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The following thesis examines why many engineering and physical science vocational
areas remain dominated by male candidates, and whether this trend is reversible.
National figures support the fact that female school students currently out perform
male students in almost all academic areas. It could therefore be anticipated that
female students would have the pick of university, college, and training opportunities.
However, female candidates remain reluctant to enter many science and engineering
vocations, despite efforts to attract them. Figures provided by the Engineering
Council (1995) show current female participation at around 15%, a figure confirmed

by one of Britain's largest employers with a site in East Yorkshire.

As females occupy about half the places at all educational establishments, the
question must be asked, why is there a great reluctance for females to enter
engineering and physical science professions. If one assumes that these chosen fields
of study are not chosen at random, then whatever the reason for the decision, it is
likely to be made during, or even before school years. To try to find the reason for
these choices, this research thesis examines_ the decisions made by females at various
stages of their time at school. Examination of ideas, beliefs, pressures, and selections
in the 9 to 16 age group have been covered. The results of a literature review were

then compared to the research findings.



Are females aware of the opportunities that exist, or are they aware and have decided
better opportunities lie elsewhere? The research reveals some of the reasons why
there appears little motivation for female students to enter engineering and physical
science vocational areas. The research also generates some conclusions which may

provide a framework for producing future equality in these vocational fields.
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CHAPTER 1
INTRODUCTION.

In recent years there have been several investigations of the relationship of gender to
examination results and vocation selection, and the Rising Tide report (1994)
recorded the establishment in 1993 of the Committee on Women in Science,
Engineering and Technology to make greater use of the talents of females in these

specific vocational areas.

Grant (1994) highlighted the fact that female school students out perform male
students in almost all academic areas. It could therefore be anticipated that female
students would have the pick of University, College, and Training opportunities. It is
somewhat surprising that female candidates are remaining reluctant to enter some
science and many engineering vocations, despite the great efforts taken to attract

them,

Personal involvement with a large British based International Company has revealed
that its engineering and science training programme aimed at the 16-20 year age
group, attracts only 10-15% of the total applications from female students.
Considerable effort has been spent in areas such as local publicity and active school
links to attract more female applicants, but the percentage remains little changed
overall. This figure is matched almost exactly by information supplied by the
Engineering Council (1995). In 1950 only 0.5% of engineering students attending

universities in the UK were female. In 1984 this had risen to 8%, and by 1995 it had



risen to 15-16%

Some Facts About Women (1995), supplied by the Equal Opportunities Commission,

revealed that females made up 51% of the population and 45% of all occupational

groups in Great Britain. Bearing this in mind, the Table 1 below shows the number

of students in Further Education and Higher Education in Great Britain in 1993/4.

Table 1 - Students in Education 1993/4

Area Females Males

Number % of Line | Number % of Line

(1,000s) Total | (1,000s) Total
Further Edveation (/NS S S S V]
All students 1,261.6 57.0 953.4 43.0
Physical sciences 0.6 26.1 1.7 73.9
Engineering/Technology 16.3 8.2 183.6 91.8
Higher Edweation |/ /S S A S
All students 385.7 494 395.6 50.6
Physical sciences 8.3 374 13.9 62.6
Engineering/Technology 9.4 10.8 71.5 89.2
777777777
All students 152.6 47.0 171.8 53.0
Physical sciences 8.5 314 18.6 68.6
Engineering/Technology 4.8 13.9 29.7 86.1

Figures supplied by the Equal Opportunities Commission (1995).
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As females occupy about half the places at all educational establishments, the
question must be asked, why is there a great reluctance for females to enter
engineering and some science professions. If one assumes that these chosen fields of
study are not chosen at random, then whatever the reason for the decision, it must
clearly be made during, or even before school years. The following research
examines the decisions and choices made by females at various stages of their time at
school. Examination of ideas, beliefs, pressures, and selections made by the 9 to 16
age group have been covered. To explain why there exists gender bias in these areas
a considerable literature review of related areas has been performed. The information

gathered considers;

1) Education and women, and specifically science education, of the nineteenth

and twentieth centuries.

2) Basic child development theory including the works of Piaget and Erikson.

3) Theses from related research, and results of the WISE (Women into Science
and Engineering) Campaign (1984-95), together with other associated

literature.

4) The results of a series of interviews with individuals who are directly affected
by the reluctance of females to enter science and engineering professions, or

are in positions which can significantly influence the current situation.
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Are females aware of the opportunities that exist, or are they aware and have decided
better opportunities lie elsewhere? The results of the literary review linked to the
thesis research conducted with students have been compared in the discussion section
(chapter 5) using the methodology described in chapter 3. From this reasons are
revealed as to why there appears little motivation for female students to enter
engineering and physical science vocational areas, and conclusions reached to

provide a framework for achieving future equality in these occupational fields.



HAPTER 2

LITERATURE REVIEW.

2.1 - INTRODUCTION TO THE LITERATURE REVIEW.

As this section of the dissertation is one of the most lengthy of the study, it is
important to establish some logical progression. To establish this, the work of
Cooper (1989) has been used to form the framework. Cooper subdivided literature
review methodology into five stages. Stage one is called the problem formulation
stage. All research work must commence with a careful review of the research
problem. In performing the research all variables must be defined together with a
rationale for relating the variables to each other. A topic is generally considered
suitable for review provided it has created appreciable interest within a discipline,
either because it of broad conceptual calibre or because it is surrounded by intense
research activity. The ability of the researcher to make sense of many related but not

identical theories to be studied is paramount to the research programme.

Stage two is the data collection stage. The target population covering all elements
and including all individuals and groups the researcher wishes to represent, must be
identified. Primary research conducted by the researcher may be a major impact on
the research, but other researchers may have significant contributions to make.

These can be identified by computer searches, journals, and books, and a thorough

method of data collection must be identified and implemented.
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The third stage is data evaluation and involves making judgements on what data
should or should not be included. It is necessary for the researcher to ensure that
data selection is relevant to the study and the analysis of outcomes must be sustained

by the evidence.

Stage four covers analysis and interpretation involving the synthesis of the separate
data points collected during the research into a unified statement about the research
itself. This involves the identification of systematic patterns from chance
fluctuations. The final stage is the presentation stage. The accumulated knowledge
must now be translated into a document describing the project task and associated

implications.

As this research follows a scientific path, trustworthy accounts of past research form
a necessary condition for orderly knowledge building. Time constraints placed
restrictions on the breadth and depth of the review performed but with such
importance placed on this part of the overall research, an orderly and considerable
search has been conducted. As this section was completed prior to the author's
personal research, the contents provided many of the reference points and hence
prime areas of the research performed and recorded subsequently. The data
collected, recorded and evaluated in this section assisted in the precise problem

formation, subsequent analysis and interpretation, and ultimate presentation.

With these aims in mind, the following records the valid topics uncovered during the

literary review for this research.
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One further point is noted at this stage. This chapter includes data supplied by many
sources and especially the Department for Education and Employment. In many
cases the figures supplied were up to two years old due to the delay in attaining,
analysing and publishing data. Figures included were the most current available, as at
1995, when this section was compiled. In some cases data initially recorded was
subsequently replaced by more current data, although the subsequent data had not

fundamentally altered from that initially recorded.

2.2 - THESIS VALIDITY.

Before embarking on this chosen project it was necessary to ensure that the selected
topic had not previously been researched. This task was performed in two ways,
firstly by contacting educational researchers in the UK, and secondly by a

dissertations abstract sweep.

Educational Researchers Comments.

The first point of contact was the Engineering Council. Dr John Williamson
indicated that this topic had not been the subject of previous research, nor was there
any current research of which he was aware. Dr Williamson suggested contacting
Christine Brown of the University of East Anglia, and Professor Alan Smithers and
Dr Pamela Robinson then of the University of Manchester to gain a further insight of
potential researchers in this area. Contact with both Christine Brown and Dr Pamela

Robinson revealed this area had not been researched , nor was undergoing current
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research, but would tie well to previously researched areas involving female students
at primary school entry and at university level. Both showed great interest in the
outcomes of the research and how these outcomes could complement their own

research.

Dissertations Abstracts Sweep.

A comprehensive sweep of all dissertation abstracts available revealed only one
related thesis. Silver-Miller (1992) had investigated the factors influencing females
toward undergraduate college majors in mathematics, science, engineering and
technology, a study performed in the United States of America. The research
considered that significant factors influencing the selection of mathematics and
science for study at college and university level may occur at a fairly early age, and
that parents and teachers played a significant role in this choice. The chosen sample
consisted of female students in their junior or senior year of mathematics, science or

technology study at selected South Dakota Universities.

Results were based on 126 questionnaires (65% returns) which revealed teachers
having the greatest influence, fathers next, and encouragement as the most frequent
method of influence. The survey also revealed that females who majored in
mathematics or science fields were most often the first born in their families. Whilst
this is of significance to the chosen field of this research project, it is different in
many respects. To correct the apparent female/male imbalance, as much attention

must be paid to students not choosing a science and engineering vocation, as to those
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who do. This is clearly not the case in this study. The quoted study was also
performed at a time considerably after selections influencing future vocations were
made, i.e. looking back with hindsight, and not at the time these selections were
actually made. The view of a now committed scientist may be significantly coloured,
and not reflect fully the true reasons a commitment to this type of career was made,

or the timing of the major factors influencing selections.

Following these surveys, the chosen study area appeared a valid research area. As
such a comprehensive literature review was subsequently performed, and all items
valid to this research area recorded. The literature review of relevant subject matter
helped formulate both problem and hypothesis, and also determined the research
methodology used by the author. The review subsequently assisted the analysis and

interpretation of the results obtained from the research.

2.3 - RANGE OF RESEARCH.

This thesis is titled “An exploration of some factors which inhibit females from
entering Engineering and Physical Science vocational areas from the Hull and East
Yorkshire Local Education Authorities”. Whilst most of this title is self explanatory,

the areas of engineering and physical science need to be defined.

Indexes to the Standard Industrial Classification of economic activities (1992) covers
engineering within two numerical classification groups. Group 74.20 covers

architectural and engineering activities and related technical consultancy, whilst
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group 74.30 covers technical testing and analysis.

Physical sciences are more difficult to classify being covered by many manufacturing
sections from 23.10, manufacture of coke oven products to section 25.11
manufacture of rubber tyres and tubes. Other areas covered include the manufacture
of chemicals, fertilisers, plastics, agro-chemicals, paints, inks, pharmaceuticals, soaps,

and oils.

Classified areas of hospital activities 85.11, medical practise activities 85.12, dental
practise activities 85.13, other human health activities 85.14, and veterinary activities
85.20 are not considered as physical sciences, and are not included in the initial

hypothesis. The reason for their exclusion is shown below.

A question in the CVCP Parliamentary Review (1998) promoted the publication of

two tables in the CVCP Bulletin (1998). Extracts from one of these tables is shown

in table 2.1.
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Table 2.1 - Percent applicants for full time first degree, HND, and DipHE

courses in Science in the UK 1994 to 1997.

Biolog. Sciences | 39 61 37 63 36 64 35 65

Phys/Chemistry 67 33 66 34 66 34 67 33
Medicine 50 50 51 49 50 50 49 51
Engineering 89 11 89 11 88 12 87 13
Other Sciences 54 46 53 4] 54 46 55 45
Total 60 40 59 41 58 42 58 42

As the table shows females are in the majority for biological sciences, have attained
equality for medicine, and almost achieved equality in other sciences. They make up
only one third of the applicants for physical sciences places and only 13% of the

applicants for engineering places.

The Department of Trade and Industry (1998) in its Science Engineering and
Technology (SET) Statistics sections its science , engineering and technology
subjects into 11 areas.

These areas are;

1) Medicine and Dentistry

2) Subjects Allied to Medicine

3)  Biological Sciences

4)  Veterinary Science

5)  Agriculture and Related Subjects
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6) Physical Sciences
1)) Mathematical Sciences
8) Computer Science
9) Engineering and Technology
10)  Architecture, Building and Planning

11)  Social, Economic, and Political Studies.

The same SET statistics further define engineering and physical sciences to include
the areas of information technology, materials, chemistry, mathematics, physics, clean
technology, innovative manufacturing, design and integrated production, control and
instrumentation, electrical engineering, mechanical engineering, marine technology,
process engineering, general engineering, engineering for manufacturing, and

engineering for infrastructure.

These documents will form the basis for assignment of data into the areas of

engineering and physical sciences and explains why these two specific areas were

selected for research.
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2.4 - EDUCATION, SCIENCE AND WOMEN.

There has been a struggle for sexual equality throughout the nineteenth and twentieth
centuries in terms of both educational provision and career opportunities. Whilst
some changes were swiftly introduced, others took decades to achieve. Bryant

(1979) uses an observation from the novel "Ruth” by Mrs Gaskell.

"The daily life into which people are born, and into which they are absorbed

before they are well aware, forms the chains which only one in a hundred has

moral strength enough to despise, and to break, when the right time comes."
This quotation is clearly representative of the struggle for female educational
emancipation in the nineteenth and twentieth century, and the following section
examines the educational changes, particularly with regards to science education and
the specific involvement of females. It examines some of the "chain breakages" and

the females who possessed the moral strength to cause them. The section reveals

some of the reasons for the science and engineering professions becoming, and

remaining a male dominated area.

Education and Women in the Nineteenth and Twentieth Centuries.

In the early to mid nineteenth century, most of the population of England only had
access to elementary education. It was co-educationally based with equal access to
males and females. Up to 1870 attendance of educational institutions, which were
mainly owned and operated by the Church, was voluntary. This changed with the

Elementary Education Act 1870. Maclure (1986) records details of the 1870 Act
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where two of the main provisions were to provide a 50% state grant to "voluntary”
schools and the compulsory attendance (with exceptions) for children of ages 5 to
13. Attendance appears to have been for both males and females, with attendance
problems appearing to be greater for males than females. These attendance problems
were often associated with the use of child labour in certain activities performed

around this time.

In the mid nineteenth century there was very little opportunity for further recognised
educational progression for females beyond the elementary stage. The place for the
woman was considered to be in the home looking after children, but things were
about to change. Around the mid nineteenth century there was an imbalance between
the genders. Diseases of the earlier nineteenth century had killed more males than
females, so even if all females wanted to marry and raise children they were unablz to
do so. This created a situation where many females sought new roles often with a

greater requirement for access to education and entry to the professions, such as

medicine, dominated completely by males.

Access to education beyond elementary standard was limited to girls of upper and
middle class status who could attend boarding schools, but here curriculums were
restricted to the likes of music, languages and hand crafts. Only males were allowed
to attend Grammar Schools and then directly enter or matriculate to Universities. A
series of events which were to provide the educational equality for females, and

major events are highlighted next.
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Rowold (1996) recorded that in 1850 and 1854 Frances Buss and Dorothea Beale
opened secondary schools for girls, the North London Collegiate School and the
Cheltenham Ladies™ College. Both offered more academically oriented curricula than

conventional girls’ schools.

Bryant (1979) records that in 1868 the Taunton Commission reported that schools
for girls should be established to replicate the provision provided for boys by
Grammar Schools. During the next ten years, many such establishments were
formed, being termed Girls High Schools. Despite such initiatives, there continued to
remain problems for females to gain access to and certification from higher
educational establishments. The Governesses' Benevolent Institution had been
established in 1843 to provide higher education to governesses who had retired or
were "resting” between engagements. Shortly after this in 1848 Queen's College for
women was established in Harley Street, London. This was more of a secondary
school than a college and was open to females above the age of twelve, but in 1849

The Ladies' College , Bedford Square, London was established.

Although the University of London issued degrees nationwide from 1851, it was not
until 1878 that degrees were issued to women. Women could attend the courses,

take the exams, but were not given degrees until 1878. The main reason postulated,
although never confirmed, was that if females could pass university courses, then the

courses were too easy.
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Bryant (1979) records that colleges were established for women at both Cambridge
(Hitchin, 1869) and Oxford (Newnham, 1871). Despite the fact that the University
of London had issued degrees to women from 1878, degrees were not issued to
women until 1919 at Oxford and until 1921 at Cambridge. The difference in allowing
female graduation so much later from Oxford and Cambridge is attributed to the
religious influences exerted in the governing bodies of these centres. The difficulty
for females to obtain a professional qualification can be highlighted by the case of
Elizabeth Garrett, who became the first qualified female physician to practise in
England. Her degree had to be obtained from the University of Paris, where

discrimination by gender was lower than in the United Kingdom at that time.

With such discrimination against females until well into the twentieth century, it is
hardly surprising that males dominated the professions. Why then should certain
professions currently show a far lower gender imbalance than science and

engineering? An examination of the provision of science and technical education may

provide the answer.

The Growing Need for Technical Education in the Nineteenth Century.

Cotsgrove (1958) recorded that the technical education system of that time (1958)
still retained in all too many respects, the form given to it by the nineteenth century.
He questioned whether the system that existed at that time could be flexible enough
to meet the changing social needs. His question resulted from research which

examined educational developments over the previous 150 years, and some of these
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areas are now examined.

Although there was a growing interest in science from the seventeenth century
onwards, there appeared to be little scientific and technical instruction before 1824.
Religious and philanthropic motives predominated in the limited working class
education for both children and adults at this time, and continued to do so for much
of the nineteenth century. The period 1824-1851 saw the rise and fall of the
Mechanics' Institutes, aimed at making their members efficient industrially. By 1851
technical instruction had emerged along with the value, in an industrial society, of a

wide diffusion of useful knowledge.

Brookes (1988) examines the period 1850 to 1900 in some detail. The Crystal
Palace Exhibition of 1851 illustrated a buoyant industrial spirit, backed up by material
prosperity, high industrial production and flourishing foreign trade. This was in fact
the case as in 1870 the foreign trade of the United Kingdom was more than twice
that of France, Germany and Italy together. However, by the 1867 International
Exhibition in Paris, indications of the United Kingdom's declining world position,
especially in areas of new technologies, were obvious. Cardwell (1957) recorded
that,

"Our engineers and chemists ascribed our failure to the systems of technical
education developed in European countries for the masters and managers of
industry."

This decline can be confirmed by the fact that towards the end of the nineteenth

century modern industrial growth in chemicals, electrical engineering and machine

tools were firmly based in Germany, the United States and France. Between the
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period of 1870 and 1900, the position of the United Kingdom had slipped from

technological leader to that of a bit part player in an increasing global market.

As Cardwell (1957) records, it became increasingly apparent around this period
(1850 - 1890) that one of the main reason for Britain lagging behind developments in
many other countries was its education system. This was very noticeable in the
areas of the new technologies, but the United Kingdom governments of the time
were still unwilling to take control for both provision and funding. A choice was
clear, fall further behind industrial competitors and accept declining prosperity, or do

something to halt the decline.

Cardwell (1957) records that the period 1851 to 1882 saw a major development in
further education with the growth of evening classes in the principles of science.

This was stimulated by the payment of state grants, after 1859, on the results of
examinations of the Science and Art Department. In 1880 the Livery Companies of
London established the City and Guilds of London Institute (C & G) which took over
the technological examinations of the Royal Society of Arts (RSA), and in 1881 the
Finsbury Technical College opened, becoming the first of its kind for technological
studies. This was accompanied by an increase in science teaching at universities, e.g.

King's and University Colleges, London, and Owen's College, Manchester.

The Technical Instruction Act of 1889 provided increased state aid for scientific and
technical education, and supplemented by "whisky money" (money raised by a tax on

alcohol), more and more provincial technical schools and colleges were established.
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Once established, centres for technical and scientific education would grow as their
importance was to grow throughout the twentieth century. Their development was

to be directed predominantly by central government throughout this period.

The entry of women to both education programmes and "professions" was still
strictly limited even though the provision of technical education was to undergo such
rapid development. Examination of both developments and apparent exclusions may
shed light on the current male/female gender bias in engineering and science

professions.

Changes in the Provision of Science and Technical Education in the Nineteenth

and Twentieth Centuries.

Cardwell (1957) records that the rise of science has been clearly influenced by
religious institutions, which until the latter part of the nineteenth century had almost
total control over educational establishments, industry and commerce. Theories on
the social motivation of science are often related to society becoming increasingly
aware of the industrial and social importance of science in what was an increasingly
liberal democratic state. Increasingly liberal it may have been, but there was little or
no place for women in religious, industrial or commercial organisations in the early
nineteenth century. If science and technology was driven from these areas, it is little
wonder that these new areas did little to encourage female involvement, and perhaps
offers the greatest indication for the lack of gender equivalence and opportunity

which still exists in the late twentieth century.
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This section examines in detail some of the historically significant events which have
continued to support this discrepancy, although one could argue they should have

contributed to removal of the gender imbalance totally decades ago.

Roderick and Stephens (1972) record that in the 1850s there wés a growing
realisation among a minority that England was in danger of losing her industrial
supremacy. In 1852 the Government created the Department of Practical Art in
order to reform the Schools of Industrial Design, and the following year a Science
Division was added. It was the creation of this Government department which
enabled central funds to be made available for technical education, and provided the
impetus for technical education to develop in the latter half of the nineteenth century.
As stated previously, the education available to the majority of females in the middle
of the nineteenth century consisted of no more than elementary education to the
masses, and female studies above this level were restricted to the middle to upper
class females who could afford the fees to take advantage of such limited provisions.

There was little opportunity for females to become involved with any technical

profession.

The records of the Liverpool Literary and Philosophical Society recorded by
Roderick and Stephens (1972) make interesting reading. The aim of this society, and
many similar societies around the country formed in the early nineteenth century, was
to arouse and stimulate the minds of its middle and upper class members, by a series
of lectures and organised events. Around mid century, science began to play take an

ever increasing role in the organised activities. In 1857 the president of the Society
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stated,

"Liverpool has done little for science, though science has done much for

Liverpool".
However, it was not until 1862 that science provision started to appear as significant
entries in the Society records. Around the same time the "gentlemen" of the society
permitted women to attend some of the Society's functions. The society passed a
bye-law providing admission of ladies to the meetings on certain occasions, to be
fixed by the Council. Although science and technology was to play an increasing role
in such urban societies, females did not appear to have a part to play in such

developments.

Roderick and Stephens (1972) make reference to an early example of female
participation in technical subjects. With the introduction of adult education around
the country in the 1860s, the possibilities of instruction of females to the
encouragement of meteorology was included in the provision. This corresponded to
the approaches by the Royal Society and the Board of Trade to establish a
meteorological station in the 1860s. One only has to watch a television weather
forecast to observe the level of female participation in this area. The question must
be asked, has a long standing female involvement from the infancy of the profession

helped to remove "barriers" to female participation?

Cardwell (1957) examines technical education in England in the period 1868-1890,
and particularly some of the arguments that raged at that time. All the quotations are

from males, and a quotation from T H Huxley from a Rectorial Address to Aberdeen
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University in 1874 emphasises this. In his address he agreed that,
"Written examinations tell us nothing about man’s powers as an investigator".
It appears that at this time there was no consideration of women's powers, or in

many cases no belief that they may possess any.

One could have expected that a new century and a major war (1914-18) would have
caused a major change in female advancement within science and technological
disciplines with such high male fatalities across the class barrier. Cardwell (1957)
stated that this war broke the continuity of science education and as a result it
developed in new directions. This may well have been fuelled by the removal of
traditional markets, such as Germany, for the supply of certain technical equipment,
but resulted in technical expansion in many areas. To fulfil these new requirements. a
Privy Council for Scientific and Industrial Research was formed in 1915. It identified
a need for an increased supply of trained researchers, which would consist

predominantly of Honours Graduates.

Cardwell (1957) indicated that at this time the annual output of 1st and 2nd Class
Honours students in mathematics, science and technology was running at 530 per
year. At the same time a number of men formed the "Committee on the Neglect of
Science". This committee demanded a wider diffusion of science among the
populace and its major recommendation was to stop the specialisation before boys
leave school. Once again there was no proposals for gender equality despite the
continued fatalities of many males in the current conflict. Science was seen as a

continuing male domain.
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Cardwell's book "The Organisation of Science in England" (1957) covers the period
1800 to the post World War I period. It is quite clear from the text that there was no
significant female contribution to the development of science and technology.
Similarly no movements to redress the gender balance were considered worthy of
inclusion. This fact can be confirmed by the work of Cotsgrove (1958). Figures
given for students entering higher education at technical colleges and universities in
the period 1910 to 1929 are for males only. It is only after World War II, that
figures for females were considered worthy of inclusion. Figures for the period 1949

record female involvement, and subsequent records show a gradual increase to 1955.

The figures reveal that male students entering universities from grammar schools
outnumbered females in the ratio of 3:1, and whilst the number of boys entering
university from technical schools (established nationally in the early twentieth
century) showed a continuing increase, there was no indication of any progression of
female students from the same technical establishments. However, as the percentages
of students entering further education are similar for males and females, one could

conclude that the emphasis on technical progression was still very much male

dominated in 1955.

Cotsgrove (1958) did indicate a slight movement of student numbers away from arts
education towards technical education and postulated two potential driving forces.
Firstly growing demand for scientific and technical staff since 1945, and secondly the

resulting increased rewards of such occupations in terms of pay and prestige.
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Figures supplied by the Engineering Council (1995) would suggest that female
involvement in engineering has shown a gradual increase. In 1950 only 0.5% of
engineering students attending universities in the UK were female. In 1984 this had
risen to 8%, and by 1995 stood at 15-16%. This may indicate a dramatic correction
of the imbalance shown in 1950, but compared to certain other professions, such as
the legal profession (the work of Wilkinson [1994] is examined later in this literature

review), gender equality appeared far more difficult to attain.

It would appear that nineteenth century “gentlemen” did little to encourage female
participation in science and technical professions, and this situation continued well
into the twentieth century. Although there has been some advancement towards
gender equality in the latter part of twentieth century, there is still a long way to go in

the twenty first century if true equality is to be attained.

2.5 - CHILD DEVELOPMENT.

The main purpose of examining child development was to reveal any explanations
amongst the many theories and studies performed regarding the development of
children, that could explain the current gender bias in engineering and science
careers. The field of child development covers the development of both genders with
age. In certain cases development is considered to be complete by adolescence, in
other cases the development is considered to be continuous throughout a lifetime. In
the introduction, figures were quoted showing there has been a gradual increase in

the numbers of females entering science and engineering careers. This number is still
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low (15%) compared to the same number of males (85%) embarking on these
careers. What could be the basic influences on this apparent anomaly? To try to
answer this problem, the works of two child development theories were examined,

those of Piaget and Erikson.

Piaget's theory is classed as a cognitive theory. Lloyd and Mayes (1987) describe
cognitive development not as a steady accretion of skills, but as a stage theory with a
series of sudden leaps. Development proceeds by way of a series of qualitative
changes, often referred to as stages. One stage grows out of another, and in some
instances may be considered a reconstruction of earlier knowledge, but the result is a
new way of looking at things. One of the prime contributors to such development is
the child's own active contribution to cognitive growth. This action-based growth
termed by Lloyd and Mayes (1987) as constructivist, is considered to occur in an
invariant order. The development is completed by an inter-actionist approach where

growth is dependent on the person’s environment.

Psychoanalytical theory, into which category Erikson's work falls, was developed by
Freud. It is termed a dynamic theory of emotional development which sought to
explain the causes of various kinds of psycho-pathology and offer treatments for their
cure. Processes that brought unconscious motives, thoughts and feelings to
consciousness, or which prevented this from happening were central to its aims. Bee
(1992) describes the psychoanalysis theory as a method of explaining human
behaviour by understanding the underlying processes of the mind and personality.

Development is governed by conscious and unconscious processes, the latter being

LUy I
i ' I "2
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present at birth, the former develop with time.

By comparison of the two theories, similarities and differences start to emerge.
Cognitive theory indicates that study groups should exhibit shared patterns of
development. Psychoanalytical theory emphasises the importance of both shared and
individual differences. Although both indicate qualitative developmental change,
psychoanalytical theory views this change in stages whilst cognitive theory sees it as
mainly sequential, but with some stages. Psychoanalytical development can be driven
by unconscious processes e.g. dreams and fantasies, whilst cognitive development is
driven by the likes of logic and morals. There are similarities between the two basic
theories, but also significant differences. Aspects of these theories are now examined
in detail to examine if they suggest any reasons why child development may depend

upon gender.

Wadsworth (1989) quotes from the work of Piaget, stating Piaget described his basic
theory as follows. Piaget's cognitive theory suggests there are four periods of
development. Period one covers the time from birth to two years and is termed the
sensory-motor period. During this time a baby is gaining experience through senses,
and absorbs these experiences into patterns of behaviour. Period two is the pre-
conceptual/intuitive period and spans the age 2 to 7. This period covers acceptance
of language and the building up of ideas and notions into basic concepts, Period
three is the concrete operational period from age 7 to 11 and allows concept
development into classification and serialisation. Finally period four lasts from 11 to

15 when most people become able to reason abstractly and hypothesize by applying
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logical reasoning.

Wadsworth (1989) records that in his later years Piaget revised his theory and stated
that his initial stages were only guidelines for initial postulation, and it was always the
intention of himself and supportive co-researchers to expand on these stages and the
age ranges they covered. Wadsworth (1989) also states that Piaget never claimed

that the course of development outlined in his theory was the only possible one.

Erikson examined Freud's theory of psychosexual stages and developed his own
theory based on psycho-social stages. As with the theory of Piaget it is subdivided
into stages, and the stages recorded by Erikson are recorded by Bee (1992) and

shown in table 2.2.

Table 2.2 - Erikson’s stages of psycho-social development.

Age Stage
Oto1 Trust versus mistrust
2to3 Autonomy versus shame, doubt
4t05 Initiative versus guilt

6to 12 Industry versus inferiority

13 to 18 | Identity versus role confusion

19 to 25 | Intimacy versus isolation

26 to 40 | Generativity versus stagnation

41+ Ego integrity versus despair
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Freud's research was almost entirely based on a study of adults. The childhood
development of these adults was then researched. Birch and Malim (1988) write that
Erikson developed Freud's theory from a study of children and adults, and his
psycho-dynamic approach to play is characterised in the use of play therapy to treat
disturbed children. Erikson's initial theory had a similar basis to Piaget's regarding
stages, but listed eight stages from birth to middle age. The stages appear precise,

but are flexible in application and cover the development of both children and adults.

A fundamental part of the two theories are the developmental stages. Piaget's first
stage covers development reflex actions, mainly movements. Subsequent stages
involves basic classification and symbols, language development, hypothesis
formation and organisational skills development. The majority of the skills developed
are governed by child environment, and although personal thought contributes to the
overall development, external forces will a major motivator. Erikson tends to
emphasise internal considerations. Even from the birth the child is building an
internal file of who/what can and cannot be trusted. Then the child enters areas such
as shame, guilt, inferiority, confusion, intimacy and isolation, stagnation, and finally
despair. Although these are a simplification of terms, they all relate to internal

feelings, which may or may not be the result of external actions.

These two theories promote considerable discussion which has been limited to meet
the precise needs of this research. The work of Piaget states that basic notions are
formed in the 2 to 7 age range. Here acceptance of language and the building of

ideas and notions form the prime area of focus. If we consider a child's own
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contribution to this stage, it will depend greatly on the environment. Young females
are unlikely to be exposed to the engineering and physical science based learning
environment that males of a similar age experience. This idea is complemented by
the work of Erikson. In the 6 to 12 year age group he considers industry to
inferiority. Erikson suggests that a child's involvement with a subject promotes a
contentment with it, whilst exclusion may lead to feeling of inferiority in this area. If
the environmental differences mentioned earlier are considered both consciously and
unconsciously by the children, then science and engineering may well be imprinted as
a no go area for many female children because they are excluded from involvement in

these areas.

A combination of the two theories of cognitive and psychoanalytical development
would suggest that the main age range for the building of notions and ideas were 2 to
12. However in England and Wales, GCSE selection, which is probably most
indicative of adolescent career selection, does not occur until the age of 14. This is
probably the first point at which a child must apply these conscious or unconscious
ideas. As a result, to successfully perform this research it was necessary to access
children at a time decisions were being made which would influence their career
choice period. For the purpose of the study it was decided to choose children from
secondary schools at the 13-14 age group, who were about to make their GCSE
choices. At the same time children from "feeder" primary schools in the 9 to 11 age
group were included in the study to try to identify at what stage physical science and
engineering were identified as a likely or unlikely career path. Group activities,

questionnaires, and subsequent data analysis were identical for all groups of students.
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This specific area of research and the application of child development theory
provide possible reasons for the differences in male and female development relevant

to this research. The theories will be applied in the discussion section of this study.

2.6 - SCIENCE EDUCATION AND SCHOOLS.

This section examines recent research relating academic achievement and gender in
schools. Work of various individuals has been examined before linking via the

common theme of the thesis hypothesis.

Young People and Their Attitudes to School.

As this study has examined the ideas and beliefs of students at primary and secondary
school, an understanding of their attitudes to school was of significant importance, to

assess whether ideas or beliefs held were generalised or subject specific.

The following examines the work of Barber (1994). Keele University established a
database in 1993/4 which recorded the attitudes of 7000-8000 young people to all
aspects of secondary school. The findings examined students perception of school,

and were quite alarming proposing many questions.

Firstly in spite of the problems uncovered, 88% of pupils were usually happy at
school. Other statistical analysis revealed 70% said they worked as hard as they can,

90% believed school work was important, 70% got on well with most teachers.
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However a specific question revealed that only 50% of students viewed themselves
and the school as friends, 25% as distant relatives, 10% as strangers, and 6% as
enemies. Further examination revealed that as many as 17% of year 10 (14-15 year
olds) would truant, rising to 20% by year 11 with the highest figures predominantly
from urban schools. As all figures resulted from questionnaires handed out in school
time, one can conclude that the actual figures were higher than recorded, as many
truants would not be present to complete questionnaires. A general lack of
motivation was indicated for 40-50% of all secondary students with 70% of students
stating they counted the minutes to the end of lessons. It was also recorded that 50%

of pupils made fun of students who worked hard.

When age and gender were addressed, important differences were observed. The
study revealed that most year 7 (age 11) students start secondary school life in a
highly motivated and positive fashion. However the number of students maintaining
this feeling dropped by about five percent of the initial group size per year, only being
reversed in year 11 (age 15), the GCSE year, where some increase in motivation
levels were recorded. The study also revealed an expanding gap in terms of
achievement between girls and boys at the 16 age group. In subjects where females
have been traditionally strong e.g English, modern languages, and history, the gap
between boys and girls was widening. In subjects where boys were considered
traditionally strong, e.g science and mathematics, DIEE Statistical Tables (1997)

showed that girls took the lead in 1993 and 1995 respectively.

Hymas and Cohen (1994) stated that in 1994 boys outnumbered girls by two to one
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in Britain's schools for children with learning difficulties. The same article recorded
that at age 16, 46% of girls will attain five or more GCSEs, but only 37% of boys.
Similarly at age 18, 16% of girls will gain three or more "A" levels, but only 14% of

boys.

The Keele study reveals that although there was a common slippage in motivation,
girls were consistently more positive, better motivated, better at getting on with
teachers, better behaved, and achieving higher grades than boys. This was despite
the fact that boys recorded higher perceptions of parental support with their school
work than girls. Equally surprising was that more boys than girls consider
themselves able or very able, and more girls than boys consider themselves below

average. The study clearly suggested the reverse.

There were several conclusions which can be reached from the study. Firstly, the
study does not reflect falling standards. From 1955 to 1994, the percentage of
students obtaining higher grades at GCSE has risen from 15% to 50%. Similarly
students entering higher education have increased from 3% to 30%. Secondly the
motivation figures varied dramatically from school to school, so clearly acceptance of
the figures should not mean little can be done about them. There must be a way to
unlock and maintain potential. The third and final conclusion is that girls are now
consistently outperforming boys in all aspects of measurable secondary school. If
this is the case the question which must be asked is that in terms of equal
opportunities, exactly which gender requires most assistance? This question will not

be answered by this study!
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A second question, which will be addressed is that if girls are now outperforming
boys at GCSE level in both science and mathematics, why do so few females wish to
follow a career in engineering and physical sciences? This measure of student ability
would suggest females would probably be more likely to be successful than males in

these professions.

Gender, Primary Schools and the National Curriculum.

Olney (1999) noted that to ensure girls are not left behind in what was termed “the
Technical Revolution” girls must be encouraged to participate equally with boys in all
technical subject areas. Ross and Browne (1993) also noted this, and the importance
of promotion of equal opportunities for girls in the areas of maths, science and
technology in primary schools. Tutchell (1992) stated that the concept of a

curriculum which all primary children experience will render all equal opportunities.

The following section examines these ideas and is derived predominantly from the
work of Smithers and Zientek (1991) who researched sexual stereotyping in primary

schools.

Smithers and Zientek (1991) were commissioned by the National Association of
Schoolmasters Union of Women Teachers and the Engineering Council. Smithers
and Zientek provided this independent report which was aimed at encouraging the
development of equal opportunities policies to help counter narrow stereotyped

views and attitudes of pupils in primary school classrooms. The introduction of the
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national curriculum was viewed as an ideal time to try to rectify some of the

problems associated with sexual stereotyped attitudes.

The study was based on the fact that anthropological studies across a wide variety of
societies show men tend to take on one set of tasks and women another. There are
basic reasons for this e.g. hunting being a male domain and child rearing a female
domain in certain societies, but it should not be used as an excuse for people to be
written off from something they may enjoy, purely on the grounds of prejudice in

whatever form this may take. The report stated that,

"Despite extensive investigation, no biological or social factor has been

identified why so few females go into physical sciences and engineering".
It was considered that this was the result of "old scripts" being played out. These
scripts, although pervasive, are capable of change. As one of the fundamental
purposes of education is to challenge young people so they can discover who they

are and what they like doing, schools have the opportunity to change these scripts.

One of the first areas examined was that of gender stereotyping. An experiment was
conducted in a number of primary schools in England and Wales. Twenty cards,
depicting activities, were shown to 259 boys and 247 girls aged five. The students
were asked to attach another card indicating if the activities was suitable for men
only, women and men, or women only. The results showed that both boys and girls
identified these activities in the same way, with fifteen of the activities shown for one

sex only. Some examples are shown in table 2.3.
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Table 2.3 - Activities of men and women.

Activity Men only (%) Women only (%)
Boys Girls Boys Girls
Car repairs 95.8 88.7 /& 3.7
Scientist 72.6 65.6 93 97
Doctor 48.6 46.2 14.3 15.8
Proposing Marriage 40.2 45.7 29.7 30.8
Typist 27.4 21.1 38:4 39.3
Hairdresser 6.6 2.8 67.6 69.6
Washing clothes 3.1 3.2 84.9 86.2

When the student's teachers were asked their response to these findings, they ranged

from

"I wasn't aware of their attitudes. The children do not display stereotyped
attitudes in the classroom situation",

to

"We expected more or less the results we had".
Neither could be considered constructive. The situation became worse when the
awareness of teachers to sex-typing was examined further. Thirty percent said it was
news to them, with the following comment recorded.

"I have never been aware in all my years in teaching of this situation arising
within a 5-6 age group. Boys and girls naturally enjoy the classroom
activities regardless of what the activity is".

Requesting comments from the seventy percent of teachers who had encountered sex
typing, most said it was because boys and girls tend to be drawn to different things.

Boys tended to enjoy aggressive games at playtime, and during free choice lessons
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head straight for the Lego. It was also noted that boys seem to know more about
science than girls at this age. Girls tended to enjoy painting, drawing and writing
stories. Although only seventy percent of teachers recorded they had encountered
sex typing, eighty four percent stated they took positive steps to achieve a balance.
One must clearly question why the extra fourteen percent thought this justified if they
had never encountered it? Interventions included encouragement of girls to build
models, and praise of their efforts. Boys would be encouraged to enter what was
termed "home corner" entering some of the activities and games usually performed
by girls only. These interventions aimed at evening the activities were recorded as
generally ending in failure, as once freedom of choice was restored sex typing almost

immediately returned.

Although the report stated there was some evidence of enjoyment in role reversal
such as girls playing robbers in cops and robbers games, boys making tea in "home
games", it was felt that the sex link was operating below the level of consciousness.
It was considered that schools, although trying their best, exerted little influence in
regard of sex typing or its removal. As the interventions were applied for only a
short period of time it would appear likely that children would naturally rely on
stronger instincts when the interventions were removed, and return to type. This
point was not covered by the researchers and perhaps perseverance or a more
uniform continuous intervention would have been worthy of attempting and
recording. This section did conclude that there was no evidence revealed to provide

a good reason why girls should not choose and enjoy the sciences.
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Teachers were asked to comment on the introduction of the national curriculum, and
how this may affect sex typing. Most teachers saw a major advantage in the fact that
neither pupils nor teachers would be able to opt out of their least favourite areas. In
this case activities were less likely to be sex stereotyped with all students having
equality of access to subjects. However even at the early stages of the introduction
of the National Curriculum, teachers felt they were working in "sub-optimal"
conditions. A lack of time and investment meant that benefits, such as ending sex
stereotyping, were unlikely to be achieved. Increases in non-contact time, for
planning and tutoring, and lower class sizes were felt paramount to successful
introduction, but these were in opposition to the views of government and managing
bodies. As such the objectives of the National Curriculum were unlikely to be

achieved.

Areas of concern raised by the survey respondents (sample size 194) regarding the
implementation of the National Curriculum were too much change too quickly
(70%), workload (39%), assessment (30%), and resources (19%). Lower levels of
concern were in service provision (13%), too much emphasis on attainment targets
(8%), class sizes too large (4%), and undervaluing of reading (3%). It is somewhat
surprising that the last two items should be considered so low in levels of importance
by teachers, when current pressure by educational reformists and the British Press (an
area covered later in this review) suggest these are two of the most important areas

which require to be addressed.

The report ended by making ten recommendations to remove gender stereo-typing in
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schools.

1) The majority of teachers, particularly younger ones, were aware of gender
stereotyping, and willing to apply interventions. However not all seemed
aware of just how over simplified and exaggerated the views of children really
are. Teachers need to be made aware of the extent and pervasiveness of

gender stereotyping among young children.

2) Through their awareness, teachers can awaken their pupils to the fact that
they do not have to accept their lots as given. Boys do not have to be girls,
or girls boys, and people should not write themselves off from things
unnecessarily, e.g. because of sex stereotyping which may be prevalent
around them. Girls should be encouraged to fully involve themselves in the

science and technology curricula.

3) There is some irony in one of the most sex-linked occupations, teaching
young children, being responsible for getting it across to children that
occupations need not be sex linked i.e. what children are hearing is different

from what they are seeing. Attempts should thus be made to attract more

men into teaching in infant schools.

This however may not be easy to achieve. Halpin (31-07-1996) comments
that male teachers are being scared from the classroom by fears of false child

abuse accusations. Since 1986 the figures for males teaching in primary
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schools has fallen by 10%, whilst the number of women teachers has risen by
the same amount. This decline is also occurring in secondary schools where

the percentage of male teachers has now fallen below 50% for the first time.

Halpin (31-07-96) also quotes John Andrew (General Secretary of the
Teaching Union) who stated that school budgets also promoted this situation.
Schools are offering more part-time and short-term contract work. These

usually attract more women than men.

The balance of qualifications in infants schools does raise questions about
how well science and technology is going to be taught. It would appear
essential that more people with good science qualifications be attracted into

teaching the youngest children.

As the National Curriculum has been prepared with equal opportunities in

mind, it must be kept under scrutiny to avoid any advantage going unwittingly

to one sex or to the other.

Introduction of the National Curriculum has placed great pressure on
teachers, which has been exacerbated by chronic under-funding resulting in
larger class sizes and increased teaching loads. A campaign for a better deal

for education must continue.

A particular feature of infants school teaching is the lack of non-contact time.
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More than two thirds of the teachers surveyed said they had no non-contact
time at all. The working day of teachers of young children should be
reviewed with the aim of introducing non-contact time for teachers to plan

and develop teaching strategies.

8) Young children require individual attention, it is thus crucial that infant

classes should not exceed 25 students, and preferably be no more than 20.

9) Arising from (8) above, it could also be recommended that more ancillary

help be made available for early-years teachers.

10)  In seeking to improve education, the current in-service provision be evaluated

to identify what improvements can be made.

The report finished by stating that improvements recommended would provide a
better chance of reducing gender stereotyping. It was essential for the opportunities

of young people and the prosperity of the nation that the necessary investment be

made.

The survey revealed that 67% of the 218 teacher surveyed had over ten years
teaching experience, and 97% more than two years experience. Of the 218 teachers
surveyed, 210 were female and this suggested that as the sample had been drawn at
random, 96% of infant and primary school teachers were female. This seemed

somewhat extreme so figures produced by Department for Education and
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Employment are examined later in table 2.8 to see if this is representative of the

primary school teaching population.

Changes in the provision and examination of Science at GCSE level.

The figures used in this section were supplied by the Department for Education and
Employment. They cover GCSE entries and results for the period 1988/89 to
1993/4. The provision of science education in secondary schools has changed
significantly over the past decade. In 1988/9 the emphasis was on teaching science

subjects in specific areas and table 2.4 highlights this.

Table 2.4 - Students (1,000s) attempting Science GCSEs 1988/9.

Subject Boys Girls Total %Girls of total
Single/Double Science 70.6 71.5 142.1 50.2
Physics 138.9 58.0 196.9 29.5
Chemistry 99.8 79.2 179.0 44.2
Biological Sciences 81.9 135.1 217.0 62.2
Other Sciences 23.8 20.5 443 46.3
Total 4150  |3643 m3 /S

These figures are now compared to year 1993/4 shown in table 2.5..
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Table 2.5 - Students (1,000s) attempting Science GCSEs 1993/4,

Subject Boys Girls Total %Girls of total
Single Science 28.6 32.0 60.6 52.8
Double Science 190.7 190.2 380.9 49.9
Physics 23.2 12.2 35.4 34.5
Chemistry 22.7 13:1 35.8 36.6
Biological Sciences 22.3 14.9 37.2 40.1
Other Sciences ol 2.9 7.6 32.9
Total 292.6 264.9 3875 7/ / / //

Comparing the two tables the following points can be made. Firstly the national
curriculum has a compulsory science requirement. This requirement has seen a move
towards combined science awards, away from individual sciences. This move will
almost certainly account for the apparent lower overall figure in total science
subjects. Secondly, as science subjects are now compulsory, one would expect the
1993/4 figures for single and dual science entry to be fairly even with regards to
gender, and this is the case. Thirdly, from the 1993/4 figures, where greater freedom
of choice exists in the areas of individual sciences (chemistry, physics, and biology)
62.3% of the candidates are male. This may indicate that female students wish to be
involved with the smaller amount of science subjects than males and possibly more

than they would like, being forced to study some options by the National Curriculum.

There are 9 modular sections in the National Curriculum Syllabuses for Single and

Double Modular Science Awards for the Southern Examining Group (1997).
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S1 Processes of Life which is biology based.

S2 Reproduction and Inheritance which is biology based.

3 Ecosystems which is mainly biology based.

4 Earth and Space which is physics/geology based.

S5 Materials which is chemistry based.

6 Chemical Change which is chemistry based.

S7 Electricity and Magnetism which is physics based.

8 Light and Sound which is physics based.

S9 Forces and Energy which is physics based.

Note - the S indicates Single Award, all 9 modules must be studied for Double

Award.

Although arguments could be put forward to support physics and biology as the
major constituent of either single or double award programmes, there is a fairly even

distribution of chemistry, physics and biology in the awards. Students taking these
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awards must study all three science areas so no science area can be omitted as is
possible where separate science subject options are available. (Table 2.5 indicates
that where a choice of subjects are available, biology is slightly more popular with
females than chemistry and physics, and table 2.1 would tend to confirm this

preference.)

Regardless of whether females would choose science options, their performance in

science subjects is every bit a match for that of the males, as table 2.6 demonstrates.

Table 2.6 - Students (1000s) achieving Science GCSE A to C

grades 1993/4.

Subject Boys Girls Total %Girls of total
Single Science 3.6 6.0 9.6 62.5
Double Science 88.0 88.5 176.5 50.2
Physics 19.0 9.8 28.8 34.0
Chemistry 18.2 10.9 29.1 37.5
Biological Sciences 18.2 12.3 30.5 40.3
Other Sciences 2.1 1.2 3.3 36.4
Total w1 |1 (s V/// /)

If the final percentage column is now compared to the 1993/4 figures for the number
of students attempting the subjects shown in table 2.5, then in all areas bar one, the
percentage success rate of females examined, is greater than their percent of entry.

For single science it is 62.5/52.8 (success/entry), double science 50.2/49.9, physics
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34.0/34.5, chemistry 37.5/36.6, biology 40.3/40.1, and other sciences 36.4/32.9.
Although some of the figures are very close, it would be difficult to conclude
anything other than the fact that females are outperforming males in science subjects
at GCSE level. It may also indicate that brighter girls choose a single science option

compared to double science or separate science options.

Progression t 1

The figures used in this section were supplied by the Department for Education and
Employment and cover the period 1991/92 to 1993/4. The figures are somewhat
complicated by the fact that students may take these examinations at either schools or

Further Education (FE) colleges. The following figures cover both possibilities.

Table 2.7 - Female students (1,000s) attempting science A/AS-level.

Subject Venue 199172 1992/3 1993/4

Biology School 17.6 14.2 15.3

o / / / / Further Education 6.6 10.4 10.8
////// Total 24.2 24.6 26.1

Chemistry | School 11.2 9.1 9.6
// / / // Further Education 2.8 4.8 4.9
B / / // Total 14.0 13.9 14.5

Physics School 3.8 4.8 4.4

Further Education 13 2.0 1.9

A ‘
//// /] Total 72 6.8 6.3
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Whilst there is some increase in the number of students taking biology, and a much
smaller increase in the number of students taking chemistry, there is a marked
decrease in the number of students taking physics. This would indicate that the
increased performance of female students in science subject is not encouraging

female students to pursue physical sciences as a likely career option.

Halpin (1996) recorded the continued decline of interest in A level science subjects.
Whilst the overall number of A levels taken increased from 725,992 in 1995 to
739,163 in 1996, this increase was not reflected in science subjects. In biology the
figures were virtually stagnant increasing from 51,848 to 51,894. In chemistry the
figures fell from 42,280 to 40,455 and in physics it fell from 34,767 to 32,801. The

figures recorded were not available on a gender basis.

None of the conclusions which can be drawn from this section suggest reasons why
boys and not girls continue to dominate physical science and engineering professions,
when in terms of basic skills, girls appear more able than equivalent boys. It does
appear to support the theory that for some reason girls are "switched off" to sciences
long before GCSE selections are made. The National Curriculum at GCSE level
appears to be forcing females to study a subject of little interest until they can follow

“chosen” subjects at a higher level.



47

Gender Differences and GCSE Results.

Department for Education and Employment statistics (1994) show that until 1986,
the number of students attaining five or more passes at O-level was fairly constant at
around 25% of boys and 25% of girls. Since 1988 when GCSEs were introduced the
difference in attainment of 5 passes has increased steadily for both groups, but far
greater for girls. The 1994 pass rates were 38% for boys and 48% for girls, and this
gap appears to be growing. This section examines why this difference has developed

and if anything be done to improve the performance of boys.

The following study was performed by the Centre for Successful Schools, Keele
University (1994). The study was performed on GCSE results gained by girls and
boys at five Hampshire schools in 1992 and 1993. The results obtained build on the
observations from a pupil survey performed at the same schools in Spring 1992,

The introduction to the study listed brief comments by some of the schools on the
recorded GCSE results. School A was pleased with 50.8% of students obtaining 5 or
more GCSEs of grade A-C, girls outperforming boys by 15%. School B had 60% of
students with 5 or more GCSE:s at grade A-C. Normally they would expect 60%
girls, 40% boys, as in previous experience, but in this case it was almost equal.
School C confirmed the results of school A with their total results improving, girls

doing extremely well, boys performance, by comparison, weakly.

An examination of the reasons for the differences revealed several potential causes.

School A concentrated efforts on year 10 and 11 (age 15 to 16) as they considered
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the school was particularly good at satisfying the needs of both sexes in earlier years,
but then "loses it" in year 10 and 11. School B had been aware of this problem for
some time, so specifically channelled a great deal of effort in preventing this
discrepancy occurring. School C had themselves tried to quantify this performance
difference by looking at the performance of students prior to entry to year 10, testing
ability in term one of year 10, and finally comparing GCSE results obtained in year
11. The results were somewhat confusing. For 1993 GCSE students, boys and girls
were consistent from entry, through testing, to GCSE attainment. For 1994, whilst
on entry and in GCSE performance girls outperformed boys, the initial survey

showed equality.

Follow up interviews and discussions in the schools revealed further information.
Differences were identified and recorded for some pupils in year 4 (age 9). Initial
discussions looked at a possible genetic link, but this was rejected by all groups,
including students, teachers, and researchers. Environment and upbringing
differences did produce more favourable support. The Centre for Successful
Schools/Keele University study (1994) considers that baby boys are often more
treasured by parents than baby girls, and so arrive at school expecting a large slice of
the attention cake. With increasing class sizes, teacher time is rationalised evenly, so

boys "play up" to gain more attention. This is supported by the work of school B

who openly admit to giving boys more attention than girls.

The question which was frequently raised was why do students enter secondary

school so motivated, and yet quickly become disenchanted with lessons. One reason
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given was teaching methodology. Talk and chalk become progressively less
acceptable with age. Visual learning methods became far more acceptable, and
effective. Another reason identified was that of maintaining motivation. Girls appear
to need reinforcement much less frequently. There appears a brittleness to the male
ego which makes them far more likely than girls to switch off and stay switched off.
Discussion revealed that it was felt teachers, male and females, favoured girls,
possibly in line with the school's generalised expectations. If this is correct,
stereotypes of "naughty boy" and "virtuous girl" were being reinforced and there may

have to be a conscious effort to reverse this trend.

From this several conclusions can be drawn. Firstly the differences in gender
differences can be observed from year 7 onwards, and in some cases even earlier.
Secondly this difference is not inevitable, and thirdly there are clear differences in the

way girls and boys develop, and school policy should take this into account in

strategic planning.

Ethnic Differences and Science Education for Girls.

Grant (1994) recorded that education theorists have tentatively suggested that the
parents of ethnic minority children, aware of what is stacked against them by a racist
society, place greater value on educational achievement as a way to success than the
parents of white children who may, in the past, have regarded jobs as guaranteed.
They may similarly be more responsive to children following educational paths, and

ultimately careers, in areas which can lessen the effect of potential discrimination.
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Solomon (1996) was a little more specific, examining the area of science being more
popular with Asian girls than it is with similarly placed non-Asian girls. One of the
conclusions from her work was that Asian girls seemed keener than non-Asians in
getting jobs in all categories except those which depended on knowledge of current
affairs (television and journalism). Asian girls were significantly more likely to say
science was their favourite subject. This potential area for female advancement in
science areas is currently limited by the fact that many Asian girls have difficulty in

obtaining family permission to stay at school for A-levels. Many parents wish their

daughters to follow family traditions and marry early.

This area has been addressed by Solomon (1996) with the production of educational
material and a video. The latter to be taken home and watched by daughter, father
and mother and is available in both Urdu and Bengali versions with English subtitles.
The stars of the video are Asian parents who have themselves not had the
opportunity of education in this country, but want the very best for their daughters.
Initial response to this programme has been stated as promising and must be an area

worthy of further consideration when examining steps to further the participation of

females in engineering and science careers.

Co-educational versus Single-Sex Schooling.

Single-sex education was greatly reduced in England and Wales with the
reorganisation to comprehensive schooling in the 1960s. The numbers of schools has

fallen from almost 3,000 in 1960 to a few hundred in 1996, Single sex schools
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survive mainly as grammar schools in local education authorities which did not
implement the 1965 Labour Party directive to change to comprehensive education,
and independent schools. The following is a study of the data available which
compares the results of students in co-educational schools with those in single sex
schools. Conclusions are respectful of the fact that many single-sex schools are
selective of the quality of students they will admit, and so one may expect their level

of performance to be greater than that of co-educational main stream schools.

This was an error in the work of Thomas, Pan and Goldstein (1994). Their research
suggested that single sex schooling has an impact on girls GCSE attainment. As
single-sex versus co-educational results was the only data used, the findings were
undermined when considerations such as parental background and entry ability were
considered. Steedman (1983) examined the performance of 14,000 children born in
March 1958. The parents of pupils at single sex schools were evenly split between
manual and non manual professions, but at co-educational schools this was 30% non-
manual, 70% manual. Smithers and Robinson (1995) also concluded that what at

first sight appears to be improved performance at single sex schools is in fact mainly

due to differences in intake, particularly ability and social class.

To try to limit the study a little, relative performance in science and mathematics,
which has been extensively investigated, was examined. For many years males have
performed better than females at GCSE level, and it has been considered an area of
male domination, although DfEE statistics from 1993 and 1995 have shown this to

no longer be the case. Recent studies (e.g. Halpin 1996) have revealed that for all
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schools there has been a gradual fall in the percent of students selecfing A-level
mathematics and sciences. The fall has been lowest for girls at independent schools
where there is a high proportion of single-sex schools. However three boys for every

two girls choose science and mathematics options at A-level.

Kelly, Whyte, and Smart (1984) and Smith (1987) examined the performances at co-
educational schools where boys and girls have been separated to prevent male
domination and allow girls to reach their potential. A gradual fall in selection of
these subjects by all A-level students since these studies were performed make their
results inconclusive. Smithers and Collings (1981) suggest that the choice of
mathematics or science at A-level is purely down to ability. At both co-educational
and single sex schools, 30-35% of the most able students select these subjects, whilst
this falls to 10-15% of the less able students. The figures quoted suggests the choice
of subject is dependent on ability rather than which type of school is attended. It
makes no reference to the fact that although females appear more able than males,

more males than females select science and mathematics options at A-level.

West and Hunter (1993) surveyed parental views on schools. Parents of children at
co-educational schools felt that the mixing of the sexes was good preparation for
later life. On the other hand, parents of girls at single sex schools felt they had a

chance to develop in areas of self confidence and sex-stereotyping subjects.

The confusion generated does not clear with the article "Standards Stumble" in the

Times Educational Supplement (Aug 25th 1995). Here the results of a study by Dr
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Lindsay Paterson are used to support the argument that there is no evidence that girls
at single sex schools do better at GCSEs than girls at co-educational schools. The
same article quotes recent research performed by Leicester University which shows
single sex schools do induce girls to adopt a more positive approach to mathematics

and science, at least in the junior years.

The only conclusion which can be drawn is that performances at both O-level and A-
level is not influenced by a choice of single sex or co-educational schooling. The
major effects appear to be those of ability and to a lesser extent social background.
The only influence that single sex schools seem to exert in the fields of science and
mathematics is that the fall in these options selected at A-level appear lowest at single
sex girls schools. There was once again a wealth of evidence to support the theory
that girls are continually outperforming boys throughout their secondary school
careers. There was equal evidence to suggest that if the driving force in selecting
science and mathematics at A-level is ability, girls should be dominating entries to

physical science and engineering professions, something they are clearly not

achieving.

Analvsis of Teachers in Nursery, Primary, and Secondary Schools.

The following information has been extracted from a range of statistical bulletins
produced by the Department for Education and Employment. The Department for
Education and Employment (March 1993) produced a detailed listing of full-time

teachers in maintained nursery, primary and secondary schools. At this time 376,711
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a total 0f 9,263 deputy heads were female. It would appear once again that the
female equality in the number of teachers in secondary education was not reflected in
the attainment of senior teaching positions. A further point worthy of note was the
number of graduate teachers. In nursery/primary schools 48.8% of male teachers
were graduates, whilst only 40.9% of females were. In secondary education 71.05%
of males were graduates, whilst 63.45% of females were graduates. Whilst being a
graduate may not make someone a good teacher, it does perhaps imply a potentially

greater depth of knowledge in certain areas.

These figures promote two questions. Why was there a higher percentage of male
teachers who were graduates than female teachers, and why was there a higher
percentage of graduate teachers in secondary than primary education? The answer to
the first question may be historical with females still catching up men in attaining
higher education qualifications. The answer to the second may lie within the school
budget, but encouraging more graduates to enter teacher training to teach primary

school rather than secondary school children may redress this imbalance, an area

examined in the next section.

The Department of Education statistical Bulletin (May 1994), examined the
curriculum provision in Maintained Secondary Schools in England. It showed that
between 1987/8 and 1991/2 at key Stage 3 and Key Stage 4, there had been a
decrease in the number of students studying the subjects of biology, chemistry and
physics, and an increase in the number of students studying combined sciences.

These can be studied as either a single or double award. This appeared to be a fairly
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full-time teachers were recorded in these establishments. Table 2.8 shows these

figures, with all columns showing the number of teachers in each area.

Table 2.8 - Gender and status of teachers 1993.

Area Male Female
Graduates Total Graduates Total
Nursery/Primary 16,214 33,254 60,113 146,825
Secondary 70,464 99,166 61,847 97,466
Total 96,678 132,420 | 121,960 244,291

These figures revealed some alarming facts. Firstly it could be seen that females were
by far the largest percentage of nursery and primary school full-time teachers, 81.5%.
With such a bias in terms of female teachers, it was somewhat surprising that in a
total of 21,202 head teachers, 10,661 (50.3%) were female. In terms of deputy
heads, in a total of 18,470, only 12,526 (67.8%) were female. The latter figures were
nearer the 81.5% of female teachers overall, but asks the question that if females
make up the majority of nursery and primary teachers, why is this majority not
reflected in the senior positions? Could the stereotyping observed here, equally be

reflected in the teaching and career preparation of female students?

Secondary education appeared far more even with regards to the gender of its
teachers, in this case 49.6% were female. Examining the senior positions, in terms of

head teachers 1,027 (21.8%) of a total 0f 4,716 were female, whilst 3,111 (33.6%) of
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standard method adopted by most comprehensive schools as a way of "conforming"

to the requirements of the National Curriculum. However not all schools responded

in the same way.

Table 2.9 - Distribution (%) of students taking science options at

GCSEs 1993/4.

Students aged 15/16 | Single Award | Double Award | 3 Separate Sciences
Boys Comprehensive 11 86 9

Boys Grammar 2 69 29

Boys Self Governing 10 85 5

Girls Comprehensive 12 86 2

Girls Grammar 6 77 17

Girls Self Governing 11 86 3

Table 2.9 shows that at comprehensive and self governing schools there was little

difference between the genders in the selection of science programmes. Grammar

schools for boys and girls showed an increased participation in separate science

programmes, although boys showed a greater participation than girls with a higher

percentage choosing the 3 - science option.

Was there evidence that teaching by staff without higher qualifications in science

subjects does not promote interest in these subjects? Table 2.10 was extracted from

the Department of Education (March 1993) Statistical Bulletin, and represent the

number of full-time teachers in maintained nursery, primary and secondary schools in
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March 1993.

Table 2.10 - First subject of degrees taken by teachers 1993.

Subject Nursery and Primary Secondary
Male Female Male Female
Education 6,611 22,685 14,036 14,601
Maths 392 1,544 5,034 3,615
Physics 88 93 3,367 888
Chemistry 141 258 4,368 1,642
Biology 458 1,982 3,984 3.715
Other Sciences 646 1,365 6,164 1,853
Other Social Sciences 1,475 5,685 Y e 4,176
English 851 7,000 4,622 8,166
Other Arts Subjects 2,657 8,196 8,540 7,066
Total 16,199 59,957 | 70,438 61,811

Is it possible for students to be effectively taught in areas such as physics with only
181 members of primary staff sufficiently interested to study the subject at degree
level? This question becomes more relevant after examination of table 2.11
extracted from the Department of Education Statistical Bulletin, December 1993.

This table lists the percentage tuition in the subject provided by teachers without a

post A level qualification in it.
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Table 2.11 - Percentage subject tuition provided by teachers

without a post A-level qualification in subject.

Subject % in 1992
Mathematics 11
Biology 17
Chemistry 8
General Science 37
Other Science 48
Craft Design Technology 37
Other Technology 94
English 14
Music 5

Initial observance of the list suggested that sciences such as biology and chemistry
were well taught by teachers with relevant qualification. However, as most science is
taught as combined or general science, then the high figures for these subjects and
technology indicates many students may not be being taught science by a teacher
with a higher science qualification. This raised the question that if these figures were
so obvious, were the government trying to rectify the situation through the teacher
training programme. The answer appeared to be yes, but the following figures

suggest the plans appear far from satisfactory.

The figures used in Table 2.12 come from the Department of Education Statistical

Bulletin, September 1995. The table shows recruitment to initial teacher training
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courses from 1992/93 to 1994/95, and the intake targets for 1995/6 to 1997/8.

Table 2.12 - Teacher training recruitment and proposed intake 1992/8.

Area 1992/3 1993/4 1994/5 1995/6 1996/7 1997/8 %
change
1992-8
Primary 18,364 17,976 15,087 13,350 11,950 11,950 -34.9
Under 12,109 11,487 9,447 N/A N/A N/A -22.0*
Graduate
Post 6,255 6,489 5,640 N/A N/A N/A -9.8%*
Graduate
Secondary 13,616 15,239 16,407 18,000 19,000 20,000 +46.9
Under 3,380 3,158 2,966 N/A N/A N/A -12.2*
Graduate
Post 10,236 12,081 13,442 N/A N/A N/A +31.3*
Graduate
"4 4
e oo o
Area NS A AN/ / iy 94
Maths 1,787 2,013 2,050 2,380 2,500 2,675 +49.7
English 1,473 1,635 1,933 1,920 2,025 2,225 +51.1
Science 2,269 2,729 3,074 3,590 3,875 4,095 +80.5
Languages 1,456 1,798 1,936 2,235 2,400 2,510 +72.4
Technology | 2,355 2,376 2,249 2,455 2,465 2,510 +6.6
History 633 809 979 845 855 875 +38.2
Geography 520 637 686 745 810 895 +72.1
Physical 1,204 1,165 1,378 1,310 1,320 1,320 +10.0
Education
Art 629 759 805 880 940 980 +55.8
Music 459 500 526 635 715 715 +55.8
Religious 371 388 465 540 595 700 +88.7
Education
Other 460 412 326 465 500 500 +8.7
Total 31,980 33,215 31,494 31,350 30,950 31,950 -0.1
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*These figures are for 1992 to 1995 only.

N/A indicates no figures available when the table was released in September 1995.

Table 2.12 revealed that although there was little change planned in the number of
teachers recruited, there was a change in emphasis from primary to secondary
training. It could also be seen that although there was to be an increase in science
teachers recruited, there was a significantly lower increase in those teaching
technology. The figures did not reveal from which specific area the science teachers

were be to recruited, or be expected to teach.

The report also noted a minor shift towards training graduates to become primary

teachers, but the majority of those undergoing teacher training remained

undergraduates.

Teaching and Teacher Training.

Do children at school receive teaching that allows them to develop and advance to
any occupation which offers them the opportunity to fulfil their desires and
expectations? A series of articles by Turner (1996) questioned the basic teaching
philosophies and methodologies currently in use in the UK. Turner quotes Dr Eric
Anderson, formerly a headmaster of Eton and now Rector of Lincoln College,

Oxford who stated,

"Most of us would be dead if we trained our doctors as we train our
teachers”.
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His comments were based on what he considered the continuing use of,
"Failed and discredited ideas of the sixties".
Anderson was quoting from his time at Eton when approximately half the number of
teachers hired had been to training college and half had not. The half that had not

were considered by far the better teachers.

The article continued that recent Conservative Party Education Secretaries had
commented that far too many teachers emerged from colleges and universities stuffed
with half-baked, politically correct and utterly impractical theories, but very little
notion of how to teach the basics of reading, writing and arithmetic. Considering the
Conservative Party had formed the UK government from 1979 to 1997 one clearly
must ask why they still complained about something they had done little to alter.

This was a question which did appear to have an answer with recent complaints in
Whitehall resulting in applying greater pressure to the Office for Standards in
Education (OFSTED) to produce tougher reports on teacher training establishments.
The 1996 OFSTED report on the Department of Teaching and Education at

Lancaster University was noted as one of the first inspections to be covered by new

tougher guidelines.

The following quotes from a report produced by the Office for Standards in
Education (1996). This report was on the Department of Teaching and Education at
Lancaster University, and covers the inspections on 19 - 22 June 1995, and 13-16
November 1995. This inspection was part of the 1995/6 programme of inspection of

all providers of primary Initial Teacher Training (ITT) in England. The inspection
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examined initial teacher training for both primary and secondary phases. At the time
of inspection there were 52 students on the Post Graduate Certification in Education
(PGCE) and 778 students on the four-year Honours degree with Qualified Teacher
Status [BA(QTS)]. The latter programme prepared students to teach in the 3 - 12
age range. Within this students opted to focus on early years (age 3 - 8) or later
years (8 - 12). The PGCE prepared students for the 3 - 11 age range, and students
were able to specialise in early years (3 - 8) with an optional nursery focus, or later

years (7 - 11).

A team of five inspectors made two Vvisits to observe training sessions at the
University on visit one, and observed 19 undergraduate students teaching English and
mathematics in 16 schools on the second visit. Although other items were inspected,
the inspection focussed mainly on the training received by and the final teaching

competencies of the undergraduate students. Their main findings were recorded as

follows.

The quality of training for the teaching of English was unsatisfactory. In the
undergraduates course, there was too little linkage between the training based in the
Department for Teaching and Educational Studies and the students® classroom
experience. Students were not adequately prepared to teach reading. In several
lessons, the standard of teaching and quality of pupils’ learning was unsatisfactory. A
high proportion of students were not competent in teaching reading and many had

significant weaknesses when assessing and recording pupils' progress.
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The quality of training for the teaching of mathematics was unsatisfactory. The
undergraduates course provided inadequate coverage of many elements of primary
mathematics. Insufficient attention was given to identifying and rectifying gaps in the
students’ personal knowledge of mathematics. The time allocated to the training in
arithmetic was too short. The standard of teaching among students following the
later years training was generally sound or better, but in the lessons taught by
students who were following the early years training, the standard varied widely from
good to unsatisfactory. Overall, a significant number of students lacked an adequate
knowledge and understanding of mathematics, and did not possess the required

competence to teach arithmetic.

The report also found the quality of training in assessment, recording and reporting,
and quality assurance arrangements unsatisfactory. The report stated that in both
BA(QTS) and the PGCE courses, the content of training generally focussed on the
requirements of the National Curriculum. If so many problems exist in English and

mathematics, what problems will exist in the teaching of science and technology?

Some interesting figures were provided regarding the students. On the BA(QTS)
programme, of 778 students 83% were female and 87% were in the 18 - 20 year age
group. For the PGCE where there were initially 58 students, 88% were female and
76% were in the 21 - 25 age range. As could be clearly seen, females were by far the
gender majority undergoing training at Lancaster University. What was also clear
was that the majority of students at BA(QTS) appeared to follow a school - teacher

training - school route, and the PGCE students appeared to follow mainly a school -
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university - teacher training - school route. For most teachers, including those
teaching science, some industrial/commercial experience may have given a broader

base to assist in both teaching and preparing students to enter careers other than

teaching.

Turner (1996) had spoken to three recently qualified teachers in their twenties to
early thirties. Two were graduates who had taken a one year teacher training course,
and one had taken a four year course to become a primary school teacher. No actual
names were quoted for fear that their comments may limit employment possibilities,
but the "names allocated" would suggest all three were females, although this may

not have been the case.

They commented that lots of teacher training time was spent on various teaching
methodologies, but emphasis was placed on certain areas with very little emphasis on
whole-class teaching, whole class teaching being the main style used in Japan, Taiwan
and Germany. The feeling was that this method of teaching historically produced a
higher level of class performance whilst continuing to support the growth of students
of all levels of ability. Turner's articles commented that current teaching
methodology was loaded against the whole class method as the teacher using it is,
"Spouting off and not connecting with the children".
Allowing children to work freely in small groups with teachers providing inputs to
individuals or small groups was preferred and encouraged. This did not appear to
consider that children in small groups may be talking about anything other than the

subject in hand. Turner in fact observed a science lesson for trainee teachers using
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the collaborative group learning method. Teachers admitted that only 75-80% of
their group talk was related to the lesson subject. What is the likely percentage for
young children with lower concentration or motivation levels? A move away from
collaborative learning to whole class teaching supporting setting and not mixed ability
teaching appeared to be gaining support. Many educational establishments which

had to achieve improved standards have done so by using these methods.

Exactly what steps to improve teaching and classroom learning should be taken?
Turner (1996) has suggested several options, but primarily for teachers to move
away from the facilitator role occupied in collaborative learning, and take a more
authoritative position in whole class learning. Turner (1996) suggested that reasons
for this may be based on the results of teaching practices adopted in the 1960s and
1970s. Items such as grammar, spelling and multiplication tables were replaced with
creative writing and creative mathematics, under the rubic of investigative
mathematics. Education became more about values not skills, attitudes rather than
mere results, social engineering not the acquisition of knowledge. This entire
ideology was based on theory, baving no track record of success in producing better
educated children. In fact the only figures available, from the United States,

suggested that the method would not produce the expected results and could well

lead to a lowering of overall standards.

Turner's article (1996) postulated eight points as guidelines for improved

teaching/learning practices in schools.



1

2)

3)

4

5)

6)

66
A drastic overhaul of the teacher-training institutions so that ideologies
enthroned there can no longer undermine existing reforms and common sense.
A move to training teachers within the best school environments may be the

preferred option, but more practical training via current training institutions

may be the best current option.

All schools to be grant maintained, so that none of the finances available are
siphoned off by local education authorities. Small primary schools may need
to organise themselves into clusters to gain maximum benefit from such a

move.
Launch a national reading programme to meet the crisis of widespread under

achievement. A simplification of the National Curriculum at primary schools

would allow more time to be spent on basic skills of literacy and numeracy.

All schools must take note of teaching experiments, and where results justify

changes, they should be implemented and assessed.

It is important to realise that by 13 or 14, children need different types of

education. A one scheme for all approach is no longer acceptable.

Reduction of class sizes, particularly in the early years, is essential.
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l)) The salary of teachers should be substantially improved both to reward the
faithful who have soldiered on through a welter of badly conceived change,

and to attract a higher quality of applicant into the profession.

8) The £55 million pounds spent on educational research each year should be
better directed. The money should be directed at research which will produce

better educated children.

The aim of these changes was to re-establish the fact that schools are there to offer a
rigorous, challenging and effective education for children, and that social engineering

has no part whatsoever in the process.

The learning methodologies applied and teacher backgrounds covered in this section
could have an effect on the related performance of students, particularly females in
science areas. A change in the selection and direction of science teachers may also be
worthy of investment to try to make science and technology lessons more interesting
and influential on vocational selection. The need to attract more science teachers to

primary education is fairly clear. The information covered in this section will be

considered in greater depth in chapter 5 - discussion.
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2.7 - CAREER PERCEPTIONS AND DECISION MAKING AMONGST

YOUNG PEOPLE IN SCHOOLS AND COLLEGES.

The following section examines the research performed by Foskett and Hemsley-
Brown (1997) of the Centre for Research in Education Marketing, School of

Education, University of Southampton.

The project examined the perceptions and knowledge of specific careers held by
pupils age 10, 15 and 17 and the influence of those perceptions on choices and
education pathways. A sample group of 410 pupils/students in two localities in the
West Midlands and South-East England were involved via focus groups and

questionnaires.

The report recorded that young peoples perceptions are highly individual and are the
products of images of jobs they see for themselves (contracted images), those passed
from parents and friends (delegated images), and those from the media (derived

images). As many jobs are invisible to young people, they may have no percieved

image of them at all.

In terms of Careers Education and Guidance (CEG), many young people ignore
careers already rejected or unfamiliar reinforced by an information on demand
approach with students only told about careers they ask about. Engineering
recruitment was specifically mentioned in this context. Foskett and Hemsley-Brown

(1997) considered a need for engineering recruitment to focus on working with
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primary age pupils and with teachers on presenting lifestyle perceptions of engineers.

The report noted that younger students perceptions of engineering were biased
towards the low skilled manual, vocational training end of the spectrum of jobs
within engineering. Therefore, when comparisons were made with engineering and
their own choice of occupation a number of well established misconceptions about
the use of the word engineering were exposed. Project questionnaires revealed that
there were potential scientists, physicists, research scientists, building designers,
computer (software) designers, car designers, boat engineers and sound technicians

who genuinely did not think of themselves as engineers.

The report also noted that 11.2% of respondents said they were interested in the
possibility of an engineering career, 18.8% of the boys and 5.3% of the girls. The
main reason for choosing engineering was that respondents were interested in
engineering or had a role model who was working as an engineer. This role model

was typically a father although one mother was recorded in this category

The question “what is engineering?” brought a range of responses. One focus group
of middle class boarding school boys saw engineering as being well paid attractive
work. Girls at a selective school in the South of England described engineering as a
science related graduate occupation whilst girls in an equivalent school in the West
Midlands admitted that they did not know what engineering was. The report quoted
the work of Bronzi, Mason, Tarris and Zaki (1995) who stated “most people simply

do not know what [...] engineering is. Worse those who think they do, have negative
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and incorrect images of the field.”

The report by Foskett and Hemsley-Brown (1997) recorded the reasons for members
of their sample group not choosing an engineering career. These reasons are

recorded in table 2.13.

Table 2.13 - Reasons for students/pupils not choosing an Engineering career

Reason for not choosing Percentage
an Engineering career

Not interested* 27.1
Dirty Work 12.7
Might do it 113
Anti-science 11.2
Too difficult 7.3
Dislike cars 6.4
What is it? 4.6
Working with hands 3.4
Low paid 2.4
Factory 2.2
Well Paid 2.0
Too creative 2.0
Health risks 1.7
Man's job 1.5
No patience 1.3
No reason 1.0
Aiming higher 0.7
Outdoor work 0.5
Too easy 0.5
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*32.0% of girls compared to 21% of boys gave not interested as their reason for not

choosing an engineering career.

The importance of role models and the media were highlighted by Foskett and
Hemsley-Brown (1997). Role models are important because of their lifestyle based
on job security, income and status, and therefore they tend to be family and friends.
The youngest pupils in the survey based their description of an engineer on the only
fictional character they could identify, a car mechanic in a soap opera. In most cases
the young people taking part in the survey believed that the career they had chosen
was of higher status than engineering, that engineering was not to be well paid, or
offer similar opportunities to reach the top. Girls were more concerned with status

and image, boys with pay.

The summary recorded that older pupils believed a career in engineering requires
good qualifications in maths, physics and science and is accessed via a university
degree in engineering. Those most likely to consider engineering as a career are

middle class boys in years 10 and 11, and those least likely working class girls in year

6.

It was considered insufficient to change the perceptions of only those who may
become engineers but of the public at large and especially all young people at an early
age. Ifthis does not occur then many young people will be too shy to admit they
wish to do a job which their peers perceive as manual labour with low status. The

teacher role, especially in primary schools, may be critical in achieving this change.
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2.8 - EQUAL OPPORTUNITIES.

If female students are to be encouraged to take a greater percentage of the vocational
positions available in the areas of engineering and physical sciences then one must ask
if equal opportunities for males and females do actually exist? The following
examines the promotion and implementation of equal opportunities and also acts as a
bridging section between the research involving schools, and that involving

employers.

Equal Opportunities in Schools.

In March 1996 the Equal Opportunities Commission produced a research report
entitled "Educational Reforms and Gender Equality in Schools" which covered this
topic in some detail. The report stated that most schools and Local Education
Authorities (LEAs) have specialist equal opportunities policies which include gender,
and they tend to concentrate on curriculum practice and employment concerns rather
than on pupil or student performance or on parents. The growth in grant maintained
schools, who have decided to "opt-out” of LEA control, has seen a shift in the

responsibility for equal opportunities away from LEAs and towards individual

schools.

This in itself may not be a bad thing as the Equal Opportunities Commission recorded
that fewer than one fifth of primary and secondary schools in England and Wales

reported receiving support on equal opportunities issues from the LEA. Of these
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schools, 70 per cent claimed not to have had LEA provided equal opportunities
training for senior managers, classroom teachers or careers teachers. As most
schools reported a increased activity and positive outcomes on promoting equal
opportunities, especially in secondary schools, one can only assume that forces other
than LEAs were responsible for these changes. If this was not the case, one must

clearly question the statement itself!

The report stated that equal opportunities policy making has, to some extent, adapted
to become part of the new main stream culture of schools. Pupils perceptions of
gender issues were seen as more open and sensitive to changing cultural expectations
and/or changes in the labour market. Nevertheless, occupational choices for both
sexes appeared to remain conventional and stereotyped. If this is so, what prevents

the awareness becoming transmitted to measurable change in removing sexual

stereotyping in career selection?

Schools and LEAs were found to be shaped largely by the culture of male
management (in the staffing, and chairs of governing bodies). There was little
evidence of strong parental concern for gender issues or of initiatives to involve
governors or parents in equality work. Although initiatives on equal opportunities
have been developed in certain LEAs and schools, most have been "in house" and do

not appear to have been widely publicised or discussed.

The report concluded that cultural, demographic and labour market changes have

influenced the way students and teachers think about the schooling of girls and boys.
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In the competitive climate of the 1990s, female students were proving attractive to
schools in preference to low achieving poorly behaved boys. The report did not
record any specific information regarding schools removing stereotyping from the
areas of science study, or encouraging fema]e students to select science and
engineering career options. The research revealed a mixed picture of beneficial
procedures and policies, but overall, no infrastructure for the delivery of equal
opportunities on a wider and more systematic basis. This situation must be rectified

to provide genuinely better opportunities for future generations of both female and

male citizens.

Equal Opportunities in Employment.

Whilst females have achieved equality or even become the majority in some
professions, equality in physical science and engineering professions remain male
dominated. This is supported by the Engineering Council figures (1995). The
section records some of the interventions made to try to promote equality in these

vocational areas, along with their limited success.

The Daily Mail (12th January 1995) reported on the 1994 Young Woman of the
Engineer Award. This award was established in 1978 to raise the profile of women
in the industry and is sponsored by the Institution and Electronics and Electrical
Incorporated Engineers. They list only 200 female members in a total membership of
28,000 worldwide, i.e. less than 1% of total membership. The winner was 28 year

old Hayley Gladstone, who had been responsible for major contracts such as



75
modernising communications on the Beijing subway system. She was about to fly to
Hongkong to manage a similar contract for the rail extension to the new airport. The

comments of both the winner, and runner-up Emma Croucher were rather

illuminating.

Hayley Gladstone told her careers teacher at school she wanted to be an engineer.
The teacher responded that she did not stand a chance, the teacher's image of an
engineer being someone having grease behind the fingernails. Hayley Gladstone
stated,
"A lot of engineering work is now computer-based, and I would advise young
girls not to be put off by the old image. I have not found being a woman is a
barrier to progressing, but the reality does not seem to be getting through to
the schools. I recently spoke to a class of 13 year olds who were amazed that

I was an engineer!"

Emma Croucher stated,

"It certainly helped going to an all girls school. There was no perception that
boys should lean towards sciences and girls towards arts".

The image problem of associating women and engineering was also covered by
Meikle (1995) in the Guardian Education. Emma Croucher is again quoted in this

article. She stated,

"Because women are engineers, they are thought to be hairy or undesirable,
but it is just a job, like being a nurse or a journalist. Women engineers need

to be addressed as normal.”
Interventions such as the Engineering Employers Federation's encouragement of
engineers who have been made redundant to consider a second career teaching their
skills to young people, is one option. However as there are many reasons for

someone being made redundant, this may not prove the most successful of
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alternatives.

An article by Irwin (1994) in the Times Educational Supplement looked at women
scientists. Only 2 per cent of professorships in science, engineering, and technology
were held by women. It quotes from a report "The Rising Tide" that only 16 per cent
of full-time academics in science and technology subjects were female. It showed
that of the 35,000 extra places in higher education in science between 1988 and
1991, the majority have been taken up by men. The report called for a target of a
quarter of public appointments and senior positions to be held by qualified women by
the year 2000. Its main recommendation was for a development unit to be set up to
deal with the needs of women in science and publicise best practice in encouraging
women into science. The unit would help to set up databases and networks of
women in science and technology, working towards a national database. It would
run an experimental careers advisory service and try to get media attention for

women in science. Suitable mentors would be found for female undergraduates.

Irwin (1994) quoted Dr Lane, a zoologist at Cambridge University, who stated,

"One of women's big problems is isolation. We need role models for girls to
aspire to. They don’t believe us when we say they can go into science”.

It is quite clear that steps are needed to encourage more women to enter science and

engineering professions.
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2.9 - WOMEN INTO SCIENCE AND ENGINEERING.

The Engineering Council are currently operating a Women into Science and
Engineering (WISE) Campaign under the current management of Marie-Noelle
Barton. It was launched in 1984 by both the Engineering Council and the Equal
Opportunities Commission. The main objective was and continues to be to help
change the attitudes of young people, parents, teachers and the general public to the
value of engineering and its suitability as a career open equally to both men and
women. A series of videos, booklets, linked to awards, courses and visits are used as
initiatives in the campaign. The campaign claims the results of seeing female students
on higher education programmes rise to 15% in 1995 as a major success, but there is
still some way to go to reach equality. Some of the campaign methodology and

outcomes are now considered.

The four main booklets produced are for parents, staff of primary schools, staff of

schools and colleges, and staff in higher education.

Engineering Equals - A Guide for Parents.

The booklet is used to try to explain to parents how the early development of
children can have a lasting effect on their choice of career. It quotes from the work
of Solomon and Lee (1992) which recorded that for the group of 3 to 5 year olds
studied at nurseries, boys dominated the use of technological toys. This appeared to

result from the difference in toys and play offered to males and females at home, It
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confirms the work of Cash (1992) and suggests that parents should offer support
equally to boys and girls or an unconscious discrimination against science and
engineering may be placed in the minds of girls from a very early age. Ifa boy or
girl demonstrates an inquiring investigative mind, then this should be supported,
gender should not be an issue in these circumstances. In this way a female will feel

that science and technology are suitable for girls as well as boys.

Six steps were proposed in helping females extend scientific and technological
experience. These stages are equipment (scientific toys), experiences (doing rather
than watching), entitlement (equal attention and support of girls and boys),
encouragement (confidence building), esteem ( feeling proud of achievements), and
finally examples (female role models). Parental contribution can be in the form of
toys or visits to exhibitions and museums. Support must be continuous from early
childhood until leaving school, and even when entering a profession. This may be

difficult if neither parent has any experience of science or engineering themselves, but

help is never very far away.

Engineering Equals - A Guide to Staff in Primary and Secondary Schools,

Science programmes suitable for primary schools have been available for many years,
Brown (1989) measured involvement at Primary school level and found that males
often dominated these sessions. He concluded that girls participation at this leve] is
crucial if they are to develop as scientists or engineers of the future, Key factors to

encourage participation are material selection and experience of investigative
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techniques. Boys and girls should have access to the same materials and receive

equal investigative experience. Equipment should not be segregated as suitable for

girls or suitable for boys.

In some cases girls may need positive discrimination. Girls may need more time to
gain experience of things boys are already familiar with. Teachers must be aware of
the current status and requirements for technical jobs in the UK, and that
preconceived ideology means girls may need more time to talk over ideas with
teachers. They will certainly need encouragement and reward for successful
achievement. Teachers must be aware of peer group pressures at school and at
home. Encouragement of working in teams, possibly via whole class teaching
(covered earlier in this chapter under the sub-section teaching and teacher training)
whether single or mixed sex is important in developing understanding for the future,
By operating a team philosophy with pupils, other teachers, and parents, results may
be substantially improved. In such mould breaking situations the use of role models
is extremely important as success often breeds success. This can be enhanced by a

high level of female involvement in the teaching of sciences to female or mixeq

groups.

Wise Essay Competition - Analysis of Essays.

In 1994, to mark the tenth anniversary of WISE, the Engineering Council and the
Office of Science and Technology sponsored an essay competition for females aged

14 to 18 in secondary schools in the UK. The essay topic was "Discuss why the
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United Kingdom needs more women engineers, and how to attract more girls and

women into science and engineering" and over 800 essays were received.

The essays raised some key issues but exact percentages for the items recorded in
this paragraph were neither recorded or available. Many of the essays expressed the
need for more female engineers to provide more originality, a different viewpoint, a
more caring approach and greater humanity. A few mentioned better understanding
of environmental issues, and most regarded women as having a unique and invaluable
contribution to make. Many pointed out that females were at least as good as males
in critical subjects such as mathematics, chemistry, and physics, others suggested
greater involvement of females was likely to lead to increased profitability. The
following twelve key areas were identified when considering how to attract more

females into science and engineering. The figure in brackets indicates the percentage

of essays including this area.

Teachers (56%) were not considered to teach technology and science in an exciting
manner likely to capture the attention of females. Males were often given more
encouragement than females, even regarding requests to help set up equipment. A
lack of women teachers of science and technology, and teaching the subject in an
uninspiring way was matched by complaints of lack of practical support to many
lessons. Talks by female engineers and scientists linked to practical projects and

visits to local engineering companies were requested.

Secondary schools (52%) were not able to correct for the comparative lack of
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understanding of engineering, often acquired by boys from toys, with which girls left
primary school. Constant encouragement during well prepared, challenging lessons
was seen as a way of overcoming a lack of self-confidence in science and technology
studies. Males appeared to have an innate interest in the subject, but females

required meaningful presentation to promote involvement.

Women into Science (51%) and many associated programmes were mentioned.

Changes in strategies were suggested and are covered later.

Image and media (48%) created the picture that an engineer is a male carrying a
spanner. The alternative view was provided by some parents, relatives and friends.
Soaps and other television programmes were blamed for this image, and can only be

rectified by more responsible coverage.

Primary schools (47%) could assist development of initial interest by operating a
unisex approach to toys. This may encourage female awareness of engineering

principles which can be capitalised on later.

Careers advise/information (47%) was criticised as being ill-informed on current

opportunities for young women in this field.

Engineering companies (43%) were viewed as male dominated with little interest in
the provisions for the needs of female engineers. More favoured approaches in other

countries were mentioned. Students recommended that company literature should
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not quote the "token woman" but should demonstrate a proper provision was made
to attract women to roles of previous male dominance. Promotion prospects and
career development as well as childcare and career breaks were items which required

to be addressed.

Role models (39%) appeared in short supply. The first role model is often the

subject teacher, thus more females were again requested.

Influence of peers (32%) indicated the apprehension young women felt to entering
male dominated territory. Teasing and stereotyped jokes were liable to "put many
females off" these areas. A quiet life being preferred, meeting the expectations of

parents and boyfriends.

Toys and early age (30%) were considered a major influence. Unisex science and
engineering games, particularly board-games involving parents and brothers, were

considered beneficial.

Women themselves (30%) were not considered the major obstacle. Male

dominance and a profession not moving with the times was a far greater problem.

There appeared little direct reference made for further Government (12%) action,
those covering this area wanted the Government to encourage firms to become more
positive in their approach to attracting wome