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Abstract

This study, designed to challenge the under-representation and limited
attainment of girls in the physical sciences in an 11-16 comprehensive
school, was suggested by research into attitude formation by Kelly et al in
the early 1980s. Balanced science, in removing opportunities for girls to opt
out of the physical sciences, made it essential to identify those factors which
were adversely affecting girls' attitudes towards science.

Preliminary research tasks investigated stereotypical attitudes towards
science activities and the school curriculum amongst students and their
parents. Additional research probed students' perceptions of their ability in
science and the relevance of science subjects. Students' attitudes towards
science and science teaching were investigated in relation to their option
and career choices. These data influenced the choice of MEG Coordinated
Science (The Suffolk Development) as the GCSE balanced science course for
the school.

The subsequent programme of action research included a series of small-
scale investigations, involving both monitoring and evaluation, designed to
develop the Suffolk scheme and satisfy the research aims. Student attitudes
towards teaching methods and the Suffolk materials were amongst those
areas investigated. After evaluation the findings were channelled into the
action research spiral to integrate teaching methods and curriculum
development thereby promoting the attitudes and achievement of the girls.

Improvements in attainment by all students, particularly the girls, were
illustrated by increasing GCSE success. Although the traditional pattern of
boys' superiority within the physical sciences was markedly reduced the
research demonstrated that it is possible to improve the attainment of girls
within GCSE science without discriminating against boys.

Student opinion and the GCSE data suggested that the girls' achievements
could be partially explained by the coursework-led assessment which suited
the girls' preferred methods of working. The research concluded with an
investigation of the role of coursework within GCSE science assessment
and considered the possible effects of the reduction of emphasis on
coursework in the GCSE structure imposed for the 1994 examinations. This
was identified as an area where further research is necessary.

Continuing GCSE success reinforced the view that the skills and strategies
developed by the department during the research have been influential in
promoting positive attitudes and creating an environment where students,
particularly girls, can achieve success in science. These skills include
developing teaching contexts to match student interest, managing
coursework tasks to promote student involvement and attainment and
encouraging students to recognise and develop their individual abilities.
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Preface

This thesis is a record of a programme of action research which centred on
the teaching and assessment of GCSE science to both girls and boys in a
comprehensive school over an extended period.

The research took the form of a longitudinal study which commenced in
1987 and continued until 1994. The research took place in three quite
distinct stages. This was necessitated partly by the rapidly changing
structure of GCSE science during the time scale of the research. However,
as this was an action research programme, the aims also changed slightly
from stage to stage as the findings from each research task were fed into
the planning cycle. These stages in the research were not continuous and
in order to describe more accurately the nature and sequence of these
stages in the written record of the research programme, the thesis has been
divided into three research phases.

Phase one (Chapters 1, 2 and 3) considers the disadvantaged position of
girls in science at the time the action research programme was instigated.
It reflects upon the history of this situation and relevant research into
teaching science in secondary schools. The initial aims of the programme
are related to curriculum developments within the research school and to
balanced science as an innovation in science teaching. The first phase then
moves through a series of preliminary investigations designed to observe
and gather data, particularly into students' attitudes towards science.

In phase two (Chapters 4, 5 and 6) the programme became more specific
observing the introduction of a specific balanced science course in the
author's school. The effects on the teaching and assessment of GCSE
science are discussed. Students' attitudes and motivation in the light of the
new course were investigated. This phase concluded with an in-depth
evaluation of the Suffolk science course and a discussion of the role of
coursework in GCSE science assessment. The GCSE performance of girls
and boys was compared critically.



Phase three (Chapters 7, 8 and 9) investigates the role of coursework in
GCSE assessment in more depth considering the effect of the repeated
government interventions on the assessment of GCSE science. GCSE
grades are compared between students who were assessed mainly by
coursework and those who were assessed using a reduced coursework
component. Gender differences were again subject to investigation.

Chapter 10 recalls and discusses the main findings of the research and
suggests areas for further research in this field.

Most of the references within this thesis reflect the research and theory
prevalent at the time of that particular phase of the research programme
and many, particularly those in phase one, may no longer reflect current
opinion. These references have, however, been retained as part of the text in
order to illustrate the progression and development of this longitudinal
study and to illustrate how the nature of educational thinking in science
changed during the period of the research.



CHAPTER ONE

Gender differences in science education:

theory and practice

This chapter discusses how some of the more influential theories
relating to gender differences in science were being developed during
the period prior to the commencement of this research project in the
late 1980s. The implications for the teaching of science in mixed
secondary schools, with particular reference to the author’s school
and the research project, are drawn from these theories.



From the late 1970s onwards educationalists were becoming increasingly
concerned about what appeared to be a major failing of the education
system in this country. This was the inequality of both representation and
achievement in the separate sciences between boys and girls. The concern
was that this inequality was leaving the girls in a disadvantaged position.
The Equal Opportunities Commission survey of the organisation and
content of the school curriculum (EQC, 1985) revealed two specific areas of

concern:

...1. within a largely co-educational system different
patterns of education and different educational experiences
are identifiable for girls and for boys,

2. the outcome of the education system is unequal and is
generally less favourable for girls regardless of their ability
and aptitude. (p1)

The Commission quoted a variety of sources to position the origins of this
inequality within the primary sector of the education system, with
subsequent, powerful reinforcements at secondary level:

The different patterns of girls' and boys' education becomes
more apparent at the time when option choices are made
for public examinations. The DES annual reporting of CSE
and GCE O-level statistics reveals a heavy imbalance in
certain key subject areas which is even more pronounced at
A-level. (p3)

The public examination entries at all levels clearly demonstrated that
science was a major area of concern. The DES statistics covering the
period 1970-1980 illustrated a consistent pattern in the sciences which was
gender-differentiated. Boys' entries decreased from physics to chemistry to
biology whereas girls' entries decreased in the reverse order. This pattern
tended to be repeated in the science option groups of many co-educational
schools. Table 1.1 details the option group composition in the author's and
in three other schools in the same LEA over a three-year period. The
numbers of boys opting for and being examined in biology were also greater
than the corresponding numbers of girls in physics. Table 1.2 presents the
national statistics as percentages to show how more boys were successful
than girls in all (GCE) sciences. A reduction in the superior position of boys
is, however, apparent during the ten year period covered by these statistics.



Table 1.1 Percentage of students opting for science
in four schools in the collaborating LEA, by gender,
1986-1988. School A is the research school.
SCHOOL A B C D
Year 1086 1987 1988 1986 1987 1988 (1986 1987 1988]1986 1987 1988
BIOLOGY
Boys 39 15 8 |33 44 53|25 23 18|26 33 55
Girls 92 75 74 |75 100 96 |57 73 41|76 T7 83
CHEMISTRY
Boys 41 29 35|20 44 58 |53 74 67|68 44 51
Girls 16 22 30 (50 83 21|46 57 65|57 41 49
PHYSICS
Boys 57 71 68 |47 36 95|73 49 7772 86 64
Girls 10 11 8 |0 17 4 |31 19 34|26 25 26
Source: Individual schools

Table 1.2 GCE O-level/CSE grade 1 passes in all science subjects,
nationally by gender, 1978-1987.

Year 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Boys 616 613 605 600 595 590 587 587 581 577
(%)

Girls 384 387 395 400 405 41.0 413 413 419 423
(%)

Source: DES Statistics (1988)




The DES figures showed a disturbing national trend but the disparity
between boys and girls was found to extend far beyond this country. The
International Association for the Evaluation of Educational Achievement
(IEA) conducted a survey in 1973 which tested 10 year olds, 14 year olds and
pre-university secondary students in nineteen different countries. The
design and conduct of the survey have been fully documented (Comber and
Keeves, 1973) and the findings have stimulated a great deal of further

research and discussion.

One of the principal discoveries was that, on average, boys scored
considerably better than girls on the tests. Neave (1974) observed;

Amongst the student-based variables the most powerful
single factor discriminating between science achievement
was the sex of the student. The gap between girls and boys
in science performance widened as they moved through the
education system. Generally the girls were outshone by the
boys. (p54)

The DES examination figures point towards a differential in achievement
but the IEA findings highlight it. In addition the IEA data showed that the
sex difference varied in the same manner in all the countries studied,
being particularly pronounced in physics. It was, however, observed that
girls in some countries achieved better than boys in other countries,
suggesting that there was also some environmental factor operative in the
determination of achievement levels. In all the countries the gap between
the sexes was found to be approximately constant and this inevitably led to
suggestions that inherent biological factors may be responsible for the
differential.

Kelly (1978) carried out extensive research into the IEA data, attempting to
locate and describe sex differences in science achievement, examine
hypotheses on the origins and development of these differences and to
suggest ways of reducing them so as to improve girls' performance in
science. She centred her research in two main areas by, initially,
considering the findings in conjunction with a series of explanatory
hypotheses focussing on cultural, school and attitudinal issues. The
second investigation reinterpreted the results in terms of Kohlberg's



cognitive development theory of the acquisition of sex-role stereotypes.

Kelly proposed four general hypotheses on the origins of the sex differences
in science achievement pointing out that although these were stated and
investigated independently in terms of their origins and effects no mutual
exclusivity or independence could be attached to them. The hypotheses

were:

1. The Genetic Hypothesis - girls have less innate potential than
boys for achievement in science.

2. The Culture Hypothesis - girls achieve less well than boys in
science because society does not expect or encourage girls to
achieve as well as boys in science.

3. The School Hypothesis - science is presented in schools in a way
more suited to boys than to girls.

4. The Attitude Hypothesis - girls perform less well than boys in
science because they have less favourable attitudes than boys
towards science.

Gray (1981) argued for the influence of biological factors in creating the sex
difference on the basis of the observed constancy of the difference. He
suggested that spatial ability is an important factor in, if not a prerequisite
for, achievement in science. He quoted Yeu (1975), Maccoby and Jacklin
(1975) and Wilson and Vandenberg (1978) to show that in tests involving
spatial awareness males regularly outperform females. He attempted to
show that spatial ability was a genetic factor and was also sex-linked but
the TEA survey produced no data which had any bearing on this
hypothesis. It has already been noted that although the sex difference
tended to be internationally consistent, actual levels of performance varied
from one country to another. This would suggest that the sex difference is
capable of being altered and the reasons for its existence are other than
purely biological.

The coffin lid appears to have been finally nailed down on the genetic
hypothesis as a result of a series of ii‘lve\'_s'j\i\iggatioris carried out in Thailand.
Klainin and Fensham (1987) demonstrated girls' superior achievements
over boys in chemistry. This was followed by an assessment of achievement



in physics by a series of practically-based tests (Klainin, Fensham and
West, 1989) which resulted in a reversal of the sex difference.

...the results show for these senior secondary students in
Thailand, all studying the three-year physics curriculum,
that:

1. Girls perform at least as well as the boys in all outcome
measures...and five other non-practical ones including
attitude to science.

2. In laboratory-related outcomes...girls outperform boys
after one year of physics, but that boys reduce the gap (but
do not close it) after three years of physics.

3. In laboratory-related outcomes (manipulative skills and
problem solving), girls in single-sex schools outperform
girls and boys in co-educational schools and boys in single-
sex schools after one year of physics, but after three years of
physics, boys and girls in co-educational schools catch up in
problem solving abilities, and boys in single-sex schools
catch up in manipulative skills. (p109)

The culture hypothesis could not be directly tested from the IEA survey as
this did not provide data on expectations for girls or other associated
factors. Consequently, the discussion relating to this aspect of gender
differences was broad-based. It did, however, appear to encourage the
expression of some of the more extreme views of sex-roles and society
particularly in those areas where the discussions related to the male and
female roles within the home and within society in general. It was possible
to isolate some interesting ideas from the general debate, many of which
related to the differential development of boys and girls and to sex-role
stereotyping at home and at school.

Bonora (1974) suggested:

...an interest in science is gradually inculcated in boys from
a very early age particularly through a choice of toys. Later
in the educational guidance process, boys are veered more
into science tracks...the study of arts subjects is considered
a positive trait for girls. (p226)

Bonora's suggestion has been documented elsewhere by other researchers,
the APU national surveys in particular providing evidence to support this.



Table 1.3 illustrates this point, the survey indicated that boys appear to have
had more experience of 'tinkering' activities than girls. This will be further
investigated later in this thesis (Research Task 3). Research Task 4 will be
used at a later point to investigate Bonora's statement.

Table 1.3 Differences in involvement in out-of-school
activities, by gender for 11-year old students.
Activity Boys| Girls| Discrepancy
% % in favour of
Boys Girls
Make models from a kit (Airfix) 42 6 38
Play pool, billiards or snooker 59 30 29
Play with electric toy sets 45 16 29
Create models using Lego etc 50 23 27
Take things apart to see inside 38 18 20
Go fishing or pond dipping 30 13 17
Watch birds 30 27 3
Sow seeds or grow plants 30 34 4
Look after small animals/pets 52 57 5
Weigh ingredients for cooking 29 60 31
Knit or sew 5 46 41
Source: Johnson and Murphy (1984) from APU data

It is essential that we remember that girls do not underachieve in all
subjects. The IEA data showed that at fourteen years the boys were at a
great advantage in physical and practical science, at a lesser advantage in
chemistry and biology and at a disadvantage in reading, language and
literature tests. In addition, these sex differences remained remarkably
constant across the full range of countries tested. If there was a cultural
effect, then one would expect that this would be accompanied by an
observable variation in the sex differential from one culture to another.

If we are to include cultural effects in our explanation of the gender effects
then it must be in an indirect fashion. The values and expectations of a
society and the sex role structure within it appear to be influential in
attitude formation amongst boys and girls. This will be discussed in more
detail when the attitude hypothesis is explored.

The school hypothesis that science is presented in schools in a way more
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suited to boys than to girls opens up a wide range of factors which may have
varying degrees of influence on the students. These include the school
organisation, the teaching environment, teacher characteristics, teaching
methods, options systems etc.

The IEA and other research has shown that at ten years of age there is a
differential between boys and girls in science. Craig and Ayres (1988)
observed this differential taking shape during a study of the effects of
science teaching to primary students:

Irrespective of...grouping, the majority of pupils in some
classes were very keen to do more school science topics
whilst in others pupils showed little interest. This
suggested that influences such as teaching style might be
more important. (p422)

The position twelve months later, with the children as first year secondary
students was that:

The level of interest amongst the girls, which at primary
school had been higher than for boys, appeared to have
dropped considerably so that the girls who had had greatest
primary science experience now gave the lowest response to
questions about interest in future school science topics.

(p423)
They summarised their findings as follows:

At the end of the primary school, many girls indicated a
stronger wish to do more school science than the boys in
their class. Just one year later the pattern had changed
considerably and many girls appeared disillusioned. Girls
who had done substantial amounts of primary science
seemed to be amongst the most disillusioned. (p424)

It would be quite easy to dismiss this by suggesting that the teachers of
science in the primary sector were free to pursue topics in whatever form
suited them in order that interest and motivation on the part of the students
were maximised. However, research from a variety of other sources has
suggested a 'switching-off' effect during the early secondary years. For
example, Kelly (1986) in carrying out a longitudinal study investigating the
formation of girls' and boys' attitudes to science reported that:

1



In most respects children's attitudes to science declined
significantly over the two and a half year period. Their
personal liking for science showed a marked drop,
especially amongst girls...The children also lost interest in
learning about most aspects of science. (p402)

It is important to note her further comments in relation to differences

between schools:

Differences between schools were highly significant...and
were larger at the second testing than at the first. This is in
contrast to the sex and class differences both of which
stayed approximately constant over the period tested. (p405)

Kelly also observed (1987):

...in some schools girls did hot enjoy their physics lessons
but in other schools the topic was presented in a more girl-
friendly way... (p674)

Earlier research had identified the importance of presentation of material
in schools. In a report on Equal Opportunities (1983) Clwyd County Council
stated:

It would appear that girls enter secondary education with
different scientific interests from boys but not deficient in
scientific knowledge and clearly see themselves equally able
to do science. However, it seems that there is some
experience that has a decisive effect on their choosing to
avoid physical sciences after year three. (p20)

Samuel, quoted in Whyld (1983) was quite specific:

...somewhere between the beginning of the first year and
making option choices in the middle of the third year, lies
the 'heart' of the problem. (p137)

We must assume that between ten and fourteen years of age the whole
school experience creates differential responses between the sexes. When
we return to the IEA data, however, we find that there was little indication
that that different approaches benefitted one sex more than the other, the
overall picture was that school experiences appeared to have similar
connotations for both sexes. The focal point in the IEA research, however,
was that the various factors should have some direct and measurable effect
on science achievement. Attitudes were not investigated.



The many cultural and school factors considered above must have some
effect on the students and it is logical to assume that these effects will be
different for boys and girls. This effect appears to take its form not in some
quantifiable differential in achievement but in the creation of differential
attitudes towards science by students of opposite sex. Kelly's hypothesis that ’
girls perform less well because they have less favourable attitudes towards
science begins to appear more likely to lead us to a point where we are in a
position to begin to attempt some interventions designed to reduce the
damaging differential.

If it can be established that a positive link exists between attitude and
achievement, it follows that any improvements in attitude should create
similar improvements in levels of attainment. Kelly (1978) demonstrated
that not only was there support for this hypothesis but also that there was
good correlation between attitude and achievement:

Girls did have less favourable attitudes towards science
than boys and there was a connection between attitudes and
achievement: good attitudes were associated with high
achievement. Moreover attitudes and sex differences in
attitudes varied from country to country which suggested
that girls' attitudes were susceptible to improvement.
However, boys' achievement was more highly correlated
with attitude than was girls' and boys achieved better in
science than did girls with equally favourable attitudes.

(p38)
In addition, Kelly observed:

It was interesting to note that when allowances were made
for sex differences in attitude the sex differences for
achievement were actually reduced. (p38)

From this information we see that there appears to be a definite connection
between attitude and achievement in science and it should, therefore, be
possible to reduce the difference by changing or influencing the girls’
attitudes. The awareness of the relationship does not, however, give any
indication of either the factors which combine to create it or the mechanism
by which it functions. It would appear that the factors which influence
attitudes can be grouped under two broad headings, i.e. culture and school,
but we cannot assume that any of these directly affects achievement.



In order to begin to understand how the differential attitudes arise it is
necessary to look in detail at specific areas related to school and culture
which are influential in the creation of attitude variance between the sexes.
The number of options here are too numerous to list but include pre-school
and primary experiences, sex-role development, teachers and their
teaching methods.

Kelly (1976) has identified eight major differences between girls and boys on
leaving primary school:

At this age girls tend to be more verbal, less independent,
more easily discouraged, more conscientious, more
interested in people, less interested in science, less
experienced in science-related activities and more
restricted in their perception of possible future roles than
boys. (p125)

These sex stereotypes are derived from a variety of sources which are
obviously extremely influential during a child's early years.

We can classify children's toys, for example, in terms of sex roles, boys'
toys tending to encourage 'doing' (Lego, construction kits, models) and
aggression (guns, soldiers) whereas girls' toys encourage caring (dolls,
teasets, nurses) and these divisions tend to be supported by society. Recent
years have seen a move towards less stereotyping amongst children's toys
in certain sections of the community but Maccoby and Jacklin (1974)
discovered as part of a review of research into parental behaviour that it
was the children and not the parents who were selecting the stereotyped
toys.

Children's literature has also promoted stereotypical differences in
behaviour, preferences and the like, by, for example, depicting boys as
adventurous, dominant and aggressive with girls usually being portrayed
as more submissive and less imaginative. Belotti (1975) carried out an
international survey of children's literature and remarked:

...however diligently one searches, it is impossible to find a
female character who is intelligent, courageous, active and
loyal. (p90)

14



Peterson and Lach (1990) observed:

... males were most likely to be portrayed as positive, active
and competent, while females were likely to be portrayed as
negative, passive and incompetent. (p185)

Socialisation and sex role acquisition theories can be classified into two
broad categories. Social learning theories attribute the way in which a
child develops to the direct and indirect influence of parents, peers and
teachers through a continual series of conscious and unconscious
reinforcements of sex-appropriate behaviour. The media and toys can also
be included in this category. Cognitive development theories, for example
Kohlberg (1966), suggest rather that a child may seek security and achieve
competence in a specific sex role and will, therefore, copy those attitudes
and attributes which are characteristic of that role. Both of these
viewpoints would appear to be influential in attitude formation. Maccoby
and Jacklin (1974) suggested that:
...boys seem to have more intense socialisation experiences

than girls ...adults respond as if they find boys more
interesting and more attention provoking than girls. (p348)

Atypical behaviour and attitudes are frequently overtly or covertly punished
whereas conformity is rewarded. The reactions to atypical gender related
behaviour show some strange paradoxes which themselves show a gender
bias, for example, the 'tomboy' girl who plays football, gets dirty etc. tends
to be less strongly discouraged than the 'cissy' boy who does not fit the
traditional male role model pattern.

If science is considered to have a masculine image then science
achievement (or even opting for science) may be seen as being
inappropriate for girls by peers, parents etc and may be considered by the
girls as being incompatible with their developing femininity. |

The evidence certainly indicates that both students and parents perceive the
physical sciences as more difficult than other school subjects (Ormerod,
1975). If this is combined with the fact that the majority of physical science
teachers, engineers and 'scientists' are men then a powerful attitudinal
pattern must build up which suggests the inappropriateness of the physical
sciences for girls. In addition, many of the contexts for learning within the

15



physical sciences tend to stress masculine activities. The image of biology
with its emphasis on nature and nurture is seen to have a more female bias
and contrasts strongly with the male ramifications of physics (for example
bridge building, projectiles and nuclear power).

Saraga and Griffiths (1981) commented:

The subject matter of physics appears impersonal,
inanimate and far removed from the world of everyday
objects and people. Biology on the other hand with its
concern for living things appears more personal and
alive...Choosing the biological as opposed to the physical
sciences thus involves girls in fewer contradictions and
they receive more encouragement and support in their
choice. (p92)

The DES (1980) suggested that the sex of the science teacher was influential
in this area:

Although physics and chemistry cannot really be thought of
as boys' subjects any longer, a great many of the teachers
still tend to regard them as such. The fact that the majority
of these teachers are male does not help the situation. If
more women were employed to teach these subjects, it
might help more girls to realise that chemistry and physics
are just as much for girls as for boys. (p26)

This statement seems to imply that a female presence is required in the
science department purely as a role model for the girls and does nothing to
address the circular issue that if there are fewer girls studying physical
sciences the numbers of women teachers in this area will continue to be

small.

Fortunately this report concluded that:

...there was no clear relationship between the popularity of
science among girls and the number of women teaching
science. (p26)

The IEA data demonstrated quite clearly that the girls did not achieve any
better in schools where female science teachers were in the majority. It
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was observed that in most countries girls actually achieved better in science
with male teachers.

In terms of the overall achievement of girls in science this observation is
interesting particularly when we consider that the majority of science
departments in this country are male dominated. As a result of data
collected during the Second International Science Study carried out by the
IEA (which commenced in 1984), Keys (1987) reported that for students
aged 10 years the percentage of women teachers in science was 56%, this
decreased to 31% for students at age 14 and was only 23% for A-level
students. The A-level figure could be broken down further to indicate the
percentage of women teachers in each of the three science disciplines.
Unsurprisingly, a gender bias is demonstrated with 34% of biology
teachers, 20% of chemistry teachers and only 14% of physics teachers being
women.

Following directly along these lines it is important to consider the relative
merits of single sex and co-educational teaching in the sciences. The
majority of the research in this field has been confined to a consideration of
single sex schools. Dale (1974) has suggested that girls in single sex
schools were more likely to choose physics than girls in co-educational
establishments. Ormerod (1975) investigated this suggestion confirming
the wider subject choice in single sex schools and the subject polarisation
found in mixed schools. The latter enabled him to derive a 'gender
spectrum’' of common school subjects, this being reproduced as Figure 1.4.
The question of gender effects which arise from educating students in
single-sex schools is reconsidered in Chapter 10 along with a discussion of
other factors which have more recently been found to exert some influence
in this area.

It was also found that co-educated boys demonstrated a greater preference
for 'male’ sciences than boys in single sex schools. Ormerod suggested:

...each sex , when educated with the other, is at puberty
driven by developmental changes to use subject preference
and, where possible, subject choice as a means of asserting
its sex role. (p102)
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Figure 1.4 Gender Spectrum of school subjects.
Numbers are percentage of GCE O-level entries
from boys (1972).
MALE
70 A Chemistry
79 Physics
55 Geography
NEUTRAL POINT
36 Music
37 Biology
48 2nd Foreign language
50 Latin
43 L Art
46 French
43 English
37 ' Religious Education
FEMALE
Source: Ormerod (1975) in Kelly (1981), p101

Ormerod also found a lower correlation between girls' subject preference
and option choice across all subjects in mixed schools than there was for
boys. This led him to suggest that the prevailing option choice systems were
more suited to boys' patterns of preferences than girls'. Keys and Ormerod
(1976) further investigated this tendency noting that:



...we found a significant proportion of girls who 'liked'
physics (and in one sample chemistry as well) who were
dropping it, together with a significant proportion of girls
who 'disliked’ biology and yet were taking it. (p102)

Harding (1983) discovered, during a comparison of students' performance
in conventional and Nuffield type examinations in physics, that, in
general, boys were more successful than girls in mixed schools and that
girls in girls' schools were more successful than girls of equal ability in
mixed schools. Table 1.5 outlines this difference in the 'conventional'

physics examination.

Table 1.5 Percentage passes in 'conventional' physics
examination, by gender and school type.

SCHOOL TYPE BOYS GIRLS
SINGLE SEX:

Direct grant, independent 62.3 78.6
Grammar 67.9 75.5
Comprehensive 50.5 57.1
MIXED:

Grammar 72.0 60.0
Comprehensive 59.3 46.0

Source: Harding (1983), p26

Harding argued that:

...it is not the type of school per se that creates a difference
but the expectation of girls found in the school. (p27)

She discussed how a differential in expectation could arise by comparing
the different traditions inherent in the girls' grammar and comprehensive
schools. It has been recorded how girls tend to perceive themselves as being
less able than the boys. Stanworth (1981), for example, noted that able girls
tended to underrate themselves compared to boys of the same intellectual
level. Students in the author's school have also reflected this trend (see
Chapter 7).

Eggleston, Galton and Jones (1975) collected data by observing science
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lessons as part of a project designed to examine the effectiveness of different
teaching styles. They subsequently identified three distinct styles in science
teaching. These were:

1. The Problem Solvers: where the initiative was maintained by
the teacher who, by questioning, challenged the students to
observe,speculate and solve problems;

2. The Informers: who presented a non-questioning approach
except where the questions demanded recall or the application of
facts and principles;

3. The Enquirers: who used student initiated and student
maintained behaviour to design experiments, infer solutions,
formulate and test hypotheses.

During the GIST project (Girls into Science and Technology, Whyte, 1986)
the researchers discussed with the students their preferences in terms of
teachers and teaching styles. It was discovered by the team (and illustrated
with direct quotes by Kelly, 1981) that in general the girls disliked and were
frequently uneasy with styles 1 and 2. Style 3, the Enquirers, however,
allowed the girls to participate fully in lessons but in a less overt and public
manner. Many of the girls had identified this problem when they were in
a predominantly male teaching group and were, therefore, present as the
minority group.

Galton suggested (1981) that:

One possible explanation for the popularity of biology for
girls, in contrast to the physical sciences, is that girls
dislike the direct-questioning problem-solving approach
adopted by the majority of teachers of physics and chemistry
and prefer either the more open enquiry style which allows
them to 'get on with it' among themselves or to be given the
facts and told to write them down with a minimum of
discussion between the teacher and the class. (p187)

Other aspects of classroom organisation (or lack of it) have been identified
as appearing to adversely affect girls' attitudes towards science, these
include poor discipline, unfamiliar subject matter, being in a minority in
the group and mixed sex groupings. All discriminate against girls'



attitudes and, therefore, their achievement. The traditional secondary
school system allowed no way for these feelings to be expressed until the
third year when the options system was utilised by the girls as a means of
rejecting the unpopular physical sciences.

It became apparent at this stage of the research that some major initiatives
were needed to make our education system work equally well for students of
both sexes. The EOC (1985) suggested that the system worked against girls:

The education system is allowing too many able girls to
leave school unqualified to work in anything other than a
circumscribed range of unskilled, low-status and low-paid
occupations. 7

There were two obvious solutions in relation to the options systems in
operation in our secondary schools. The first of these was a system of
counselling designed to fully inform the girls of career choices and
requirements in an attempt to prevent the opting out of physical science.
The second alternative was to discard the options system entirely and not
allow the girls to opt out, but then the subsequent science courses for public
examinations would need careful selection.

The DES had suggested a solution to this problem in 1987 when the
proposals for what was to become the National Curriculum were presented
for discussion by stating:

A national curriculum backed by clear assessment
arrangements will help to raise standards of attainment
by...ensuring that all pupils, regardless of sex, ethnic
origin and geographical location, have access to broadly the
same good and relevant curriculum... (p3)

This was a rather naive view and suggests that, although the DES
appeared to be aware of the problems pupils were experiencing, they had
given little thought to addressing the roots of these problems. Ditchfield
and Scott (1987) expressed the following opinion:

To provide girls and boys with equal opportunities does not
necessarily mean providing them with identical
educational experiences - we must take into account the
different experiences and interests which they bring to their
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lessons. First and foremost our students are individuals
with their own assortment of weaknesses and strengths,
aptitudes and interests. (p11)

The research has demonstrated quite conclusively that one of the major
reasons for girls' underachievement in science rests with poor or negative
attitudes towards science on the part of the girls. Before the issue of the
National Curriculum is addressed it is essential that the mechanisms by
which these attitudes arise and influence students are understood.

In order to investigate these mechanisms it is necessary to instigate some
dialogue with the students, boys and girls, and then to attempt to affect
these attitudes. The way in which this was visualised by the majority of
people involved in researching this issue was by a series of interventions in
the classroom situation, hence the widespread use of action research as a
methodology for attitude investigation. It appeared that the smaller the
focus of the action research project, the greater the chance of some positive
feedback, this being evident from an investigation of the titles of much of the
research carried out in the late 1980s. This, however, meant that in order
to get an overview of the attitudes, their formation and their operation, it
was necessary to combine all these smaller elements which appear to have
some influence on the central issue.

The GIST survey attempted to incorporate several smaller investigations
within the whole project in order to give some direction and cohesiveness to
the research programme. Its purpose was both to initiate and support a
range of school-based efforts designed to operate on two levels by improving
girls' attitudes to physical science and to encourage more girls to select
physical sciences for options courses. The action research involved
simultaneous intervention and evaluation in order that new ideas or
developments could immediately be pursued and any non-productive areas
of research could be abandoned. It was stressed by the team (1981) that:

This is not a neat experimental situation, but it does
approximate to life in a school. (p2)

Another observation made by many researchers is the way in which boys
and girls interact within the school environment to the detriment of the



girls. These interactions take many forms and may be physical, verbal or
psychological and occur throughout the school. This is not an issue
specific to science but it is worth pursuing in the general context of gender
differences as it appears to have a marked influence on the girls'
perceptions of themselves as members of the school.

The first influences on the students in this area will be in the primary
sector and even at this early stage evidence has been found to indicate that
the girls are being placed in a disadvantaged position. Clarricoates (1978)
observed the gearing of lessons towards boys' interests in four different
primary schools and Sears and Feldman (1974) had noted more, and more
varied, interactions between boys and their primary teachers than were
afforded to the girls.

Meyer and Thompson (1963) and Wienekamp et al (1987) have provided
evidence that students perceive teacher approval for boys' behaviour,
reporting, for example, more interactions between teachers and boys. The
evidence points towards male-dominated interactions between teacher and
students so that the girls quickly assume that they are perceived by the
teachers as being less important than the boys. Stanworth (1983) found that
all students (on an A-level Humanities course) believed that the teachers
found the boys more conscientious and capable. Spear (1984) has shown
that science teachers show a bias in favour of boys when marking work.

In lessons it has been observed that the boys try to dominate the class
discussions and will actively attempt to discourage the girls from taking
part by making comments, tapping pens, moving chairs and so on when
girls attempt to participate. In practical science lessons the boys will try to
dominate the proceedings by making a rush for the apparatus before the
girls, often with only a vague idea of the experimental procedure. Tobin
(1988) observed male dominance in both responses to questions and in the
selection of science apparatus, he also noted male off-task disruptive
behaviour.

Taber (1992) observed more student-teacher interactions with boys than
with girls in physics lessons. If the students were allowed to call out in the



the lessons, the boys were seen to dominate the student-teacher exchanges.
He also noted that the boys behaviour was such that it actually invited
disciplinary interaction.

Kruse (1992) has observed that teachers appear to regard boys and girls as
different and, therefore, expected differential behaviour and attainment.
She noted that in addition to the schools spending more time on the boys the
boys themselves were more demanding of attention. According to her
research the girls were at a considerable disadvantage, she concluded:

Boys receive more attention, talk more, are more respected
and are found more interesting as persons than girls. (p85)

The boys will also intimidate the girls by dominating the physical space
during lessons. Harding (1983) remarked on the way the boys selected their
seats in order to monopolise the teacher. The physical presence of the boys
is also used in an intimidating fashion during practical science lessons.
Hacker (1991) has also observed similar gender differences amongst
students in their behaviour in science lessons. These behaviour differences
extend beyond the classroom, for example, Wolpe (1977) and Harman (1978)
have indicated how the school playground tends to be dominated by the boys
engaged in vigorous games, the girls tending to collect around the

periphery.

If we are to change the attitudes of the girls towards science then we must
attempt to alter their perceptions of their subordinate role in the secondary
school. It is unlikely that this could be achieved without some fundamental
changes in society and education.

This research aimed to investigate the attitudes of the students,
particularly the girls, towards their school science and then use this
information to make the science courses more attractive. In this way I
hoped to be able to increase the achievement of the girls in science and to
prevent any restriction of career opportunities through 'turning off’.



CHAPTER TWO

The development of the research project

The initial aims of the research are outlined in conjunction with a
discussion of the plans for restructuring the science department in
the research school. The threads of the movement towards balanced
science are traced and the author’'s aims reassessed in the light of
these moves. The main features of the first phase of this research
project are presented. The principles of action research and the
various models which describe the progress of a programme of
action research are discussed in relation to the aims of this project.



The Research Project
This research project arose through a desire to challenge the traditional

pattern of gender bias in school science. The original aims of the study
were, within the context of a particular school, to:

1. ascertain the attitudes of girls and boys towards individual
science subjects;

2. identify those factors which appeared to contribute to the
unpopularity of physics amongst the girls;

3. devise and evaluate teaching strategies to help reduce the
unpopularity of physics courses or modules;

4. assess teachers' and parents' attitudes to the new teaching

strategies within balanced science courses.

Determining the attitudes was a relatively straightforward exercise,
however, the identification of the reasons for the creation of these attitudes
proved more complex. The development of a programme of action research
designed to make some progress in counteracting the negative attitudes
was considered. In order to fine tune such a programme it proved
necessary to investigate more deeply the attitudes and their formation.

At this stage the research had also to encompass a change of focus due to
the introduction of balanced science courses within the framework of the
National Curriculum. The investigation into those student perceptions and
opinions which helped to shape attitudes became more closely linked with
the subject-based investigations into the unpopularity of certain subject
areas.

The third aim, to devise and evaluate better teaching strategies began to
assume greater importance as the students began to indicate increasingly
strongly that the dissatisfaction with science was directed towards both the
contexts and the methods of science teaching. In the past this had been
expressed quite simply by the polarisation of the physical and biological
sciences with respect to gender (see Table 1.4).

The aims now began to move towards investigating the attitudes of the



students towards specific topics within the balanced science format. It was
necessary to study student option choices in the work on gender issues and
to investigate the opinions and attitudes expressed by the current school
population when planning for teaching in balanced science. It was vital
that the planning focussed on both teaching strategies and materials.

Another amendment of the aims was directed towards reducing the
numbers of students who were becoming disenfranchised within the
balanced science structure by virtue of their limited abilities in science
and/or language skills.

The aims thus became transferred into a study which, although situated in
one school and referring to one balanced science course, had implications
for science teaching in general, whether taught through an integrated, a
coordinated or a separate science approach.

These revised aims were, therefore, to:

1. identify those aspects of the science syllabus which students
from years 9, 10 and 11 within the research school perceive as
being either unattractive or irrelevant;

2. closely monitor the performance of students in science,
particularly the girls;

3. devise strategies designed to improve the performance of
students in science, particularly the girls;

4. evaluate those assessment strategies developed within the
GCSE framework with a view to understanding their role in
improving student development and motivation.

At the time that the research programme was initiated the science
department was reorganising itself in order to enhance the provision of
science for lower school students and to rationalise the upper school
courses leading to external examinations. The realisation of the aims in
the research programme would have profound implications for the
revitalisation programme already underway within the department. It was
decided that the two programmes could run in parallel with information



being transferred as appropriate.

The school is a mixed 11-16 comprehensive, one of 20 comprehensives in a
Metropolitan Borough in the North of England. It has a student population
of approximately 800 and serves the local community, which is currently
suffering some financial deprivation as the steel and mining industries
~are 1in serious decline. The school's catchment has been mainly from
council housing but recent building programmes have increased the
numbers of private houses in the area.

Prior to its redesignation as a comprehensive the school was the local
Secondary Modern. It is in competition with two other comprehensives,
both of which are 11-18, and one of which was the local grammar school
prior to comprehensivisation. This history is reflected in the student
population. Students are tested (using AH2 tests) during their first year at
school and these have indicated a population which has been skewed
towards the less able. This is reflected in GCSE performance.

Table 2.1 GCSE examination results, research school, summer 1990
Subject Percentage of students at each pass grade
A B C D E F G N

English 3 7 15 16 26 27 3 197
English Literature 1 8 17 14 31 22 1 171
Geography 4 2 6 7 16 25 10 112
History 6 10 12 10 14 8 18 50
French 3 5 14 8 16 22 24 37
German 10 17 16 21 27 6 2 63
Mathematics 2 6 12 9 2 24 6 187
BIOLOGY 0 0 9 11 20 HA 2 56
CHEMISTRY 0 0 10 2 2 27 29 41
PHYSICS 2 9 9 19 19 16 14 43
MODULAR SCIENCE 0 0 9 16 21 35 2 43

Source: Department records

Tables 2.1 and 2.2 reproduce the GCSE examination results from 1990 and
1991 respectively, as published in the School Prospectus and demonstrate



the underachievement in the science subjects. The school, however, began
to change its image, its results and its standing within the local
community and consequently 1991-92 saw an increase in the Year 7 intake.

Table 2.2 GCSE examination results, research school, summer 1991
Subject Percentage of students at each pass grade
A B C D E F G N

English 2 3 21 6 31 22 2 131
English Literature 3 4 16 17 19 24 2 138
Geography 0 7 11 2 23 10 11 101
History 3 6 15 12 2 2 15 33
French 11 11 7 15 11 26 15 54
German 0 0 2 30 2 30 0 10
Mathematics 2 10 15 2 P23 17 6 115
BIOLOGY 0 5 5 10 8 28 26 39
CHEMISTRY 0 2 7 9 9 38 2 45
PHYSICS 0 0 19 19 13 38 6 16
MODULAR SCIENCE 0 14 16 17 9 9 13 116

Source: Department records

Years 7 and 8 operate largely on a mixed-ability basis with some setting in
core subjects in Year 8. Year 9 students are, however, setted on the basis of
ability. The option groups in years 10 and 11 can lose this arrangement and
return to mixed ability groupings as the school operates a free option
system, although both years are split into two bands on the basis of ability
and the bands are taught separately. The science, English and
mathematics GCSE groups are, however, setted in both bands.

When I was appointed to the school as Head of Science in 1984, the upper
school was structured on a three-tier streaming system. The department
offered the three traditional sciences at 'O'-level and a range of CSE
subjects which covered all the separate sciences and also included such
options as physics-with-chemistry, chemistry-with-biology and general
science. The first stage of the rationalisation process involved the
introduction of an integrated science course, developed by the department,



for the students in Years 7 and 8. The second stage accompanied the
contraction of the number of upper school streams to two, and involved a
reduction of the external examination courses to five (GCSE biology,
human biology, chemistry, physics and modular science).
The Year 9 students, however, had not been included in these major
initiatives. Their courses followed the traditional pre-option fare by being
intended to function, to all intents and purposes, as:-

1. an introduction into the separate sciences to allow them to
make a selection of courses at the end of the year;

2. an opportunity for the teachers to assess the students'
performance in the separate sciences in order to advise them
regarding option choices.

It seemed that this was the stage of the students' school career which
contributed most to the 'turning off' effect. This was because of a whole
range of factors which included the nature of the Year 9 courses
(conceptually difficult, and inappropriate teaching contexts), and the
students' developing gender roles.

The first of these factors was the responsibility of the department and the
issue was being addressed by a complete revision of the concepts, contexts
and strategies for teaching. Unfortunately as the new courses were about
to be unveiled the National Curriculum and the national drive towards
balanced science was introduced.

Balanced Science
Balanced science was not a new concept and had been taught under

various guises in the early 1970s, Nuffield Secondary Science and SCISP
(Schools Council Integrated Science Project) being two notable examples.
The major event which initiated the great debate in education which
heralded the changes leading up to the National Curriculum has been
identified by many educationalists as the speech by James Callaghan at
Ruskin College in 1976. This was followed by a series of important
publications culminating in the consultative paper 'A Framework for the
School Curriculum' (DES, 1980). These publications are discussed



sequentially later in this chapter. An important part of Callaghan's speech
suggested that the Government had doubts about the effectiveness of
schools and intended to act to remedy the situation:

To the teachers I would say that you must satisfy the
parents and industry that what you are doing meets their
requirements and the needs of their children. For if the
public is not convinced then the profession will be laying up
trouble for itself in the future.

(The Times Educational Supplement, 22.10.76)

In 1977 the DES consultative document 'Education in Schools' proposed a
‘core’ curriculum for all students up to the age of 16 which should include
English, mathematics and science. The earlier HMI publication,
'Curriculum 11-16' (1976) not only specified science as 'an essential
component of the education of all pupils' (p28) but also, having considered
some of the existing methods of achieving this, suggested that the 'way
ahead seems to be towards unified science courses throughout the age
range 11-16' (p29). Moves towards reviewing the science curriculum in
schools commenced in 1988 with the introduction of a joint HMI, DES, ASE
(Association for Science Education), Schools Council working party which
would later become the SSCR (Secondary Science Curriculum Review).

'‘Balanced science' was introduced into our vocabulary by HMI after the
survey 'Aspects of Secondary Education in England' (1979) found large
numbers of students studying either no science at all or only one science
subject for external examination courses. The case for balanced science
was strongly argued through a double option approach which would permit
a number of strategies for delivering biology, chemistry and physics to be
realised. Suggestions that a reduction in content would lead to a
diminution of standards were rejected, it being stated that students would
still be taught to the best of their abilities and that preparation for A-level
courses would not be affected.

A highly influential publication at this time was the consultative document
'Alternatives for Science Education' (ASE, 1979) which considered science
education practice in three broad contexts. The first two of these were a
historical review and a discussion of existing practice which led to the third
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area, a series of vital proposals or alternatives for future development in
science education. These were intended to promote discussion which
would, in turn, lead to the formulation of future policy in science education.

The historical review considered science education in educational, social
and theoretical contexts. The first of these noted how science education
appeared to have remained outside the comprehensivisation programme.
The second, social, review considered the balance between opposing views
of the nature of change in education. The theoretical context deplored the
vision of science as a discrete, cerebral activity:

The majority of young people fail to de-mystify the subject
and do not see science for what it is - one of the most
important cultural activities devised by men. (p24)

The resulting proposals were intended:

...to present a range of possible curriculum alternatives for
the consideration of science teachers, advisers and
curriculum planners. (p37)

It was recommended that discussion should aim to preserve a balance
between the contribution of science education to both personal and
technological development. The document highlighted the ease with which
it was possible to diagnose the ills of science education and the equal
difficulty in prescribing effective remedies. The committee's concluding
views and recommendations, which are still highly relevant, are
reproduced in Appendix 1.

Similar themes were continued in 1980 and 1981 with a range of reports
and surveys proposing methods of structuring school science. A
consultation document 'A Framework for the School Curriculum' (DES,
1980) proposed that science should occupy 10-20% of curriculum time.
Further HMI discussion relating to science in 'A View of the Curriculum’
(1980) allowed for the freedom of choice by the individual school in relation
to the method of delivering science, but stated that the presentation should
be sufficiently broad to allow all students to benefit. The report 'The School
Curriculum' (DES, 1981), published as a result of consultations arising



from their 1980 document (A Framework for the School Curriculum')

. continued the theme of breadth and balance and recognised the career

restrictions imposed on girls who opted out of sciences at the end of Year 9.
In the same year 'The Practical Curriculum' (Schools Council, 1981) and
'Education Through Science' (ASE, 1981) were published. Both of these
outlined methods of implementing curricular change, the latter being a
policy statement which was published following the discussions stimulated
by the earlier 'Alternatives for Science Education' (ASE, 1979). The ASE
policy statement considered ways and means of achieving the redefined
aims for science education. It stressed the need to define carefully the dual
role of science (content, processes and skills) in providing education 13-16
and enabling entry to post-16 studies. The document also explored viable
alternatives to the traditional science curriculum pattern of biology,
chemistry and physics. Its recommendations led to the introduction of
many of the more successful innovations in science education throughout
the remainder of the 1980s. The published summary of recommendations
and proposals is reproduced in its entirety in Appendix 2.

Between 1981 and 1983 the first phase of the work of the SSCR which
involved planning and consultation, was taking place. 'Science Education
in Schools' (DES, 1982) confirmed science as a core subject for all students.
The opinions of many professional scientists, however, indicated that the
balanced science approach was not universally favoured, 'Science
Education 11-18' (Royal Society, 1982) recommended that science be
delivered in a coordinated framework which would allow the separate
sciences to retain their identities.

In 1983 the SSCR, moving into its second phase of curriculum development
(1983-1986) published 'Science Education 11-16: Proposals for Action and
Consultation' suggested that moves should be taken towards creating a
consensus in favour of a broader and more balanced approach to delivering
science in the secondary curriculum. The time allocations of 10% for
Years 7 and 8, 15% for Year 9 and 20% for Years 10 and 11 were endorsed.
HMI in 'Curriculum 11-16: Towards a Statement of Entitlement' (1983)
further developed these themes.



The DES document 'Science 5-16: a Statement of Policy' (1985) was quite
explicit in terms of curriculum time, stating that the allocation for science
should not exceed 20% for any student. In terms of content the issues of
breadth and balance remained to the fore with the statement of entitlement
for each student incorporating aspects of biology, chemistry and physics;
the alternative methods of delivery and their relative merits were to be
investigated and reported by SSCR. In addition, it was stressed that (p22):

The science which is provided for lower-attaining pupils in
years 4 and 5 should not be different in kind from that
provided for average and more able pupils: it should,
however, be differentiated in its treatment and should
contain elements which will enable the pupils to achieve
success which they can rightly feel to be worthwhile.

This document was also unique in that it was the first statement on policy
in this country which applied to a single curriculum area.

In 1987 the consultative document 'The National Curriculum 5-16' was
published by the DES. Science was placed in the core of the proposed
curriculum. The advisory group on science in the National Curriculum
supported the suggestions that science should occupy 20% of curriculum
time and be taught by a coordinated approach leading to a double GCSE
award. In July 1988, the Education Reform Act established a National

Curriculum.

As far as the research project and the development of the Year 9 courses
were concerned, the timing was unfortunate. The project itself had
intended to focus on the teaching of the sciences to girls, the curricular
innovations were intended to enhance the uptake of and interest in the
separate sciences. The National Curriculum proposals meant that all

" students would now be compelled to study the three sciences.

It soon became apparent that the research could prove to be even more
crucial, certainly as far as the girls were concerned, as it would attempt to
investigate the factors which were leading to the girls turning their backs
on the physical sciences at the end of Year 9. The teaching of aspects of
biology, chemistry and physics to all students would be likely to occasion a



certain amount of dissatisfaction, perhaps even hostility, on the part of
those students who would now be forced to participate in those lessons from
which they would previously have opted out. In physics lessons, for
example, the majority of the girls would be present as 'conscripts rather
than volunteers' (Ditchfield and Scott, 1986, p16).

I decided to introduce a programme of action research with students from
years 9, 10 and 11. This programme would aim to highlight aspects of
science and science teaching which the students themselves identified as
contributing to the 'turning-off' process. This would be followed by a series
of small-scale interventions designed to counteract these negative effects.

In order to ensure that the students in the school were not merely being

" used as guinea pigs it was decided to adopt an existing balanced science

course to deliver the National Curriculum and then to use this course as a
framework within which student attitudes could be investigated. After
consideration of the alternative courses available, their provisions,
assessment methods and so on, the school decided to adopt the course
examined through the MEG Coordinated Science syllabus, known as the
Suffolk Development. Another favourable aspect of this course, usually
known as Suffolk Science was that it was a three year course. This meant
that as the Year 9 work was a part of the GCSE assessment we would, as
part of the one action research programme, be able to address the problem
of our Year 9 science courses in addition to the gender and attitudes issues.

Action Research
Action research was first described in a systematic way by Corey (1953) who

identified two major sources of influence for this type of approach. These
were Collier (Commissioner for Indian Affairs 1933-45) and Lewin (1946).

A central feature of Lewin's research was the participation of the cohort in
both the decision making and the evaluation aspects of the research
programme. In the school situation this ideal is not always attainable; the
students will usually participate in the evaluation and may suggest
possible developmental action, but are unlikely to be directly influential in
the decision making process when policy changes are to be made. Lewin's



theories were, however, neither developed nor intended to be used in a
purely educational framework.

Halsey (1972), in Cohen and Manion (1980) defined action research as:

...a small-scale intervention in the functioning of the real
world and a close examination of the effects of such
intervention. (p208)

Stenhouse, who was the Director of the Schools Council Humanities Project
from 1967-72, was also influential in developing the importance of the
teacher as both observer and evaluator of his/her own practice. This role of
the teacher as researcher should, he envisaged, be effective in the
improvement of education. Cohen and Manion quote Stenhouse (1979) to
point out that action research, although concerned primarily with
educational practice should also contribute to educational theory and thus
become available to all teachers rather than just the researcher(s).

Lewin described action research as a series of steps. He considered each
step to contain four basic stages of planning, acting, observing and
reflecting. This visualisation was utilised and developed by Kemmis (1981),
Elliott (1981) and Ebbutt (1983) in the formulation of their more structured
representations of the action research process.

Kemmis described a cyclical pattern of progression with the four
'moments’ of action research (planning, action, observation and reflection),
being carried out in a collaborative fashion and together constituting the

. cycles of the spiral. Kemmis produced a schematic form of his spiral

model which is reproduced in Figure 2.3, (Kemmis, 1981, p8). His
representation clearly demonstrates the four 'moments' of the programme
as outlined earlier.

Elliott accepted the basic outline of Kemmis' sequential programme but
argued (1981) that the visualisation of the preparatory 'reconnaissance’
stage was limited and prescriptive by being restricted to non-analytical fact
finding. He produced a similar progression to Kemmis but one which was
much more elaborate. A slightly modified form of Elliott's model is



presented in Figure 2.4.

Ebbutt (1983) disagreed with Elliott's interpretation of the Kemmis model
and, as quoted in Hopkins (1985, p32), visualised action research as being:

...about the systematic study of attempts to improve

+ educational practice by groups of participants by means of
their own practical actions and by means of their own
reflection upon the effects of those actions.

Ebbutt was not entirely convinced of the usefulness of Kemmis' spiral
model and suggested (Hopkins, p35) that a better way to visualise action
research was, as represented in slightly modified form in Figure 2.5:

Figure 2.3 Kemmis' schematic form of the spiral
model of action research.
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...to think of it as comprising of a series of successive cycles,
each incorporating the possibility for the feedback of
information within and between cycles. Such a description
is not nearly so neat as conceiving of the process as a spiral,
neither does it lend itself quite so tidily to a diagrammatic
representation. In my view the idealised process of
educational action research can be more appropriately
represented like... (see Fig 2.5)

Figure 2.5 Ebbutt's model of the action research process.
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Source: Hopkins (1985), p38

Whichever of these models one holds as being the best representation of
action research it is apparent that the central route through a programme
of action research is not linear and must develop over an extended period of
time because of the cyclical nature of the progression through the
programme. In addition, it is unlikely that the stages in the cycles are
clearly defined, the reflective phase of one cycle will frequently merge with
the target identification and planning for the next. The cycles themselves
may be short-term projects designed to quickly gather information and
then return to the field with fresh initiatives or may be fully integrated



within the overall action plan. Both of these alternatives will allow
feedback to the main stem of the research. The former need not be a
sequential approach and may in some ways prove to be more flexible by
permitting the researcher to investigate further the salient points of the
projects as revealed during the evaluation stages.

It was specified at the outset of this research that the work should not in
any way interfere with either the teachers' teaching or the students’
learning and that all the outcomes would be channelled into attempting to
make the science courses in the school more suitable for our students. It
was intended that ultimately we would, by virtue of developing improved
techniques, resources and contexts, help to make all our students more

receptive to science.

It seemed, therefore, essential that the investigations in this research were
allowed to develop freely rather than adhering to a rigid and prescriptive
model. With this freedom the professional demands of the teachers need
not be compromised and the freedom of response of the students may be
maximised. Hopkins (1985) made the following comments in relation to the
process-led models of action research:

...the tight specification of process steps and cycles may

trap teachers within a framework which they may come to

depend on and which will consequently inhibit independent

action. The original purpose of teacher research was to free

teachers from the constraints of prespecified research
designs.  (p40)

Hopkins did not intend these comments to indicate a complete lack of
structure and proposed:

It is useful to have a guide for action, my concern is when it
becomes, or appears to become, prescriptive.  (p40)

The students, as the consumers, are the ones who can indicate those areas
of school science and science teaching which are causing them to 'turn off’;
the research mechanism should be fluid enough to be able to pick up these
pointers and then use them to identify the problems and develop ways to
counteract them.



The Action Research Programme
This programme identified its aims on quite a broad base initially, but as

the action cycles produced evidence and information these became more
refined. Figure 2.6 records the chronology of the Research Tasks with a
brief explanation of each task. Figure 2.7, (the Research Log) identifies the
input/feedback relationships which link the Research Tasks and Areas.

It soon became apparent that the students were frequently viewing their
experiences in science lessons in a very different way to which we, the
teachers, had intended. Consequently the research became finely focussed
on the attitudes of the students and considered some ways in which these
could be assessed and changed. Only then could we begin to consider
attempting to improve techniques, resources and contexts.

I gave a great deal of thought to the way in which the action research in
this programme should be approached. Hopkins (1985) counselled that the
model for action research should not be so rigid that it would prevent the
researcher picking up the cues and clues given by the students. If this
spontaneity of approach were not permitted then it is unlikely that a true
understanding of the issues creating the problem could be reached.

Hopkins does, however, specify the following five criteria which should
influence the conception of the action research plan. He firstly proposed
that the research should not interfere with the fundamental role of the
teacher, and by implication, should not interfere with the learning
processes of the students. This had already been specified as an integral
part of this development. He suggested that the research problem should
not only be one to which the teacher was committed but should also show a
careful regard for ethical and professional procedure. His final criteria
were that the methodology used for the research should be reliable and that
the methods of data collection should not be too demanding of the teacher's
time, this final point is a natural consequence of the first.
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Figure 2.6 The chronology of the Research Tasks carried out in
Phases One and Two of the research.

TASK 1. June 1987 - visits to junior schools to carry out work based on APU
practical investigations.

TASK 2. June/July 1987 - ad hoc investigations to determine ways of gaining
written responses from students to discover how best they could communicate
attitudes and opinions.

|1 TASK 3. September 1987 - survey of interests of Year 7 students.

TASK 4. January 1988 - survey of parents of Year 7 students to determine
perceptions of relative importance of school subjects for boys and girls.

TASK 5. May 1988 - year 11 option choice survey (pilot).
TASK 6. May/June 1988 - survey of Year 9 students to discover their perceptions of
the interest and relevance of science, their ability in the sciences and their attitudes

towards gender issues in the sciences.

TASK 7. September 1988 - individual interviews with Year 10 students who had
participated in the attitudes surveys (Task 6).

TASK 8. October 1988 - revised option choice survey for Year 11 students.
TASK 9. February 1989 - snowball discussions with Year 10 girls.

TASK 10. April 1989 - questionnaires relating to the conduct of science lessons and
interest in science, issued to Year 9 students.

TASK 11. May 1989 - questionnaires relating to Suffolk Science units (basic and
enhanced descriptors).

TASK 12. June 1990 - interviews with upper band Year 9 students.

TASK 13. June 1990 - observation of Suffolk Science lessons with lower ability
Year 9 students.

TASK 14. July 1990 - interviews with lower ability Year 9 students.

TASK 15. September 1990 - performance analysis for first Suffolk Science cohort
(Year 9, 1989-1990).

TASK 16. November 1990 - development of scheme of Unit Accreditation to
complement the Suffolk Science assessment framework.

TASK 17. April 1991 - survey of Year 9 and Year 10 students to determine the
popularity of the units in the Suffolk Science Introductory Year.

TASK 18. September 1991 - performance analysis for Year 9 and Year 10 cohorts for
academic year 1990-1991,




Figure 2.7 The Research Log - Phases One and Two
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As the focus of the entire project was the attitudes, achievements and
interests of the girls in relation to science I wished to begin by observing a
group of girls at work on science related activities. I did not, however, want
this activity to be tinged in any way by their perceptions of the school or
their status within it. I resolved that the only way in which this would be
possible was to work with a group of girls in one or more of the feeder
junior schools. The girls would then be on 'friendly soil' and they would
have no conception of my position.

The nature of the work should also be non-threatening so that they could
work in as natural a fashion as possible. I was fortunate to obtain, on loan,
an APU 'Practical Testing: Science at Age 11' kit early in 1987 and decided
to use a circus of experiments from the Kit in June, prior to the girls'
transfer to my school in the September of that year (Task 1).

The headteachers of two schools were extremely supportive and allowed me
to use a free room in each of their schools. The girls were selected by their
class teachers, they were simply told that I wished to try out some new
experiments and equipment. I stressed that I would like to work with girls

of all abilities who would be prepared to talk to me about their work.

I was pleased to observe that the girls, although working with unfamiliar
materials and new concepts, demonstrated a high degree of competence
and confidence. Some six months later a special timetabling arrangement
in another area of my school removed all the boys from one of my science
groups and I repeated the circus with the girls (aged 12 and 13) from that
teaching group. In contrast to the juniors they did not display the same
confidence in either their work or their decision-making and yet both
groups of girls were equally competent in their practical skills.

This work was, however, simply a preparatory exercise which enabled me
to spend some time working with and talking to students in a different
context without the implications of my role within the school colouring the
situation. It also allowed me to create a different type of relationship with a
small number of my students. These students are now in their final year
and it appears to me that they have a more open and relaxed relationship



with me than most of my students.

Prior to launching into the major research programme I identified two
areas in which I wished to carry out preparatory work. The first of these
was to enable me to familiarise myself with methods of data collection and
processing. The second was to satisfy myself that my students had similar
pre-school and early childhood experiences to the students investigated in
other research projects (as described in Chapter 1).

I decided to combine these by investigating the science related activities and
interests of all the Year 7 students entering the school in September 1987
(Task 3) and by canvassing parents in relation to their perceptions of the
importance of various subjects for their child in that cohort (Task 4).

For the main research I decided that, because of the usual rather distant
nature of the relationship between teacher and students a more direct and
personal approach would be inappropriate. Secondly, as I was wishing to
gain information from a large population in discrete areas at regular

intervals with some measure of intervention, case studies also seemed

unsuitable. I concluded that much of my data gathering would best be
achieved through a range of surveys, with questionnaires being the main
tool.

Questionnaires have been used throughout this research programme as a
simple and immediate method of obtaining quantifiable data. Hopkins'
(1985) discussion of the main advantages and disadvantages of this method
of data collection points out that questionnaires are easily administered,
quick to complete and, in the school situation, are easy to follow up. They
permit direct comparison of both groups and individuals and provide
quantifiable data in a wide range of situations. He does concede, however,
that the analysis can be time-consuming. When preparing the
questionnaire it can be difficult to obtain questions which are
straightforward and/or penetrating. The students completing the
questionnaire may misread or misunderstand questions, they may not
respond candidly or may perceive some responses as being 'correct' and
select these in an attempt to please the researcher. There is, however, the



advantage that the level of response will approach 100%.

Many of the disadvantages of enquiry by questionnaire as suggested by
Hopkins do not appear relevant in this particular action research
programme for the following reasons. The data gathering exercises were
intended to obtain quantifiable data and, therefore, the above criticisms of
the method are applicable. The uses to which the ensuing data were put,
however, neutralise these to a certain extent. The investigations were
concerned with student attitudes and perceptions and these are not
absolutes. Furthermore, the objectives were to identify areas where these
attitudes and perceptions were negative and were contributing to lack of
opportunity for the individual students and then investigate these areas.
The data obtained by analysing data would be used to indicate further areas
of investigation rather than provide a basis for theorising about the
situation.

Consequently, if a certain curriculum area, teaching method or
assessment tool appeared to be a contributory factor towards the negative
viewpoint of some of the students then any remedial action would be
worthwhile. In addition, the strategies which were of benefit to those
students who had identified a problem would be likely to enhance the
learning situation for the remainder of the cohort, thus adding to the
success of the intervention.

In some of the preparatory and pilot studies the population size was
restricted by only using my own, or a cooperative colleague's teaching
groups. For the above studies and the major surveys, however, the
identified cohort was the entire year group.

The students will naturally interpret the survey and the issues raised in
the survey in different ways. These variations will arise for many reasons,
~ for example, previous experience on the part of the student, differing
relationships between the student and the teacher/researcher and the
developmental level of the student. In order to validate my data I attempted
wherever possible to obtain corroborating evidence by incorporating
alternative methods of data collection (for example, group discussion,



interviews and free-response tasks); additional data was also obtained from
other schools and by employing researchers from outside the school. This
method of validation, collecting information relating to a single situation
but from three individual sources is known as triangulation and was
developed by Elliott and Adelman (1976).

Unlike most research projects of this nature it was very difficult to specify
the first stage of the action research programme. It was quite easy to
identify the major aims of the research, but this did not immediately define
the procedure as the progress of the research depended upon the
identification of problem areas by the students themselves. Only when the
problem areas had been identified was it possible to devise a series of
experimental procedures designed to counteract the negative areas
specified.

It was necessary then, in the initial stages of the research, to highlight a

" specific issue in science education and then to identify a cohort for whom

this issue may have some special significance. A data gathering exercise
would then, hopefully, throw some light on this issue and indicate further
areas for investigation. The research log, (Figure 2.7) indicates the
development of the programme.

I spent some time talking and listening to my students (Task 2) and
reading research papers in areas other than that of the science/gender
difference. I finally decided that I would investigate the career choices of a
Year 11 cohort and ask them to attempt to relate their option choices to their
career aspirations (Task 5). The pilot questionnaire (May 1988), in
Appendix 5, also endeavoured to explore issues related to the students' likes
and dislikes in relation to their science lessons.

The pilot proved, for reasons which will be discussed later in Chapter 3, to
require modification in certain areas. The survey was then repeated
(October 1988) with another Year 11 cohort but using a greatly revised

questionnaire (Task 8), see Appendix 7.

Whilst preparing the pilot survey and analysing the data I continued to
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explore the gender issue. The project at Stamford High School (Smith,
1986) where girls were taught in single sex groups in mathematics lessons
interested me. On investigating the survey in more detail I found the
APU/NFER Mathematics Attitude Questionnaire format offered the
opportunity I required to investigate the attitudes of the Year 9 cohort
towards science (Task 6).

This questionnaire (included as Appendix 8) was based around a five-point
Lickert scale asking students to agree or disagree with a series of
statements. 1 set about devising a suitable series of statements which
would allow me to compare the attitudes of girls and boys towards issues in
science education. The statements and the way in which they were
presented were piloted by two chemistry groups (mixed groups containing
approximately 25 students each) who gave up much of their own time to
discuss with me their own responses to the issues.

The final format consisted of a set of 42 separate statements. The cohort
were simply asked to agree or disagree as appropriate with these
statements. The statements had been either manufactured by myself or
derived from my discussions with students from Years 10 and 11 and were
designed to investigate three areas of student attitudes and perceptions,
these were:

1. perceptions of the interest and relevance of science,

2. perceptions of personal ability in science, and

3. attitudes towards gender issues in science.
These were drawn from the research detailed in Chapter 1, with fourteen
statements being allocated to each area.

In addition to comparing responses by gender I wished to explore the
attitudes of the students towards the separate sciences. I prepared three
separate questionnaires, each contained forty two statements which were
identical except that in one questionnaire the statements specified biology
as the science, in another chemistry and in the third, physics. For
example, statement 3 on the biology questionnaire read 'Most of my friends
think BIOLOGY is boring'. Statement 3 on the chemistry questionnaire
was 'Most of my friends think CHEMISTRY is boring' and on the physics



questionnaire, 'Most of my friends think PHYSICS is boring'.

In order to further reinforce the subject specificity the questionnaires were
administered in the appropriate lessons so that a particular student would
be completing, for example, a biology questionnaire which had been given
to them by their normal biology teacher in the biology lesson.

The entire Year 9 group of 1987-1988 was used as the cohort for this survey.
Students were asked to complete the questionnaires over a four week period
(May-June 1988) after they had completed their science options for their
GCSE examination courses in upper school.

The responses were coded to indicate positive or negative responses towards
the issues in that particular science discipline. The 'agree' and 'strongly
agree' responses have been combined to give an overall 'AGREE' response
and the disagreement responses have been similarly treated to give an
overall 'DISAGREE' response. These positive and negative responses to
each of the three investigative areas (interest and relevance, ability, and
gender respectively) were then compared graphically, by gender (Figures
3.13, 3.14 and 3.15). This compression of the scale was carried out to enable
an immediate visual comparison to be made in order that trends in student
opinion rather than specific responses could be highlighted. The 'not sure’
responses were generally small and have been ignored for this comparison.
The full 5-point scale of responses was retained when carrying out the

statistical treatment of the data.

In an attempt to gain a deeper insight into the attitudes of the students and
to ascertain the possible mechanisms by which they developed, I decided to
interview a small number of the students who had participated in the
surveys in Task 6. The students were chosen from my own teaching
groups. This restricted the possible choice to only 42 but I preferred to speak
to them as their class teacher. Had I removed students from other teaching
groups then they may possibly have been influenced by my position as the
Head of Science. I further restricted the choice to students who had
completed all three of the 'attitude' questionnaires, finally interviewing five
girls and two boys in September 1988 (Task 7).



I wished to look, in more detail, at the students' perceptions of their own
ability in the sciences and the relative difficulty of each. I also wished to
investigate the relationship between the students' option choices and their
career aspirations. In October 1988 I issued the revised options/careers
questionnaires to all Year 11 students in the upper band who were studying
either separate sciences or modular science (Task 8). I did not include the
lower band in the cohort as they had no choice about their upper school
science courses and all followed a Mode 3 Modular Science scheme.

Having paid due regard to both the boys and the girls in all the surveys and
having restricted the students in both questionnaire and interview to my
questions and their thoughts and opinions, I decided to introduce a change
of strategy. There had been very little opportunity for students to express
individual opinions in any extended form and there had been no formal
opportunity for students to discuss their opinions jointly.

I resolved to investigate the girls' attitudes towards physics through a
series of snowball discussions (Task 9). A cohort of 20 Year 10 girls was
released, at my request, from timetabled lessons during February 1989.
They were asked to discuss their recollections of their Year 9 physics
lessons. They were allocated rooms where they could simply talk to each
other with no input from myself or any other teachers. The girls were
friendship-paired for the initial round of discussion and were allocated a
time of thirty minutes to identify any factors which they felt had contributed
to the 'turning-off’ process in physics.

After this initial period they were asked to move into groups of four with
their lists, to consider the issues raised by the pairs. The group responses
are collected in Appendix 9. Two larger groups were then formed and
finally the entire group came together to talk. I was invited by the girls to
participate in the final session.

By this time the decision to move towards balanced science courses in
upper school, using Suffolk Science as our vehicle, had been taken. I had
'by now gained some insight into the opinions of our students in relation to
the science and its teaching. The Suffolk course provides a comprehensive



set of lesson notes which may be simply taught, or used as a resource to
develop one's own teaching strategies and contexts. The topics and
concepts appeared to us, as teachers, to be interesting and relevant. Our
students had, however been quite critical of school science in both the
questionnaires and discussions and I resolved to experiment with teaching
~and learning strategies in order to deliver the Suffolk course as
successfully as possible.

In April 1989 a Year 9 cohort was surveyed by the questionnaire in
Appendix 11 to ascertain what they perceived as interesting and attractive
methods of delivering both theory and practical work in the sciences. In
addition I also attempted to obtain from the students an indication of which
of the Suffolk Science teaching units they thought they would find the most
interesting by asking them to rank, for interest, nine biology module titles
(from a brief verbal explanation given by myself to the students). They were
then asked to rank nine chemistry modules and nine physics modules in
the same way (Task 10).

The students' responses to the questions relating to the Suffolk Science
units illustrated, once again, the many different ways in which the
students perceive the comments and questions of the teachers. The
numbers of units involved also made the students' task far too complex. I
decided to restrict the survey to the twelve units in the Suffolk Science
Introductory Year and attempt to determine how influential a teacher's
preparatory comments were in relation to a student's perception of the
nature of the work.

I selected the Year 8 group of my school as the target cohort for this
exercise as they would be studying these units the following year. I also
reinforced the results by issuing the survey questionnaire to Year 8
students in another of the schools in our Suffolk Science 'cluster’. The
questionnaire broke the units down into the three science areas, with four
units in each, the students being asked to rank them on the basis of which
units they thought they would find the most interesting (Task 11).

Two separate questionnaires were prepared (see Appendices 12 and 13),
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these were identical in format, but on one set of questions the units were
described in a 'traditional text-book' way. On the other questionnaire the
units were given enhanced descriptors in order to make the units sound
more appealing. Some students received the questionnaires with the basic
descriptors, others received those with the enhanced descriptors and the
responses were compared. A brief discussion of this survey and its
findings was published in the Newsletter of the Suffolk Development
(Collins, Spring 1990), and will be considered in more detail later in this
thesis.

Suffolk Science was intended to be applicable to the full range of abilities.
In my school, we intended from the beginning to use this course for all our
students, irrespective of ability. However, because many of our lower ability
students experienced difficulty in reading they had been excluded from the
questionnaires relating to Suffolk Science units. These students' opinions
of the Suffolk course were also relevant to our planning for a successful
science course but were surveyed in a different way. '

These students were questioned individually, during the science lessons,
about the nature and enjoyment of their work and how they perceived the
work and the teaching methods. This survey was carried out with the
assistance of the Advisory Teacher for Science in the LEA. He came into
the school over an extended period of time, attending science lessons with
the two lower ability groups and working with them on practical and
assessment tasks (Task 13). The students were surveyed during the actual
lessons for the most part, although it was necessary to arrange interviews
for some students (see Appendix 15 for interview schedule) because of their
poor attendance patterns (Task 14).

By the time analysis of this data was complete the Suffolk course was
already being taught. My intention was that individual teachers should
decide how much the implications of the research would affect their
teaching. It would also have been extremely difficult to formulate a
common departmental policy as each teacher was only to teach three of the
Introductory Year units. Standardisation of teacher techniques across
different teaching areas in the first year of teaching a course would have
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been unmanageable. In order to promote student satisfaction, I felt that it
was necessary that the teachers themselves were completely familiar and
relaxed with what and how they were teaching. There was also the
possibility that the newer Suffolk course material would be more
~ thoroughly prepared by teachers than the more familiar contexts and this
would, therefore, tend to be better received by the students.



CHAPTER THREE

The preliminary investigations

This chapter provides in-depth consideration of the first phase of the
research, the preliminary investigations. These initial Research
Tasks commenced with a series of practical investigations based on
earlier work by the APU, moving on through a series of small-scale
surveys designed to gather information regarding the students, their
perceptions of science and their career aspirations. This first phase
concluded with the attitude surveys of an entire year group within
the research school. The discussion then considers the investigations
in terms of plans for further action and monitoring within the field of
gender differences in science.



Some of the theories relating to the origins of the gender differences in
science, as discussed in Chapter 1, were based on investigations by both
APU and GIST into the science-related activities and interests of students.
Research Task 3 was intended to investigate both of these issues with the
entire Year 7 cohort of September 1987 by means of two questionnaires (see
Appendix 3) issued to the students during the first week of term.

The first focussed on science-related activities in both the school and the
home environments, the results are listed in Table 3.1. The second asked
which science related topics they would like to learn more about in school,
these results are listed in Table 3.2. A third survey (Research Task 4,
Appendix 4) asked the parents of this cohort to indicate which school
subjects they felt were important for their child in Year 7. In this way I
hoped to be able to investigate any gender bias in parental expectations
without alerting parents to the gender issue. The results of the parental
survey are reproduced in Table 3.3.

In terms of domestic activities Table 3.1 clearly shows the expected pattern
of girls being more involved in the household chores, the boys' responses
indicated a greater involvement in those activities requiring the use of
specialist tools, traditionally the male preserve. In the science related
activities there was little difference in the responses with the exception of
'tinkering' activities involving construction materials (Lego etc.) and
working models (e.g. remote control cars). The boys showed a greater
involvement and interest in these areas, reflecting the previous research
reported by Harding, Kelly, Smail and others, as mentioned in Chapter 1.

Table 3.2 also reflects the pattern we have come to expect in student
preferences with the girls leaning more towards those areas of study which
suggest an interest in people, for example, food and diet, looking after our
bodies, child development and so on. The boys responses demonstrated
their traditional preference for 'doing' by wishing to study electrical
models, motor cars and the like.



Table 3.1 Responses to the Year 7 questionnaire (September 1987),
Research Task 3.

¢ BOYS responding % GIRLS responding
'Ik)you?‘ often sometimes never often sometimes never
Wash the dishes...... 25 52 23 39 60 1
Look after
animals.....coeuuun.. 52 33 15 66 18 16
Read books about
science. ... 8 40 53 6 31 63
Take photographs...... 25 57 18 38 51 10
Change a plug......... 21 21 58 6 12 82
Watch TV science
PrOgramMes . « o oo o v vsnees 9 52 39 4 63 33
Hoover and dust....... 27 48 25 45 52 3
Play with Lego
or Meccano. .......c... 24 40 36 6 12 82
Play with remote
control cars.......... 29 39 32 4 13 82
Model with
plasticine............. 6 19 74 10 19 71
Play with paints
OF CrayONS..e.eeeeeeess 13 47 41 21 59 20
Collect rocks.......... 5 23 72 13 17 70
Collect flowers
and plants............. 6 19 74 15 45 40
Watch TV animal
ProgrammeS. .« o oo vuoess 46 46 9 58 33 9
Repair a bicycle..... 41 38 21 12 43 46
COOK.e vt iiiitiaannnnns 35 54 10 46 46 9
Use washing
machine................ 5 26 69 18 28 54
IrON. .t eeeeernnannaas 12 25 64 38 41 21
Use screwdriver
or other tools........ 52 37 11 8 45 47
Use a microwave....... 28 16 56 42 21 36



Table 3.2 Responses to the Year 7 questionnaire (September 1987),
Research Task 3.

"'Which of the following would you like to learn more about in your science

lessons?'

Eyves and seeing.....cceeeennn

Animals as

pets..... . il

Cameras and photographs......

Trees and flowers......ceoeeeee

Stars and planets............

Electrical

models....ooveeen.

Muscles and movement.........

Acids and chemicals..........

Volcanoes and earthquakes....

How motor cars workK..........

Computers.

...................

MiCrOSCOPEeS .ttt tennennncenns

Science in sport.............

Plants we can eat............

How children develop.........

Looking after our bodies.....

How a television works.......

Building models..........c....

Animals in the jungle........

Measuring.

...................

Food and our diet............

Making a record.......coevee..

Rainbows. .

Ears and hearing........c..o..

Our bodies

...................

responding YES

57

18

60

43

23

65

84

36

75

43

71

86

56

62

27

46

51

71

86

53

18

35

54

23

22

54

% responding YES
21
76
46
47
34
43
55
69
35
21
75
44
56
50
68
75
40
58
67
26
70
61
49
24

73



Both of these surveys showed that the students followed the typical gender
differentiation pattern in both activities and interests. This was a
reassuring discovery because it implied that any benefits recorded by action
on the part of other researchers would be likely to be equally beneficial to my
own students. In addition it suggested that any positive aspects of my own
research may be useful in other schools. The surveys themselves also
allowed me to experiment with the questionnaire in structure and format.
On the first questionnaire, for example, several of the questions simply
assumed that the student had access to certain items e.g. bicycle,
microwave, tools, remote control cars etc. and these assumptions were not
necessarily correct. I did not feel, however, that on this particular survey
these points were detrimental to the conclusions.

Table 3.8 indicated that the parents of our students held the traditional
views of gender differentiation as outlined in Chapter 1. It is expected that
these values will have been transmitted to their children. In terms of the
sciences, physics was ranked more highly for boys, chemistry was ranked
similarly for both boys and girls but, surprisingly, biology was ranked
much higher for boys than for girls. Table 3.4 shows the rank position and
score for each of the school subjects in the survey, by gender. The score was
calculated by combining the percentage responses for 'very important' and
'‘quite important' from Table 3.3. I combined the two sets of responses
because I was not sure what criteria the parents used for deciding which
response to make and I decided that it would be better to simply use all the
positive (important) responses in order to obtain an overview.

It was anticipated that this project would ultimately lead to a greater
understanding of the formation of student attitudes towards science and
the way in which these attitudes influenced student behaviour and
achievement in science. I decided to approach this area by investigating
the influences upon the students' selection of science option choices at the
end of Year 9. I also wished to investigate the students' perceptions of the
relationships between science and career aspirations. This was first
attempted in May 1988 (Research Task 5) using the questionnaire in
Appendix 5.



Table 3.3 Responses to Year 7 parents questionnaire (January 1988),
Research Task 4.

———————— BOYS---~------ -—-—----GIRLS------

VERY IMPORTANT VERY IMPORTANT

IMPORTANT IMPORTANT
Art; ................... 22 73 12 77
BIOLOGY . i it iviennennns 30 95 46 89
Careers Education...... 67 97 67 94
CHEMISTRY......cc0vve.. 31 83 32 82
Computer Studies....... 71 95 65 92
COOKErY . verveeennennann 21 77 52 89
Drama...oeeeeeeeascaees 5 25 7 43
Economics.....oveeeunn. 48 95 44 93
English.......ccovonn. 93 100 95 100
French.......ccvvevunn. 14 69 27 80
Geography.....cceuveeeees 44 92 44 89
GeIMAN. s v v vnvevensneenns 20 74 29 76
Health Education....... 77 95 73 97
History.....oveeeeenn.. 41 88 30 90
Mathematics............ 9% 100 95 98
Music....coveveneennnn.. 11 50 16 67
Needlework.....eeueeenn. 5 32 23 80
Physical Education..... 69 95 58 95
PHYSICS. . it terneeannns 50 89 34 76
Religious Education.... 14 61 15 68
Sex Education.......... 56 94 60 97
Technology....coveueenn. 66 94 36 87
Wood/Metalwork......... 50 95 8 55

Figures are percentages, the TMPORTANT' response being obtained by
combining the responses for 'VERY IMPORTANT' and 'QUITE
IMPORTANT".



Table 3.4 Parental ranking of importance of school subjects by
gender (Research Task 4).

-~--BOYS---- ----GIRLS---- ---OVERALL---

RANK SCORE RANK SCORE RANK SCORE

ORDER ORDER ORDER
Art. ..ot 18 73 17 77 16 75
BIOLOGY. . oivvernnennns 4 95 10 89 9 92
Careers Education..... 3 97 6 94 3 96.5
CHEMISTRY....voveeunnn 15 83 14 82 14 82.5
Computer studies...... 4 95 8 92 8 93.5
CooKerY . vt ennnnns 16 77 10 89 13 83
Drama...ooeeeeeececens 23 25 23 43 23 34
Economics.....c.vivvn.. 4 95 7 93 7 94
English............... 1 100 1 100 1 100
French................ 19 6 15 80 19 74.5
Geography....ceeeeven. 12 92 10 89 10 90.5
GeIMaN. v vt v erenneenns 17 74 18 76 16 75
Health Education...... 4 95 3 97 5 96
History.....cveeeeenn. 14 88 9 90 12 89
Mathematics........... 1 100 2 98 2 99
MUSIC..iotiieinnnnnens 21 50 21 67 21 58.5
Needlework............ 22 32 15 80 22 53
Physical Education.... 4 95 5 95 6 95
PHYSICS...evteveenenns 13 89 18 76 14 82.5
Religious Education... 20 61 20 68 20 64.5
Sex Education......... 10 94 3 97 3 96.5
Technology...c.eeeeeen. 10 94 13 87 10 90.5
Wood/Metalwork........ 4 95 22 55 16 75

Scores obtained from TMPORTANT' responses, Table 3.3.



Analysis of the completed questionnaires from Research Task 5 revealed
that some areas of the questionnaire were not as productive as I had
originally hoped. This was mainly due to the fact that the questionnaire
had been constructed in such a way that it was possible for the students to
interpret and answer some of the questions in different ways. For
example, in question 6 I had intended that the students answer yes or no to
each of the six alternatives presented. In fact most of the students only
responded to one of these alternatives, presumably selecting the one which
influenced them the most. Other questions which were also seeking
multiple responses were treated in a similar way by the students. The
comments obtained from the students in response to questions 12, 13 and
14, however, were interesting and provided me with ideas for structuring
the second version of the options/careers questionnaire. The comments are
included as Appendix 6.

The second questionnaire (Research Task 8) was produced as a result of the
amendments made to the first options questionnaire. It was more tightly
structured, indicating to the students exactly what was expected of them in
terms of nature of response, number of responses and so on. A copy of this
questionnaire is presented in Appendix 7. The questions relating to
perceived ability were broken down subject by subject, as were the questions
relating to perceived difficulty. The questions which were designed to
investigate those aspects of science lessons which the students liked and
disliked offered a greater number of choices, some of which had been
suggested by my own students during informal discussions and some by
students on the first questionnaire.

On question 2 only 28% of the boys as opposed to 53% of the girls in this
cohort indicated that they had some career in mind at options time. The
results of question 3 indicated that 68% of the boys and 74% of the girls
selected their science options on the basis of a liking for science. Table 3.5
shows the responses to questions 4, 5, 6 and 7, which asked how the
students perceived their own ability in science and which science subject
they liked best, and questions 10, 11 and 12 which asked the students for
their perceptions of the difficulty of the individual sciences.
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Table 3.5. Responses to questions relating to perceived ability in and
perceived difficulty of the sciences (Research Task 8).
PERCEIVED ABILITY PERCEIVED DIFFICULTY
GOOD AVERAGE BELOW |QUITE AVERAGE FAIRLY | LIKE
AVERAGE|DIFFICULT EASY BEST

BOYS (% RESPONSES)
Biology 18 49 8 12 48 17 15
Chemistry 22 48 11 32 42 8 29
Physics 25 54 15 34 43 17 48
GIRLS (% RESPONSES)
Biology 13 81 2 13 62 21 75
Chemistry 11 60 26 42 47 8 13
Physics 2 49 45 43 51 0 6

Questions 8 and 9, which asked students to indicate their likes and dislikes
in relation to science lessons, gave interesting responses (Table 3.6) which

were later used as a basis to investigate student preferences in relation to

the structure of science lessons. This investigation (Research Task 10)

yielded data which would be included in the discussions during subsequent

planning for the delivery and development of the Suffolk Science course.

Table 3.6. Responses to the questions 'What do you like/dislike

about science?' (Research Task 8)
LIKE
$BOYS

Experiments 95
Calculations 22
Drawing diagrams 29
Written work 9
Science in everyday

life 52
Listening to teacher 20
Talking to teacher 5
Group work 43
Practical assessments 32

DISLIKE

%GIRLS $BOYS $GIRLS
83 3 8
6 38 42
53 20 28
28 68 40
45 6 8
19 28 49
13 15 8
47 5 6
19 18 38




The main data relating to the attitudes towards science of the students were
provided by the survey of the entire Year 9 cohort in my school (Research
Task 6) and were collected during May and June 1988. Again, the survey
was completed by questionnaire (Appendix 8). This seemed the most
suitable method of surveying an entire year group of widely differing
abilities across a range of topics. The structure of the questionnaire was
dictated by the attitudes I wished to investigate. These were:

1. the students' interest in science and their perceptions of the
relevance of science in their everyday lives;

2. the students' perceptions of their own ability in science;

3. the students' attitudes towards a range of gender issues in

science.

I hoped to be able to compare directly the boys' and girls' attitudes and
opinions towards these issues. The questions themselves were introduced
as a series of statements which had been made by students from Years 9
and 10 whilst discussing their science lessons. The cohort were asked to
respond to each of these statements using a five point Lickert scale. The
responses were coded to indicate positive or negative attitudes towards the
specific issue with the questions being phrased so that agreement with the
statement did not necessarily indicate a positive response.

The questionnaire was structured to contain 14 questions relating to each of
the three issues. Some of the questions were derived from my own research
but many of them were suggested by Year 10 students during discussions
and conversations. In order to permit an exploration of the students'
attitudes in each of the three science areas I decided to prepare three
identical questionnaires in terms of the 42 questions which were to be
asked. This was achieved, as explained in Chapter 2 by writing the
questions on each questionnaire so that they referred to only one science
subject. Question 32, for example, on the biology questionnaire was 'I
usually understand a new idea quickly in BIOLOGY' and on the chemistry
questionnaire 'I usually understand a new idea quickly in CHEMISTRY'

and so on for each question and subject.

In order to further reinforce the subject specificity of the questionnaires,
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the students were, as outlined in Chapter 2, asked to complete each
questionnaire in the appropriate lesson. The questionnaires are presented
in their entirety in Appendix 8, but for direct reference the questions are
listed in Table 3.7 (interest/relevance issues), Table 3.9 (perceived ability)
and Table 3.11 (gender issues). Tables 3.8, 3.10 and 3.12 show the boys' and
the girls’ mean scores in each of the three survey areas. These are based on
a score of 1-5 with a low score representing a positive response and a high
score a negative response. I intended to supplement the results of this
survey by conducting individual interviews with a number of the students
at a later stage in the programme.

The questions which addressed the students' interest in and relevance of
their sciences showed a definite polarisation in terms of both gender and
the individual subject. This proved to be the only one of the three areas of
investigation where the negative responses were greater than the positive
responses. This is indicated in the barcharts in Figures 3.13, 3.14 and 3.15
which show the boys' responses in biology, and the girls' responses in both
chemistry and physics to be negatively skewed. The research discussed in
chapter one has clearly demonstrated that biology is perceived as being a
'feminine' science with chemistry and physics as 'masculine’ sciences.

Statistical analysis using the Mann-Whitney U test revealed that many of
the U-scores were close to the critical values (see Appendix 21) but only the
interest/relevance responses for biology (in favour of the girls) and the
perceived ability reponses for physics (in favour of the boys) were
statistically significant (both at the 1% level). This suggests that the girls in
general only see biological science as being interesting or relevant and that
the boys perceive themselves as being particularly able in physics.

The data yielded by this aspect of the survey suggest that this subject
polarisation functions either as a self-fulfilling prophecy or that both the
way in which we teach science and the contexts we use to illustrate it
precipitate this gender difference. This is an area which requires further
investigation and will be reconsidered at a later stage in the thesis when
evidence from another survey will be included.



Table 3.7 Questions from Research Task 6: INTEREST/RELEVANCE

1. Once I've left school I won't think about most of my B/C/P anymore.

3. Most of my friends think B/C/P is boring.

6. I don't find much use for B/C/P out of school.

7. 1 find B/C/P lessons interesting, whatever we are doing.

11. I enjoy the fact that there's always something new for me to learn in B/C/P.

12. I would like to spend more time learning about the B/C/P of things in and
around our homes.

14. Learning about B/C/P is helpful in understanding how things around us work.
17. I enjoy doing the graphs and charts in B/C/P.

20. I can use B/C/P to solve some everyday problems.

25. I find drawing the diagrams in B/C/P really boring.

31. I can get so interested in a B/C/P experiment that I don't know what's going on
around me,

38. I like having to think things out in B/C/P.

36. I only want to learn useful things in B/C/P.

39. I think that we should use B/C/P to learn how to help other people.

Table 3.8 Statistical data from Table 3.7 showing boys'
and girls' mean scores in each of the separate sciences.
Q BIOLOGY CHEMISTRY PHYSICS
B G B G B G
1 243 298 292 284 312 295
3 1.85 284 282 2190 297 204
6 234  3.07 271 237 3.09 330
7 209 310 327 288 333 232
n 288 3.77 3.70 3.60 390 335
12 333 289 306 285 250 261
14 3.28 38.76 388 3.80 423 401
17 2710 298 322 3.01 328 3.06
20 251 3.05 282 262 320 299
2 280 331 327 3.00 336 294
31 219 261 2.88 257 265 235
3 264 3.07 339 274 337 279
36 223 238 214 242 235 223
39 287 252 283 265 2712 248




Table 3.9 Questions from Research Task 6: PERCEIVED ABILITY

2. When I do well in a B/C/P test I consider myself lucky.

5. We go on to new work in B/C/P far too quickly for me to follow it.

9. I can't remember half the things we are taught in B/C/P.

10. I find it difficult to understand B/C/P even when the teacher explains it to me.
16. I am quite good at B/C/P.

18. The experiments in B/C/P are usually fairly easy.

22. I have more trouble understanding B/C/P than any other subject.

23. A lot of the topics we do in B/C/P make no sense to me.

27. I find it difficult to make conclusions from the results of my B/C/P experiments.
29. I'm scared of it going wrong when we do B/C/P experiments.

32. T usually understand a new idea quickly in B/C/P.

37. I would rather work on my own in B/C/P experiments.

40. I enjoy working on the mathematical problems in B/C/P.

42. Each term, B/C/P gets harder for me to understand.

Table 3.10 Statistical data from Table 3.9 showing boys'
and girls' mean scores in each of the separate sciences.
Q BIOLOGY CHEMISTRY PHYSICS

B G B G B G

271 288 324 266 337 273

350 3.64 3.77 324 355 3.36
9 281 341 3.11 3.06 343 2.89
10 351 3.88 366 3.57 365 3.23
16 239 313 327 285 354 263
18 332 344 360 3.75 341 3.62
2 3.67 4.09 4.03 381 397 331
23 3.17 382 362 3.38 3.63 325
27 3.16 328 327 3.03 345 3.08
2 393 356 398 340 3.714 354
2 3.00 340 342 3.02 3.7 283
37 246 225 258 228 266 221
40 218 201 221 184 255  2.07
42 339 371 383 3.38 365 320




Table 3.11 Questions from Research Task 6: GENDER ISSUES

4. It's not really important for girls to do well in B/C/P exams at school.

8. B/C/P teachers seem to pay more attention to the girls in the class.

13. Boys are always trying to get the teacher's attention in B/C/P lessons.

15. When we do experiments in B/C/P the boys always seem to get the apparatus
first.

19. Girls don't often ask questions in B/C/P lessons.

21. Doing experiments in B/C/P is more for boys than for girls.

24, Boys do B/C/P experiments better than girls.

26. When you're thinking of a career B/C/P is more important for boys than for
girls.

28. I would rather have B/C/P lessons just with pupils of my own sex.

30. I think that girls concentrate better in B/C/P than boys.

34. I think B/C/P is more relevant for girls than for boys.

35. When the B/C/P teacher asks a question it's always the girls who try to answer
first.

38. I think B/C/P is the most important of the sciences if you are a boy.

41. The teachers seem to think that the boys are more important in B/C/P.

Table 3.12 Statistical data from Table 3.11 showing boys'
and girls' mean scores in each of the separate sciences.
Q BIOLOGY CHEMISTRY PHYSICS

B G B G B G
4 393 3.52 414 427 404 4.07
8 290 182 2716 2.03 235 181
13 361 264 365 269 390 290
15 352 3.16 351 287 3.7 3.00
19 314 358 315 326 304 301
21 414 418 397 397 393 3.70
24 349 417 329 415 348 398
2% 4,04 437 376 399 347 342
2 3.74 3.67 3.70  3.67 380 384
30 320 325 235 296 212 280
H# 262 212 179 195 190 190
3H 314 220 277 231 261 207
3B 418 417 380 398 3.04 337
41 3.67 398 400 393 383 362




Figure 3.13 Year 9 cohort (1989-90), attitudes survey (Research Task 6).
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Close inspection of the students' responses to individual questions across
the three sciences raised some interesting issues. It could be seen in
biology, for example, that the girls' responses were less negative than the
boys' on only 2 questions (nos 12 and 39). These two questions related to the
application of biological science in a domestic or caring way and the
responses reflect what are considered to be traditional female traits. The
chemistry survey showed the boys to be more negative than the girls in
relation to questions 6, 7 and 33 but none of the other questions showed
responses which were very different in this particular subject area. The
negative responses suggested that we were using teaching contexts which
were unfamiliar to our students and, therefore, largely irrelevant to them.
This would naturally tend to reduce the students' interest in the lessons.
In terms of interest in physics the data showed again that the boys were
more negative in their responses than the girls. On almost all the
questions, however, the responses of both boys and girls tended to be
negative. This negative response to the interest in and relevance of science
was predominant across all three of the sciences. It suggested that, for our



Year 9 science students, we had got our approach wrong and were actively
contributing to the turning-off process, an area in which further

investigation was vital.

When the students' perceptions of their own abilities in science were
compared (Figure 3.14) the responses were very much as would have been
predicted on the basis of the evidence in Chapter 1. The girls showed a
steady decrease in positive responses moving from biology through
chemistry to physics and an increase in negative responses in the same
direction. The boys showed the same trends but in the reverse direction.

Figure 3.14 Year 9 cohort (1989-90), attitudes survey (Research Task 6).
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If the data from these questionnaires are restricted to being used to identify
areas for more in-depth study at a later date then the questionnaires were
extremely useful, homing in on certain factors which appeared to adversely
affect attitudes towards science. There was a temptation to use the data in
a more analytical way to attempt to produce hypotheses relating the science
and science teaching to the development of attitudes towards these two

factors.



Figure 3.15 Year 9 cohort (1989-90), attitudes survey (Research Task 6).
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This was, however, an unrealistic expectation because the questionnaires
were issued to students who had completed their option choices fairly
recently. They would be likely to have been comparing the subjects they
liked and disliked, the teachers they liked and disliked and the relative
importance in prospective career terms of each of their subjects. In
addition their opinions would have been coloured, consciously and
unconsciously, by parents, peers, friends, relatives and teachers. These
influences would have reinforced some choices and perhaps caused others
to be rejected.

Consequently, at the time when I asked this cohort to respond to these
questionnaires it is likely that they had been giving a great deal of thought
to themselves as individuals and making choices which would in many
cases affect their future lives. In addition they were at the age when a
great many schoolchildren are struggling to develop a sense of identity,
when their entire personality is changing rapidly and being affected by
unfamiliar stimuli.
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The pressures created by the students attempting to incorporate the various
socialisation and sex-role expectations of their peers, their families and
society must also have a profound effect on this decision-making process.
The stereotypical pictures of masculinity and femininity will be strong in
the students' minds at this age and if an individual is to be seen to reject
these 'norms' then they must either have a very good reason in the eyes of
their peers or they must have a powerful sense of self which will give them
the internal strength to be different.

A desire to continue to study science, particularly the physical sciences,
can result in a conflict with this gender-role definition. This conflict is
likely to discourage girls from selecting science. Saraga and Griffiths (in
Kelly, 1981) attempted to explain the operation of this influence by
suggesting that girls will:
...internalise beliefs, attitudes and expectations about science,
themselves and their future roles which will generate not only
negative attitudes towards activities such as science - which are
seen as male-appropriate - but which also press against the

choice of cross-sex activities and result in female under-
achievement in them. (p89)

The selection of the physical sciences thus becomes another of those
activities which have, since early childhood, been observed by the girls as
being inappropriate for their sex.

When these students, boys and girls, are presented with a questionnaire
such as this one, which probes their attitudes towards gender issues in
science in such an open fashion they will tend to rely to a certain degree on
their finely developed sense of sex-appropriate behaviour and attitudes
which has been gradually inculcated in them by their parents and their
peers. The other questions, which probed perceptions of interest, relevance
and ability in science will also be coloured, but perhaps less obviously, in
the same way. The net result of this will be that the responses to these
questions, just like the choices of subject options, are made from different
standpoints and for different reasons by boys and girls.
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CHAPTER FOUR

The nature of Coordinated Science

(The Suffolk Development)

This chapter introduces the second phase of the research
programme. The research had, by this time, led the author away
from the initial focus of gender differences in the sciences. The
emphasis was moving towards a wider view of student performance
within a balanced science framework, but with particular interest in
girls’ achievement. The Suffolk scheme is considered as one of the
ways to deliver a balanced science curriculum. The structure of the
scheme in terms of both teaching and assessment is detailed and its
origins explored. The Research Tasks which relate to the Suffolk
Science course are discussed.
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The Coordinated Science course known as the Suffolk Development (or
more usually, Suffolk Science) moved quite quickly from its conception
(1983) through its pilot phase (1985) to its adoption by over 10% of secondary
schools in this country (1990). It appears that the many teachers involved
in the writing and development of the course were intent on producing a
course which would prove to be suitable for both students and teachers.

Dobson (1987) points out that the coordinated structure enabled teachers to
teach, wherever possible, to their individual strengths in each of the three
central science subjects, but that an important factor in the selection of the
topics was its 'teachability’.

The model of curriculum development adopted by the team was defined by
Dobson (1987, p3) as the organic model and described as follows:

(a) a new product is highly unlikely to emerge as perfectly
adapted to the environment that stimulates its production
- and therefore needs to have a built in capacity for rapid
change:

(b) in the unlikely event of the novel organism being highly
successful, the immediate environment may well be
changed so greatly as to render the organism obsolete - with
much the same implications for evolutionary capacity.

Dobson indicated that a set of rules were in operation to govern the
inclusion of a topic or concept in the teaching programme. In order to be
included a topic should be able to match some of the criteria given below.
The topic should be:

UNDERSTANDABLE from the 'bottom' up;

RICH IN OPPORTUNITIES for deploying and developing
enabling skills and learning processes;

RELEVANT - as perceived by pupils, as well as parents and
employers;

ACCESSIBLE or 'user friendly’

USEFUL AND USABLE for further study, problem-solving
and enjoyment. (p4)

Dobson also discussed the differences between learning science and doing
science, stressing the importance of the methods and processes involved in
the learning and their applicability in other contexts. He stated (p5) that:
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(a) the way of getting there is as important as where you get
to;
(b) learning to learn is as important as what you learn.

The course content was structured on a modular basis and concentrated on
the practical skills and process skills of science and on the knowledge and
understanding of a body of scientific knowledge which was, from the outset,
intended to be much smaller than that required for the individual
GCE/GCSE syllabuses.

The course was to be assessed by an inbuilt scheme which was both
formative and summative. The formative aspect of the course was intended
to enhance students' involvement in their own learning and development
processes. The assessment methods, performance criteria and attainment
levels are open to the students throughout the course, allowing individuals
to investigate their progress at any time. This system was selected to
enable students to be aware of any problem areas so that remedial action
may be instigated immediately. In addition, the students' successes would
be immediately rewarded allowing self-motivation to play an important
part in the developmental processes. The course is summative in that the
final award would be based on the students' performance in the various

assessment areas throughout the course.

The assessments are made in the following three areas. Practical skills
are assessed by a series of simple practical tests known as 'can-do’ tasks.
These are arranged so that there are usually two of these can-do tasks to be
passed per unit. There are opportunities for some of these tasks to be
assessed in more than one of the units allowing for student development,
absences and so on.

The knowledge and understanding aspects of the science are assessed by
end-of-unit tests. The criteria for each test are specified for each unit in the
text books in order that the student may choose to take the test at one of
three levels of attainment (foundation, merit or special). The questions are
designed to test recall, recognition and understanding. In order to pass at
any one level a student is expected to gain 80% of the available marks.
There are various safety nets in operation at the borderline areas so that a
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student may pass a test at the level lower than the one examined by
obtaining a creditable result. The selection of the appropriate level of test
for an individual student is achieved by negotiation between the teacher and
the student. Teachers within the local cluster group have observed that
gender differences are apparent in level selection and this will be discussed
during the evaluation of the course.

Process skills are assessed by criterion matching at the appropriate level
(foundation, merit or special) with two skills being assessed per unit. The
eight process skill areas are observing, planning and designing, verbal
communication, non-verbal communication, exploring and investigating
practically, exploring and investigating by data search, collaborating
effectively and demonstrating an awareness of applications of science

within the community.

In order to achieve the double award a student must achieve certain
minimum requirements in terms of the number of assessments passed by
gaining points for passing tests and meeting assessment criteria. The
points awarded for the end-of-unit tests and process skills are weighted
according to the level attained by the student and these weightings also
increase in successive years of the course.

It is essential that students are fully aware of both how the course and the
assessments within it function and of their performance at each stage of
the course. The way in which this is achieved is one of the main reasons
why we selected the Suffolk course. The students are informed of the mark
achieved in the end-of-unit test as soon as the tests are marked (usually the
following lesson), the process skills assessments are also quite open as are
the results of the can-do tasks, feedback for these two also being virtually
immediate. A student can ask to see his/her results for a particular unit or
the summative totals at any time during the course.

The administration of the course may be carried out in two ways. The first
is the traditional mark book method involving considerable teacher input,
particularly when marks have to be transferred to record sheets for the
moderator or examining board. The second method is by computer,
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software is available (the school using the version developed by C. E.
Johnson) to enable the teacher to input the results of all the assessments for
each student for ezch unit. These results may be readily viewed at any time
by the students.

This software will also determine students' overall percentage scores and
rankings for either teaching groups or the entire year group from the
assessment data. It will print out reports for students for individual units
or progress reports based on all their available data. Students are free to
investigate their previous marks and print out their own reports at any
time if they so desire. The teachers have an accurate record of attainment
which enables them to discuss students’' progress more freely and more
regularly with the students and with each other. This in turn means that
any problems or any noteworthy performances can be observed quite easily
and any necessary action can be taken. The software will also estimate
final GCSE grades at any time during the course on the basis of the number
of units completed. This is a powerful motivational tool and has been used
as a basis for individual target-setting.

It was suggested by the Suffolk Science team that a positive system of
assessment and an open system of recording would help to increase
motivation and reduce the 'turning-off effects which are usually found
amongst the girls and the less-able students when following the more
traditional type of science courses. It was also anticipated that the nature
of the course and the way in which it was designed would increase the
students' enjoyment of and attainment within science.

The validity of these arguments has been tested and the results of these
enquiries will be discussed in Chapter 5. It is apparent, however, that
there is one area where the programme is likely to fall down and that is the
actual teaching. Dobson was well aware of this and throughout the
Teacher's Book (1987) he stressed the need to remain aware of the aims of
the course. He emphasised that the teacher would need to develop new
skills in teaching, monitoring and assessing, moving away from the
traditional role as a transmitter of knowledge and aiming instead to
stimulate, encourage and enable learning. There would also be times



when traditional teaching instincts would suggest intervention, but the
nature of the active learning would demand a more discreet presence.

In order to meet the suggested criteria for successful teaching within the
Suffolk scheme Dobson emphasised the need to reconsider the traditional
role of the science teacher. He did not reject the traditional role but
suggested that teachers should also consider ways in which they could both
become more student-centred and develop those skills concerned with the
management of the students' learning processes. He stressed that:

..... for many, perhaps for all pupils, the pleasures and
problems of the journey may be more significant than the
destination. (p10)

Osborne and Freyberg (1985) suggested a model for teacher development
based on three specific objectives:

1. clarification of the students' knowledge or understanding of a
topic;

2. modification of these views where appropriate or necessary;

3. consolidation of these modifications within the students'
experience.

They outlined a programme designed to achieve these objectives which was
centred around a series of preconditions which they considered to be
essential for successful learning. These preconditions placed considerable
emphasis on the role of the teacher and the development of new skills. The
preconditions suggested that the teacher needed to:

1. understand the views of themselves, their students and the
'scientists’ in relation to a particular teaching topic;

2. allow the students opportunity to investigate their own ideas
during the early stages of a particular topic and to discuss them
with each other;

3. provide opportunities for the students to explore the context of
the concept and provide, where possible, an everyday situation for
this to take place; ,

4. create an environment which would allow consolidation of the
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new concepts within a range of situations.

Dobson suggested a scheme for teaching science concepts, based around
the programme as outlined by Osborne and Freyberg, which could be used
in a variety of situations ranging from a conversation with a student
through writing a lesson plan to the development of an entire module of
work. The basic sequence he proposed was:

1. find out what ideas children have;
2. begin where the children are;

3. make it intelligible;

4. make it plausible;

5. allow it to be fruitful,;

6. check what has been learned.

The final stage in the sequence must be considered in the light of Dobson's
usage of the word 'learned’. He intended that the students should
understand a topic and be able to apply it in both familiar and unfamiliar
situations rather than simply be able to reproduce scientific theory. In the
same way his usage of the words teacher and teaching suggested a wide
range of skills, not all of which are included within the traditional role of
the teacher. He proposed ways in which teachers could utilise and adapt
their existing skills and develop new ones within the framework of the
Suffolk course to enable them to work to the programme sequence.

In Phase One of the research programme the teachers in the science
department were asked to cooperate with data collection and so on. During
Phase Two, however, they were to be participating in a more contributory
fashion. Dobson's ideas discussed earlier required that the members of the
department consider and evaluate their own practice. This process also
involved support for the new syllabus and a willingness to try out new
teaching methods and contexts and develop new assessment strategies.
Consequently, in order to enable me to assess the validity of my own
observations and conclusions, it was necessary to survey the other
members of the department regularly, although the format was fairly
unstructured. In general this was achieved by means of discussions in

department meetings. From time to time, however, short questionnaire-
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type memos were circulated by me in order to obtain rapid feedback.
Naturally, more informal discussions were also held between individuals
whenever information needed to be shared or opinions required.

The collaborative nature of different aspects of the research is indicated in
the text and throughout this thesis the source of opinion and data is
reflected in the use of T' and 'we'. The use of 'we' indicates that the
theories, observations and so on arise from joint departmental debate and
belong to the department as a whole. Where the opinion or decision was
purely my own, then 'T' has been used to reflect that it is personal.

In 1986 the SSCR were invited to evaluate the Suffolk Scheme. Initial
discussions between the two bodies during 1987 identified a set of criteria
upon which the evaluation would be based. These criteria were jointly
selected from the 16 major recommendations for science education which
had been identified by the SSCR during its developmental phase. The joint
criteria specified that science should:

1. be relevant to all young people and attractive to girls and boys;

2. encourage active and self-directed pupil involvement;

3. be assessed formatively (including self-assessment) to monitor
achievement, with mechanisms to match the learning objectives;
4. use teaching approaches matched to learning objectives;

5. provide a programme that is society-linked, incorporating
social implications and related to the world of work and leisure;

6. be reduced in content so that pupils can become competent in
scientific skills and processes.

It was also decided that the evaluation should investigate:

7. the time given to INSET, both in and away from school, to
enable teachers to understand the requirements of the new
scheme and to identify the most important elements of that
provision;

8. the provision of resources in terms of teaching materials and
other support,

9. the general climate of support within the school.



The small-scale evaluation was carried out in 1987 using direct observation
of Suffolk lessons and by discussion with all personnel in the schools who
were involved with Suffolk i.e. teaching staff, administrative staff, technical
support staff and the students themselves. The report considered each of
the above points in turn and offered a series of comments and

recommendations in each area.

In the introduction to the report the Director of the SSCR made the
following reflections on the evaluation exercise and on Suffolk Science
(Kirkham, 1987 pii):

By the very nature of the exercise the comments in this
report are based on limited evidence but we were very
impressed by what we saw, and Suffolk and its teachers are
to be congratulated on what has been done. We are
encouraged by the built-in developmental aspects which
should enable many of the points we make to be taken on
board where judged appropriate and necessary.

The SSCR evaluation document also considered the role of the teacher
highlighting the change in the nature of science teaching which was
required by the Suffolk scheme commenting:

Suffolk Science teachers are to be congratulated for
encouraging the active involvement of pupils in science
lessons. Most of the pupils spoken to valued the chances
offered to plan and execute their own experiments. This is
good and should be fostered. (para 5).

The SSCR also highlighted a problem within this teaching approach:

There is evidence that some teachers are finding it difficult
to come to terms with the new role as guide and adviser in
the classroom. We think that more dissemination of good
practice of this issue would help: by meeting to discuss it, by
enabling teachers to observe good practice in the
classroom, and by bringing together teacher support
material that already exists. (para R4)

Development of individual teaching strategies through staff cooperation
was one of the aims of this research programme (Chapter 2). Another way
for teachers to become aware of alternative teaching methods is to read the
relevant research literature, however, Tobin (1988) indicated:
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..... there is evidence to suggest that science teachers tend
not to read science education research literature. (p475)

He suggested that:

..... the majority of teachers apply their craft in the isolation
of their own classroom and teaching strategies are based
largely upon the well-established schema of what
constitutes effective teaching and experience with what
works and what does not. (p475)

According to Tobin, teachers may be reluctant to change their practice if
they perceive their existing practice as being effective. They must, in other
words, perceive the need for change. Aspects of this research programme
have indicated that the students' perceptions of the effectiveness of science
teaching are frequently at odds with the teachers' perceptions and this has
suggested areas where changes may be useful. When we consider the
extent to which the Suffolk Scheme has been adopted in schools it must be
concluded that the scheme itself must have been seen, by the teachers who
introduced it and by those who adopted it, as a change worth pursuing.

It is worth noting at this point that the Suffolk Scheme is unique amongst
all the balanced science courses in providing a comprehensive range of
lesson notes for each of the years of GCSE study. The SSCR survey
identified this aspect of Suffolk:

Teachers in general found the lesson plans helpful without
being prescriptive. In most cases additional resource
worksheets and booklets had been prepared... (para 13)

The author's department had investigated a variety of other balanced
science syllabuses with a range of approaches (modular, integrated,
coordinated etc) and found these both lacking in terms of guidance and
overpowering in terms of both content and depth. Having decided on the
Suffolk Scheme, however, none of the teachers was happy to follow
slavishly the published lesson plans. Many have developed worksheets,
approaches to specific concepts and even rewritten entire units to their own
design. The assessment format of Suffolk allows the teacher this freedom
and in turn allows the students to experience a better style of science
teaching.



The Suffolk material appeared to act as a catalyst to allow the teachers in
the department to be more creative in providing teaching materials which
were better suited to the needs of our students in terms of level, context and
relevance. In addition, materials and approaches could be developed in
order to respond specifically to the comments and opinions expressed by the
students during the earlier Research Tasks. The success of this approach
was reflected in both the performance and apparent motivation of the
students in the early stages of running the course. It was also interesting
to note quite early on that the girls were beginning to outperform the boys,
this will be further discussed with supporting evidence in Chapter 5.

In 1987 the Association for Science Education (ASE) published 'Three Into
Two Science', a review and evaluation of the balanced science courses
which were available at the time. The evaluation focussed upon the
following aspects of the 12 syllabuses reviewed:

1. the view of science taken by the syllabus;

2. the contexts in which the syllabuses were developed;

3. the utilisation of coordination or integration techniques;
4. differentiation;

5. the 'breadth and balance' of the syllabuses;

6. the extent of the syllabus content;

7. the reflection and/or reinforcement of the view(s) of
science by the assessment methods.

Some of these areas were further subdivided to highlight specific aspects of
science provision.

Many of the syllabuses reviewed were not explicit in their view of science
but with reference to the Suffolk Scheme, the document commented:

This range of materials clearly does represent the view of
science taken by the syllabus - in a very real sense it is the
view of science taken. (p32)

Most of the syllabuses for which assessment materials were available,
Suffolk included, were criticised for placing undue emphasis on the recall
of factual knowledge. The evaluation team indicated that many questions
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ostensibly relating to understanding or process in science did fall into this
area and thus the relative weightings for assessment as specified in those

syllabuses were inaccurate.

There were some areas in which the Suffolk Scheme was criticised for an
apparent mismatch between aims and actual presentation but it must be
remembered that Suffolk actually provides teaching materials in addition
to specifying content, process and assessment mechanisms and that these
materials were also being studied by the evaluation team. With the other
syllabuses only the aims, content and assessment material could be viewed
as the classroom component would be developed in the school itself.

The course is, therefore, much more open to criticism than other balanced
science syllabuses because, by presenting curriculum materials, it permits
(although, because of the supportive rather than prescriptive nature of the
scheme, 'invites' may be a better term) individual teachers to make
judgements on the materials. With a syllabus specifying content only, the
curriculum contexts and delivery are dependent entirely on the teacher. By
offering teaching schemes the Suffolk Course makes one vehicle for
delivery available but this does not have to be the one selected. This
viewpoint was reinforced by the SSCR who recommended that:

Consideration should be given to providing teachers with
more help in varying their teaching styles. A greater
variety of teaching styles was observed with year 3 units
than year 4. This might arise because of greater confidence
in using the material or as a result of revision which
encouraged a greater revision of teaching styles.
(para R10)

The ASE remarked that:

The course is well supported by curriculum materials.
These provide lesson plans and technician's notes. These
materials develop a process-centred approach and will be of
great value to teachers embarking on this novel syllabus. It
is emphasised, however, that the course is organic: capable
of change and evolution. The teacher's guides are not
intended to impose a particular pattern on classroom
practice. Good teachers, like good cooks, the book tells us,
will add their own special ingredients here and there.
(para 3.113, p30)



This has proved to be the case in my own school. In the first year of
teaching the course our teaching materials tended to be developed to
complement the lesson notes and approaches as outlined by Suffolk. As we
became more confident within the framework of the course, however, we
began to develop more individual approaches to certain key lessons within
the units. This development has now reached the stage where, for some of
the units, little or none of the published lesson notes are being used. The
checklists in the Assessment Specification which indicate the areas of
experience necessary for students to gain success at the three differentiated
levels form the basis for planning the teaching of a specific unit. One
specific example of this developmental approach to teaching is discussed in
Appendix 10. This illustrates the diversity of approaches which are possible
in order to achieve common aims. It also indicates how the Suffolk
teaching material can function as a catalyst rather than a recipe for

teaching.

The SSCR had recognised this facility within the Suffolk Science scheme

and recommended:

The contexts in which the units are set need to be developed
so that they can be handled in different ways; so they are
more attractive to the least able, or make more demands on
the most able. Teachers need to be encouraged to develop
more pathways through the material. (para R25)

The comments in relation to the differentiation of teaching materials
reflected concerns amongst teachers in my own department which had
also been expressed at cluster meetings, particularly in relation to the
demands of the course on the least able students.

Although we were quite prepared for teaching the Suffolk scheme to the full
range of abilities the assessment of the scheme, particularly the end-of-unit
tests, began to create problems for those students of lower ability.
Throughout the units they had been experiencing success with both the can
-do tasks and the process skills but the tests were obviously causing them
problems. This became a major demotivator, even though these students
were experiencing success during the unit they were experiencing both
discomfort and failure with the final stage of the unit, the tests.



Discussions at the cluster meetings revealed that this problem was not
confined to my own school. Some schools had reverted to using Mode 3
schemes for the less able students but this was contrary to the ethos of the
Suffolk Scheme. In addition, this was not in accordance with paragraph 80
in 'Science 5-16: A statement of policy' (DES, 1985) which stated that the
science provided for less-able students should not be different from that
provided for other students.

Our less able students appeared to be quite happy with the demands of the
course (Research Tasks 13 and 14), although the teachers had to tailor their
approach to teaching and assessment carefully in order to maintain
interest and motivation. However, because of literacy problems these
students were experiencing difficulties with the end-of-unit tests resulting
in frequent failure. This failure suggested that although the assessments
(the can-do tasks and the process skills) were allowing these students to
experience success they would be unlikely to be achieving pass grades at
the end of the GCSE course.

The scheme of Units of Accreditation administered by the Northern
Partnership for Records of Achievement seemed, at that time, to offer a
useful alternative. A unit involves, basically, meeting certain criteria
which have been specified by the author of the unit. The evidence for
meeting these criteria (which may take many forms; graphs, written
accounts, models, teacher checklists and the like) is then moderated. The
student receives a certificate for that unit which sets out exactly what work
they have completed and the certificate can be included in the students'
Record of Achievement.

This seemed to have even more merit when it was explained that a unit
could be written to include 'alternative outcomes'. This entailed writing
the outcomes to be accredited in such a way that the student could gain
accreditation by meeting a number, but not necessarily all, of the specified
outcomes. Consequently a student could work to the best of his/her ability
and receive credit for the work he/she had completed. Any students who
were absent and missed an assessment would also not necessarily be
penalised, unless, of course they were persistent absentees. Examples of



Unit of Accreditation proformas are included in Appendix 16.

My intention was to write Units of Accreditation to mirror the teaching and
assessments in the Suffolk units (Research Task 16). In this way all
students could follow the Suffolk course, albeit in differentiated form. Their
practical work and assessment materials could then satisfy the dual
~ function of fulfilling the outcomes for the Units of Accreditation and the
requirements of the GCSE course. There was a danger that this scheme
would be perceived as being specifically for the less-able students. The
intention was that all students participate in Units of Accreditation
regardless of ability in order that it was not devalued in this way.

The Unit of Accreditation scheme is only applicable students from Years
10 and 11, this meant that the Introductory Year (for Year 9 students) could
not be included. This still left a total of 21 Suffolk units which could be
unitised, which seemed a formidable task. I proceeded to write a Unit of
Accreditation for one of the Year 10 units and then took this to the
department for their consideration. After long discussions I convinced the
staff that we could run the two systems in parallel without creating an
impossible workload for ourselves in relation to the assessment.
The LEA was supportive of the idea and funded a one day INSET to release
two teachers from each of the Suffolk schools within the authority. After an
initial discussion session these teachers agreed to spend the rest of the day
participating in groups made up from different schools, in writing units.
The result was that we unitised 7 of the 12 units from the Year 10 course.
The LEA funded another INSET session later in the year to permit the
writing of units for the Year 11 course which resulted in five more units
being produced.

In July 1991 I presented an outline of the proposed scheme to the delegates
at the annual Suffolk Science Conference organised by North West
Education Services. The response was positive, many delegates expressing
a desire to participate in the scheme. The Area Moderator for my own
cluster group has taken details of the proposals to Regional Moderators
meetings, the response again being favourable.



However, due to the 1992 revision of the National Curriculum, the Suffolk
Science course had to change in order to accommodate the modifications to
Attainment Targets, Statements of Attainment and so on. As discussed in
more detail in Chapter 8 these and subsequent changes to GCSE
assessment resulted in the replacement of Suffolk science in the author's
school with an alternative syllabus. This in turn made it impractical to
continue to operate a system of Unit Accreditation.



CHAPTER FIVE

Investigating Suffolk Science in
the school context

In this chapter the second phase of the project is discussed through
action research. The gender issues were analysed as were other
issues relating to the students’ attainment, motivation and interest.
The data for the analysis were provided by the Research Tasks
which centred on the Suffolk Science course. Additional evidence is
provided in the form of the author's personal experiences from
teaching Suffolk Science over a two-year period. Further data are
provided from performance analysis, which illustrate the progress
made by all students, but particularly the girls. The author proposes
that these improvements arose largely as a result of the particularly
effective assessment methods provided by the Suffolk Science course.



In Chapter 3 the preliminary investigations (Research Tasks 1-9) and their
findings were discussed in depth. The second stage investigations
(Research Tasks 10-16) were concerned with Suffolk Science, considering
both student responses to the course and developmental work carried out
within the department.

During April 1989 the Year 9 students were surveyed by questionnaire
(Research Task 10, included as Appendix 10) in an attempt to ascertain
which teaching strategies already used by the department were preferred
by the students. The units offered during the Suffolk course were also
listed under three headings (biology, chemistry and physics) with 9 topics
in each group. The students were asked to indicate which topics they
thought they would find the most interesting by ranking the 9 topics in each
group (Table 5.1). It was hoped that the results from this exercise would
prove to be useful in planning the units for future teaching.

The responses to question 1, which raised the issue of notemaking, were
inconclusive but did reflect our students' lack of enthusiasm for writing in
general. However, when asked to present written work in some alternative
form for display (posters, leaflets and so on) the quality and quantity of their
written work is generally high. The Suffolk scheme allows students the
opportunity to produce the work required for the written assessments in a
variety of ways (for example, creative writing, posters or poems) according
to the interests and abilities of the students. It was decided that, wherever
possible, the students would be asked to produce written work in a format
which would allow them the opportunity to be creative rather than simply
descriptive.

The students also expressed a clear preference in response to question 2
relating to the ways in which the class teachers described how the students
were to carry out their experimental procedures. This preference was for a
single demonstration of the technique by the teacher prior to the students
carrying out their own experiment. The option of having a student from
the teaching group carry out the experiment as a demonstration in front of
the grdup was not favoured by the students, presumably because of fears of



embarrassment. The least favoured alternative was the option of the
teacher writing or drawing the instructions on the board.

Table 5.1 Year 9 students' rankings for the Suffolk units (1989).
UNIT TITLES ----RANKINGS----
BOYS GIRLS
BIOLOGY
Food and digestion 7 4
Cells and life 6 6
Microbes 7 8
Patterns of reproduction 1 1
Use of energy 4 7
Plants 9 9
Life around us 5 5
Animal behaviour 2 2
Controlling our body 3 2
CHEMISTRY
Raw materials 7 6
Gases 1 4
Elements 3 8
Chemicals we eat 7 1
Controlling reactions 5 3
Metals 2 7
Structure and properties 9 9
Chemistry in the home 3 2
Energy and chemistry 6 5
PHYSICS
Energy investigations 6 7
Sports science 2 1
Microelectronics 4 4
Machines and work 3 2
Using electricity 1 3
Using light 5 5
Structures and forces 7 9
Forces and movement 7 6
Choosing materials 6 5

a1



Table 5.2 Responses to questions 1,2 and 6, Research Task 10.
Scores are means from student rankings.

ITEM QUESTION 1 QUESTION 2 QUESTION 3
BOYS GIRLS BOYSGIRLS BOYSGIRLS

A 52 46 3.7 39 38 3.7

B 40 31 46 47 22 25

C 56 58 21 17 30 25

D 55 b1 36 40 38 36

E 31 42 54 53 22 27

F 38 33 43 38

G 3.7 50 52 48

H 51 5.0

The students expressed a preference for working together in pairs to carry
out experiments, possibly because this is less threatening than working
alone and gives less opportunity for failure but does permit more 'hands-
on' time than working in larger groups. The students' response to
question 5, where 89% of the boys and 84% of the girls indicated that they
would not object to working with students of the opposite sex is not reflected
in their responses in the laboratory when actually asked to do so.

Table 5.3 Responses to questions 4, 5 and 7, Research Task 10.
Scores are percentages.

ITEM QUESTION 4 QUESTION 5 QUESTION 7
Boys Girls Boys Girls Boys Girls

A 6 4 9 8 9 15

B 74 67 89 84 91 85

C 20 27 2 8

The responses to question 6 suggested that the students preferred
experiments where they could actually make some 'discovery' rather than
simply demonstrate something they already knew or record their
observations. Again, the Suffolk scheme is praiseworthy in this area as
many of the experiments demand that students draw conclusions from
their experiments. In addition the experiments, where possible, are rooted
in 'real-life’ situations in order to make the experimental work relevant

and valid for the students.



Table 5.4 Responses to questions 8, 9 and 10, Research Task 10.

Scores are means from student rankings.

ITEM QUESTION 8 QUESTION 9 QUESTION 10
( PHYSICS) (BIOLOGY) (CHEMISTRY)
Boys Girls Boys Girls Boys Girls

A 59 43 57 54 55 55

B 54 54 33 5.1 38 31

C 59 6.8 47 59 40 48

D 33 32 57 29 39 39

E 47 64 48 46 28 4.7

F 68 74 46 5.7 50 49

G 52 48 61 64 62 66

H 3.7 33 47 35 62 54

I 40 33 51 52 76 5.7

Watts and Ebbutt (1988) have asked sixth-form students their opinions of
their earlier science education (from age 11-16) and commented:

They appear to ask (i) for a science education that is
relevant to their needs and displays clear continuity and
relevance, (ii) for science teachers who are responsive to
individual needs and, (iii) for practical work that focusses
on genuine and self-directed enquiry. (p211)

This describes the path we were trying to follow in our upper school science
courses and which was suggested by much of the Suffolk scheme.

The rankings expressed in Table 5.1 could not really be taken as anything
more than a vague guide to preferences as the students were only provided
with the titles of the units. This meant that each title was open to
individual interpretations and the students would not be expressing their
opinions from the same starting point. I resolved to attempt a much larger
scale investigation in order to gain an appreciation of those areas of the
Suffolk course where our students expressed a lack of interest.

Research Task 11 set out to repeat the ranking exercise from Research
Task 10 but with three major differences. Firstly, because the range of
choices in Research Task 10 appeared to have been too wide for the students
to choose effectively, I decided to restrict the choices to the Year 9 units



only. Secondly, in order to further restrict the range of choices I decided to
split the 12 units into their subject areas so that the students only had to
rank 4 units at a time. Thirdly, in order that all students were
commencing the exercise with reasonably consistent information I
presented the main teaching points of each of the units in five short
statements beneath the unit title. Table 5.5 lists the descriptors used for the
biology units, the full list of basic descriptors (for the biology, chemistry and
physics units) is presented in Appendix 12. The cohort for this investigation
was also to be much larger, comprising the entire Year 8 population from
my own school and some Year 8 groups from one of the other schools
within the local cluster.

During discussions with Year 10 students about the nature and content of
the Suffolk course it also became apparent that the way in which I was
describing and discussing the material had an influence upon their
perceptions of it. I decided to incorporate this factor into the questionnaires
for Research Task 11 by devising a series of statements outlining the
content of each of the units which paralleled the format in Table 5.5 but
which expressed the material in a much more vivid way. I also attempted
to emphasise the links between the different aspects of science within these
units and the everyday lives and experiences of the students. Table 5.6 lists
these 'enhanced’ descriptors for the biology units. The full list of enhanced
descriptors for the biology, chemistry and physics units is included in
Appendix 13.

The questionnaires were issued quite randomly within each of the teaching
groups so that some students received questionnaires carrying the basic
descriptors for each of the units whereas others received questionnaires
with the enhanced descriptors for the units. From the data the Suffolk
Introductory Year units were ranked according to both the basic and the
enhanced descriptors (see Table 5.7).

The rankings clearly illustrated that the students' perceptions of the units
are likely to be coloured by our prior descriptions. This in turn suggests
that the students' attitudes towards a unit could be formed in one of two
ways. The first of these will be based upon the students' recollections of

their experiences during the teaching of the unit.

A



Table 5.5. Suffolk Biology Units with basic' descriptors
(Research Task 11).

FOOD AND DIGESTION

1. Identifying a healthy diet.
2. Meal analysis.

3. Starch in basic foods.

4. Feeding mechanisms.

5. The structure of the gut.

MICROBES

1. Examples of microbes.

2. Factors affecting the growth of microbes.
3. Microbe colonies.

4. Food preservation.

5. The spread and control of disease.

CELLS AND LIFE

1. Types of cells.

2. Investigating microstructure.
3. Biological organisation.

4. Characteristics of life.

5. Conditions needed for life.

PATTERNS OF REPRODUCTION

1. Types of reproduction - asexual and sexual.

2. Reproductive methods in plants.

3. Reproductive methods in animals.

4. Flower structure and human reproductive organs.
5. Dispersal methods.




Table 5.6. Suffolk Biology Units with 'enhanced' descriptors
(Research Task 11).

FOOD AND DIGESTION

1. The things we need in our daily diet.

2. What did your family eat yesterday.

3. A simple look at basic foods.

4. How different animals eat.

5. What happens to our food once we swallow it.

MICROBES

1. Mouldy bread and rotten apples.

2. Making yoghurt and booze.

3. Growing a family of germs.

4. How to stop germs eating our food before we do.
5. How to stop germs making us ill.

CELLS AND LIFE

1. Looking at living things.

2. Using microscopes to look at our cells.
3. Making microscope slides.

4. How cells work inside a body.

5. Keeping things alive.

PATTERNS OF REPRODUCTION

1. Why don't potatoes get married?

2. Why do apples grow on trees?

3. Why (and how) are girls and boys different?
4. Where did I come from?

5. Why don't tree trunks touch each other?

The second way, however, could cause the students' attitudes to be formed
to a certain extent even before they have started a module. These attitudes,
positive or negative will be created by the teachers' introduction to the next
topic and will be based on our descriptions and comments prior to starting
the unit. Students frequently ask questions like 'What are we doing next in



science...?' It is important that these are not simply seen as chance
remarks by the student. Our response to the questions should, along with
our description of the next topic for the whole group, be seen as an
important element in our teaching routine and we should give it as much
consideration as lesson preparation, the assessment and so on.
Unfortunately these remarks are frequently made by students at any time
and anywhere around school, not just in lessons and in these
circumstances we may not always be able or prepared to give our response
the importance it obviously deserves.

Table 5.7. Year 8 students' rankings for the Suffolk units.

UNIT TITLES BASIC ENHANCED
DESCRIPTORS DESCRIPTORS

BIOLOGY

Cells

Food and digestion
Microbes
Reproduction

s N W
N W W

CHEMISTRY

Elements
Gases
Materials
Separating

Wik N
N W

PHYSICS

Energy

Forces
Microelectronics
Sports Science

_ W
N W

To enable me to gather large quantities of data in a relatively short space of
time most of the preceding research had been completed by means of
questionnaires with a 'captive' cohort. In order to verify the existing data
and to gain a deeper insight into the students' opinions, I decided that the
next investigations should be more personal in both approach and
response. The interviews with the Year 9 students carried out during
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September 1988 (Research Task 7) had demonstrated that the students were
willing to talk freely about their science studies and I decided to build upon
this willingness, allowing the students more opportunity to express
individual opinions.

In order to allow the students even greater freedom to respond I resolved to
use someone who was a stranger to the students to carry out the
interviews. I was fortunate that the LEA had recently appointed an
Advisory Teacher for Science and that the appointee was someone who I
knew personally and who was sympathetic to the aims of my research. We
resolved to approach the students using, as the basic structure for the
interviews, a questionnaire developed as part of a joint venture between my
LEA and Sheffield City Polytechnic (now Sheffield Hallam University).

The Science Adviser for my LEA had requested that I work with the Centre
for Science Education at Sheffield Hallam University in order to develop a
consultancy programme. One of the results of this programme was the
development of a series of investigations into the use of reading in science
lessons within the context of the Suffolk course. This particular area had
been identified due to the emphasis on communication within the Suffolk
Science process skills assessments, many of which required creative
writing by the students. In addition, several areas of the course, including
the end-of-unit tests, require a considerable amount of reading and
comprehension. The survey covered all four Suffolk Science schools within
the local cluster, the Advisory Teacher and the consultant from Sheffield
Hallam University interviewing the science teachers in these schools.

The Advisory Teacher and myself decided to adopt a similar procedure
with some upper-band Year 9 students in my school. He would interview a
number of students (from the group who were being taught by me at that
time). He introduced himself to the interviewees as a teacher from another
school trying to gain information in order to decide whether to introduce
Suffolk Science within his own school. This allowed him to probe, during
the second part of the interviews, the students' opinions about the nature of
the course, the science topics, the teaching, the relevance of the material
and so on. His final question to each interviewee was 'Would you



recommend that I introduce this course for the students in my school?'

The basic format for each interview (Research Task 12) was specified
beforehand during our planning discussions, a schedule is included as
Appendix 14. In relation to the final question the students all responded in
the affirmative, some even qualifying their response to suggest that they
found the course to be 'fun’', or 'enjoyable’, and indicating that it would be a
worthwhile addition in the interviewer's school.

The responses in the structured part of the interviews to the questions
pertaining to reading skills, writing skills, pupil talk and teacher talk,
indicated that there was actually quite a wide range of activities being
offered to the students during the lessons. The range of activities offered to
students was also noted by the inspectors during an OFSTED inspection of
the school in 1993. This, coupled with the variety in the nature of the topics
and the experimental opportunities offered by the Suffolk Science format
appeared to increase enjoyment of the course. An additional benefit was
that understanding also appeared to improve for the majority of the
students. As discussed in Chapter 4, however, the written test paper did
not appear to be a suitable method of testing this understanding for some of

our students.

We decided to extend these interview-based investigations to some of our
lower-ability students, who were experiencing the most problems with the
testing procedure, in order to try to identify the stages involved in the
breakdown of interest and understanding. These were the students who
were, as noted in Chapter 4, making progress and experiencing success
with the process skills and can-do tasks but were losing motivation through
not passing the tests. The 1989/1990 Year 9 cohort had within it two groups
who were identified as being less able. The Advisory Teacher was to observe
and work with these two groups of students over a period of a few weeks
(Research Task 13).

He attended the majority of science lessons within a complete unit with
each of these two groups. During the observation period he initially 'sat in'
with the groups to get a feel for the level at which they were working, the



areas which gave them problems, the dynamics of the group and so on.

As he became familiar with the situation in that group his role gradually
changed as he began to become more involved with them as individuals,
assisting during practical work and helping individual students with their
problems. In the final stages of the unit the situation was such that once
the group's teacher had outlined and introduced the lesson the two
teachers worked together as a team. This was then repeated with the
second group and a different teacher.

He and I then developed the schedule in Appendix 15 to be used for a series
of interviews with students from these two groups (Task 14). These
interviews set out to investigate the teaching and presentation of the course
and issues relating to the end-of-unit tests. Table 5.8 gives the percentages
of students from the two lower-ability groups responding 'yes' to the
questions about the end-of-unit tests.

Table 5.8. Responses in relation to end-of-unit tests.
QUESTION % Students Responding YES
Boys Girls

1. Do you think the tests are easy? 61 78
2. Do you like having tests at the

end of each topic? 61 89
3. Are the words on the tests too

long/difficult to read? 67 33
4. Are the questions clear? 78 22
5. Do the tests make you want to work

hard to get a good result? 94 78

The responses to questions 3 and 4 indicate considerable polarisation
between the sexes, one possible inference being that the boys are much
more reluctant than the girls to admit to having difficulties with the tests
as the results do demonstrate that the boys experience a lack of success in

this area.

When asked about feelings experienced when the test results were
returned a high proportion quoted 'feeling nervous' as a first response.
This reply, coupled with the responses to question 5 indicate quite clearly
that the tests do fulfil their function as a motivating factor. We can only
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guess at the inner feelings of the less-able student who desperately wants to
reinforce the successes in the can-do tasks and process skills and yet
repeatedly fails the tests. One of the reasons for moving towards the
balanced science approach was to alleviate the turning-off process and yet
there is an important part of the science course framework which is
consistently reinforcing it. This was, as described in Chapter 4, one of the
reasons for attempting to set up an alternative assessment framework, i.e.
the Unit Accreditation scheme within the Suffolk Science structure. -

The students expressed satisfaction with the greater part of the course
(including the tests) but demonstrated extremely negative feelings towards
writing activities in any shape or form. For many of these students writing
is a very slow and difficult process and the recording of information is
onerous for them. This must naturally be reflected in their test results
because they have little material from which to revise for the tests, even if
they have the opportunity or desire to do so. Reading will also present
difficulties for them and yet they are expected to read material in order to
prepare for tests which must also be read. Finally, they must record their
responses by again going through the difficult process of writing, a process
which is made even more difficult because they have to respond using their
own limited science vocabulary.

The regulations governing the examination of the Suffolk scheme do not
permit the reading of test questions to students (although special
circumstances may permit this for individual students). The department
has experimented by asking test questions directly of individual students
and allowing them to respond orally, the teacher then recording the
response. This has demonstrated a considerable improvement in test
scores. We have concluded that the poor response in the written tests does
not reflect the less-able students' knowledge or understanding of a
particular topic. It is more the twin hurdles of understanding what is
being asked and responding in an appropriate form which cause them to
fail at regular intervals and with such damaging effect. Unit Accreditation
(Research Task 16) may reduce this to some extent as the emphasis on
reading and writing can be reduced when creating Units of Accreditation.
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The responses to the questions regarding the teaching and presentation of
the course were markedly similar to those expressed by all the other
students canvassed in the previous investigation (Research Task 10). The
two most popular activities were carrying out experiments and watching
videos, the two lowest ranked activities were listening to the teacher and
sitting the tests although getting the results of the tests was ranked third.
Very little gender difference was apparent in this part of the investigation.

When asked to indicate the format they preferred for carrying out practical
work both the boys and the girls expressed a preference for working in
small groups. Neither appeared enamoured with the 'problem-solving'
type of experiments. When asked if they preferred a 'circus' type lesson
with a variety of practical activities the boys responded positively but the
girls were less in favour of this type of approach.

The computer software used for the record-keeping aspects of the Suffolk
course permits a performance analysis to be made from the data. The
analysis is based on all completed assessments and can be made for each
teaching group and for the entire cohort. The analysis indicates the
number and levels of passes in both the end-of-unit tests and the process
skills and the numbers of can-do tasks completed by each student within a
teaching group. A percentage score is computed from the level/pass data
and each student is then ranked within the group and the year cohort. The
analysis can also be made between individual science disciplines and by
gender, these being discussed later in this chapter (see Figures 5.15 - 5.20).

In September 1990 a performance analysis was obtained for each of the
teaching groups in the first Suffolk Science cohort and the data further
analysed by gender (Research Task 15). Figure 5.9 illustrates the
distribution of percentage scores from the performance analysis for girls
and boys from this cohort. This distribution clearly indicates that the girls
were beginning to reduce the gender differential which had been observed
in the school in previous years. Figure 5.10, which shows the performance
analysis for the second Year 9 cohort (1990-91), demonstrates further
improvements being made by the girls.
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Figure 5.9 Score distribution from performance analysis.
Year 9 cohort, 1989-90.
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Figure 5.10 Score distribution from performance analysis.
Year 9 cohort, 1990-91.
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It would appear that on the first time of teaching the Introductory Year our
methods and strategies had enabled the girls to maintain interest and
motivation in their science course. In the second year of teaching the
course, however, the mean scores for both the boys and the girls increased
(Table 5.11) and a greater differential became apparent between the sexes.
Although an improvement in attainment was observed for all students the
scores obtained the girls increased by substantially more than those
obtained by the boys. This improvement appeared to be mainly due to our
familiarity with the structure of the Suffolk course and its assessment
techniques, and the implementation of those strategies designed to improve
the teaching of science to the girls.

As both Year 9 cohorts (1989-90 and 1990-91) had taken identical end-of-unit

tests and completed similar assessments it was possible to combine their
performance analysis data and the distribution obtained in figure 5.12,
based on the data in Table 5.11, was obtained. Analysis of the performance
data from the first cohort to follow the GCSE Year One of the Suffolk course
(Year 10, 1990-91) again revealed high scores amongst the girls, this
distribution being illustrated in Figure 5.13.

The performance data for the two Year 9 distributions illustrated in
Figures 5.9 and 5.10 and for the combined Year 9 and the Year 10 data
shown in Figures 5.12 and 5.13 were analysed for statistical significance
using a t-test (as outlined in Appendix 21). The results of these analyses are
included for convenience in Figure 5.11. The data for the first Suffolk cohort
(Year 9, 1989-90 and Year 10, 1990-91) showed no significant differences.
This, however, helped to confirm our achievements, indicating that we had
been successful in reducing the differential between the boys and the girls.

However, the data for the second cohort (Year 9, 1990-91) did prove to be
statistically significant at the 5% level in favour of the girls, showing that
our initiatives appeared to have actually reversed the gender differential
enabling the girls to make significant improvements in their overall levels
of attainment. In addition, combining and analysing the two sets of Year 9
data (based on identical assessments) again gave rise to a t-test score which
was significant at the 5% level in favour of the girls.
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From talking to the students, particularly the girls, there is no doubt that
they became very satisfied with both the nature and structure of the
course. The tests and the assessments clearly allow them to demonstrate
and also be rewarded for what they know and can do, this success then

becomes a powerful motivator.

The students have also been quite critical of the content and teaching
techniques used in some units. These criticisms have been directly related
to their own performance and the students have identified areas where
they felt they were unable to maximise their potential. This can been seen
as a healthy demonstration of the students' motivation and indicates their
feelings of ownership of the course particularly when the majority of the
criticism was levelled at the mechanics of how they are being taught rather
than what they are being taught.

Table 5.11. Data from Suffolk Science computer-generated

performance analysis, compared by gender.
Mean percentage scores t-test score

COHORT BOYS GIRLS

Year 9, 1989-90 38.44 40.17 0.83
N=88 N=69

Year 9, 1990-91 42.80 4722 2.15%
N=74 N=82

Year 9, 1989-91 4043 4435 2.65*
N=162 N=151

Year 10, 1990-91 45.00 4597 0.47
N=83 N=67

* indicates differences significant at 5% level
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Figure 5.12 Score distribution from performance analysis.

Year 9 cohorts, 1989-90 and 1990-91.
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Figure 5.13 Score distribution from performance analysis.

Year 10 cohort, 1990-91.

<O oDOcCcoo®—" T

R

30

27]
24

=

20-29  30-39  40-49  50-59
Score (%)
Esoys EaRLs

60-69

70-79

80-89

106




Table 5.14. Data from Suffolk Science performance analysis
compared by gender for individual science disciplines.
Cohort Science subject Mean percentage score
Boys Girls
Year 9 Biology 35.71 38.55
1989-90 Chemistry 40.99 44.55
Physics 45.56 41.49
Year 10 Biology 34.13 38.83
1990-91 Chemistry 52.33 49.71
Physics 46.93 43.12

In Table 5.14 the performance analysis data for the first Suffolk cohort are
compared in the separate sciences and by gender. It can be seen that for the
Year 9 cohort the girls' mean scores for both biology and chemistry were
higher than the boys' scores, the boys' scores in physics, however, were
higher than the those of the girls. For the Year 10 cohort the girls' mean
scores were higher than the boys' mean scores in biology and lower in
chemistry and physics. A t-test indicated that the only one of these areas in
which a statistically significant difference existed was between the boys'
and girls' scores in biology in Year 10 (the difference being significant at
the 5% level with a t-score of 2.16). The t-tests demonstrate quite clearly
that there has been an improvement in the girls' performance. In
addition, the lack of any significant difference between the girls and the
boys in chemistry and physics in particular suggests that we had
demonstrated success in reducing the existing differential between the
sexes in the physical sciences.

Figures 5.15, 5.16 and 5.17 compare the score distribution for the boys and
the girls in biology, chemistry and physics respectively for the Year 9
cohort. Figures 5.18, 5.19 and 5.20 illustrate the comparative distribution
patterns for each subject in Year 10.
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Figure 5.15 Score distribution from performance analysis.
Year 9 cohort, 1989-90, biology units.
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Figure 5.16 Score distribution from performance analysis.
Year 9 cohort, 1989-90, chemistry units.
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Figure 5.17 Score distribution from performance analysis.
Year 9 cohort, 1989-90, physics units.

<O DO C QO D™ T

2

250,
225
20.0|
17.5]
15.0]
12.5|
10.0
7.5]
5.0}
2.5
0.0 |l

S B

VA b 87
10-19  20-29  30-39  40-49  50-59  60-69  70-79
Score (%)

ElBoys EGRLS

Figure 5.18 Score distribution from performance analysis.
Year 10 cohort, 1990-91, biology units.
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Figure 5.19 Score distribution from performance analysis.
Year 10 cohort, 1990-91, chemistry units.
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Figure 5.20 Score distribution from performance analysis.
Year 10 cohort, 1990-91, physics units.

<OS>SOoOCQOQ® " T

R

30

ol o
24|
21]
18

15]

10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99

Score (%)
Elsoys HacRLs

110




It rapidly became apparent in the department that the nature of the
assessment framework of the Suffolk course was contributing considerably
towards the students' success. This was achieved quite simply by enabling
the students to have regular access to their marks and explaining how
their performance was affecting their (predicted) GCSE performance. The
constant reinforcement of their success has had a direct and visible effect

on the students' motivation.

The number of students unable to be entered for the GCSE examination in
science was considerably reduced, from around 20% in previous years to
less than 8% in 1992 (the first year of GCSE entry in Suffolk Science). Many
of those students from the lower-ability band entered for GCSE Science will
be awarded grades above the base level 'GG' grade. Table 5.21 illustrates
the probable GCSE grades of the Year 11 cohort for 1992 (N = 139), as
predicted by the computer software.

These figures demonstrate an improvement in performance when
compared with those for the separate sciences obtained in previous years.
The GCSE passes in the separate sciences for the combined 1990 and 1991
cohorts, are listed as percentages (along with the predictions for the 1992
cohort) in Table 5.22.

Table 5.21 Predicted GCSE grades, Year 11 cohort (1992).
DOUBLE CERTIFICATE NUMBER PERCENTAGE
GRADES OF STUDENTS OF STUDENTS

AA 5 4
BB 5 4
cc 10 7
DD 12 9
EE 37 27
FF 43 31
GG 27 19

Source: Department records

There appears, at first glance, to be very little difference between the two
sets of data. This lack of difference assumes more importance when we
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take into account the fact that the students entered for GCSE in the
separate sciences in 1990 and 1991 were drawn exclusively from the upper
band in Year 11 and were, therefore, the more able students in that
academic year. In addition, the students had actually opted for those
science subjects and it can be assumed that in most cases there was some
motivation for choosing that subject which in turn suggests that those
students would have a strong desire to succeed.

Conversely, those students in the 1992 cohort, the Suffolk Science students,
were allowed no freedom of choice. They were compelled to follow a double
science option and were given no opportunity to 'opt-out' of any unpopular
science areas. These students were the 'conscripts’. In addition the 1992
GCSE cohort was the entire year group where all students, irrespective of
ability, were following the same course, doing the same work (allowing for
differentiated tasks set by the teacher) and being assessed under the same

scheme.

Table 5.22 GCSE grades for 1990 and 1991 cohorts (percentages).

GRADE Biology Chemistry Physics suffolk
(N=95) (N=86) (N=59) (N=139)

A 0 0 2 4

B 2 2 7 4

C 7 8 12 7

D 11 6 19 9

E 19 6 17 27

F 32 33 22 31

G 22 24 12 19

Source: Department records

The similarity between the Suffolk course and the separate sciences
indicates a considerable improvement in overall standard across the entire
year group. In addition, the higher standards achieved by the girls within
Suffolk Science indicate that they have gained considerable benefit and
satisfaction from the course.

112



CHAPTER SIX

Evaluation of Suffolk Science in relation

to GCSE Science assessment

The second phase of the research programme closes with an
evaluation of the Suffolk scheme in relation to the original issue of
gender differences. The major outcomes of this phase are discussed
in relation to future initiatives and developments within science
teaching at GCSE level. This chapter further discusses how the
changes in Government legislation which relate to the National
Curriculum for Science significantly affect the Suffolk Science
framework. The author leads into the third phase of the research
programme by suggesting that these changes, particularly the
reduction of the coursework element within GCSE assessment will
have a detrimental effect on students’ (both girls and boys) motivation
and achievement.
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The aims of the research, as described in Chapter 2 may be used as a
convenient starting point to evaluate this programme and are restated for
convenience in Figure 6.1 below.

Figure 6.1 The research aims.

1. identify those aspects of the science syllabus which
students from years 9, 10 and 11 within the research school
perceive as being either unattractive or irrelevant;

2. closely monitor the performance of students in science,
particularly the girls;

3. devise strategies designed to improve the performance of
students in science, particularly the girls;

4. evaluate those assessment strategies developed within
the GCSE framework with a view to understanding their
role in improving student development and motivation.

The project did identify certain aspects of the science syllabus and science
lessons which both boys and girls within the research school perceived as
being unattractive and/or irrelevant. It would be unrealistic to assume that
this section of the programme was able to identify and catalogue all those
aspects of science which contributed to the students’' disenchantment with
school science. Nevertheless, the factors identified must have been

important ones in the minds of our students.

Consequently, any area of content or method which appeared to the
students to be unsatisfactory must be contributing towards the formation of
negative attitudes and would obviously be worth further investigation. Even
if the problem had only been identified by a small number of students, any
enhancement of the learning situation as a result of this information would
be likely to benefit the remainder of the cohort thus adding to the success of
the intervention. The earlier chapters have discussed the significance of
some of the factors identified by the research and the attempts to reduce
their negative effects.

One of the strategies which was intended to improve some of the curricular
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and administrative aspects of GCSE Science was the introduction of the
Suffolk Science course. This appears to have been an effective way to
improve the attainment of all students. In addition, this improvement is
particularly marked with the girls, as the data in Chapter 5 illustrate.
Direct observation in classrooms has indicated to me, and to other teachers
in my department, that this course has also produced an equally satisfying
increase in both the interest and motivation of the vast majority of our
upper-school students, both girls and boys.

The differential which favoured boys (as evidenced in Chapter 1) has not
only been reduced but has been reversed in certain areas (Figure 5.17, for
example, shows a score distribution in_physics units which clearly shows
improved performance on the part of the girls). This indicates that our
strategies designed to improve the working and learning situation for girls
have been effective. The improved attainment of all students, together with
the particular success evidenced by the girls suggests that this research
has been influential in reducing negative attitudes towards science and
promoting student performance generally in this school. The introduction
of Suffolk Coordinated Science appears to have been a major contributor

towards this improvement.

As described earlier in Chapter 4 the Suffolk scheme was used as a
resource rather than followed meticulously, a wide range of additional
techniques and strategies being developed within the department as the
course progressed. The focus of these varied from individual students to
year groups, the subjects ranged across the entire syllabus and the areas
targetted for enrichment included assessment methods and individual
teaching schedules. Consideration was also given to improving ways of
working with the students through negotiation, review mechanisms and

counselling.

The investigations into gender differences and the attitudinal factors which
contributed towards these differences (Chapter 1), had suggested that the
development of 'girl-friendly' science would do much to alleviate the
problems. This programme of action research, based on the Suffolk Science
course, has illustrated that it is possible to improve both the motivation and

115



achievement of girls in science. However, the structure of the course and
the contexts used to teach the concepts have provided the opportunity for all
students, girls and boys, to improve their performance in GCSE Science. I
made no direct attempt to create a 'girl-friendly' course by artificially
creating contexts and situations which would, in theory at least, appeal
particularly to girls. This decision appears to have been justified by the
findings, particularly those relating to the predicted GCSE examination
grades for 1992 (Chapter 5).

The more-able students have, however, caused us a certain amount of
concern. The very nature of a modular balanced science course
necessitates a rather shallow approach to certain areas of the curriculum.
In terms of preparation for A-level studies, this is not an ideal situation.
The current Year 11 (1992) are the first students in my own school to
complete the Suffolk course and there has, therefore, been no opportunity
for feedback in this area. However, at a recent Heads of Science meeting
within my LEA unsolicited comments made by the Head of Science at the
Sixth Form College suggested that he had found 'Suffolk’ students, from
another school within the LEA, to be more confident, capable and well-
motivated than 'separate science' students. He suggested that these
positive aspects tended to alleviate problems caused by lack of depth of
knowledge. He also stated that this alleged deficiency was quickly remedied
which suggests that the approach demonstrated by these students,
developed through the Suffolk scheme, may be a better prerequisite for
advanced studies than a knowledge-rich curriculum. These points remain
to be substantiated.

Government legislation relating to the role of coursework within GCSE
balanced science courses suggests that their policy has not been guided by
current research. The major aspect of the Suffolk course which has
promoted the excellence of approach and achievement on the part of the
students has been the assessment programme. Chapters 4 and 5 have
discussed in detail those aspects of the Suffolk teaching and assessment
schemes. The open assessment system with its differentiated levels of
achievement, the regular testing and the emphasis on process have been
highlighted by many of the students surveyed as contributing to both their
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enjoyment of and success within the GCSE Science course. The coursework
component of the Suffolk Science course has recently (1992) been drastically
reduced. The MEG GCSE Syllabus 'Coordinated Science (The Suffolk
Development)' will now combine three methods of assessment for those
students to be certificated in 1994:

1. Course Work component (AT1), being internally assessed by Criterion
Matching with a weighting of 25%.

2. Periodic Testing (of AT's 2, 3 and 4). Students will be assessed at the end
of each unit in Year 10 (12 units in all) by externally set and marked end-of-
unit tests. These will together carry a weighting of 25%.

3. Terminal Examination. This will consist of three examination papers
(one each for AT 2, 3 and 4) with 36% of the marks being allocated to
questions on units from Year 11, the remainder will be based on Terminal
Examination Criteria'. The terminal examination will carry a weighting
of 50% of the overall assessment.

The three assessment components will retain the differentiation into 'tiers
of assessment’, Foundation, Merit and Special but these will now target
National Curriculum Levels (as illustrated in Table 6.2)

Table 6.2 Relationship between Suffolk assessment tiers
and National Curriculum Science levels.

Co-ordinated National Curriculum
Science Tiers Levels Targeted
Foundation 4,5

Merit 6,7

Special 8-10

Source: MEG (Suffolk) GCSE syllabus
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A large part of the final assessment will now, therefore, be provided by a
terminal examination, one of the factors in the assessment of students in
science which the scheme had originally sought to remove. The ASE (1987)
had actually criticised the Suffolk scheme for placing undue emphasis on
the recall of factual knowledge in end-of-unit tests (see Chapter 4). The
Government's decision is likely to increase this emphasis considerably.
The restriction of the coursework component reflects the reluctance of the
Government to consider the opinions of the teaching profession and
suggests a lack of recognition of the progress which has been made in
improving the performance of all students in science. This is further
highlighted by the controversy which has accompanied the introduction of
both the National Curriculum for Science and its programme of formal
assessment. The mechanism for both delivering and assessing the
National Curriculum has changed with bewildering rapidity over the last
two years. The Government's repeated interventions and changes of
direction have imposed considerable stress upon the teaching profession
and this has had a deleterious effect in schools.

Dobson (1992), the National Director for the Suffolk scheme, has criticised
the Government's ineptitude in the management of the National
Curriculum and its assessment in a scathing attack published in The
Guardian. He suggested that the Government had demonstrated a lack of
awareness of the differentials in ability and interests, and how these
changed across the Key Stages. He pointed out how the Suffolk course, as
indicated elsewhere in this thesis, not only recognised these differences but
set out to teach the students accordingly and, as noted in Chapter 5, did so
successfully. The separation of the National Curriculum Council (NCC)
and the Schools Examination and Assessment Council (SEAC) was
criticised for the resulting mismatch between curriculum content and
assessment and the apparent lack of ability of the NCC and SEAC to
coordinate their activities. Dobson commented that: "The result has
produced an unworkable scheme that is going to set science education in
secondary schools back by years".

Reference to the Research Log (Chapter 2) demonstrates how the central
theme of the research has been maintained in spite of these frequent and
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rapid changes. These external pressures could have had a much more
destructive effect upon the development of both the science syllabus and the
students in this school. This action research programme, by introducing a
series of structured changes to the nature and presentation of the science
within the school, has imposed a certain amount of control upon what has
been an entropic period within science education.

Those girls who chose, in the past, to study the physical sciences as part of
the separate sciences system must have done so for specific reasons,
probably related to career choice. Previous research (Kelly, 1981; Head,
1985) had suggested that these students tend to have certain qualities of
character (assertive, independent, less feminine, extroverted) which permit
them to make what are, in gender-role terms, atypical subject selections.

Many of the girls who have achieved, and are currently achieving, high
standards within Suffolk Science do not demonstrate the above tendencies.
It must be assumed that the course allows these female students to express
their capabilities and, consequently, achieve high status in an environment
which is non-threatening in terms of both work and sex-role.

Head and Ramsden (1990, p120) related the characteristics of the girls
choosing science to the nature of recent developments in science teaching,
reflecting to a certain extent some of the opinions expressed earlier in this
chapter:

For girls to opt for science they have to overcome a
number of hurdles. They not only need the necessary
intellectual qualities but additionally the resolve to
compete with boys in a male-dominated terrain. By
making science more relevant to humanistic concerns,
we are presumably enhancing that resolve, a conclusion
that has far-reaching implications for science teaching.

Much of the earlier research, as quoted in Chapters 1 and 2, has illustrated
how the boys regard the science laboratory as their personal preserve. The
boys use a variety of techniques to assert their dominance in this
environment by, for example, 'grabbing' equipment before the girls,
physical dominance of laboratory space, disruptive behaviour when girls
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try to participate orally in discussions, overt and covert sexual harassment
and so on. This has, in the past, been enough to dissuade many girls from
choosing physical sciences as an option for external examination courses.
The Suffolk science scheme does not permit the girls this freedom. They
are compelled to participate in activities and within environments where
their presence has been barely tolerated by the boys in the past.

The constant availability of information, the reinforcement of success, the
open assessment and the active learning techniques used within the Suffolk
scheme must contribute in some way towards the success of both the course
and the girls. It is immediately apparent within the Suffolk course when a
student is performing well and, unlike those courses with no structured
and effective assessment component, it is impossible for students to hide
their lack of achievement behind a wall of antisocial or sexist behaviour.
Consequently a girl who is capable of achieving high standards can
demonstrate this and is reinforced in this behaviour by the assessment
system. This reinforcement leads to more success feeding an upward spiral
of attainment. Those units which do not appeal to the individual student or
to feminine areas of interest are merely one part of the course and although
these areas may create a temporary setback causing the individual
students' attainment level to fall, this is not enough to halt the overall
momentum produced by the successes.

Similarly, those boys who would be likely to express 'territorial' claims to
the physical sciences and the laboratory environment are also subject to the
open assessment. When it is apparent that their own achievements are
being matched, and in many cases bettered, by girls then their dominance

of the environment is in question.

There has still been some expression of dissatisfaction by the students
within certain curriculum areas as discussed in Chapter 5. Some of the
physics units have been identified by girls as being unpopular and boys
have expressed a dislike for some of the biology units. The spread of the
assessment framework over such a wide range of units has, however,
meant that as these unpopular parts of the course comprise only a small
part of the entire scheme the overall achievement of the students is only



slightly affected. The students will have participated in, and gained some
knowledge of these aspects of science, even if they disliked them. Under a
separate science model a student would have decided in advance which
aspects of science he or she did not like and would have opted out of that
subject entirely. This would have been far more damaging to the individual
by closing off an entire area of scientific experience.

This aspect of the balanced versus separate science controversy indicates
another area of concern. Naturally, the balanced science approach can not
compete with the separate disciplines in terms of subject depth and there is
a risk that balanced science may not adequately prepare students for the
study of the sciences at A-level. Comments by the Head of Science at a Sixth
Form College have been noted earlier in this chapter. Additional evidence
suggests that in this particular case it may be the A-level courses which are
found wanting and not the GCSE (see p122).

In 1991 a small group of teachers from my LEA visited another authority to
investigate the implications of Suffolk Science in relation to A-levels. A
Sixth form college in the host authority made the following observations
after having three cohorts of Suffolk 'scientists' follow A-level Science
courses. In general the Science Department in the College was obtaining
excellent A-level results and the Suffolk Science students were well-
motivated on commencing the courses. In biology it was felt that the
Suffolk course was a distinct advantage, the students were seen as better
scientists with a better approach to problem-solving activities. In the
chemistry area the comments reflected satisfaction with the Suffolk course
and suggested that the A-level course was the problem and needed to be
changed. In physics there was less immediate support for Suffolk Science
but problems with the GCSE Mathematics course were noted. A successful
11-18 school in the same LEA was also in favour of the Suffolk approach
noting high motivation and achievement and recommending the positive
features of the course, for example, the regular reporting and the formative
feedback. This school had also expressed dissatisfaction with the A-level
Science courses.

A method of reducing the disparity between GCSE and A-level was reported
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in the The Times Educational Supplement (20.3.92,). One school had
expressed concern that, in spite of GCSE results which were considered to
be 'outstanding’', the A-level achievement of their first Suffolk Science
cohort was poor. It was discussed how the school had looked for ways to
utilise the positive aspects of the GCSE course by incorporating Suffolk
Science methodology into the A-level courses, with a corresponding
increase in A-level performance. The author remarked:

Surely it is up to teachers to make the courses we offer

more accessible to our students, tailoring our different

approaches at GCSE and A-level to meet their widely
differing needs. (p37)

This comment reflects the findings of certain key aspects of this research,
of Dobson's views in his discussion of the Suffolk course (1987) and of the
many other researchers quoted elsewhere in this thesis.

There is some divergence of opinion as to where the actual problem is
rooted. The Headmasters' Conference (HMC) proposed, in the policy
document 'Education 14-19', that it is the GCSE which fails to prepare
students adequately for A-level whereas the Secondary Heads Association
(SHA) in '14 to 19 Pathways to Achievement' suggests that it is the A-levels
which are out of step with GCSE.

It was reported in the T.E.S. (30.9.94, p2) that the HMC had endorsed a
proposal for the restructuring of GCSE and A-level provision to take the
- form of an advanced diploma which could be gained through a variety of
routes. It would cover, significantly, the 14-19 age group rather than apply
simply post-16 and draw on the best facets of the existing courses in order to
lead to a General Certificate in Further Education. It was suggested that
this structure could end the existing 'vocational and academic divide' and
in so doing provide a varied but coherent structure which would be
available to all.

The article described how both the Girls' Schools Association (GSA) and the
SHA identified with the overall intentions of these proposals and that they
were, furthermore, supported by the Confederation of British Industry.
Labour party education policy also reflects this type of approach.



Although the different bodies advocate different routes towards the final
certification it is encouraging to observe that a consensus exists regarding
the nature of the problem and its origins. The definitive pattern of education
14-19 remains to be identified but at least the different opinions are based on
the same problem and the different proposals are leading towards the same
goals. This topic will be recalled in the final discussion in Chapter 10.

Although the Suffolk course appears to be an excellent way of encouraging
students to achieve their best within a balanced science framework it must
be stressed that it is the teacher who remains the prime motivator. It has
been noted earlier how the students in the research school have adopted the
course wholeheartedly but have been critical of teaching styles when the
students perceive that their needs are not being met. However, the teacher
must be able to adapt to this role and the Suffolk scheme is important in this
respect. The course has a structure which allows both teachers and
students to develop. The teacher, through embracing new skills and
techniques, can modify his or her role in the classroom in order to meet the
needs of the students. The students are then free to develop their own skills
in a supportive atmosphere thus leading to a greater awareness of science
and, as demonstrated, higher attainment. The research has also indicated
that it is possible to reverse the inequality in science education in relation to
gender in order that the girls are allowed to participate more fully in
science activities. The girls have been given the freedom to demonstrate
their aptitude and ability, outperforming the boys in many areas.

It remains to be seen what effect the Government's ruling on the
coursework component of GCSE Science will have on Suffolk Science and
similar courses. By replacing Year 11 coursework assessments by a
terminal examination it will be more difficult for teachers to monitor and
counsel students throughout this crucial period of the course. Students will
no longer receive immediate and effective feedback on their progress and it
will be impossible to use the computer software as before to predict GCSE
performance accurately. This will, in turn, make the setting of short-term
goals inappropriate as a tool to motivate the students. Even though end-of
-unit tests are to be retained in Year 10, as they are to be marked externally
under the new regulations, feedback of student performance will be slower



and, therefore, less effective. The evidence to date suggests that the
assessment framework of the Suffolk course has contributed greatly to the
students' success. The achievements of the girls and the boys must be seen
in the light of this frequent and accurate feedback. Without this
reassurance it seems inevitable that much of the progress made in
reducing the gender imbalance in science and in increasing the success of
students of all abilities will be destroyed.

This phase of the research project has demonstrated that it is possible to
improve both the status and performance of girls in science. Furthermore,
this improvement has been seen to apply to all students, girls and boys, and
across the full ability range within the research school. The final predicted
grades obtained from the computer software for the 1992 cohort are as
shown in Table 5.21. These show a considerable improvement on the
results in the separate sciences for 1990 and 1991 (Tables 2.1 and 2.2) which
only included students from the upper-ability band. The improvements
were obtained by both reviewing the teaching methods and developing
additional or alternative resources within the framework of the Suffolk
course. No situations were created to appeal specifically to girls. The
progress made must be viewed within these constraints, giving more
credibility to the results of the research.

The research has been very successful in meeting the aims specified in
Chapter 2 within the framework of a popular Coordinated Science syllabus.
However, this was a small-scale project, restricted to one school and the
findings must be viewed in that light. The successes with the girls (many
of whom are from a poor socio-economic environment) will hopefully
encourage other teachers to persevere in their attempts to motivate and
encourage similar students. An important factor in promoting students'
success was raising their self-esteem, an achievement which was made
possible through the system of open assessment and positive feedback
provided by the Suffolk scheme. The science syllabus selected by a school
must, within the National Curriculum, be made to work for the students by
providing achievable goals and increasing momentum rather than erecting
a series of barriers to progress.



The National Curriculum for Science sets out what must be taught to our

students. This research has clearly indicated that the important factor for
success on the part of the students is how this is delivered and assessed.

The teacher is the crucial factor in enabling the students to achieve this
success. It would seem vital that the next stages of development of GCSE
Science within the framework of the National Curriculum should consider:

1. raising the status of the students within the boundaries of the syllabus
selected by a school by encouraging an open and easily accessible
assessment framework;

2. developing approaches to learning designed to enhance the involvement
and interest of students;

3. developing teaching contexts which encourage the students to perceive
science as being real and important;

4. reflecting on the appropriateness of individual teaching styles in order to
foster positive attitudes amongst the students.



CHAPTER SEVEN

The changing pattern of achievement
in GCSE Science

This third phase of the programme commences with an
investigation of the improvements in the performance of girls in
science observed by the author within the research school. The data
are compared with that obtained from other schools using the Suffolk
syllabus within the collaborating LEA. Further gender comparisons
are made on a larger scale using DFE statistics and performance
data in the separate sciences from some Examining Boards. The
reasons behind the improvements recorded by the author are
discussed in the light of this current programme and some of the
published research.
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This research programme has demonstrated that, within the author's
school, the students' performance within GCSE Science has been improved.
Furthermore it has proved to be possible to improve the performance of the
girls without introducing any measures specifically designed to enhance
the position of the girls within GCSE Science or which discriminated
against the boys. The gender differential described in the earlier chapters,
which favoured the boys, has been reduced. Equality of opportunity has been
made available to all students irrespective of gender or ability. The majority
of students in the Year 11 cohort are now being entered for the GCSE
Science examination course, the small number of students who are not
entered are generally excluded because of their poor attendance.

It would appear that the introduction of the Suffolk Science course has
played an important part in these observed improvements within the
author's school. It is necessary, however, to extend this investigation in
order that a more informed explanation for the improvement in girls'
attainment within GCSE Science can be made. This may be achieved by
considering both the nature and structure of the Suffolk Science course and
the students' performance within its assessment framework. In addition
some consideration must be given to both the students' perceptions of the
course and the way in which it was taught.

It is also desirable to compare the findings within the author's school with
the results obtained in other schools teaching Suffolk Science for GCSE. The
detailed comparison of data from their pre-Suffolk cohorts, as carried out in
the author's school and described in the earlier chapters, will not be
possible. However, current Suffolk data will enable the gender balance in
other schools to be compared with the situation in the research
establishment. Earlier research (Chapter 3) has demonstrated that the
students within the author's school are fairly typical of secondary students
from similar backgrounds. In addition, Chapter 1 has clearly illustrated
the typical gender imbalance which exists within science. The comparative
data may suggest that a pattern exists in Suffolk schools which is atypical
when compared with this. On the other hand, the promotion of
achievement by the girls may only be evidenced within the author's school.



This chapter will discuss quantitative data relating to differential
performance in GCSE Science and qualitative data relating to students’
attitudes and perceptions. The qualitative aspects of the research will be
considered by discussing the importance of GCSE coursework to the
findings of this research programme later in the thesis.

Table 7.1. GCSE Science grades (1992) in six 'Suffolk' schools,
by gender. School 1 is the research school.
Figures are percentages.

GCSE Grades

A B C D E F G U N

SCHOOL 1
Boys 3 6 4 19 2 2 17 0 72
Girls 5 8 10 19 ¥ 16 3 62

SCHOOL 2
Boys 8 12 27 10 2 12 6 3 59
Girls 4 11 9 24 2 24 7 4 57

SCHOOL 3
Boys 5 11 11 244 2 18 5 0 38
Girls 0 13 13 3 23 21 0 O 39

SCHOOL 4
Boys 13 21 13 13 9 18 12 1 109
Girls B 12 13 M4 11 20 13 2 123

SCHOOL 5
Boys 2 13 7 2% 2 12 6 0 68
Girls 8 13 11 1B 3 186 1 3 79

SCHOOL 6
Boys 6 2 6 1 17 2 19 9 53
Girls 2 12 12 10 10 21 21 12 58

Source: LEA records

Table 7.1 illustrates the data from the six Suffolk schools within the
collaborating LEA, comparing the boys' and girls' GCSE grades in science.
Table 7.2 combines these figures to show the gender pattern across the six
schools. Table 7.3 further condenses the information from Table 7.1,
illustrating the percentage of boys and girls in each school being awarded A
grades and A-C grades.



Table 7.2. Combined data from the six Suffolk schools
comparing 1992 GCSE Science pass grades by gender.
Figures are percentages.

GRADE
A B C D E F G

Boys 8 11 11 17 2 18 11
Girls 7 11 11 15 19 2 11

Source: LEA records

Table 7.2, which combines the data from the six schools, shows little
difference between the boys and the girls across the full range of GCSE pass
grades.

The data in Table 7.3, however, show that there are differences between
individual schools and that these favour the girls in schools 1 and 6 and the
boys in schools 2, 4 and 5. School 3, on the basis of this data shows little
difference in achievement between boys and girls.

Table 1.8 illustrated a differential in favour of the boys in physics
examinations in mixed schools in 1983. The boys in mixed schools achieved
higher grades than those in single-sex schools. The same table also
illustrates how girls in single-sex institutions achieved higher grades than
boys in corresponding single-sex schools. This would suggest that although
the girls were at least as capable as the boys when educated in a single-sex
situation, their performance deteriorated when educated with boys.

If the earlier data from Chapter 1 are compared with the author's current
data it can be seen that the girls are now improving their overall
performance in science by achieving higher grades and noticeably reducing
the gender differential.
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Table 7.3. Data from six Suffolk schools comparing
1992 GCSE Science grades A-C by gender.

Figures are percentages.

SCHOOL 1
SCHOOL 2
SCHOOL 3
SCHOOL 4
SCHOOL 5
SCHOOL 6

GRADE A

Boys

o B B o » w

Girls

v ™K O A o

GRADES A-C

Boys

13
47
27
47
25
14

Girls

Source: LEA records

Table 7.4. Comparison of 1992 and 1993 GCSE pass
grades in science, by gender, in the author's school.

Figures are percentages.

GCSE pass grades in science Total
A B C D E F G |A-C
1992
Boys 3 6 4 19 » 9% 1| 13
Girls 5 7 8 10 9 22 16 20
1993
Boys 2 1 21 2 19 16 5 34
Girls 14 4 19 13 pi 19 7 37

Source: Department records
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The comparative data in Table 7.4 illustrate that the girls have shown a
great improvement in the percentage of GCSE A-grade passes and
although the overall A-C pass grade figures are similar, the girls are still
ahead of the boys.

Using the 1992 data to carry out a chi square test (see Appendix 21) gives a
value of 8.55 which is less than the critical value of 12.59 at 6 degrees of
freedom and does not, therefore, show the gender differences for this cohort
to be statistically significant. The 1993 data, however, give a chi square
value of 25.9 which exceeds the critical value of 16.81 at the 1% level (6 d.f.).
This clearly shows that there has been an improvement from 1992 to 1993
which has resulted in significant differences between the girls' and the
boys' GCSE science performance. This indicates that the action research
initiatives have been successful in promoting the girls' achievement. In
addition, all GCSE students in the school have shown a distinct
improvement from 1992 to 1993 which again indicates that the benefits are
applicable to all students.

Table 7.5. GCSE Science data.
Figures are percentages.
GCSE pass grades

A B C D E F G
BIOLOGY
Boys 2 21 2 13 10 10 5
Girls 16 17 17 14 13 4 8
CHEMISTRY
Boys 6 20 16 18 14 0 4
Girls 14 19 16 18 15 12 5
PHYSICS
Boys 19 6 29 15 8 9 3
Girls 18 21 26 15 9 8 3

Source: MEG statistics (1991)
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This pattern is repeated nationally in the separate science disciplines. The
GCSE statistics from the Midland Examining Group (MEG, 1991) and the
University of London Examinations and Assessment Council (ULEAC,
1992) are reproduced in Tables 7.5 and 7.6 respectively.

Table 7.6. GCSE Science data.
Figures are percentages.
GCSE pass grades

A B C D E F G
BIOLOGY
Boys 16 21 24 19 12 5 2
Girls 23 20 23 16 10 5 2
CHEMISTRY
Boys 19 26 29 16 7 3
Girls 18 28 30 12 6 4
PHYSICS
Boys 23 15 27 14 6 3
Girls 33 18 24 14 6 3

Source: ULEAC statistics (1992)

The Department for Education Statistical Bulletin 15/93 (DFE, 1993)
provided an analysis of both GCSE and A-level results for the period 1991/92.
It was reported that the percentage of boys and girls being awarded 5 or
more GCSEs at grades A-C had increased significantly. The figure for boys
had risen to 34.1% whereas the figure for the girls was considerably higher
reaching 42.7%. It was noted that 'achievements of girls remained well
above those of boys' (p1). The report also observed that 79% of boys and 85%
of girls gained at least 5 GCSE across grades A-G. At A/AS level, however,
it was noted that 12% of boys compared to 8% of girls achieved scores of 30 or
more. This figure tended to disguise the fact that the numbers of A-level
passes achieved by the girls had increased although this improvement was
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not necessarily accompanied by higher grades.

Table 7.7 reproduces part of Table 5 from the DFE bulletin to illustrate
student performance in GCSE Sciences during the period 1991/92. From
this table it can be seen that the entries and the success rate for boys and
girls were remarkably similar in 1991/92, which is a great improvement on
the data quoted in Chapter 1. In the physical sciences the situation favours
the boys, the girls are slightly ahead in biological sciences. Within the
balanced science framework, however, the data are very similar indicating
that the girls have succeeded in significantly reducing the gender
differential. In a survey of women in post-compulsory education the DFE
(1993) also noted that at GCSE girls generally had achieved better results
than boys in the period of the survey (1991/92).

Table 7.7 GCSE entry and pass data 1991/92.
Figures are percentages (N=474900).

GCSE entry Grades A-C | Grades A-G
Boys Girls ] Boys Girls | Boys Girls

All Science subjects 85 87 36 37 81 84
Science (single award) 16 19 3 4 14 17
Science (double award) 52 54 23 23 50 52
Biological sciences 9 11 6 7 9 11
Chemistry 11 8 8 5 10 8
Physics 13 6 9 4 12 6

Source: DFE Bulletin 15/93 (1993)

The data in these tables clearly show that the traditional pattern of gender
imbalance, with the girls being superior to the boys in biological sciences
whilst being under-represented and under-achieving in the physical

sciences, has changed.
The changes evidenced within the author's school within a balanced

science framework appear to be echoed within the separate sciences as
evidenced in Tables 7.5 and 7.6. This is contrary to the prediction earlier in
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the research programme that the girls would suffer through being forced to
study all aspects of science as part of a balanced science course. In
addition, this appears to contradict the author's original suggestion that it
was purely the assessment framework of the Suffolk Science course which
led to the observed improvements.

In order to explain the observations it is necessary look at all the aspects of
the research carried out by the author and by others in similar fields, for
example, the GIST programme, and attempt to draw these together and
search for clues. The author's original concerns regarding the position of
girls in science were neither original nor isolated and there will have been
many initiatives introduced in schools in order to counter the problem. The
promotion of equality of opportunity has challenged the subordinate position
of girls and women in society. Teachers have recognised the problems
discussed earlier in this thesis and these will have been tackled in schools
in various ways. Harris, Nixon and Rudduck (1993) proposed that the girls
themselves may have gradually developed various strategies which have
enabled them to work and succeed within the constraints imposed by the

gender conventions operating within schools.

Teacher training will also have raised these issues with students and this
is likely to have affected the way new teachers approach the problem. When
legislation was introduced making the wearing of seatbelts compulsory in
motor cars it was much easier for learner and new drivers as they did not
have to 'unlearn' bad habits. Similarly new teachers who are entering the
profession with an awareness of and sympathy for the gender issues in
science education will treat the problem in a different way to someone who
is trying to change his/her existing practice in order to counter the gender
problem.

Careers education will also have had a part to play in the changes observed
above. Girls have been encouraged to look far beyond the traditional career
patterns by a variety of initiatives, for example, WISE (Women Into Science
and Engineering) and introducing positive female role models. In order to
step outside the traditional roles girls have had to give more careful thought
to their academic career at both Year 9 options and post-16 selection.
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A combination of experience, direct observation and discussions with
students suggests, however, that the way in which science is taught and
assessed will be likely to have the greatest effect on the attainment of girls
in secondary education. It is the way in which the science is presented in
lessons and the way in which the students' work is assessed which creates
the attitudes and motivation necessary to enable students to improve.
Consequently, the more detailed research into this area within the school
concentrated on the two cohorts to have followed the Suffolk course through
to GCSE.

In order to obtain a general view of how the students had perceived their
GCSE Science course the author surveyed, during the academic year
1992/1993, the first and second Suffolk cohorts from his school. The first
cohort had left school by this time and were surveyed by postal
questionnaire (a copy of the questionnaire is included as Appendix 17). The
second cohort were in their final year of the course and were surveyed
directly by the author. The data obtained from postal questionnaire were
used to prepare a series of questions which the students from the second

" cohort were asked during a science lesson. The 1993 cohort were also

allowed the opportunity to make a much more free and individual response
through both large group and small group discussions. Transcripts of two
of the small group discussions, held during May 1993, are included as
Appendix 18.

The vast majority of the boys stated that they felt that they should have
worked harder for GCSE (Q6). The girls, on the other hand, showed a
roughly equal split between "I worked to the best of my ability" and "I
should have worked harder". A similar pattern of response was noted by
Harris, Nixon and Rudduck (1993). They also found that the boys were
using disruptive behaviour as a means of asserting their masculinity in
lessons. It was noted in Chapter 1 how Taber (1992) had observed boys
behaving in a disruptive fashion in order to promote interactions with the
teacher. Harris et al also commented that the girls appeared to be under
less peer-pressure to misbehave and that they also found ways to maintain
their own standards of work in most classroom situations. The girls were
also more likely to try to improve and to do what the teacher wanted. It was
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noted, however, that the boys made little effort to overcome their problems.

The boys acknowledge their lack of achievement through the statement "I
should have worked harder". The girls, however, appear to use this
statement in a way which illustrates their perceived inferiority to the boys.
General discussion with students has clearly demonstrated that the
students accept certain gehder differences as natural. The students often
actively perpetuate these perceptions, even when the documentary evidence
has clearly illustrated the fact that the girls have been working at least as
well as, if not better than, the boys. In general, all the students responded
"Yes", they had enjoyed their science course (Q14) although a few (mainly
girls) also responded "Very much" or "Not really".

Questions 15 and 16 considered students' performance in end-of-unit tests
and process skills respectively. With regard to the end-of-unit tests the boys
considered their performance to be average. The girls responses were
similar but they did have a slightly higher proportion of responses for "Very
well". In the process skills the boys again responded "Average" but a good
proportion of the girls responded "Very well". This suggests that the girls
responded well to the process skills area of the coursework and felt
encouraged by their performance in this area of the course. Other evidence
has suggested that the girls do prefer the opportunity to concentrate their
efforts in a more individual fashion through personal research and written
communication rather than the more threatening classroom question and
answer work or the stressful sitting of examinations. Macaire (1993)

commented:

Girls' outstanding GCSE results can, to a certain extent, be
attributed to the coursework element, which encourages
girls' greater willingness to research and to write at

length... (p8)

Those questions which attempted to link student preferences in terms of
subject and/or teacher with performance (Q 17, 18, 19, 20) showed greater
gender differences. In terms of subject preferences, which were
investigated in terms of the units studied, over half of the students
responded "No preference". Where any preference was expressed, the boys'
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preferences were mainly for physics (some chemistry and no biology) and
the girls' were for chemistry, with none in favour of physics or,
surprisingly, biology. One of the girls' 'no preference' responses did
actually qualify it as 'except physics'.

Qualter (1993), researching into student preferences in science topics,
observed that topics which related to people and animals were not identified
by the boys as being unpopular but proved to be more popular with girls.
Abstract areas of science proved to be unpopular with boys and very
unpopular with the girls. In general biological topics were much more
popular than physics topics for both sexes. In addition, the girls held more
negative feelings towards physical science topics than the boys. The boys
may be less negative than the girls in this area because they perceive the
physical sciences as being important for career requirements. Qualter
suggested that students of both sexes simply respond better to those topics
which they see as relevant to their interests. If this is the case then, as
suggested earlier in this research, we need to be more aware of the nature
and formation of the students' interpretations and perceptions of relevance.
Qualter questioned the assumption that biological topics were automatically
preferred by the girls suggesting that the perception of relevance was more
important in their choices.

The response to question 18 indicated that, as was to be expected, the
students frequently did enjoy science more with some teachers than others.
The response from the girls was, however, more positive in this respect
and indicates that this may be a more crucial aspect for them than for boys.

The fact that the girls actually expressed a subject preference for
chemistry, rather than the expected response of biology, suggests that the
students' preference may be formed more on the basis of who teaches them
and how the topic is presented, rather than the actual content. The
responses to Question 18 reinforce the hypothesis that the girls are happier,
and likely to be more successful, when they feel at ease with the teacher.
This recalls the work by Eggleston, Galton and Jones (1975) quoted in
Chapter 1 which identified three styles of teaching and then investigated in
order to determine the styles with which the girls were most comfortable.
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Students, boys and girls, within the research school have indicated that
they consider physics to be generally difficult and unsuitable for the girls.
When this is coupled with the fact that teachers of physics often tend to
display those teaching characteristics identified by the girls as being
unpopular this can explain the subject polarisation. The perceived difficulty
of physics and the teaching style appear, for the girls, to completely override
any interest these girls may have in physics, or any perceptions they may
have of its worth or relevance. Kruse (1992) has highlighted various factors
which appéar to be acting against the best interests of girls in science,

especially in physics, observing:

...discrimination against girls through the physics
curriculum, the materials, the teaching practices of the
predominantly male teachers... (p85)

Two thirds of the girls indicated that they felt that their marks were better
with some teachers than with others (Q19). The girls also responded that
they obtained better marks with the teachers they liked but were roughly
equally split as to whether they obtained poorer marks with the teachers
they did not like (Q20). The boys answered that their performance was
roughly the same with all teachers (Q19) and yet their responses to question
20 disagreed with this suggesting that, like the girls, they obtained better
marks with the teachers they liked. The boys also replied, by a substantial
majority, that they obtained poorer marks with the teachers they did not
like.

These responses appear to give more indication of the students' motivation
than their likes and dislikes. It would seem that the boys responded in the
first instance that their performance was constant (Q19) with all teachers.
However, the deeper questions suggested that they did actually achieve
better with the teachers they liked, this is consistent with the girls'
responses. The girls, however, indicated in a very positive fashion that their
achievements were better with the teachers they liked. It may be assumed
that the teacher who creates an environment in which the girls are happy
to work is more likely to be successful in raising the levels of performance of
all students, particularly the girls.
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The situation changes, however, when we look at the responses to the
question regarding performance with unpopular teachers (Q20, part 2). The
girls' response suggests that they are more conscientious with their work,
although some do not manage to match the levels of performance they
obtained with teachers they liked. The boys, however, appear to unilaterally
reduce their expectations and efforts with teachers they do not like as
almost all the boys indicated that in this situation they obtained poorer
marks.

Experience has shown that boys and girls do differ quite considerably in
their classroom behaviour and performance with teachers they either do
not like or can not build up satisfactory relationships with. In general the
boys' response tends to take the form of negative behaviour and a low work
ethos resulting in sharp fluctuations in levels of attainment with a rapid
downward trend. The girls, however, tend to respond in one of two ways.
Some adopt a resigned approach in these situations, often becoming
uncommunicative and displaying a gradual drop in standards. Others
adopt negative behaviour patterns similar to the boys, although not
generally as openly confrontational, but with an identical sharp drop in
standards.

With girl students from the upper ability band there also appears to be an
added factor built into these responses, the students become frustrated in
both the lack of adequate opportunity for them to make progress and in their
lack of progress. They then appear, both individually and collectively, to
accuse the teacher of failing to meet their academic needs and feelings of
resentment towards the teacher begin to build. This accusation tends not to
take the form of direct confrontation and argument but appears more as
'switching off'. If the students have no other teachers in the department to
turn to for assistance, this will tend to be the point at which they are lost. A
modular system, where students are taught by different teachers during
the course has been identified in both interviews and discussions as being of
particular relevance and benefit when this situation arises.

In summarising these issues in the surveys the general response from both
boys and girls was "Yes, the assessments were affected by the teacher”
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(Q27). All students responded strongly and affirmatively when asked if they
thought the nature of the science assessments helped them to achieve a
higher GCSE grade (Q25).

A series of informal small group discussions were held with Year 11
students which allowed some of these hypotheses to be explored in more
detail. The groups were generally pairs and based on samples of
convenience. Transcripts of two of the paired student discussions are
included as Appendix 18 and it is from these students (from the most able
science group) that any quotes used in the following discussion were taken.

In relation to the questions regarding subject preferences girl H (a girl in
the first discussion pair) commented "...I find physics more difficult than
biology but at least it's not easy all the time" (line 58), reflecting the earlier
comments. All students involved in the discussions, like girl J and girl H,
said that they liked a mixture of biology, chemistry and physics units. Not
many students were as honest as girl K and girl D in the second discussion
who admitted that there were no units they had really enjoyed. All four
students could, however, readily identify the units they didn't like.

When the relative importance of the teacher was investigated the students
were much more forthcoming and were, as can be seen from the
transcripts, often highly critical of the teachers and teaching. It was noted
by the author that the larger the size of the discussion group, the greater
the reluctance of the students to commit themselves in this area of the
discussion. The students involved in the discussions did seem to appreciate
the benefits of the rotation of the teaching groups, "... what happens if you
get a teacher that you just don't like, you just end up completely ruining
everything...whereas if you get teachers that you like and teachers you
don't like you see what you can do and how it affects you" (girl H,
discussion transcript 1, line 69).

It was noted that the students did appear to feel that a particular teacher
could seriously affect their attainment "...if you get a teacher that you just
don't like, you just end up completely ruining everything" (girl H,
transcript 1, line 65) and "You don't do any writing with [A] so you can't
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revise for the tests..." (girl J, transcript 1, line 77)."If you draw the short
straw and get somebody who's boring then it's good to be able to change..."
(girl K, transcript 2, line 102), "I've got [E] now and [E] does...biology and
chemistry but [E] doesn't know anything about physics so it's better that
way. [E's]...a specialist.” (girl D, transcript 2, line 105).

It has been noted that the students quoted above were from the upper ability
sets in the school. Other students involved in the discussions made similar
comments. The higher sets made a definite connection in their
conversation between the individual teacher and their own performance in
the units taught by that teacher. Students in the lower sets generally
confined their discussion to their treatment by the teacher and whether
they found the lessons boring. These students did not generally equate these
comments with their own performance or behaviour in science lessons.

It was very rare that the individual science subject was related to low
achievement. Where connections were made these were generally of the
form "I find physics more difficult..." (girl H, transcript 1, line 58). Any
comments which were more specific related to individual units, for
example, "Microelectronics, I hate that" (girl J, transcript 1, line 190),
"That structures [unit] was (sic) stupid" (girl D, transcript 2, line 83).

The data from MEG and ULEAC (tables 7.5 and 7.6) are clear examples of
the improvement in the performance of girls at GCSE level, which is taking
place nationally. When this is transferred back to this research project, it is
apparent that the improvements which the author has witnessed are
unlikely to be solely attributable to the Suffolk Science course. Some credit
must be given to Suffolk in terms of teacher motivation. The new course had
been unanimously selected by the department and everyone put their best
efforts into ensuring that the launch was successful. This type of
enthusiasm is infectious and must have been transmitted to the students.

The assessment scheme in the Suffolk course proved to be attractive to both
the staff and students and there is no doubt that this has contributed in no
small way to the students' success. However, the Suffolk assessment
framework was simply one way of delivering the requirements for GCSE
coursework. Much of the improvement in other GCSE subjects can also be
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attributed to the assessment of coursework. The role of coursework in GCSE
will be discussed in more detail in Chapter 8.

In the case of the Suffolk Science course the assessment framework was
based on 100% coursework with no terminal examination. This has an
obvious attraction for those students who are well-motivated. If they are
prepared to maintain a reasonable workload throughout the GCSE course
then they are likely to benefit much more from this approach. It has been
noted earlier in this programme, and by other researchers, how girls tend
to be better motivated than the boys and are usually more prepared to
maintain a consistent level of performance throughout the GCSE course .
This research has evidenced how this system of assessment appears to
have reinforced hard work and progress enabling the girls to outperform
the boys in many areas of the science curriculum.
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CHAPTER EIGHT

The role of coursework in GCSE

This chapter provides an overview of the changing emphasis on
coursework within GCSE assessment and in so doing provides the
link between the second and third phases of the research. The role of
the various government agencies in reducing this emphasis is
critically reviewed and the possible consequences of this reduction for
students in GCSE science are discussed. The author also discusses
how his department responded in order to meet the changing
demands of the Key Stage 4 science assessment.
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