 1977;
Spelman, 1979; Bruce & Hobbs,1988; Taylor, 1994; Lee, Harris & Dickson, 1995;
Ruddock et al, 1996; Schagen & Kerr, 1999). A variety of qualitative and
quantitative methods have been employed in these studies, but the findings are

quite similar. In general, most pupils said that they enjoyed secondary school as
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much, or more, than primary school, and only a small number expressed negative
views about transfer.

Two early studies reported that pupils were predominantly positive about
transfer, and that girls were more positive about transfer than boys (Murdoch,
1966; Spelman, 1979). These authors used content analysis of essays written by
pupils during their first year at secondary school. These studies were undertaken
some time ago and under rather different conditions from those which now prevail.
Murdoch’s work was among the very earliest studies of the transfer process,
before the Plowden Report and before the many improvements in liaison and
transfer arrangements. Spelman’s study was carried out in a system of selective
education, and he observed that the effects of transfer varied very significantly
between schools of different types. So, in view of the educational changes outlined
in Chapter 1, it might be expected that later research would find a rather different
situation.

More recent studies have indicated that the majority of children seem
positive about the transfer to secondary school (Harris & Ruddock, 1993; Lee,
Harris & Dickson, 1995; Ruddock, et al,1996; Schagen & Kerr, 1999). Harris &
Ruddock (1993) found that only a very small number of pupils wished they were
still at primary school, most had settled when interviewed in year 8. Schagen &
Kerr (1999) observed that the large majority of the children they spoke to enjoyed
subjects more at secondary school than they had at primary; they interviewed
groups of pupils from ten different secondary schools. Lee, Harris & Dickson
(1995) said that secondary school pupils seemed quite confident after transfer and
that their worries had not been confirmed; many said that there were few or no

differences after transfer.



114

These retrospective studies suggest that the transfer process is not a problem for
most children, but that there may be a group who find secondary school less
enjoyable than primary school. Girls may find the transfer more enjoyable than

boys.

2.4.2.3 CROSS-SECTIONAL STUDIES

There are some cross-sectional studies where comparisons can be made between
the responses of groups of children in both sectors; but in general, caution must
be exercised when drawing conclusions from such studies because of the nature
of cross-sections. However, because of the large random population sample used
by Keys, Harris & Fernandes' (1995) their findings are likely to be quite reliable.
Their results indicate only a small decline in attitudes to school between year 6
and year 7. For example, when ‘Strongly agree’ and ‘Agree’ statements were
combined the results obtained are shown in Table 2-5:

Table 2-5: Some results from an attitudes to school survey

Statement Y6 % Y7 %
| am very happy at school 73.3 71.9
Most of the time | don’t want to go to school 291 35.9
On the whole | like being at school 81.2 82.2
School is a waste of time for me 2.9 3.1

School work is worth doing 91.5 92.5
The work | do in lessons is a waste of time 3.7 2.4

(Source: Keys et al, 1995)

Girls were significantly more likely than boys to express positive attitudes to school
in both year 6 and year 7, as indicated in Table 2-6, below:

Table 2-6: Gender differences in attitudes to school

Statement Y6 Boys % | Y6 Girls % || Y7 Boys % | Y7 Girls %
| am very happy at school 70.0 76.7 68.2 75.7
Most of the time | don’t want to go to school 34.8 38.3 33.8
On the whole | like being at school 80.5 81.3 83.0

(Source: Keys et al, 1995)

! These authors used the same questionnaire with 1250 pupils at 85 primary schools and another 1000 at 80 secondary

schools.
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These results support the general findings of the retrospective studies: i.e. the
majority of children appear to enjoy school, there is a slight decline in favourable
attitudes after transfer, and girls appear to enjoy school more than boys do.
2.4.2.4 LONGITUDINAL STUDIES

Here again there is considerable variety in the research methods used in this type
of study, for example the size of the sample, and the type and number of schools
involved. Researchers have used content analysis of essays, interviews and
questionnaires, and there have also been some interesting ethnographic studies,
for example, Measor and Woods (1984), but these dealt with issues outside the
scope of this review. Samples have varied from two groups of 46 pupils in each of
two schools, to over 1000 pupils in eighty schools. Where few schools are involved
it is possible that individual teachers might affect children’s feelings about transfer
(Nicholson, 1990), or that the characteristics of the schools might lead to
differences in adjustment to transfer (Neal, 1975). However, despite these
differences the similarities between the results are quite striking.

Brown & Armstrong (1986) made a content analysis of the essays of
89 pupils — first at their six feeder primary schools and later at their two secondary
schools; individual children were tracked and 7 children, 8% of the sample
experienced serious difficulties in settling. Boys and girls did not differ significantly
in expressed worries and positive feelings. Overall, 10% said they preferred
secondary school to primary school, and 25% said secondary school was better
than they had thought it would be. Coincidentally, in another content analysis of
essays from children in 5 secondary schools (Bruce and Hobbs, 1988)
researchers found that after transfer 25% of the children said that their fears

about transfer had been unfounded.
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Murdoch (1986) interviewed 42 pupils who had moved from two primary oriented

middle schools to five upper schools. She found that their reactions to school were
not necessarily stable, that is to say, some who were anxious before the move
became excited after the move. More than three-quarters of the children became
excited or optimistic by the end of the first year after transfer, even if they had
been anxious before. 12 children, 29% remained stable, and 5 children (12%),
became more negative.

Researchers who have used questionnaires to investigate attitudes for the
same group of children before and after the move to secondary school have
generally found only a small decline in enjoyment of school on transfer. One of the
earliest studies of this type was a large survey of schools in the Birmingham area
(Neal, 1975). Before transfer, 23% of the pupils made favourable comments about
secondary school and 10% made unfavourable ones. After transfer the responses
indicated that 88% of children had enjoyed their first year at secondary school and
only 5% expressed negative feelings. Unfortunately, the guestionnaire responses
do not allow a detailed interpretation of the change in feelings experienced on
transfer, but they do appear to be quite similar to the findings of the retrospective
studies.

Jennings and Hargreaves (1981) were able to take an experimental
approach, comparing two groups of children. The experimental group comprised
46 children transferring from junior to a secondary comprehensive school, and the
control group consisted of 46 children from a second junior school that was
reorganised to become a middle school. Thus the control group simply moved
classes in the same school. The two samples were matched in terms of age and

ability. The attitude to school of the control group rose slightly, and that of the
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experimental group fell, the differences between the control group and the
experimental group were statistically significant. The two groups also made rather
different comments about the changes on transfer in essays; experimental group
subjects were likely to make neutral or negative comments whereas control group
subjects made positive ones. The children in the control group had less positive
attitudes to school than the experimental group at both stages, and this could
indicate that the reorganisation had affected the attitudes of these children
adversely. However, the content analysis of essays supported the questionnaire
findings that the experimental group were less positive after transfer. This study is
only indicative of the short —term effect of transfer, since the questionnaires and
essays were completed in June and October only, and involved only a small
sample of children from one school environment.

Galton and Willcocks (1983) made a longer-term study involving six transfer
schools, and here the effects of transfer in terms of favourable and unfavourable
attitudes are more clearly seen. Part of their results is reproduced below (Table 2-
7). Numbers refer to the percentage of the possible maximum score. The most
positive score would be 100% and the most negative score 0%. Overall, there was
a very slight fall in enjoyment. However, there were interesting differences
between the so-called ‘gainers’ and ‘losers’.

Table 2-7: Changes in enjoyment of school

Period All pupils% Gainers% Losers%
Before transfer 70.3 70.0 70.8
November of transfer year 75.4 76.6 72.8
June of transfer year 69.8 73.6 61.8*
N= 75 51 24

* Statistically significant at the 5% level. (Source: Galton and Willcocks, 1983)

The 'gainers’ represented pupils identified as making academic progress during

their first year after transfer, whereas ‘losers’ lost ground in the transfer year.
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When pupils were grouped in this way there were indications that pupil enjoyment
of school might be linked with their academic progress in some way. It is
interesting to note that Galton and Willcocks observed that the attitudinal changes
appeared to accompany the losses on the tests of basic skills rather than to
precede them. This suggests that, as discussed on page 61, attitude does not
necessarily precede achievement.

Two recent studies of transfer have also used questionnaires and again the
findings suggest a small decline in favourable attitudes. Gross and Burdett (1996)
observed that before transfer 81% of children were excited by the idea of transfer,
and only 7% were unhappy or afraid. After transfer they say that 85% had settled
well, suggesting that 15% had not settled well - a small increase in the proportion
of children with unfavourable attitudes. This was a small study, involving 35 boys
and 40 girls from three primary schools transferring to the same secondary school,
and so these results may be unrepresentative of the wider society. However, they
do correspond to the findings of Galton and Willcocks (1983), and are supported
by later research, which found only a very slight decline in enjoyment on transfer
(Huggins and Knight, 1997). These authors also found indications that boys
enjoyed school less than girls, and observed distinct differences between classes
and schools; they suggested that these differences might be related to differences
in teaching methods. Again, this was a relatively small-scale study involving only
four secondary schools and a sample of 51 girls and 55 boys.

To summarise: attitudes to school are generally very high when children are in
their final year of primary school. Most children are looking forward to secondary

schooi. After transfer there is a small decline in favourable attitudes, but for the
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great majority of children attitudes remain positive. Girls’ attitudes to transfer

appear to be more positive than those of boys.

2.4.3 CHANGES IN ATTITUDE TO SCIENCE ON TRANSFER

Only a small number of studies have investigated attitudes to science at the time
of transfer to secondary school (Table 2-8), and only two longitudinal studies have
been conducted since the introduction of the National Curriculum; both of these

were gualitative studies, each involving only one school.

Table 2-8: UK studies investigating changes in attitudes to science at transfer

Date Author Country Methods Sample Type
1994 Griffiths and Jones England Interviews Not known P
1998 Woodward and Woodward Wales Interviews 360 P
1993 Jarman Northern ireland | Essays 1767 R
1996 Sutherland, Johnston and Gardner | Northern Ireland | Interviews ~100 R
1980 Harvey and Edwards England Questionnaires 448 C
1981 Hadden Scotland Questionnaires 1000 L
1987 Craig England Questionnaires 342 L
1999 Campbell England Questionnaires & interviews 26 L
1998 Hawkey and Clay England Questionnaires 32 L

P=Prospective, R=Retrospective, C=Cross-sectional, L=Longitudinal.
2.4.3.1 PROSPECTIVE STUDIES
Studies of children’s prospective attitudes to science just prior to transfer in the UK
are rare, but two UK studies have examined children’s expectations about
secondary science at this time. Griffiths and Jones (1994) interviewed a small
number of children during their last year at primary school. They noted that the
children’s experiences of science were mixed; the amount of hands-on practical
work varied between classes and between schoois (four primary schools were
involved). The majority of these children looked forward to the transfer and they
were excited at the prospect of secondary science.
These researchers observed that these children emphasised the more
dramatic aspects of secondary science (whether factual or mythical), such as the

dissection of bulls’ eyes and frogs, the element of danger (fire, explosions), and
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the use of chemicals. They suggested that these children may have regarded the
apparent ‘theatricality’ of secondary science as ‘real’ science as opposed to ‘not
real’ primary science, and argued that such a perception made for a discontinuity
between primary and secondary science. Furthermore, the interpretation of
primary science as ‘not real’ reduces its value as a foundation, which may then be
built on at secondary school.

Woodward & Woodward (1998) also used interviews. Children were asked to
identify their favourite subject at primary school and then to say which subject they
most looked forward to at secondary school. Science was not a popular subject at
primary level (approximately 7% identified science as their favourite subject in
1993 and 1995) but it was identified as one of the most looked forward to at
secondary school (approximately 14% naming science as the most looked forward
to subject at secondary school). In their study a group of 120 children were
interviewed in their final few weeks at primary school in 1991, 1993 and 1995,
giving a total sample of 360, and over the four-year period of their research the
observations did not change appreciably. The authors suggested three possible
reasons for their results. These children might have perceived science as a ‘new’
subject because their participation (at primary school) may have been minimal,
they may not have identified science activities as such in the primary school, or
they may have been unconvinced of the authenticity of primary school science, (in
other words they looked forward to secondary science because it was ‘real
science’).

In summary: it would appear that children in their last year at primary school
look forward to secondary science, but these children might not regard primary

science as real science.
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2.4.3.2 RETROSPECTIVE STUDIES
Two studies using mainly qualitative methods have provided some interesting
insights into children’s views of science after transfer. However, since both were
conducted in Northern Ireland where a selective system operates, they might not
be representative of the views of children in English schools.
Jarman (1993) worked with a sample of post-primary children, who towards
the end of their first term at secondary school wrote about their experiences in
science. In all, 900 girls and 867 boys were involved in this exercise, representing
about 8% of the total population of first year post-primary pupils in Northern lreland
in the school year 1990/1991. The majority of pupils (82%) indicated that they had
done science at primary school, and content analysis of the written comments of
this group was used to investigate their views. Almost one-third of pupils
recognised topics in secondary science as ones they had already met in primary
school, and 27% of pupils reported similar or identical activities in primary and
secondary science. These similarities did not seem to be a cause for concern
among most pupils, for example:
We did about electric and we are doing about electricity here as well. We did
about animals and we've done living things here. We did water there and we
did water here. The science we did in primary school helped me here.
(Jarman, 1993, p 20).

Only one respondent is reported as finding this unsatisfactory, saying:

It's BORING!!! (Op. cit., p 22).

Although similarities concentrated upon topics and activities, differences centred

on equipment, practical work, teaching approach, difficuity, danger and the ‘reality’

of secondary science. Jarman observed that the different environment
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and equipment, together with the increased use of practical work were the most
frequently mentioned differences. She was particularly impressed by the huge
number mentioning equipment (63%), and the ‘staggering 62%’ who mentioned
the bunsen burner, and she suggests that,

In the mind of the child, it seems, the act of lighting a bunsen burner

assumes the status of a rite of passage into the realm of ‘real’ science.

(Op. cit).
The increased depth of study was a feature of 20% of the comments and this was
often associated with a perception of increased difficulty. Jarman observed that
girls were more likely than boys to say that secondary science was harder than
primary science, and that pupils in selective schools were more likely than those in
non-selective schools to say that secondary school science was harder than
primary science:

[The] survey provided evidence that some primary teachers adopted a less

practical approach than did their secondary colleagues and that this

influenced children’s perceptions of the comparative ‘reality’ of science in the

two sectors. (Op. cit., p 28).
Jarman also noted that many children expressed their enjoyment of science in
both sectors, but the only figure given in this paper is that 5% found that both
primary and secondary school science were interesting/enjoyable.

In the second retrospective study, Sutherland et al (1996) carried out their

research between 1994 and 1995; in all, twelve secondary schools and eighteen
primary schools were involved. The schools were regarded as representative of

those in Northern Ireland at that time, but did not constitute a random sample. At

post-primary level interviews were carried out with 46 groups of pupils (4 groups
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from each of 11 schools and 2 groups from one school). Groups of between 4 and
6 pupils were interviewed, commonly five pupils in a group. Half of the pupil
interviews dealt with English and Mathematics, and the other half with Science (in
the pilot study, it was observed that pupils had more to say about science than
about the other two subjects). Thus, somewhere between 92 and 138 children
gave their views of science in this study.

Pupils were asked about their favourite and disliked aspects of subjects, the
relative difficulty level of science in primary and post-primary school, and whether
they had been told what science would be like at secondary school. Overall
impressions were that secondary school science was mainly different from primary
science. Only one group regarded it as essentially similar, and this was a group of
pupils in a grammar school where the head of department had been identified as
unusual in regarding the first year at secondary school as a progression from Key
Stage 2. Typically pupils contrasted the more practical, experimental post-primary
approach with what they saw as more didactic, rote-learning approach in primary
school.

You do a lot more practical work now. In primary school you copied it all
down off the blackboard [Upper stream group, secondary high school].
(Op. cit., p 137)
Pupils appreciated the opportunity to be allowed to carry out experiments for
themselves, rather than just watch teacher demonstrations:
Being allowed to do things on your own without the teacher always looking
over your ...shoulder...all the time (Op. cit. p.140)
In all, 19 groups agreed that they did more practical work at secondary school, or

that they were doing it for the first time. There was also a sense that primary



124

school had involved familiar domestic implements, and that these were somehow

inferior to secondary school equipment:

In grammar school there are test tubes, Bunsen burners. In primary school it
was just all home-made stuff like bits of wood with bits of cotton around it ...
(Op. cit. p.138)
Some children referred to previous experiments at primary school as ‘wee things’
and secondary school science as ‘proper science’. Such comments may suggest
that these pupils saw secondary science as a superior experience.

The teachers, who were interviewed, primary and post-primary had thought
that repetition of work would be a problem for pupils, leading to some boredom.
However, in contrast to mathematics where over three-quarters of the groups
mentioned repetition of primary school work, only about one-third of the science
groups spoke of topics that they had already covered at primary school. None of
the groups indicated that they had dealt with familiar topics without significant
progression. Only two pupils expressed boredom with secondary science, and
they said they had not liked it at primary school either. There were mixed views
about written work: some thought it was easier, others that it was harder.
However, writing was one of the least enjoyed aspects of secondary science.
Secondary school was also seen as ‘harder’ or more advanced, but usually
regarded as rather exciting and quite challenging rather than as a cause of a
difficult transition.

2.4.3.3 CROSS-SECTIONAL STUDIES
Cross-sectional studies make the assumption that the groups being compared will
have the same characteristics and that it is therefore legitimate to make

comparisons. However, unless the groups are carefully matched, or consist of
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random population samples this seems rather a large assumption to make. No UK
studies meet these criteria and so studies from other countries must be considered
instead. Such cross-sectional studies, involving children aged from 10 to 12 years
old, find that children’s attitudes to science are more positive when aged 10 to 11
years than when aged 11 to 12 years, in Israel for example, (Hofstein and Welch,
1984), and in the USA (Simpson & Oliver, 1985; Piburn & Baker, 1993; Arambula
Greenfield, 1996). It must be borne in mind that attitudes to school decline on
transfer and so attitudes to science would be expected to follow a similar trend.
2.4.3.4 LONGITUDINAL STUDIES
The few studies that have examined the change in attitude to science for the same
children moving from primary school to secondary have found small changes in
attitudes to some aspects of science across the transition.

Hadden (1981), in the only major UK longitudinal study of science attitudes
on transfer, followed the changing attitudes of over 1000 pupils from fourteen
primary schools as they moved to three secondary schools in Scotland. The study
involved a comparison of children’s attitudes to science with those towards
geography and mathematics, from the last year of primary school to the second
year of secondary school. In this study, Hadden reported a decline of children’s
generally positive attitudes to science over the years; more pronounced for girls
than boys, but for science, attitudes remained more positive than for geography or
mathematics. However, the decline was not regarded as major, as he stated in a
subsequent paper:

During the first year of pupils’ exposure to secondary school science, some
erosion of initially highly polarised and favourable attitudes to science took
place...but the evidence does not suggest that the erosion of interest has

taken place to the extent that favourable attitudes to science... have become
unfavourable attitudes. (Hadden and Johnstone, 1983, p.317)
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This study pre-dated the ERA (1988) and occurred in the Scottish rather than the
English educational system. Nevertheless, being the only large-scale iongitudinal
study of changing attitudes to science on transfer it is the best information
available and is often quoted, (see for example, The Council for Science and
Technology Report, 1998).

Hadden surveyed children from 14 primary schools with a range of socio-
economic backgrounds, but these children transferred to only three secondary
schools, and so the sample is unlikely to have been representative of Scottish
schools. A particular problem with this survey is the lack of control of other
influential variables; although attitudes to science were compared with those to
mathematics and geography, attitudes to school were not taken into account, and
the socio-economic backgrounds of the schools were not considered in the
analysis. The common measurement scale used over the three-year period was
that involving a small group of semantic differential statements.

Semantic differential statements, although widely used, had been the
subject of some relevant criticism prior to Hadden'’s study, as the following
comment illustrates:

Scottish 14 year olds showed some lack of comprehension, and a great deal
of hostility towards the task’ [of using semantic differential statements]
(Brown,1976, p.37).

Establishing the validity of the adjectives used in semantic differential
statements is often difficult and does not appear to have been demonstrated in
Hadden’s study. No significant differences were found between boys and girls

when the results of these semantic differential statements were compared. The
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reported difference between boys and girls was based on their answers to groups
of Likert statements. Since the Likert statements were not identical from year to
year, the reported changes cannot be strictly justified. In summary, this study,
does not appear to have particular relevance in the wake of the 1988 Education
Act and suffers from some methodological problems.

In an Australian study involving 516 pupils in twelve elementary schools
moving to four Brisbane high schools analysis of variance and regression analysis
were employed, offering control of some personal and classroom characteristics,
although attitude to school was not included (Power, 1981). However, the sample
was small, being composed of children from only four high schools in one city in
Australia, and furthermore, despite making reference to social background as an
important transfer issue, this does not appear to have been taken into
consideration in the analysis. Since this research was conducted in Australian
schools, over 20 years ago, it may not be comparable to the contemporary
situation in the English system. Nonetheless, two of Power’'s main conclusions
appear very similar to those of Hadden:

The attitude of boys towards science was consistently more positive than that
of girls throughout the two-year period. (Op. cit, p. 35)...

The results of this study provide some evidence indicating that there are no
major problems confronting students on transition in the schools sampled so
far as science is concerned. The majority of students enjoy science at both
levels, and, contrary to popular belief, there is no sharp drop-off in student
attitude as the year wears on. (Op. cit., p.37 )

Craig (1987) did not set out to study attitude change, but to investigate the

differential effects of primary school experiences on interest in secondary science.
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Interest in science and enjoyment of science are not synonymous, as Craig herself

pointed out:

Interests refer to tendencies to seek out and participate in certain activities.
Attitudes relate to tendencies to favour or reject particular groups of
individuals, sets of ideas, or social institutions. (Thorndyke and Hagen, 1969
quoted in Craig, 1987, p.81)

Craig was particularly interested in gender differences in science and found
that interest in science on transfer dropped more for girls than for boys. She found
no obvious relationships between the amount of primary science and attitudes to
science at secondary school, and suggested that ‘teaching style might be more
important than the amount of science done’ [at primary school]. This research pre-
dated the 1988 Education Act, and the sample was quite small, involving nine
primary schools and only two secondary schools, and although the secondary
schools were from two neighbouring but separate LEAs, this could not be
considered to be a representative sample. The analysis of the data involved
simple comparisons of median values, no statistical tests were applied, and
attitudes to school were not taken into consideration.

More recently, an Australian study (Speering & Rennie,1996) obtained results
similar to those produced by Craig. The sample was relatively small and not
random, involving 78 children from three primary schools in a middle-class area.
Speering and Rennie, using a questionnaire, before and after transfer, asked
about interest in science and also about enjoyment of science. The Australian
research supports Craig’s work, showing girls’ interest in science falling more than

boys’ interest on transfer to secondary school. But, enjoyment of science falls less

for girls than for boys.
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However, there were some problems with this study. There is no mention of any
control for attitude to school in connection with the questionnaire, and therefore it
is difficult to know what effect was being observed. Furthermore, the use of a
forcing, four-point scale for the Likert type questions may have reduced the
reliability of the questionnaire (Foddy, 1993). The much larger sample size in the
secondary school (147, compared with 78 in the primary schools) suggests that a
comparison is being made between non-identical groups, again reducing its
reliability.

The second part of Speering and Rennie’s research involved case studies for
16 children. These children were all very positive about their secondary school
experience, so for the case studies the school attitude variable was controlled. The
children went to two different secondary schools and all were interviewed about
halfway through their first year at secondary school. At this time, 6 of the 16
children liked science more, 3 liked it about the same and 7 liked it a lot less than
at primary school. Positive attitudes were linked to enjoyment of practical work,
and negative ones with note-taking and working from textbooks. A wide variety of
teaching strategies were revealed, since, apart from 2 children in the same class,
the remaining 14 all had different teachers. The children generally favoured the
hands-on approach, and 13 out of the 16 were disappointed at the lack of student-
teacher interaction.

The most recent studies into science attitudes on transfer use case study
methodology with single classes of children. Campbell (1999) used questionnaires

and interviews with one class in June and July of their last term in primary school,
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and again in December, as they came to the end of their first term in secondary
school; in all, the responses from 26 pupils were used in analysis. These children
expected the content at secondary school to be the same as that at primary school,
but harder. In general they liked science because of the way it was taught rather
than because of the content. In particular, the variety of activity and the personal
autonomy were enjoyed. However, they had unrealistic expectations about learning
science, looking forward to performing experiments with new and exciting
equipment. More than half of these children stated that this was an unfulfilled
expectation, as the comment from one boy illustrates:
| thought we would do a lot more experiments than we have done so far.
(Op. cit., 1999)

Secondary science was often viewed as better than primary science. When at
primary school all but one respondent stated that they had enjoyed science; but
when asked again at secondary level nearly half of the pupils said that they had
not enjoyed primary science. The perception that better facilities and equipment
were available at secondary school seemed to be associated with this change.

However, in contrast to Jarman’s (1993) research, in this case study only one
respondent at primary school mentioned the Bunsen burner. The authors also felt
that there might be insufficient challenge during this first term at secondary school
since only one pupil mentioned increased difficulty.

Hawkey & Clay (1999) used unstructured interviews, which were employed in

year six, and repeated for a sub-set of the same chiidren, in year seven.
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The interviewer asked each child a standardised open-ended question, and in year
seven the question was:

You have now spent a year at this school, since leaving primary school. In

what ways have you found learning science to be:

Different from the science learning you did in the primary school?

Similar to the science learning you did in the primary school?

(Op. cit., 1998, p.81)
In each year the children’s responses were found to focus on four issues:
teachers, facilities, curriculum, and teaching and learning methods. Previous
worries about strictness of teachers were not realised, and their specialist
knowledge was appreciated. The facilities were regarded as ‘better’; and there
was an emphasis on the use of real’ chemicals and ‘Bunsen Burners’. The
curriculum was perceived as being similar to that in primary school, but differences
in teaching and learning approach were also mentioned. There was an apparent
contradiction between the ‘done it before’ comments made by over half the
children, and the view by almost all that science at secondary school was harder.
However, no opinions were expressed specifically about enjoyment of science,
and only one primary and one secondary school were involved.

It is evident from this review that longitudinal studies of science attitudes at

transfer from primary to secondary school have been very limited. The gquantitative

research indicates that attitudes to science may become a little less positive after
transfer, and that although before transfer attitudes may be more positive for boys’
than for girls, after transfer the gap may be narrower. However, none of this work
is recent, and only small, non-random numbers of schools were surveyed. The
conclusions reached cannot be assumed to be representative of schools in

England today. The gqualitative research is more recent but offers little evidence
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about changes in attitude to science. However, these studies do demonstrate

something of children’s particular concerns about science at this stage; and they
suggest that changes in teachers, teaching approaches, and facilities on transfer
had positive effects on attitudes, but that increasing the difficulty of science might

have a negative effect.

2.5 Summary

This Chapter has reviewed the research evidence concerned with attitudes to
school, attitudes to science, and changes in these attitudes at transfer from
primary to secondary school.

The majority of children appear to have very positive attitudes to school at
both primary and secondary school. Age, gender, ethnicity and social background
may be important influences, more favourable attitudes being associated with
younger children, girls, children from ethnic minority groups, and children with
higher socio-economic status (SES). Other possible influences relating to school
variables, such as the school organisation and the teaching approach, have also
been suggested.

At a personal level, the influences on attitudes to science are similar to
those on attitudes to school and, apart from the influences associated with gender,
they appear to operate in the same direction: variables related to more favourable
attitudes to science are aliso related to more favourable attitudes to school.
However, girls are generally more positive about school but less positive about
science; and attitude to science and school both appear to decline as children

grow older. Thus, the decline in positive attitudes to science may simply
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reflect a general decline in positive feelings about education, rather than a decline
in enjoyment of science. Boys appear to be more positive than are girls about
science, and societal factors may be involved in the development of these
attitudes. Ethnic minority groups may have more positive attitudes to science, and
lower SES is associated with less positive attitudes towards science. The evidence
supports the view that the peer group has a strong effect on attitudes to science,
and there is agreement that parental support for science activities has a positive
effect on children’s attitudes.

The school variables identified as being influential on pupil attitudes were
the classroom environment and the teaching approach. The evidence indicates
that open-ended laboratory activity, greater pupil autonomy and pupil-centred
approaches in an organised classroom setting with clear, agreed rules have
positive influences on pupil attitudes. The use of group work appears to have
positive effects on attitudes, but children prefer to work in single-sex groups.
Studies examining students’ attitudes to science in relation to new curriculum or
instructional materials comprise a large part of attitude research, but the resuits
are not conclusive.

The teacher’s understanding of science and confidence in the classroom
were identified as being associated with children’s attitudes to science. Teachers
often lack sufficient subject content knowledge to teach effectively outside their
own specialist area. Insufficient subject knowledge is often associated with less
confidence in teaching, and this in turn has been linked with specific teaching
strategies within the classroom. The research evidence concerning the influence

of teachers’ views about the Nature of Science is still open to question.
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Before transfer children looked forward to new subjects, but at the same time they
worried about the level of difficulty, and the amount of homework; girls hoped for
more autonomy at secondary school. After transfer there was a small decline in
favourable attitudes, but for the great majority of children attitudes remain positive.
Girls’ attitudes to transfer appear to be more positive than those of boys.

There have been few longitudinal studies of science attitudes at transfer
from primary to secondary school, and no recent large-scale studies. The research
indicates that attitudes to science may deteriorate slightly on transfer, but contrary
to popular opinion there is no sharp decline. Girls were significantly more likely
than boys to say that science was harder at secondary school, and boys’ attitudes
were usually more positive than those of girls. Positive attitudes were linked to
enjoyment of practical work, and negative ones with note-taking and working from
textbooks. Secondary science was often viewed as better and more ‘real’ than
primary science. Although children were likely to say that secondary science was
harder, this was more often seen as challenging rather than as a cause of a
difficult transition.

Finally, there appear to be some methodological problems in attitudes to
science research. In quantitative survey work there is often a lack of rigour in the
selection of the sample: although some samples were large, the majority of pupils
often came from a small number of schools within a single geographical area,
samples were not usually random and some were simply convenience samples. |t
would not be possible to generalise on the basis of such sampling, and
furthermore the results obtained are likely to suffer from bias. The statistical

methods used sometimes appear to be inappropriate and simplistic, and there
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was often little or no control of variables; sometimes the only statistical tests used
were simple bivariate correlations, which consider the effect of only one variabie.
Children’s attitudes to science have been found to be closely linked with their
attitudes to school, but this has not been taken into consideration in most of the
research into attitudes to science. Many of the important variables believed to
affect attitudes to science are also linked with attitudes to school, in particular
gender, socio-economic background and ethnicity. Therefore, it is unclear
whether the relationships mentioned in the literature derive from attitudes to
science, from attitudes to school or from both. Finally, in the context of
investigating changes in attitude, there appears to be little recognition of the fact
that a cross-sectional study can only measure differences between groups and not
changes; there have been few longitudinal studies of science attitudes at transfer
from primary to secondary school.

A longitudinal approach, based in theory, which controls for attitudes to
school, and allows for analysis of interacting variables, would appear to be
necessary characteristics of a new study. In the next chapter, the aims of the
current research study will be considered in the light of these methodological

issues, and the other aspects raised by this review.
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CHAPTER 3. APPROPRIATE METHODS AND THEORETICAL MODELS

This chapter is divided into two parts: in Part One, the rationale for the

methodology will be argued by considering the research aims of the present study

in the light of the methodological issues raised in the previous chapter, and in Part

Two, the details of the chosen methods will be described.

Part 1. Issues in choosing an appropriate research method

The main questions that this research aims to investigate are as follows:

Do pupils’ attitudes to science change as they move from primary school to
secondary school, and if so, can these changes be quantified?

Are there differences in the attitudes and teaching style of primary and
secondary school teachers to science teaching?

If there are changes or differences in children’s attitudes to science, what
factors are associated with these?

To what extent is any change in children's attitudes causally related to
changes in teaching style?

What measures might be taken to remove or lessen the adverse impact of

any change in children’s attitudes?

3.1.1 THEORETICAL PERSPECTIVES

The literature has indicated that studies of attitudes to science have often lacked a

coherent theoretical perspective, and it is thought that the researcher’s

conceptions of the social world have direct effect on the choice of methodology

(Cohen & Manion, 1994). At a fundamental level, researchers tend to hold to a

particular epistemology, which influences their theoretical perspective, their
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methodology and choices of methods. Crotty (1998) has defined four distinct
levels within the process of choosing an appropriate research method, which are
represented in Table 3-1, below.

Table 3-1: The relationship between methods, methodology,
and theoretical perspectives

Epistemology Examples of theoretical Examples of methodology | Examples of methods
perspectives
Objectivism Positivism (and post positivism) Experimental research Quantitative methods
Survey research Sampling

Measurement & scaling
Questionnaire
Statistical analysis
Data reduction

etc.

Constructionism Interpretivism
Symbolic interactionism Ethnography Case studies
Phenomenology Phenomenological research
Hermeneutics
Subjectivism Critical enquiry Grounded theory Qualitative methods
(and its variants) Feminism Heuristic Enquiry Observation
Post-modernism Discourse analysis Interview
etc. etc. Focus group
Case study
Life history
Narrative

etc.

Thus, the research presented here lies firmly outside the post-modernist paradigm
as characterised by the purely local and contingent; the commitment to difference
over identity (Fox, 2000); the relativity of truths rather than qualitative difference,
and provisionality (Moore, 2000, p.30). However, going beyond the polarities in
which different paradigms are frequently discussed, this work, based in realism,
recognises complexity and difference and acknowledges that the researcher’s
tools and perspectives are not neutral; they come with their own biographical,
social and historical baggage (Delamont, 2000).

To summarize these epistemologies: a realist (objectivist) believes that there is
truth and meaning that is independent of social influence. A realist (objectivist)
theory of knowledge takes as its starting point a belief that although knowledge is
socially and historically constructed,

...the fact that all knowledge is social does not mean that all knowledge is
epistemologically equal. (Moore, 2000, p.31).
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A constructionist takes the view that all knowledge, and therefore all meaningful
reality as such, is contingent upon human practices, being constructed in and out
of interaction between human beings and their world, and developed and
transmitted within an essentially social context. Idealists (subjectivists) generally
believe in the relativity of truths, that knowledge is characterised by the purely
local and contingent, the commitment to difference over identity (Fox, 2000).
Crotty suggests that researchers generally hold a particular epistemological

position, and that their theoretical perspective is a consequence of this position.
For example, a researcher with an objectivist view of the world might choose
survey methodology and quantitative methods. However, Crotty also believes that
methodological decisions may then arise either from theoretical perspectives, or
from a practical choice of the best methods to meet the objectives. It is often
suggested that the process of choosing the research method or methods involves
selecting the most appropriate method for the objectives of the study. For example
Giddens (1993) says,

A range of different research methods exist, and which is chosen depends on

the overall objectives of the study, as well as the aspects of behaviour to be

analysed. (Op. cit., p. 677).
However, it is likely that both theoretical perspective and practical considerations
will be involved in deciding on what is ‘appropriate’, and that this could lead to the
use of mixed methods. Crotty’s view is that mixing methods is acceptable as long
as the researcher’s theoretical perspective and/or epistemological position is
clearly stated. Thus, the researcher may choose the most appropriate for the

research objectives; but the researcher may also be drawn to a particular
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methodology because of strongly held philosophical beliefs, or because of a
particular view concerning the value of theory.

Platt (1986) has questioned the link between theoretical position and
methodology, finding little relationship between functionalism and the use of the
survey; and Bryman (1988) suggests that,

...the contrast between quantitative and qualitative research in terms of

verification of theory against preferring theory to emerge from the data is not

as clear-cut as is sometimes implied.( Op. cit., p. 98)
Hammersley (1995) has also argued against the view that epistemology entirely
determines the researcher's methods, and has suggested that researchers inherit
methodology and philosophical assumptions.

... In large part we acquire the resources that make up our methodological

orientation from others working in the field, and in this way we inherit both

practical methods and philosophical assumptions simultaneously.

(Op. cit.,, p.4.)
In the case of research into attitudes to science most of the inherited methodology
reflects an objectivist position. This is no doubt related in part to the fact that
science educators, steeped in the traditions of empirical research, have done
much of this research. But it is probable that Thurstone’s statement that attitudes
could be measured has also led to much quantitative work in this area. For
example, the work of Haladyna et al (1982) and Crawley and Koballa (1994)
suggest a positivist frame of reference, and are based on the premise that
attitudes can be measured. However, some recent studies have used more
subjective approaches, for example, Speering and Rennie (1996), Sutherland et al

(1996), Hawkey & Clay (1998), have all worked with small groups of students, and

have reached their conclusions by the interpretation of interviews.
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So in summary, the choice of methodology is seen to depend in part upon the
theoretical perspective of the researcher, but also upon what has been inherited
from the research community. in the present study survey methodology has been
selected partly because the researcher holds an objectivist view of the world, but
also since the majority of studies in this area have used survey methodology, there
are many resources available that can be built on. This latter point is essentially a
practical one and leads into the next consideration: what methods are the most

appropriate for this particular survey?

1.1 CHOICE OF METHODS

Quantitative approaches share an underlying assumption that, to some extent, the
behaviour of society can be observed and measured in the same way as naturally
occurring phenomena are observed or measured, objectively, and using scientific
methods. That is to say, a positivist, or empirical realist, position is assumed. From
such a standpoint the methods and processes of natural science are regarded as
being appropriate for the study of human behaviour. That people have feelings
and give meaning to their lives through language, for example, is not regarded as
an obstacle to the use of such methods. The philosophical paradigm of realism is
often associated with this positivist view; there is a real world beyond the
individual, which can be measured. A realist will usually take a deductive
theoretical position, beginning with a theory or hypothesis which is then tested by
a rigorous empirical examination and which must be rejected if the empirical
evidence does not support it. Finally a realist believes that one should be objective
and that one should suspend one’s own personal beliefs and ideals and remain

completely detached throughout an investigation whatever methods are used.
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Quantitative methods tend to be most useful when a large sample is invoived
since they can give quick access to information not readily available by direct
observation. For the policymaker, quantitative methods are often of more value
than qualitative methods. The trends and patterns that can are drawn from such
data can often be generalised to a population, and can inform decisions
concerning overall practice.

Since the aims of the present research are to investigate general trends
and patterns, then quantitative methods would seem to be most appropriate.
However, a criticism often levelled at quantitative methodology is that of its
reductionist nature. For example, the initial choices made about which questions
are asked and which are left out may mean that certain areas of relevance are
omitted, thus affecting the information obtained, and if a limited choice of
responses are pre-defined then information may be lost. Although gquantitative
methods provide correlation information they cannot usually give causal data.
On the other hand, qualitative methods may lead to causal data. Qualitative
methods make the assumption that that the research is set in context and
necessarily involves an examination of the language, actions or interactions of
people. Such research is not concerned with measurement but instead looks for
the meanings underlying actions or words. Bryman (1988) observed that,

The most fundamental characteristic of qualitative research is its express
commitment to viewing events, actions, norms, values etc. from the
perspective of the people who are being studied. (Op. cit.)
The philosophical position of a committed qualitative researcher may be described
as idealistic:

‘Idealism ....argues that what exists is mind-dependent’ (Op. cit., p. 8).
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Social and human realities are thought of as depending on the constituting
activities of our minds. Further, the qualitative researcher’s approach to theory is
usually inductive rather than deductive, and as Cohen and Manion (1994) put i,
...[interpretative researchers] begin with individuals and set out to understand
their interpretation of the world around them. Theory is emergent and must
arise from particular situations; it should be ‘grounded’ on data generated by
the research act. Theory should not precede research but follow it.
(Op. cit., p.37).
Interpretativist researchers do not regard people as separate objects to be studied
in a detached manner, and the methods and processes of natural science are
therefore regarded as inappropriate. The researcher should not remain detached,
but is seen as part of the research and must instead be able to see how he/she
relates to the research and how he/she affects the research process; i.e. he/she
must be reflexive throughout the research process.

Such methods can give in-depth pictures producing rich data. They relate to
real life and may be the only way to study atypical behaviour, which occurs
infrequently. Qualitative methods also have the great advantage of being readily
accessible to the practitioner. The classroom teacher is able to read an account of
classroom observations or interviews and gain immediate and useful insights from
it. However, they also suffer from disadvantages. The very limited samples used
restrict generalisation and may be biased. The methods are often unstructured,
preventing replication and validation. If the relationship of the researcher and the

subject of the research become too close then bias will be introduced as the

researcher loses a sense of detachment. The methods also have practical
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disadvantages; unstructured interviews generally take considerably more time to

conduct (and to analyse) than the structured interviews of quantitative research,

and often require further visits.

.1.2 COMBINING METHODS

The segregation of quantitative and qualitative methods, shown in Table 3.1 on
page 137, has long been regarded by many as unnecessary; the view that
methods should be combined so that they best meet the objectives of the study,
was expressed in 1946 by Merton and Kendall as follows:

Social scientists have come to abandon the spurious choice between
qualitative and quantitative data: they are concerned rather with that
combination of both which makes use of the most valuable features of each.
The problem becomes one of determining at which points they should adopt
the one, and at which the other, approach?

(Op. cit., p.556)

More recently this position was restated by King, Keohane and Verba, (1994), who
suggested that although there may appear to be very different types of research,
which are based on different epistemological and philosophical standpoints in fact
these differences are mainly ones of style and specific technique. (Op. cit., p.3)

Since every method has its advantages and disadvantages it would seem
judicious to combine methods. In addition, the need for triangulation, by combining
several methods within a single piece of research in order to supplement and
check on each other is particularly appropriate when dealing with complex
phenomena (Cohen & Manion, 1994).

Complicated social processes require examination of all the available data,
and without an inclusive approach to data, important changes may be missed or

not adequately understood; more data can lead to a better appreciation of complex
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topics (Ackroyd & Hughes, 1992). Moreover, in the context of science attitude
research, Ormerod and Wood (1983) showed that different methods of
investigating science attitudes produced results that were not highly correlated.
They recommended that at least two different methods should be used in such an
investigation.

Both qualitative and quantitative methods have problems of validity and
reliability. A survey is affected by what is included and by what is left out, by the
ways in which questions are worded and phrased, and by the contexts chosen.
However, in any qualitative study the validity is affected by what is observed and
by how the observations are interpreted. Ultimately, the results and the
conclusions of any investigation are likely to be affected by the choices the
researcher makes. However, methodological triangulation is an excellent way of
improving both validity and reliability (Giddens, 1993; Cohen & Manion, 1994), and
this is a strong argument for combining methods.

Since the aim of research should always be to understand and explain, no
single view can be regarded as sufficient since different methods reflect different
ways of understanding. Inevitably a combination of philosophical viewpoint,
epistemological position and inherited practice and philosophy are brought to
these different ways of knowing. Added to this is the recognition that triangulation
of methods is necessary to overcome the disadvantages inherent in any one
method. Therefore, to reach a fuller understanding of the research problem an
inclusive approach should be taken. In the present study, quantitative attitude
questionnaires that derive from earlier studies in this area, have been modified

and used; but additionally, analysis of the written and interview responses of
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children and teachers have been used to provide triangulation and a better

understanding of the questionnaire responses.

3.1.2 WHAT TYPE OF SURVEY?

3.1.2.1 LONGITUDINAL AND CROSS-SECTIONAL DESIGNS
There appears to be no consensus about a definition for longitudinal design, the
only common denominator being ‘variation of time and repeated observation of a
given entity’ (Weinart & Schneider, 1993). However, it has been suggested that
the only true longitudinal design is a prospective panel design where data are
collected from the same cases at two or more distinct periods of time
(Nesselroades and Baltes 1979). On the other hand, ‘in pure cross-sectional
research, measurement occurs once for each individual, subject, country or case
in the study,” (Menard,1991). In a cross -sectional study, different birth cohorts and
hence different probability samples are taken from the same population and data
are collected at the same time from these different samples. Consequently,
although a longitudinal study may describe individual or group changes, a cross-
sectional study cannot do so. For example, in a cross-sectional study of attitudes
of children aged 10 and 12 years, it is possible to describe and compare the
attitudes of the two groups. However, to suggest that any observed difference
represents a change in attitude with age can only be an assumption, because two
distinct groups are involved at the same time, and not one group at two different
times. Thus, one of the main advantages of a longitudinal study is its ability to

investigate change.
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The value of longitudinal studies has been summarised by Bergman (1993):
Longitudinal studies are vital for studying individual development and cannot
normally for this purpose be replaced by other kinds of studies. ... The main
reason for using a longitudinal approach is really common sense: if you want
to understand how an individual develops over time, you have to study the
individual over time. All other approaches are more indirect and have to
make questionable assumptions for the results to be applicable for
statements about individual development. (Op. cit., p. 217)

The longitudinal approach allows the investigation of what change occurs and also

how and why such change occurs, whereas cross-sectional methods are

inappropriate in causal research (Cohen & Manion, 1994).

Longitudinal studies are rarely undertaken, and this is probably because of
the widely recognised problems of longitudinal research - the most obvious ones
being the high cost, sample attrition and the conditioning that can occur after
repeated measurements. However, the ability of a longitudinal study to establish
temporal order, measure change and provide insights that would not be possible
using cross-sectional methods (Arzi, 1988), may outweigh the disadvantages,
many of which can be reduced with a carefully designed study.

It is often suggested that a longitudinal study is more costly than a cross-
sectional one but this is not necessarily so (Menard, 1991) and the major cost is
often one of time. The effects of attrition and repeated measures can be checked
with reference to the first wave data and with an initially large random sample such
effects can be minimised (Op. cit.).

However, an important factor, which must be taken into consideration when

using a longitudinal approach is that the same instrument must be used each time,

and that this instrument may change its meaning for the respondents over a period
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of time. It is therefore essential that the validity of the instruments are carefully
checked on each occasion of use, for if the instruments change their meaning over
time the data will suffer from ‘response-shift bias’ (Maxwell & Howard, 1981).

Therefore, a change in attitude to school science may occur for two
reasons: either because the respondent’s attitude to school science has actually
changed, or because the meaning of the attitudinal object ‘school science’ used by
the measuring instrument has changed for the respondent. However, if the
meaning of the attitudinal object has changed then this implies a change in
attitude; so in either case any resulting change is a measure of the subject’s
changed attitude. Therefore, although response-shift effects may be present they
should not affect the outcome.

It has been suggested that longitudinal research must be defined both in
terms of data and methods of data collection, and that quantitative methods must
be used; as Menard says,

At a bare minimum, any truly longitudinal design would permit the
measurement of difference or change. (Op. cit., p.4.).
Nevertheless, valuable longitudinal studies have been made involving the
collection of qualitative data, (see for example the study of the effects of transfer
on individual children by Measor and Woods (1984).)

Theory is considered to be of particular relevance to longitudinal studies by

Wienart and Schneider (1993). As they put it:

Longitudinal studies should generally be theoretically grounded and should
allow specific hypotheses to be tested (Op. cit. p.91)
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And yet qualitative methods tend to rely less heavily on theoretical models, rather
allowing theory to emerge from the data. However, Bergman (1993) suggests that
if too rigid a model is proposed then effort might be wasted in pursuing the wrong
path. Therefore, the use of qualitative methods does not appear to be precluded
by choosing a longitudinal design.
3.1.2.2 VALIDITY OF LONGITUDINAL STUDIES

Longitudinal studies offer better control for threats to external validity than do
cross-sectional correlation studies and are sometimes described as ‘quasi-
experimental’ (Sproull, 1995). The difference between a quasi-experimental and a
true experimental study is that in a quasi-experimental study the treatment variable
occurs naturally and is not introduced by the researcher. The best type of quasi-
experimental study is a multiple time-series design, in which the subjects are
randomly assigned to the treatment or control group and measurements are taken
before and after treatment. Sometimes it is not possible to have a control group,
and measurements are taken before and after the naturally occurring ‘treatment’ of
one group; such a time-series design is acceptable when no better controlied
design is feasible, and offers greater control than would a cross-sectional study.
The present study involves measurements on a population of children before and
after transfer to secondary school; a control group would be a matched sample
who do not transfer to secondary school, but no such control group is available in
the Essex school population.

On balance, a longitudinal design seems better suited to the examination of
changes in attitude at transition than a cross-sectional design, since this would

allow changes in individuals to be followed (Wienart & Schneider, 1993). (The
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relative values of cross-sectional and longitudinal approaches are discussed
further with reference to the present data in Appendix 9).
3.1.2.3 THE MEASUREMENT OF CHANGE
Where quantitative methods have been used a longitudinal study wili eventually
yield at least two different sets of scores: scores after the first set of measures
(Y1), and scores after the second set of measures (Y2). There are two ways to
measure any change between Y1 and Y2. The first is to take the difference
between A and B:
Y2 - Y1 =X (where X is called the change score, the raw change or the raw gain).
A second way is to calculate the residual gain, using linear regression on variable
Y1 to obtain a predicted or expected value leading to a second score (P). The
expected value P is subtracted from t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>