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The Decline in the Uptake of Physics at A-level

A b s t r a c t

This thesis studies the factors affecting the decline in the uptake of physics at A-level 

and to attitudes to science in general. The research considers the role of science in 

society and how efforts to raise the public understanding of science influence attitudes. 

Assumptions that increased public understanding of science lead to more positive 

attitudes are criticised. The public image of science is reviewed and the role which the 

media, school, and the scientific community play in its formation.

The decline in physics is considered in the light of the many changes to the science 

curriculum and the growth in student participation in post-16 education. The effects of 

demographic changes in the population are also reviewed along with concerns about 

examination standards and a shortage of adequately qualified scientists.

The two student surveys on attitudes form the core of the thesis. The first survey shows 

that attitudes to the individual sciences are markedly different. Attitudes to physics are 

more negative than for the other sciences, and surveys concerning the swing from 

science need to consider the sciences separately. The second survey is a detailed 

study of the factors affecting the uptake of physics A-level. Questionnaires and 

interviews, which compared physics students with non-science students, showed that 

the same factors attracting physicists to it deter non-scientists. The stereotypical subject 

image held by all is the principal determinant of choice, strongly influenced by the 

different cognitive styles. The perception of difficulty is an important influence and there 

are distinct differences in career perceptions. The gender imbalance is also discussed.

Curriculum changes are suggested to improve the image of physics and give students a 

clearer image of the role and relevance of science in society.



In t r o d u c t io n

A recent report in the Times Educational Supplement was headed “A-level with 2,000 

deserters” [T.E.S. (1997:p.4)]. The report began by explaining that if the current steep 

decline in the popularity of physics continues, nobody will be taking the subject by the 

year 2013. Pyke (1997) subsequently reported that two universities, Coventry and East 

Anglia, have decided to drop undergraduate physics courses as the numbers opting did 

not justify the cost. Other universities are considering similar action. This decline has 

been of much concern to government, educationalists, and industry over the last 

decade and the factors influencing it are at the core of this research thesis. The long 

term implications of an impending shortfall in the supply of well-trained scientists and 

engineers are, by many, thought to be serious for the future well-being of the British 

economy and its competitiveness in world markets. This perception is also discussed.

Student attitudes to science A-levels have been debated for many years, being of 

concern to government, industry and educationalists, as well as the scientific community 

itself. There has been continuing concern that many able students avoid studying the 

sciences beyond the age that is compulsory and increasingly choose subjects in the arts 

and humanities. Many students consider these easier options for A-levels, and some 

academics would agree with this perception. In recent years concerns surrounding the 

numbers opting for sciences at A-level have also become interwoven with the wider 

debate about the level of the public understanding of science. These issues are 

concerned not just with the level of scientific literacy and the public image of science, but 

also with the adequate supply of suitably qualified scientists for Britain to maintain its 

competitive position in world markets. The extent to which these concerns are 

warranted and, indeed, whether there really is a shortage of scientists will be examined 

later in this thesis.

The debate about the numbers of students opting for sciences over the past twenty 

years is not simple, owing to the demographic changes in the post-16 population and
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the large changes in the number of students staying on. It is more appropriate to refer 

to the proportion of students opting for a subject, rather than the actual numbers. 

Moreover, I will show that the uptake of subjects and the changes in attitudes is 

markedly different for the individual sciences of physics, chemistry and biology. I will 

argue that it is therefore less meaningful to discuss attitudes to the sciences in general, 

but that in most situations, physics, chemistry and biology must be considered 

separately to obtain a reliable understanding of the trends.

Student attitudes to the sciences are influenced by many factors, including public 

attitudes to science, psychological differences in students, the image of science and 

scientists, as well as the level of public understanding of science. Concern about the 

level of public understanding of science is not, however, entirely a recent issue. The 

formation of the Royal Institution and the British Association for the Advancement of 

Science were largely a result of such concerns. The Royal Institution was founded in 

1799 in order to provide “a medium of communication between the sciences and the 

public” {Drillsma (1994): p17}. The British Association for the Advancement of Science 

was founded in 1831 to “promote understanding and development of science and 

technology and to illuminate and enhance their contribution to economic, social and 

cultural life” (B.A. 1994). Hence there were concerns about public attitudes and 

understanding of science in the late Victorian era. This occurred during an age of rapid 

industrialisation in Britain. Moreover, as Layton, Jenkins, Macgill and Davey (1993) 

mention, the president of the Royal Society in 1902 complained of apathy and a poor 

appreciation of scientific knowledge in Britain.

In the mid twentieth century, the debate was fiercely revived when C.P. Snow published 

his Reid lecture entitled The Two Cultures in which he emphasised the differences 

between scientists and non-scientists. He refers to “literary intellectuals at one pole - at 

the other scientists, and as the most representative, the physical scientists” [Snow 

(1959:p.4)]. Snow notes that those in the literary culture have taken to calling 

themselves ‘intellectuals’, thereby implying that scientists are not. He also argued that 

there was little communication or understanding between the two groupings with the two 

poles having different attitudes and even emotions. He argues that the non-scientists 

speak in a tone which is more ‘restricted and constrained’ than the brash and firm voice
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of the scientific culture, (ibid). Wiener (1981) discussed public attitudes to science and 

technology throughout the period of industrial revolution and concluded that the English 

people disliked the industrial monster which they created, with many of its dehumanising 

effects. Wiener echoes some of Snow’s opinions about scientists and intellectuals, 

saying that the public do not fully trust science and technology and that it is still not seen 

as the best career for a gentleman. These issues have been addressed as part of the 

survey work and the attitude differences between physics students and non-science 

students are analysed in some depth later in this thesis. I will argue that there is 

evidence that attitudes akin to the ‘two cultures’ are still apparent and influence students 

in their choice of subjects at A-level.

Snow states that scientists and literary individuals have little comprehension of the 

opposite culture. He notes that those of the scientific culture are often poorly read in 

even the most celebrated works of literature, such as Dickens, whereas those of the 

traditional culture frequently have no knowledge of the most fundamental of scientific 

principles, such as the laws of thermodynamics. Some would reject this as part of 

‘culture’. Snow laments this polarisation of attitudes and the creative opportunities lost 

by the division. He also notes that this is not purely a British phenomenon, but is 

widespread throughout western cultures. Snow argues that increasing specialisation in 

education only aggravates the divisions between the two cultures, and that “the only way 

out of all this ... is, of course, by rethinking our education” (Snow (1959): p.18).

In the 1980’s the Royal Society commissioned Sir Walter Bodmer to review the current 

state of the public understanding of science. The resulting report, Bodmer (1985) 

showed that the public were woefully ill-informed about science. This poor public 

awareness caused government and the learned and professional bodies much concern. 

The Royal Society, Royal Institution, and British Association formed a joint committee 

called the Committee on the Public Understanding of Science (COPUS). This 

committee has, over the past decade, introduced many initiatives intended to raise the 

status of science in the eyes of politicians and the media as well as the wider public. I 

will argue that its role needs to be extended and membership broadened to include 

other bodies and give more extensive guidance to scientists, particularly in 

communicating, through the media, the relevance of science.
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After the 1990 general election, the government decided to give science and technology 

a higher profile by creating a new government department, called the Office of Science 

and Technology (OST) with specific responsibility. In 1993 the OST produced a White 

Paper called Realising Our Potential, OST (1993), in which the importance of science to 

the economic well-being of the nation was emphasised. The OST has since lost cabinet 

status and been absorbed by the Department of Trade and Industry. This caused much 

annoyance and concern amongst the scientific community who fear that primary 

research, for which Britain is noted, may suffer if funding is primarily given to projects 

which appear to have the most obvious immediate industrial application.

Ten years on from the Bodmer report, the improvements in public attitudes to science 

have been slow. There has been no huge improvement in the public awareness of 

science, although more initiatives are being undertaken through COPUS and other 

institutions, and are reaching a greater number of people. Some writers, such as 

Trachtman (1981), argue that there is no need to raise the public understanding of 

science, and that money spent on such initiatives is largely wasted. However, such 

views are the exception rather than the rule. This issue will be discussed in more detail 

in chapter 1. Various Government reports, such as Wolfendale (1995) and DTI (1996) 

stress the need for those in the scientific community to do more to raise the public 

understanding and appreciation of science. In addition, the research councils have also 

stressed the need for researchers to explain their work to the public. I will argue that 

scientists need to become better communicators to improve the image and 

understanding of science, and that it is important to give young people a more realistic 

insight into the sciences.

Coverage of scientific matters by the media is still poor, in terms of quantity and 

sometimes quality as well. Several of the broadsheet newspapers devote two or three 

full pages to ‘the arts’ while the sciences never receive this level of coverage or 

discussion. The impression given is that the cultured and educated person, to whom 

the broadsheet papers are intended to appeal, will be far more concerned with the arts 

than the sciences. I will argue that the ‘two cultures’ described by Snow are still
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apparent within the school as well as among the wider public. The polarisation may not 

be as extreme as that suggested by Snow, but the broad divisions still remain.

As children pass through school they tend to become part of one of these two cultures 

and choose their A-level subjects accordingly. Naturally there are some students who 

study a mixture of sciences and arts or humanities, and the number of such students 

has increased in recent years. However, for those studying the physical sciences, this is 

still infrequent. Since the introduction of the National Curriculum in the early 1990’s, all 

children have been made to study all three main sciences up to sixteen, with the vast 

majority taking a balanced science programme leading to a dual award at GCSE. 

Student uptake of A-level physical science subjects has shown little or no improvement 

since the introduction of balanced science. In fact, physics has continued to decline, 

both in proportion and actual numbers of students. Student attitudes to the physical 

sciences indicate a continuation of the two cultures in the time ahead. Various initiatives 

undertaken to raise the level of public understanding of science assume that more 

knowledge will improve attitudes to science; a simple linearity model. One of the 

benefits of this would, it is hoped, be an increase in the number of students wishing to 

study sciences beyond sixteen. I shall discuss these initiatives in chapter one, discuss 

the flaws of the simple linearity model, and evaluate the impact on the public 

understanding of science and attitudes to science.

Rationale Underpinning the Research

In order to understand those factors which most influence students when deciding 

whether or not to undertake physical sciences at A-level, it is necessary to be aware of 

various facets of the problem which may influence students in their choice of subject. 

These include current public attitudes towards the sciences generally, the trends in the 

uptake of subjects, differences in attitudes towards each of the particular sciences, 

psychological differences, gender differences in attitudes, employment trends, 

curriculum changes and demographic changes in the student population. Rather than 

concentrate solely on educational psychology, I decided to research the influences of 

the public attitudes to science. To this end, three projects were undertaken. These were:
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Project 1.

A study of the current state of the debate on the public understanding of science 

and initiatives undertaken to raise awareness of science and promote its image

Project 2.

A survey of student attitudes to studying the sciences at A-level, using 

questionnaires

Project 3.

A survey of student attitudes to studying physics at A-level, using both 

questionnaires and interviews.

I will now explain each of these in a little more detail.

I began by studying the current state of the debate on the public understanding of 

science in order to determine the initiatives being undertaken to raise public awareness. 

I have assumed that public attitudes towards the sciences are of some influence upon 

students when making their choices for A-level subjects. It therefore seemed reasonable 

to establish the current state of work aimed at raising the public understanding of 

science. I have not assumed that raising the level of public understanding of science 

would automatically improve public attitudes towards science or increase the uptake of 

the sciences at A-level. The first project involved identifying the main actors in the field of 

public understanding and establishing each actor’s agenda for wishing to raise the level 

of the public understanding of science. From interviews with, and written material from 

the various key institutions involved, networks of the initiatives and funding of public 

understanding programmes were constructed. These are discussed in more detail in 

chapter one.
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The image of science and scientists acquired by students is gained from personal 

experience, school, and the pervading cultural image presented to them. This image of 

science, and the scientists who perform it, is naturally linked to the debate on the public 

understanding of science. Attitudes to science are an important determinant of the level 

of interest in it, and the degree of public support which it therefore receives. This in turn 

influences the level of public understanding of science. The image of science and 

scientists is therefore likely to be an important influence upon students when selecting 

their A-level subjects to study. The detailed discussion of this image therefore follows 

that debate and is in chapter 2.

The past decade or more has seen substantial changes to the science curriculum, as 

well as the nature of employment for young people. The move to balanced science at 

GCSE and its effects upon the uptake of the sciences will be discussed and, in 

particular, its influence upon the uptake of the physical sciences. The current debate on 

the changing standards of A-level will also be discussed. These issues are addressed 

in Chapter 3, along with employment trends amongst the scientific community. 

Suggestions that Britain risks a shortfall of adequately qualified scientists, resulting in a 

detrimental effect upon our competitive position will also be discussed in this chapter, 

along with whether this perception is real or perceived.

Apart from the many curriculum changes there have, over the last decade, been large 

demographic changes in the population of 17 year olds and the proportion of students 

staying on at school to take A-levels. This inevitably influences the number of students 

taking a particular subject and can confound the use of simple statistics to describe the 

trends in the popularity of a subject. It is no simple matter to measure the changes in 

the popularity of a subject over time. Chapter 4 will analyse the various figures 

published and attempt to determine the changes in subject popularity that may be 

inferred from them.

A second project was then undertaken to look at the attitudes to the sciences in general, 

using a sample of sixth-form students from schools in Gloucestershire. The sample for 

this first student survey was a purposive one which comprised able students, some 

having chosen sciences and others who had not. The questionnaire issued asked

7



about attitudes relating to a number of issues relating to the image of science, difficulty, 

and interest. The analysis compared the responses of the two groupings of science and 

non-science students. The methodology and findings from this first student survey are 

discussed in detail in chapter 5 of this thesis. One of the principal aims of this survey 

was to determine the nature and extent of any attitude differences for the individual 

sciences of physics, chemistry, and biology. The substantial difference in attitudes 

towards the three main sciences which this first student survey showed demonstrated 

the need to concentrate on the attitudes towards an individual science subject.

In the third project I undertook a second student survey which concentrated on attitudes 

to physics, which was seen as the least popular and most difficult of the three sciences. 

Again, a purposive sample of high ability sixth-form students was selected from schools 

around the country and interviews conducted with each of the students, in order to 

ascertain the factors which had most influenced them in their choice of A-level subjects. 

The interviews included a period of discussion and three simple questionnaire sheets. 

Interviews were chosen to allow deeper investigation of the factors which determined 

the level of interest in physics. As in the previous survey, a comparison was made 

between students who had selected physics A-level and others who had not. The 

methodology is discussed in chapter 6.

The statistical analysis of the findings from the questionnaire sections of this second 

student survey is detailed in chapter 7 of this thesis. This also includes some discussion 

of the implications of these findings. The most commonly stated reasons for not taking 

physics at A-level are low interest, career intentions and difficulty of the subject. Interest 

in a subject is a broad term which may cover a number of underlying factors affecting 

subject choice. It was therefore decided that more detail on the underlying reasons for 

the lack of interest, and perception of difficulty, would be ascertained better through an 

interview approach. Opportunity to probe more deeply the responses of students would, 

by this method, be more forthcoming. The results of the interview sessions are 

discussed in chapter 8 and a comparison made with some of the findings from the 

questionnaires.
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Chapter 9 discusses the various findings from the student surveys and other work and 

relates this to the general image of science.1 It is, after all, one of the aims of the public 

understanding programme to increase participation in the sciences by students and 

thereby secure a greater scientific base for the nation.

The poor uptake of physics at A-level is most certainly due in part to the avoidance of it 

by girls. It was not the intention of this project to concentrate on the gender imbalance in 

uptake of physics. However, these issues are discussed where relevant findings apply. 

The large gender imbalance in the subject was apparent in trying to obtain a reasonable 

sample of female A-level physics students from schools around the country.

In this thesis I will argue that, while acknowledging a continuum of personality types 

between those who take physics and those who do not, there are some clear 

differences between them. Their preferences, interests, and aspirations are often quite 

different. This echoes some points made by Snow over forty years ago, and 

emphasises how little progress has been made in changing attitudes. I will argue that 

these differences in attitude, which are formed early on in life, pre-dispose an individual 

towards one of the two cultures, thereby influencing subject choices. Understanding 

these attitudes is crucial to any programme of initiatives designed to raise the level of 

the public understanding of science and its uptake at A-level.

The continuing decline in the uptake of physics at A-level needs to be urgently 

addressed if the trend is to be halted and reversed. As the attitudes to physics are 

amongst the most negative for the sciences, it is these attitudes which are the principal 

focus of this research. Progress made in improving the attitudes to physics could also 

be transferred to raising the status of other physical sciences, particularly chemistry and 

engineering. The concluding chapter summarises the principal findings and makes 

some recommendations to improve attitudes to physics, as well as areas that are in 

need of further research if substantial progress is to be made.

1 I have not included a chapter solely devoted to a literature review because of the many facets 
to the issue of uptake of sciences and the public understanding of science. The literature 
relating to each particular facet of the debate is discussed in the relevant chapter.
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T h e  D e b a t e  o n  t h e  P u b l ic  U n d e r s t a n d in g

1.1 Introduction

Concerns about the attitudes to the sciences are by no means a recent phenomenon. 

During the last century, the desire to improve public attitudes to and understanding of 

the sciences has grown and led to the formation of institutions such as the British 

Association for the Advancement of Science and the Royal Institution, whose aims are 

to promote science. This chapter discusses the various meanings of the phrase the 

public understanding of science and critically analyses the common assumption that 

greater public awareness of science leads to greater public support, showing this simple 

linearity model to be flawed. There is an analysis of the role played by the principal 

actors in the public understanding debate and the multiple agendas which they operate. 

The networks of initiatives and funding for programmes are constructed and discussed, 

with the role of the committee on the public understanding of science (COPUS) being 

analysed. This chapter also discusses the persistence of the two cultures of arts and 

science in attitudes to science. Public understanding of trans-science issues, where 

precise answers to problems are unobtainable, is discussed, as well as the public 

understanding of scientific method and culture. Both of these last points are relevant to 

student uptake of the sciences at A-level.
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1.2 Definitions of the Public Understanding of Science

To declare oneself in favour of raising the level of the public understanding of science is 

like being in favour of raising moral standards. Nearly everyone agrees in principle, but 

there is little agreement on the specific objectives, meanings of terms involved, or the 

methods of addressing the issues. Various interest groups are involved, each with its 

own agenda and reasons for wishing to raise public understanding. Durant (1994: p84) 

proposes three different aspects to the general term called ‘the public understanding of 

science’. These are scientific knowledge, scientific method, and scientific culture.

Scientific knowledge is usually taken to mean knowing more ‘scientific facts and 

theories’; in other words, the content of science. This is sometimes referred to as 

scientific literacy, especially in the USA where it is the principal focus of initiatives. 

Surveys of public knowledge in Britain and America have shown people to be woefully 

unaware of some basic scientific knowledge, such as whether the Earth goes around 

the Sun or vice versa. The body of scientific knowledge is so vast that no one person 

(scientist or layperson) could possibly know it all. Indeed, a particle physicist probably 

has little more grasp of genetic engineering than any other member of the lay public. 

There must therefore be some agreement on those items which are considered 

important before any attempt is made to improve the level of scientific literacy. This 

opens up many other questions, such as who decides which facts are important to learn 

and why those particular items are chosen. Wolpert (1993: p1) argues that the public 

have conceptual difficulties understanding science because it is counter-intuitive. His 

examples from Newtonian mechanics are poor choices, because when properly taught 

and explained, the motion of a body is not counter to common sense as Wolpert claims. 

Better examples could be from relativity and quantum mechanics. Wolpert (1993: p16) 

also says that most science is not immediately relevant to the public who can live their 

lives quite satisfactorily without knowledge of molecular biology or Newtonian 

mechanics, although such understandings can enrich our lives. While I take issue with 

the more extreme claims of Wolpert’s analysis of science’s counter-intuitive nature, his 

comments on relevance to the public are valid. Although very regrettable that some 

people are unaware that the Earth orbits the Sun, the information is not vital to most 

people’s everyday life on our planet.
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Few would argue that knowing more scientific ‘facts’ is all there is to an understanding 

of science. An understanding of scientific method is also necessary. Even the scientific 

community cannot agree upon a single definition of a scientific method, although many 

features are common to most definitions. These include observations, the formation of 

a theory, and the testing of hypotheses through carefully controlled experimentation. In 

practice, scientific progress at the frontiers of knowledge rarely adheres strictly to this 

idealised method. Collins and Pinch (1993), in their book The Golem, give several 

examples of major scientific developments where the rigorous method is more loosely 

interpreted and the process far from neat and tidy. One of the major verifications of 

relativity was taken as confirmation that gravity bent starlight. This bending of light was 

tested during a total solar eclipse early this century, and the confirmation hailed as proof 

of relativity’s accuracy. Collins and Pinch describe in detail the experimental 

procedures, noting that some of the plates were blurred, and that other difficulties made 

the result far less definitive than was supposed at the time. Subsequent experiments 

have, however, reinforced the acceptance of the theory.

The account of science developed by radicals in the 1970s was strongly influenced by 

critical theorists such as Habermas (1972), but had little impact on the general 

perceptions of scientific method. Students, as I shall demonstrate, still largely adhere to 

what critical theorists would consider the positivist image of science associated with 

Popper (1972). Positivism is susceptible to many meanings (Halfpenny, 1982) and 

Popper was never, himself, a member of the Vienna Circle: indeed they referred to him 

as the official opposition. However, as a participant in the 1960s debate about 

positivism in Germany, he was certainly cast in that role (Adorno et al, 1976). Neither 

have the views of Kuhn made any real impact, either within the scientific community, or 

amongst students. They are unlikely to accept a Kuhnian account of scientific 

development, with its paradigm shifts and periods of normal scientific problem solving 

under the prevailing paradigm (Kuhn, 1970, p24).

At present, the public have little or no concept of a scientific method. Durant, Evans and 

Thomas (1992: p. 166) refer to a survey of 2000 British adults carried out to assess the 

awareness of scientific method. They noted that, superficially, the findings show that
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only about 3 per cent of the public have “the vaguest of ideas about what it means to 

study something scientifically”. Even allowing for linguistic difficulties of respondents in 

understanding the nature of the question, the survey shows poor public understanding. 

The National Curriculum for science attempts to address this problem in practical 

assessment, where an idealised scientific method, as described above, is taught. 

Whether or not the teaching of such an idealised method, which does not always apply 

to real scientific investigation, will truly raise public understanding is a debatable point. 

However, it is a significant improvement on the method of school practicals previously 

experienced by pupils. This often amounted to following a set of written instructions in 

much the same way that one follows a recipe. The method has the disadvantage that it 

encourages pupils to expect to get ‘the right result’ if the method is correctly followed. 

They learned nothing of the investigative nature of the scientific method or the 

uncertainties inherent in the scientific endeavour. The National Curriculum introduces 

ideas of a “fair test” from the earliest stage (Key Stage 1) and develops the investigative 

nature of science throughout all four key stages.

The third interpretation of public understanding of science referred to the scientific 

culture. Durant (1994) refers to this as ‘knowing the way science really works’ and how 

science interacts with society. The role of the scientific community, as a social group, 

in determining the research undertaken and the presentation of findings inevitably 

influences scientific understanding. Despite what the public may think, Dunbar (1995: 

p. 16), highlights the significance of this, saying that “science, then, is a method for 

finding out about the world and not a particular body of theory”. This role of science in 

society is an aspect which is particularly poorly understood by students or the public.

Other definitions do exist, although of a similar nature. Recent reports such as 

Wolfendale (1995) and COPUS (1995) have also referred to three aspects of public 

understanding of science. These are appreciation, awareness and comprehension. 

COPUS (1995: p.2) describes the aims of appreciation as promoting a more positive 

image of science to convince the public of its value to society. For awareness the aim is 

raise the public’s overall consciousness of science. This means something akin to 

scientific literacy. The aim of comprehension is described as stimulating public insight 

into, and knowledge of, the scientific process.
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There is, therefore, no single definition of the phrase the public understanding of 

science. The most widely used definitions are those of Durant and Evans, and it is 

those which I shall adhere to in this discussion. Each of the organisations involved in 

trying to raise its level has a different reason for so doing, depending on its aims.

1.3 The Multiple Agendas of Organisations

Despite widespread, though not universal, agreement that the public understanding of 

science needs to be improved, the motives and agendas of organisations involved do 

not share universal objectives. Government and industry have different motives from 

those of the scientific community, education, special interest groups, or the military.

The government’s reasons for wishing to raise PUS are principally concerned with the 

provision of an adequate number of well-trained scientists and technologists. In 1993 

the government White Paper entitled Realising Our Potential, highlighted the need to 

raise public awareness of science and technology. [OST (1993: p64] saying that:

“... the economy needs an adequate supply of scientists and engineers. There 

is also a broader social and economic need to raise the general public’s level of 

understanding and awareness of scientific and technological issues and the 

role of science, technology, and engineering in the economy.”

The government paper clearly links the public understanding of science and technology 

with the economic performance of the nation. The main thrust of the White Paper is 

towards the economic benefits to the nation through more effective use of scientific and 

technological advances. It does not elaborate on the benefits of having a public more 

aware and supportive of science and technology. These benefits are taken to be self- 

evident. Section 1.4 will show that greater public awareness of science does not always 

result in greater support for science and that the benefits are therefore not self-evident. 

It is the adequate supply of scientists that is taken to be of paramount importance in the 

White Paper. The decline in the uptake of the physical sciences was most certainly in 

mind when this White Paper was written.
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The main aim of the White Paper was to ensure that Britain is in a competitive position 

to exploit scientific and technological developments to the economic benefit of the 

nation. The Research Councils are clearly directed to consider how to raise the level of 

public understanding of science, as well as to improve scientists’ understanding of how 

to communicate effectively with the public. Government has also expressed a desire to 

raise the overall level of public awareness of science as part of developing a more 

informed electorate. It argues that, in a working democracy, the electorate needs to be 

well informed in order to take decisions based on informed reason, rather than 

prejudice. The debate on BSE in cattle is an example of this concern. Much confusion 

was caused because the public and ministers alike expected clear cut, definitive 

answers to questions about the risks to the public from eating beef. What both the 

public and ministers failed to understand was the level of uncertainty owing to the lack 

of knowledge at the time. The incubation period for CJD (the human equivalent of BSE) 

developing from eating BSE infected cattle is thought to be of the order of twenty years. 

Some still dispute the link between CJD and eating beef from BSE infected cattle. This 

major cause for uncertainty is relevant to the debate. It is the image of science as 

possessing definitive answers to any question that is at the root of the confusion. 

School science often reinforces this image, and the scientific community itself is also 

somewhat to blame for this perception, having encouraged that image in former years.

The aims of industry in wishing to raise public understanding are very similar and they 

fund various initiatives of their own. As with government, there is an assumption that 

initiatives to raise the public understanding of science will produce more, and better 

trained, scientists, as well as engender more positive attitudes to that industry. Many of 

the initiatives in industry are aimed at recruiting more people into engineering and 

science related areas. Some initiatives are less specific and are aimed at improving the 

general public’s understanding. While the former may be beneficial, the latter suggests 

adherence to what is termed a simple linearity model. This model, which is discussed in 

section 1.4, suggests that the more science which the public understand, the more 

positive will be their attitude towards it. One might therefore assume, on the basis of 

this model, that improving the public understanding of science might lead to a greater 

uptake of science at A-level.
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The scientific community have a somewhat different agenda in raising public 

understanding. There is a desire to improve the public’s understanding of the value of 

original research, partly in the hope that public support, and therefore public finance will 

continue. Hence the scientific community have a vested interest in the debate. 

However, they also risk assuming the validity of the simple linearity model, overlooking 

the dangers of raising public awareness in areas of contentious research. For example, 

the use of animals in medical research may arouse opposition which currently lies 

dormant, principally because of the public’s lack of awareness. Removing that 

ignorance may reduce the currently high level of public support for medical research.

The educational establishment has another, slightly different, agenda for wishing to 

improve public understanding of science. Educationalists argue the need for a broad 

and balanced curriculum in all three science disciplines as part of a broader 

understanding of our culture. Science is an important aspect of our culture, and it is 

therefore desirable to raise the public understanding of science. For many years there 

has been concern about what has been termed the ‘swing from science’. Formerly, 

students were allowed to choose sciences from the age of fourteen and many opted out 

of the physical sciences. The National Curriculum now requires students to study all 

three sciences up to the age of sixteen, usually through a broad balanced science 

curriculum. The decision about science now occurs at A-level, where the physical 

sciences lose support. Woolnough (1994a: p15) comments that the popularity of 

science in schools continues to be of public concern, adding that too few students study 

the physical sciences at A-level. He also rightly comments, that the curriculum changes 

at GCSE have done little to alleviate the problem.

Special interest groups are often highly selective of the areas in which they wish to 

improve public understanding. We must therefore be very wary of their motives and 

effectiveness at educating the public. Many do not raise the public understanding of 

science, but prey on its lack of understanding in order to gain support for their particular 

cause. For example, those groups opposed to nuclear power frequently discuss some 

of the detrimental effects of exposure to radiation and the risks of low level exposure 

from power stations, despite the lack of clear evidence linking power stations to cancer
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clusters. They often refer to cancer clusters near one or two nuclear establishments, 

but fail to mention the many others where no cluster exists. They rarely mention the 

background radiation which gives a far higher dose than any power station, by orders of 

magnitude. These special interest groups do have an important role in making the 

public aware of risks, but often give only partial and biased information. Their 

contribution to the public understanding of science is therefore rather questionable 

where partial and biased arguments are presented.

Both sides in the argument are guilty of playing on ignorance to some degree. For 

example, some literature published by Greenpeace (1994) claimed that flasks used to 

transport nuclear fuel could rupture and “the effect could be similar to a small-scale 

Chernobyl, with large areas being contaminated”. The risk of a rupture is exceedingly 

small, even in a crash, and the level of contamination possible so vastly different to the 

Chernobyl incident as to not warrant the comparison. Chernobyl was mentioned only to 

engender fear. No figures of risk, levels of possible contamination, or nature of 

exposure were given to support the argument. On the other side of the argument, 

Nuclear Electric (1993) had addressed this very issue, stating that statements about 

dangers of this transportation were absurd and had no valid scientific basis. They said 

that “there is no evidence to suggest that there would be any long-term cancers 

resulting from a flask leaking”. As there have been no such leakages, there could not 

be any reliable scientific evidence anyway. Neither argument is convincing.

Hence we see that there are various agendas for the different organisations seeking to 

raise the level of public understanding of science and no real consensus. However, 

most seem to assume that raising the level of understanding will lead to more positive 

attitudes towards science.

1.4 The Simple Linearity Model

The widespread view that raising the level of public understanding of science will raise 

public support for it, and presumably improve the uptake in post-16 education is referred 

to as the simple linearity model. The assumptions behind this model are simplistic.
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Bauer, Durant and Evans (1994: p170) show some correlation between the level of 

industrialisation in European countries and interest in scientific matters and note that at 

the highest levels of industrialisation there is some decline in scientific knowledge. 

They measured scientific knowledge through asking a set of specified questions of a 

purely factual nature. The level of industrialisation for each country was measured from 

the indexed value of industrial output per capita, as in 1980. The results are shown 

below.

Figure 1.1 National levels of scientific knowledge 1989 by levels of 
industrialization in 1980
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Source: Eurobarometer 31 and Bauer, Durant & Evans (1994: p170)

Key: Gre = Greece P = Portugal, E - EC, It = Italy, NL = Netherlands, F - France, B= Belgium, GB 

= Great Britain, DK = Denmark, G = Germany.

Knowledge axis scale is a mean score from a 12 point questionnaire

Levels of industrialisation are measured by industrial output value per head of population and 

indexed on the UK output.

Commenting on this graph, Bauer, Durant and Evans (1994: p170) note that it is a non

linear relationship, between scientific knowledge and the level of industrialisation. They 

say that the fitting of a suitable curve to a relatively small number of scattered points is 

risky, but argue that the curve is the best fit and is suggestive of a decline in knowledge 

at the highest levels of industrialisation. They comment that the general trend of
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increasing knowledge with rising industrialisation is to be expected because more 

scientific and technological demands are made on the citizens of a more industrialised 

country. It is the decline at the top end which is somewhat surprising. This research is 

interesting as it indicates that the relationship between scientific knowledge and the 

industrial and technological state of a nation is not a simple one as is often assumed.

Bauer, Durant and Evans (1994) have shown that levels of scientific interest in nations, 

when compared with levels of industrialisation, do not obey a simple linear relationship. 

Figure 1.2 below also shows a curvilinear relationship is more appropriate.

National average interest in science 1989 by levels of industrialization 1980

4.9
o>
“  4.7

«£i
c

4.5
♦ GB

4.3o>o
c0)
8
oj/>0
1
_ l

3.7

3.5
150 200 250 300 350100 400

Levels of industrialization 1980

Source: Eurobarometer 31 and Bauer, Durant & Evans (1994: p172)
Figure 1.2

Key As for Figure 1. Levels of interest determined by responses to eight attitudinal questions 

using a 5 point likert scale.

The graph shows that, initially, interest in science rises with the level of industrialisation, 

but that at higher industrial levels interest declines again. Figure 1.1 had shown that, 

despite a tail off at higher levels of industrialisation, scientific knowledge tended to be 

higher in more industrialised countries. Comparing with Figure 1.2 shows us that the 

relationship between scientific knowledge and industrialisation is not linear, particularly 

at greater levels of knowledge. The authors suggest that Figure 1.2 may indicate two 

different types of low interest which they describe as “ignorant disinterest” and
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“knowledgeable disinterest”. They suggest that at high levels of industrial development 

science and technology are essential features which are taken for granted. I propose 

that at low levels of industrialisation and knowledge, there is an interest in science in the 

anticipation of it raising standards of living. In the highly industrialised countries 

complacency is one reason for lack of interest, but that there is also some 

dissatisfaction with the attendant problems of industrialisation, such as pollution. 

Whatever the explanation, a simple linear relationship is clearly inapplicable.

Evans and Durant (1995: p62) researched the relationship between scientific knowledge 

and attitudes to science and concluded that attitudes are very much dependent upon 

the issue concerned, with general attitudes towards science being poor indicators of 

attitudes to particular issues. For example, nuclear power receives less support as 

knowledge increases, (Liu and Smith, 1990). As Evans and Durant (1995: p71) write, 

“in so far as scientists and educationalists are motivated by the desire to mobilise public

support for science  such attempts cannot always be relied upon to be

straightforwardly beneficial”. The COPUS (1996) report on ‘Public Understanding of 

Science Practice’ reports that opinions on unpopular issues such as nuclear power do 

not improve with increased knowledge. Evans and Durant (1995: p70) confirm this 

finding, saying that, “in morally and contentious and non-useful areas of research, 

however, the well-informed are more strongly opposed to funding than are the less well- 

informed.” They add that:

“it would be unwise for scientists and science policy-makers to presume 

that a better informed public is automatically a public that is more 

supportive of any and all forms of scientific research.”

A study by Evans and Durant (1993) also found that increased scientific knowledge 

resulted in more differentiated attitudes to science. Science with clear, immediate uses 

gains support, while basic research and morally contentious science loses public 

support. Hence the simple linearity model, on which many base their argument for 

improving the public understanding of science, is not necessarily valid. It may apply for 

non-contentious areas of scientific research and areas of ‘useful science’ such as 

medicine, but is wholly invalid for contentious ones, or those perceived to have little use.
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Hence government and industry’s aim in promoting public understanding in order to 

increase the supply of scientists, technologists, and engineers may be flawed.

1.5 The Need to Raise Public Understanding of Science

Why do we need to raise the public understanding of science? Many assume that the 

answer to this question is self evident, but some doubt that raising public awareness of 

science is necessary or even desirable. For those who see a need, we must determine 

which sectors of society most need a greater understanding, and how they and society 

will benefit. Layton, Jenkins, Macgill, and Davey (1993: p2) refer to the Royal Society’s 

ad hoc group report on the public understanding of science, which suggested that 

improved understanding is important:

(i) for private individuals, for their personal satisfaction and well-being;

(ii) for individual citizens, to participate in a democratic society;

(iii) for skilled and semi-skilled workers, a large majority of whose occupations now 

have some scientific involvement;

(iv) for people employed in the middle ranks of management and in professional or 

trade union associations, to help their decision making in a scientific environment;

(v) for those responsible for major decision-making in our society, particularly industry 

and government, where few, if any, issues do not have a scientific or

technical aspect.

(Royal Society, 1985, p.31)

As Layton et al (1993) indicate, there seems to be a belief that this goal is both 

achievable and desirable. Possibly some members of the above mentioned groups are 

incapable of learning the science deemed necessary, while others may be quite 

unwilling. Moreover, the means by which these goals may be achieved are far from 

self-evident. Layton et al (1993: p2) highlight the difficulties of designing an educational 

system capable of providing adequate scientific understanding to last a person 

throughout life, and delivered before the age of eighteen. It will always be necessary to 

update, extend, and refresh knowledge throughout adult life if an individual is to keep 

abreast of relevant developments. The survey work detailed later in this thesis will show
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that a significant proportion of the public, albeit well able to understand further science, 

have little or no desire to do so. As any teacher will testify, it is very difficult to teach 

things to those who have no wish to learn them. If this is true in schools, where the 

audience, if not captivated, is at least captive, how much more difficult will be the task in 

adult life where individuals cannot be forced to further their education. Furthermore, the 

survey work dealt only with students of high ability who were capable of pursuing 

science to higher levels. As these represent a minority of the school population, there 

are many students who would have great difficulty in understanding many of the 

scientific principles involved, even if they were agreeable to attempt the learning. This 

is inevitably true for the public, with many being quite unable to understand the detailed 

scientific principles involved in an issue, or grasp the significance of statistical risk.

This leads into the second point in the Royal Society report, which refers to citizens 

participation in a democratic society. This entails a somewhat naive view of the extent 

to which increased scientific knowledge will influence an individual’s role in a democratic 

society. The reality is that, in most cases of contentious scientific issues, the individual 

has a limited opportunity to influence a decision. Trachtman (1981), in his criticisms of 

efforts to raise public understanding, examines the ways a citizen can participate in the 

making of public policy decisions. He suggests that a citizen has three ways of 

participating in policy decisions involving science and technology. These are by 

supporting, and voting for candidates who hold particular views on scientific and 

technological issues; by lobbying elected officials on specific issues; and by participating 

in demonstrations and other civil action designed to influence public opinion on 

controversial issues. Although Trachtman is referring to the American democratic 

process, many of his assertions are equally applicable to Britain. Trachtman argues 

that increased scientific and technological understanding is unlikely to alter this 

behaviour. Effectively the most an individual can do is to choose between a candidate 

who is broadly pro-scientific research or one who is opposed to it. A party manifesto 

consists of a large number of promises on a variety of issues, therefore making it 

impractical to comment on any single issue. Voting for a party in order to support one 

issue could well mean giving support to several other issues with which one disagrees. 

As Trachtman (1981: p. 12) says, “the total range of a candidate’s views determine the 

citizen’s vote, and detailed scientific information is unlikely to play a major role in the
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decision". Indeed, because of the complex nature of many scientific issues, they rarely 

feature significantly in party political manifestos. For example, the debate over nuclear 

power, contentious as it has been, and truly a trans-science issue, has not been one 

which distinguishes the major political parties. Many who felt opposed to nuclear power 

in principle would therefore have to choose between a major party or a small one which 

would, in all probability, be unable to produce a coherent programme of government on 

other issues.

The second form of political activity referred to by Trachtman (1981: p13) involved the 

lobbying of elected officials in order to influence their voting pattern on a specific issue. 

Such involvement may be either individual or as a group. Trachtman makes little 

reference to the effects of increased public understanding upon the effectiveness of 

lobbying and support. I think it likely that increased understanding would increase 

lobbying undertaken and the strength of argument used by the member of the public. It 

is less likely that an individual who is completely ignorant of the technical issues 

involved in an issue will attempt to lobby a member of parliament. If he or she does, 

however, the argument used is unlikely to be coherent and therefore unconvincing to 

the member. Increased public understanding would, under these circumstances enable 

more people to partake in the democratic process and debate issues of scientific 

concern. This is, however, dependent upon the politician having some grasp of the 

issue involved.

The third form of political activity, that of demonstrations and other activist behaviour, he 

believes is little influenced by increased public understanding of science. For skilled 

and semi-skilled workers, there is indeed an increase in the level of technology applied 

and scientific principles needed. However, this is very often job specific and thereby 

better dealt with via workplace training rather than through some general education of 

the public. People are far more willing to embrace new learning in situations where the 

need and relevance to them are apparent.

The last two points made in the Royal Society report suggest the need to raise the 

public understanding of those in major decision making processes, in middle and top 

management, as well as in government. There is much to be done here, especially in

23



government where very few have any scientific background at all. For all these groups 

of decision makers there is a need to raise the understanding of the scientific 

dimensions of an issue and instil an appreciation of scientific method. It is also most 

important to instil an understanding of the limitations of science, and acknowledgement 

of those questions where science cannot give definitive answers. The means by which 

this may be achieved are not so simple, but a small effort is made through Westminster 

fellowships described in section 1.71.

Some argue that the flaws in the simple linearity model make it debatable whether 

raising the public’s understanding of science improves attitudes towards it. Trachtman 

(1981) argues that the exercise is expensive, unnecessary and often counter

productive. He notes that one of the reasons often given for raising the public 

understanding of science is that it enables a better informed public to make more 

intelligent personal consumer decisions based on scientific evidence. However, 

Trachtman argues that most of these consumer decisions involve scientific evidence 

which is in some way contentious or disputable. He says that:

“In this complex area, when public agencies charged with making consumer or 

environmental decisions find it impossible to arrive at a consensus on the basis 

of searching reviews of all available evidence, how can the consumer be 

expected to make intelligent and informed personal decisions?”

Trachtman (1981: p11)

Trachtman (1981) is unusual in arguing that efforts to raise the public understanding of 

science may be more damaging than beneficial, when policy decisions have to be taken 

on scientific matters. However, as discussed in section 1.3, others too have shown that 

increased knowledge does not make the public more supportive of scientific issues 

which may be contentious. Many such issues are highly complex and technical, with the 

public unable to understand all the science involved. However, some research in the 

USA has shown that it is possible to inform a group of lay people about a technical and 

contentious issue so that they are able to make more informed decisions. Holton (1993: 

p162) describes how population representative groups in six cities were convened to 

discuss a technical and contentious issue. Initially they were given a questionnaire to
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complete, which revealed the usual technical ignorance. The groups were then made to 

debate all aspects of the issue, with the aid of technical material and explanations. 

When a second vote was subsequently taken, the opinions were far more in line with 

those of the scientific experts who had considered the issue.

1.6 Trans-science and Science

Issues such as the nuclear debate, risks from BSE, or possible risks from genetically 

engineered plants and organisms are in the realms of what Weinberg (1972) calls trans

science. He describes trans-science issues as ones where it is wholly impractical to 

quantify the risks or effects involved. As an illustrative example, it is worth considering a 

headline claim by Webb (1993: p4) in New Scientist that the Sellafield nuclear 

reprocessing plant THORP will kill 200 because of radioactive emissions. By 

extrapolation from figures produced by the National Radiological Protection Board, it 

was argued that the emissions from THORP would result in 200 additional cancers 

world-wide in the next twenty-five years of its operation. Incidentally, Greenpeace had 

suggested a figure of six hundred, a discrepancy which does not increase confidence in 

the accuracy of the predictions. Such predictions are usually made from response 

curves for high level exposure (usually from survivors of the Hiroshima and Nagasaki 

bombs), using a linear extrapolation back to low-level exposure. The work of Pierce and 

Vaeth (1989: p.55) notes that there are many uncertainties and generalisations involved 

transporting risk estimates to other populations in other times and to other types of 

cancer. They also state that:

“there can be little direct information in epidemiological data about low 

risks”, and that “even when a linear dose response fits the data very well, 

there will invariably be dose-response curves with (proportionately) much 

smaller risk at low doses which also fit the data well”.

Weinberg (1972: p210) addressed this issue and pointed out that to test the effects of 

low doses of radiation on mice, to a 95% level of significance would require some eight 

billion mice. As this is clearly impractical, numerical predictions of fatalities are 

inevitably flawed. We cannot know the answer to such questions, but only make

25



imprecise estimates of risk. It is this that leads Weinberg to refer to such issues as 

trans-science, setting them apart from true science. Medawar (1984: p86) makes a 

similar distinction when he says that "there is no limit upon the ability of science to 

answer the kind of questions that science can answer”. In particular, questions about 

first and last situations, and about ethical and religious issues, are ones which science 

is not in a position to answer. Medawar (1984: p57) refers to Karl Popper, who said:

“it is important to realise that science does not make assertions about 

ultimate questions - about the riddles of existence, or about man’s task in

this world The fact that science cannot make any pronouncement about

ethical principles has been misinterpreted as indicating that there are no 

such principles while in fact the search for truth presupposes ethics.”

There is an implication in what Popper says here that science itself often rests upon 

trans-science foundations. Hence, as with trans-science issues, it is necessary to 

distinguish between those questions for which science can give a definitive answer, and 

those for which it cannot

It is unlikely that the distinction between trans-science issues and ‘true science’ is a 

clear-cut one. In efforts to raise the public understanding of science, as well as in 

science education, it is important to help the public distinguish between the broad 

categories of science and trans-science issues. I shall return to this point in section 9.2 

and in the recommendations. In addition to this it is important that the public should 

have a better understanding of the nature of the scientific method of investigation, which 

is rarely as precise and rigid as is commonly supposed. COPUS (1996: p. 17) refers to 

this issue in relation to the public attitudes to the nuclear industry when it criticises those 

in the industry who give blanket assurances of complete safety. These, it argues, are 

not automatically accepted by the public, who think their intelligence is being insulted 

and that such reassurances are unrealistic and therefore suspicious. This undermines 

public confidence and credibility.

Current curricula in the sciences, and particularly physics, are largely content based, 

with some practical work aimed at raising an understanding of scientific method. The
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science taught is largely beyond doubt and does not lead pupils to appreciate 

uncertainty within science. Practical assessment at GCSE tends to encourage pupils to 

carry out investigations in such a way as to obtain a ‘good set of results’ and a clear (or 

‘correct’) answer. This idealised scientific method discourages accurate reporting of 

spurious results, and does not truly encourage a real understanding of the uncertainties 

inevitable in real practical science. The role of science in trans-science issues is rarely 

discussed in any school curriculum. Although nuclear issues are sometimes discussed 

in physics, much of the teaching revolves around the physical processes involved, and 

is thus more factually inclined. Students therefore perceive the sciences as principally 

factual subjects with little being open to debate or varying interpretations. If pupils are 

to develop a more realistic understanding of the role of science within society, then 

more teaching about the areas of uncertainty and the limits of science is needed. Efforts 

to raise the public understanding of science must seek to educate the public in 

recognising trans-science issues and questions which science can easily answer. The 

public needs to be more aware of the nature of scientific method and scientific culture, 

as well as raising their standards of scientific literacy.

1.7 Principal Organisations involved in Public Understanding of Science

There are many organisations and professional bodies now involved in the promotion of 

science and technology, and seeking to raise the level of public understanding. A brief 

look at the networks of organisations and initiatives involved in the public understanding 

of science programme will be included in section 1.8 and will show that the efforts to 

raise public understanding, while being significant in quantity, are not highly co

ordinated.

1.71 The Royal Society

The Royal Society is the leading learned society concerned with raising the public 

understanding of science. It was formed in 1660 to investigate ‘the new experimental 

philosophy’ of that time. Its principal aim is the promotion of the sciences and, 

according to Drillsma (1994), represents the interests of the scientific community. It is 

considered to be an organisation for ‘the great and the good’ of science, with
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membership by nomination only. Despite being a closed shop of the elite scientific 

community, it undertakes a considerable amount of work to raise public awareness of 

science, spending over a third of a million pounds on this. The initiatives include:

Michael Faraday Award : An annual award to the scientist who has done most to 

promote public understanding, rather than just personal research. The allocation of the 

award is made through COPUS (committee on the public understanding of science).

Small Grants Scheme: About £140,000 per annum is given in grants, to those both 

within and outside the scientific community, to fund initiatives to promote scientific 

understanding. The funding initially comes from government.

Media Training: This consists of seminars and workshops designed to help the media to 

gain a better understanding of scientific principles, and present them to the public in a 

better and more understandable way. In similar fashion, Westminster Fellowships were 

started as lunchtime seminars to senior civil servants, aiming to explain topical scientific 

issues. They now involve placements of scientists in the Parliamentary Office of 

Science and Technology.

Rhone-Pouienc Book Prizes: These are administered through COPUS and awarded to 

the author of the book which does most to popularise science. An award is made in a 

general (adult) category, and also one is given to a young writer. The awards are for 

£10,000 in each category. COPUS (1995) comments on the value of the initiative, but 

notes that many books in the adult category are not always readable by non-scientists.

1.72 The British Association for the Advancement of Science (BA)

The BA was founded in 1831 with the expressed aim to “promote understanding and 

development of science and technology and to illuminate and enhance their contribution 

to economic, social, and cultural life”, [BA(1994)j. Unlike the Royal Society, the BA has 

open membership, by subscription, and aims to raise PUS for all, especially the young. 

It is therefore intended that it should play an important role in encouraging more young 

people to pursue science beyond the compulsory stage of education. The funding for
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many of its initiatives comes from industry, sponsorship, trusts, subscriptions, and 

government departments. It is a co-founder of the committee COPUS and therefore 

has strong links with the Royal Society. One of its principal initiatives is National 

Science Week, also referred to as SET (Science, Engineering and Technology). This 

receives around £150,000 funding from the Office of Science and Technology (OST). 

The week comprises many activities and functions throughout the country, and its aim is 

to promote science and technology.

The British Association Annual Conference is another public forum where many topical 

issues are debated and eminent speakers contribute. Another important initiative is 

called Talking Science +. This is a database of good speakers able to raise interest and 

promote science and technology. Members, and other organisations can refer to this 

when choosing a speaker for an event aimed at raising public understanding.

CREST Awards are organised by the BA, working closely with the SCSST (Standing 

Conference on School’s Science and Technology). These awards are for Creativity in 

Science and Technology and are aimed at schools. The awards are for young people, 

particularly for their work with professional scientists and technologists. This scheme is 

particularly useful at raising interest in science and developing links with industry. 

These awards therefore encourage the pursuance of sciences beyond the age of 16.

Media Fellowships: These involve scientists being seconded to work with the media for 

a short period in order to help mutual understanding, improve the quality of reporting of 

scientific issues, and help scientists to communicate clearly with the public.

Visions for the Future: This new project is aimed at 16 to 25 year olds, giving them 

opportunities to debate issues about how our lives will change in the next few decades.

Young Science Writer Awards. These give prizes to students for essays on topical 

issues and which further the public understanding.
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1.73 The Royal Institution (R.I.)

The Royal Institution was founded in 1799 in order to provide “a medium of 

communication between the sciences and the public” [Drillsma (1994: p. 17)]. Its 

principal aims include research and the dissemination of findings to the public, and 

thereby promote the public understanding of science. It is a registered charity with open 

membership, and is the third of the learned societies which directs the running of 

COPUS. The Royal Institution is best known for its Christmas Lectures for young 

people, which have been running since the last century, when Michael Faraday himself 

gave them. These lectures have been televised for about thirty years and are watched 

by an estimated million people world-wide.

In addition, the Royal Institution provides other lectures to the general public, and has 

an extensive library. It also operates a curriculum development project to support 

science teaching and a science scholars scheme in co-operation with the Association 

for Science Education. It also runs ‘mathematics master classes’. The Faraday 

museum is another project of the R.l. and is open to the public.

1.74 The Science Museum

This was founded after the Great Exhibition of 1851 and has a declared mission to 

promote the public understanding of the practice of all aspects of science and 

technology, both historical and contemporary. Its initiatives are more extensive than the 

static exhibitions, and include an interactive science gallery and support for the annual 

book prizes. The ‘science nights’ run for children have proved very popular and involve 

overnight stays in the museum, with many activities of interest and fun. One of the 

assistant directors (Prof. Durant) is the first holder of the Chair in the Public 

Understanding of Science at neighbouring Imperial College. The Science Museum has 

an important role in raising the awareness of scientific knowledge and development, and 

the level of public appreciation of the value of science to society.
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1.75 Association for Science Education (ASE)

This independent charity aims to promote good science teaching throughout the 

education system and is therefore primarily concerned with young people. Any benefits, 

however, will inevitably work through to the wider adult population in time.

Its principal initiatives are:

• SATIS (Science and Technology in Society) resources, to promote the relevance of 

applications of science and technology. Many units are interdisciplinary.

• Advice to schools on curriculum developments

• Advice to government on policy

• In-service training for members

• Partnership between education and industry to prepare students for life in a modern 

technological society

• Publications and policy statements

• International exchanges

The role of the ASE in promoting science through advice on good education practices 

could well be crucial in the years ahead, particularly if we are to arrest the decline in the

uptake of physical sciences at A-level. Furthermore, with the possibility of a shortfall in

science teachers, particularly the physical sciences, additional support for those 

teaching the sciences will be needed in order to provide a high quality and stimulating 

science education which will encourage more to study sciences in the sixth form.

1.76 Other Organisations

These include the professional institutions such as the Institute of Physics, Institute of 

Biology, and Royal Society of Chemistry. The Engineering Council, the Standing 

Conference on School’s Science and Technology (SCSST), and various charitable 

trusts also contribute to work in the public understanding programme. One gender 

specific organisation, the Association of Women in Science and Engineering (AWISE) is 

also included.
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1.8 Networks of Initiatives and Funding

Details of the joint initiatives run to promote the public understanding of science, as well 

as initiatives run by other organisations can be found on the networks of initiatives given 

at the end of this chapter. The complete network of initiatives is rather complex and 

hence details are presented in three stages. Network 1 shows the most important 

organisations with their joint initiatives. Network 2 adds additional organisations with the 

extra joint initiatives undertaken. Network 3 includes other organisations as well as the 

individual initiatives run by all organisations. Not all initiatives are of the same 

importance, and I have attempted to indicate this by the use of different thickness of 

line. It must be remembered that these networks are snapshots of the links between 

organisations, which may alter with time. While the major initiatives remain from year to 

year, smaller ones may vary. From discussions with many of these organisations, it 

became clear that the links in the network are often quite informal. Many are dependent 

on individuals within each organisation and few formal committees exist.

COPUS is the committee on the public understanding of science and is not in itself a 

separate organisation. Although many major initiatives are done under the auspices of 

COPUS, other important ones are not. For example, the Christmas lectures of the 

Royal Institution are an individual initiative.

The final network shows the routes by which the initiatives are funded. It is clear that a 

large proportion of the money flows into the system from the Office of Science and 

Technology (OST), through the Royal Society. The Charitable Trusts and industry also 

inject substantial amounts of money into the public understanding network. The 

asterisks (*) indicate money leaving the network to pay for initiatives. The asterisks do 

not indicate the number or importance of the initiatives, but merely the exit point of 

funding. An approximate measure of the importance and magnitude of the funding 

flowing is indicated by the thickness of the arrow. It should also be remembered that it 

is impractical to show additional funding generated internally by many organisations.
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1.9 The Role of COPUS

A decade has passed since the formation of COPUS and evaluation of its work has 

recently been undertaken by a professional group. The Science Museum and Royal 

Society commented that COPUS may have to analyse its work in terms of the multiple 

agendas behind the many initiatives. Some agreement on definitions and a more co

ordinated approach for initiatives is an area worthy of further investigation. It is not 

practical, or desirable, for bureaucratic reasons, that all public understanding work 

passes through COPUS, but it may seek to become an open forum for ideas and 

exchanges, promoting greater awareness of the networks that exist. Awareness of the 

multiple agendas of the main players in the field of public understanding would lead to a 

better awareness of what each is trying to achieve and would complement each others 

work. COPUS is a committee which could undertake this task, if its membership was 

widened. Wolfendale (1995: p.7) makes a similar suggestion saying that COPUS’s 

responsibility needs to include “greater co-ordination amongst existing schemes in the 

field of public understanding of science”. The Wolfendale Committee also suggests that 

COPUS’s “effectiveness in this role would be enhanced by a broadening of its base”. 

In particular it recommends that one or more senior engineering bodies be invited to 

join.

An independent review EA(1995), of COPUS’s work in raising public understanding of 

science has been completed. Many of the conclusions stress the importance of the 

work undertaken, as well as the even greater amount of work still to be done. The need 

for better networking and co-ordination of initiatives is stressed, but there were no firm 

suggestions relating to the structure and representation on the committee itself.

1.10 Conclusions and Recommendations

(a) In the past decade there has been rapid growth in the efforts to raise the public 

understanding of science and technology. There has been insufficient consensus of 

what is meant by public understanding of science, or the best means by which goals 

would be achieved. I propose that there needs to be a more co-ordinated approach to 

tackling public understanding. The aims must be more clearly stated and the means to
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achieve them need careful examination. It must be decided whether the aim is simply to 

produce a citizenry who know more scientific facts, or whether the aim is to get the 

public to acquire a greater understanding of the scientific process and scientific culture.

(b) Greater awareness is needed of the flaws in assuming that greater public 

understanding of science will result in greater support and uptake. This chapter has 

shown the limitations of the simple linearity model. It must be understood that raising 

public understanding will not necessarily improve public attitudes towards science in all 

areas, particularly in areas of contentious science. It may, however, better equip people 

to partake in the discussion process. The role of schools, colleges and universities is 

therefore vital in changing attitudes and raising public understanding over the longer 

term. Wolfendale (1995: p4) refers to continued concern about the teaching of science 

and technology in our schools and says that public understanding in the years ahead 

will be determined by the current standard of science and technology taught in our 

schools. The supply of suitably qualified science teachers is therefore vital. The 

possible impending shortfall, particularly of physical science specialists, will severely 

hamper progress to raise public understanding or present science in an interesting way.

(c) Organisations involved in raising public awareness need to analyse their motives 

and aims in trying to educate the public further in scientific matters. They must be aware 

of the multiple agendas of the many differing organisations and note that, if the areas of 

research are likely to be contentious, then there is a real possibility that greater public 

awareness of the work will undermine public support, rather than raise it.

(d) Greater emphasis needs to be put on helping the public to understand the 

difference between questions which science can answer in a definitive way and trans

science issues where science may help, but is unable to produce a definitive answer. 

This educating process must begin in school where, currently, science is presented 

principally as a factual subject which produces definitive answers to questions. I 

propose that the public do not merely need to know more 'facts’, but should appreciate 

the role of science in our culture and understand its benefits and limitations.
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(e) The role of the scientific community in raising public understanding needs to be 

enhanced so that it is more accessible and able to explain its work in layperson’s terms. 

The relevance of research needs to be made more apparent and issues involving 

uncertainty and risk better presented. The image of the scientist as one who has the 

answer to any problem needs to be addressed if the public are to become aware of the 

true nature of science. Scientists must therefore become better communicators and 

work closely with the media.

(f) The role of COPUS needs careful review and its membership broadened so that 

a consensus can be achieved among the many organisations involved in work on the 

public understanding of science. The principal aims and methods to be adopted in 

efforts to raise the public understanding need to be agreed. In the decade since the 

Bodmer report, there is little evidence of any substantial increase in the level of public 

understanding of science, and the physical sciences have continued to decline at A- 

level. Public understanding of science programmes need to explain the relevance of 

science and the scientific process to our culture. The limitations and uncertainties of 

science must also be explained.
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Key to Networks

ASE Association of Science Education

AWISE Association for Women in Science and Engineering

BA British Association for the Advancement of Science

BAYS British Association Youth Section

COPUS Committee on the Public Understanding of Science

CREST Creativity in Science and Technology

DfE Department for Education

DNH Department of National Heritage

DTI Department of Trade and Industry

Eng. C Engineering Council

IOB Institute of Biology

IOP Institute of Physics

OST Office of Science and Technology

Rl Royal Institution

RICE Royal Institution Curriculum Enrichment

RS Royal Society

RSCh Royal Society of Chemistry

SATRO Science and Technology Regional Organisations

Sci Mus. Science Museum

SCSST Standing Conference on School Science and Technology

Wl Women’s Institute

WISE Women into Science and Engineering
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Programmes and Joint Initiatives Network

Network 1

The network above shows the most important organisations in the PUS arena at the 
nodes, with the major initiatives on which they jointly co-operate. The RI has been 
included here as it is one of the triumvirate running COPUS and therefore, like the 
BA and RS, is involved in discussion of all COPUS activities. The importance of 
those initiatives is indicated by the thickness of line linking each node, with a dashed 
line being the least important and the thickest line the most, as shown :

Most important Important Significant Least important

The network represents links to run initiatives and does not indicate the sources or 
direction of funding, which is given in later networks.

For details of abbreviations and acronyms used, see key above.

Grants
Natnl Sci Wk

Westminster 
Fellowship '

Faraday
Award►Talking Sci + COPUS

Media
TrainingMedia

Fellowshi

Book Prizes

Sci. in Art
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Programmes and Joint Initiatives Network

Network 2

Westminster 
Fellowship '

Faraday
Award

►Talking Sci + COPUS
Media
TrainingMedia

Fellowshi

Book Prizes

Edinburgh 
Sci. Festival

Trusts

Curriculum
IOP
IOB
RSCh

Exchanges

Science scholars

WI
Groups

Grants

Sci. in Art
Euro. Wk 
Sci Cultr

This network includes some additional and less central organisations working 

on PUS and adds to the joint initiatives being undertaken. It should be noted 

that trusts do support initiatives in several organisations, but it is not possible 

to show every possible link. The more important ones have been indicated.

The significance of line thickness and styles is as before.
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Programmes and Joint Initiatives Network

Network 3

OST

Young
Engineers Eng C

SCSST

WISE
Grants

CREST Natnl Sci WkVisions
for
future

Broadcasting Lectures

Westminster 
Fellowship ' Faraday

Award
^Talking Sci + COPUSBA RS

Media
TrainingMedia

Fellowshi
BAYS

Book Prizes
Annual
Festival

Sci. in Art
Young
Science
Writers

wi
Groups

Euro. Wk 
Sci Cultr Sci

Mus
Exchanges

Exhibitions
ASE R I

Edinburgh 
Sci. Festival

Science scholars

Curriculum
Christmas
Lectures

RICE
IOP
IOB
RSCh Trusts

Lectures

AWISE

This network has included two other organisations whose work is more specialised. 
The Engineering Council (EngC) is aimed more specifically at producing more 
engineers and technologists and is thereby less concerned with the overall public 
understanding of science. The Association of Women into Science and Engineering 
(AWISE) is a newly formed special interest group dealing only with women entering 
employment and education in science and engineering.

In addition, this network also shows initiatives undertaken by the organisations which 
are essentially their own, rather than run jointly. Some are, however, o f significant 
importance as indicated.
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P.U.S. Funding Network

Treasury

Research
Councils

Science
Museum/
Regional
Museums

IOP
IOB
RSCh

Industry &  
CommerceCOPUS

Charitable Trusts A WISE

The asterisk ( * ) indicates money leaving the network to pay for initiatives. The 
number of initiatives is not indicated here, but some measure of relative 
importance is indicated by the strength of arrow leading to the asterisk.

The thickness of arrows gives an approximate measure of the importance of the 
level of funding - the thickest arrows indicating the most important.

 ► least important ^ most important

It was decided to include the entire funding network as it was less appropriate to 
construct it in stages, as for the initiatives networks.
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Chapter 2

2.1 Introduction

The images which students have of science and scientists inevitably influence their 

attitudes to science and their decision whether or not to study them at A-level. This 

chapter discusses the image of science as a factual subject with definitive answers, and 

the image of the scientific community as men in white coats who find out the ‘correct 

answers’. The historical setting for attitudes towards science is debated and the extent 

to which two cultures still persist in society and in influencing student choice of A-levels. 

Anti-science views are reviewed, as well as the positive attitudes to medical science.

2.2 Images of Science

Science is perceived as a logical subject and one which is important to society, even 

though many do not wish to study it themselves, (see section 7.4). Very few of the 

students interviewed showed any appreciation of the uncertainties involved in some 

scientific issues. Uncertainty is not something which they associate with the sciences, 

and where it occurs may be perceived as a sign of failure. Turney (1996: p. 13) 

suggests that school science strongly reinforces the view that science leads to a ‘correct 

answer’. He says that “for most of us, doing science in school, experiments are 

exercises which have a right answer which we fail to deliver most of the time”. Blundell 

(1997: p4) also refers to the image of science saying that:

“first there is an idea, then a theory and finally it becomes truth. Theories 

are taught as unchanging and offering exact predictions”.
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He also notes that government and the media have come to expect definitive 

statements from the scientific community. He summarises this by quoting a person who 

described this as going “from unanswered questions to unquestioned answers”.

Driver, Millar, Leach and Scott (1996: p137) argue that “it is important for the successful 

learning of science for students to understand the nature of scientific knowledge”. 

While noting the variety of ways in which scientists work, they describe the core features 

of a scientific method, including the stage where the claim has to be accepted by the 

scientific community. Alluding to the way science is taught as a factual subject, they 

note that the practices of science classrooms portray a different view of scientific 

knowledge. They also state that the clear aim of school science education is that it 

should be useful in life. This, they say is not straightforward as there are many issues in 

everyday life which are characterised by scientific uncertainty (referred to in section 1.6 

as trans-science issues). Driver et al (1996) argue that students need to be aware of 

the limitations of knowledge, along with the need to apply what knowledge we have, as 

the best we have. The image of science as clear cut does not prepare students for 

dealing with such issues. The research by Driver et al (1996) showed that students 

acquired a better grasp of scientific principles if they understood the nature of scientific 

knowledge and were aware of the social processes involved in the validation of scientific 

ideas. They propose (p. 150) that the main reason that these aspects of the scientific 

endeavour are not taught is because of:

“pressures of time and a curriculum represented in national policy 

documents or in textbooks as a body of established knowledge [which] 

militates against teachers portraying the epistemological and sociological 

dimensions of science in an elaborated way”.

It is true that the overwhelming majority of the science curriculum is knowledge about 

which there is no dispute. This reinforces students image of science as a body of facts 

which have to be learned. However, in order to give a more complete image of the 

nature of science, areas of uncertainty and trans-science issues need to be included.
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2.3 The Images of Scientists

Students, like other members of the public, hold a variety of images of scientists. Turney 

(1996: p12) discusses the findings of work by Solomon, Duveen, and Scott (1994) which 

researched pupil’s images of science. He refers to a number of images, including the 

stereotype image of a scientist as a middle aged man wearing a white coat, glasses and 

often with dishevelled or wild hair. They are also seen as eccentric, absent minded and 

poorly dressed. The great majority of students interviewed in the survey discussed in 

chapter 8, produced the stereotype referred to above. Another image reported by 

Turney (1996) was that of the vivisectionist inflicting suffering on animals. However, 

Turney reports (p12) some strongly contrasting images, including the ‘all-knowing’ 

scientists portrayed in television documentaries. Yet another image is of a technologist 

whose experiments are designed “to make things to help people”.

The image of the scientist’s personality is no more flattering. Wilson and Jackson 

(1994: p187) describe the stereotypical scientist as “an ‘egghead’, eccentric, detached 

from reality, and so focused on his theories that he is hardly able to dress himself 

properly, let alone function socially”. Aspects of this stereotypical image were 

investigated in the survey described in Chapter 7. Others have also discussed this 

image in relation to certain groups of scientists: Hudson (1966), Collings and Smithers 

(1983), Wilson and Jackson (1994), showing that the stereotype is a caricature, but not 

entirely without foundation. Jackson (1994: p103) concludes that physicists tend to be 

quiet, retiring, careful and introverted people who are less decisive, although female 

physicists differ little from the population norm. Jackson summarises by saying that this 

is “not too different from the public perception of the physicist!”. Perceptions of 

scientists and their work are likely to be an important influence upon students 

considering A-level sciences.

2.4 The Scientific Community and their Public Image

Student perceptions of the scientific community will influence their attitudes to science 

and the resultant uptake of the subject at A-level. Research by Marris and Langford 

(1996) noted that trust in scientists was rated higher than for the media, companies,
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government, trade unions, or religious organisations. People wish to trust scientists and 

be able to rely upon their pronouncements. They therefore seem particularly 

disappointed if those statements turn out to be imprecise or incorrect at a later stage. 

Such occurrences can seriously undermine public confidence in the scientific 

community. The links between BSE in cattle and CJD in humans has highlighted this 

because of conflicting evidence which arose during the debate. At first, Government 

used ‘scientific evidence’ to refuse a major cattle cull demanded by the European 

Community as a condition for lifting the ban on beef exports from Britain. The cull was 

later imposed and the agriculture minister admitted that it was for political rather than 

scientific reasons. Hence, where evidence is inconclusive or controversial, its use is 

constrained by social and political factors.

Students and the public have an image of science which leads them to expect definitive 

answers to questions and problems and they become disappointed, and disillusioned 

with science, when answers are inconclusive. In science, as with the weather 

forecasters, public confidence is easily undermined by a few notable events which are 

hard to predict, such as the failure to warn of the 1987 hurricane. Confidence is not 

easily restored and the public need to have a greater appreciation of uncertainties 

involved. Bagnall (1995) refers to this incident and notes that, although correct 

forecasting would have allowed some damage limitation from the storm, most of the 

devastation was unavoidable. Students adhere to a positivist attitude to science akin to 

the ideas of Popper (1972), although I doubt if experiment is seen in terms of 

falsification of theory, but rather as confirmation. Interviews showed no concept of 

research taking place within the existing paradigms, as described by Kuhn (1970, ch.3).

The public are not entirely to blame for their image and expectations of science, as 

some in scientific community have often encouraged the image of the scientific expert 

with an air of superiority. For example, after the nuclear accident at Chernobyl in 1986, 

fallout was deposited on highland areas such as the Lake District where the livelihood of 

hill sheep farmers was affected. Wynne (1996) reports that, initially the scientific 

community advised that there would be no effects at all, whereas later this advice was 

overturned when the Ministry for Agriculture announced a total ban on sheep sales or 

movements in Cumbria. The advice at this stage was that the ban would be for a mere
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three weeks until caesium levels dropped. After this period, the area of the ban was 

reduced, but the remaining areas were given an indefinite ban. Some farmers faced 

ruin and felt betrayed. The scientific advice was given on the basis of a model relating to 

caesium deposits which turned out to be flawed, and yet no apology or admission was 

given to the hill farmers. Furthermore, when scientists were taking samples on the 

hillsides and carrying out tests, the specific local knowledge of the hill farmers, which 

would have been beneficial to the experiments, was invariably ignored with disastrous 

effects on the findings. The ‘arrogance’ of some scientists undermined confidence in 

them. Such incidents deeply affect the public image of the scientific community.

Ridley (1995: p18), himself a professor of physics, also criticised some scientists for 

portraying an image of science as able to answer all meaningful questions and notes 

that questions of ‘how’ or ‘why’ lie beyond the power of science. This, he claims, is hard 

for many scientists to bear. He cites several examples of scientists displaying 

arrogance, including reductionist molecular biologists, and another in physics. This 

refers to a recent:

“claim of the possibility of a grand unified theory of the universe slipping easily 

into an unqualified claim of the possibility of knowing God. If the no-bounds 

myth of science is entrenched in the minds of our brightest and best, it is not 

surprising to find it in society”.

Some in the scientific community, such as Richard Dawkins, are concerned that the 

public image of science and scientists is being undermined by a growth in interest in the 

paranormal. In his Dimbleby lecture he particularly criticised programmes such as The 

X-files which he felt persistently enhanced an image of science as uncompromising and 

unwilling to consider alternative explanations. Dawkins may be over-reacting to the 

amount the public believe what they watch and how much they accept it as mere 

entertainment. Where adequate alternative explanations in line with current scientific 

ideas can be supplied, these should be given to the public, in simple terms. The public 

need to understand, however, that not all alternative theories supplied by anybody are 

equally valid if they do not have empirical evidence to support them.
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2.5 Relationships between the lay public and the scientific community

The images of science and scientists have an important impact upon relationships 

between the scientific community and the public. Attitudes towards science are often 

complex and cannot be divorced from the social context in which they are formed. The 

attitudes of the Cumbrian hill farmers towards Sellafield, referred to by Wynne (1996), 

are a good example of the complex emotions involved. While very many of the farmers 

feel great distrust of assurances given and believe that emissions are greater than 

admitted, they are aware that it provides employment for many family and friends. 

Hence there exists a ‘love-hate relationship’ which gives rise to complex attitudes. 

Similarly, Irwin, Dale and Smith (1996) noted the complex emotions of those living near 

chemical factories in the north-west. Concerns about pollution and spillage were 

considerable, but the employment which the plants provide is a balancing factor in the 

formation of attitudes. The public display a great deal of distrust in assurances about 

hazard reduction for the community, but believe that the industry itself is still the most 

accessible source of information and the only real organisation who can do anything 

substantial about protection. Some locals interviewed believed that the chemical plant 

would attempt to blind them with science in order to keep them quiet. Hence, as Irwin et 

al (1996) argue, the scientific information is not seen as ‘pure’ by those receiving it. The 

information is accepted only within the social context of the local groups.

A second example of these complex attitudes to science and the social context of those 

who hold them relates to attitudes to nuclear power. These may differ substantially for a 

group living near to a power station when compared to those living far away. The 

attitudes will differ not just in substance, but in complexity. Those living nearby often 

have complex attitudes because of the risk of accident from the plant nearby, while also 

appreciating the employment benefits to the community which the plant provides. 

Those living far from the plant may form their attitudes detached from the conflict of 

interest of those near to it. The scientific community therefore needs to make greater 

efforts to explain the limitations of their knowledge and conclusions on controversial 

issues if they are not to undermine public confidence in them and in science. This also 

needs to be tackled in school science education.
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2.6 Attitudes to Medical Science

Medical science is in a special position compared to other sciences as it receives far 

greater public support and engenders more positive attitudes. The public are 

particularly supportive of money spent on medical research. Durant, Evans and 

Thomas (1992) investigated the public attitudes to the scientific status of several 

disciplines. They were given descriptions of each discipline and asked to choose, using 

a five point scale, between not at all scientific (1) to very scientific (5). The mean values 

for a sample of 2009 respondents are reproduced below.

Medicine

Chemistry

Physics

Biology

Astronomy

Psychology

1  2.76Economics

Astrology

History

Figure 2.1: The scientific status of different disciplines 
[Durant, Evans and Thomas (1992:p. 169)]

Clearly the public hold medicine in particularly high esteem amongst the sciences. The 

public presumably consider medicine to be ‘useful science’ which, as Evans and Durant 

(1995) show, receives a high degree of support by the public. This support, they note, 

is independent of knowledge, remaining high even among those with very low 

understanding of science. They suggest that medical science has a paradigmatic role 

for science. This, they argue, is because it is seen as the most interesting and the 

‘most scientific’ of the sciences. Their research shows that 56% of those questioned 

see the main aim of science as ‘to develop new and useful products’. This finding is 

used to support their theory that medical science is paradigmatic, pointing out that 

medical science is principally an applied science and, being the most popular, sets the

47



standard for what is expected of science. Durant, Evans and Thomas (1992: p. 174) add 

that “only among those with the highest levels of scientific understanding does the non

utilitarian view of science overtake the utilitarian”.

2.7 Science in the Media

Generally the sciences do not receive the same level of media coverage as the arts. 

Most broadsheet newspapers devote several pages to the arts and head them as such. 

No such level of coverage is given to the sciences. I would suggest that this reflects the 

prevailing attitude in the media, and to a lesser extent the wider public, that ‘culture’ 

refers to the arts and not to the sciences. The stereotypical image of a ‘cultured person’ 

is one who is knowledgeable in art and the great literary works, not one well read in any 

of the sciences, as suggested by Snow (1959).

In films the scientist is usually portrayed as a single-minded and somewhat eccentric 

individual whose research is all-consuming. A few examples help to illustrate this. Dr. 

Frankenstein is one example, also the scientist in the films The Fly. In both examples, 

the scientist involved has pursued the research without adequate consideration of its 

impact. In The Fly, the scientist is portrayed as being a loner, confining himself to his 

private laboratory in order to carry out his ‘experiments’. Back to the Future gave a 

similar image, as did Gullivers Travels. In recent times the films Jurassic Park and Lost 

World in which the genetic experiments of a scientist lead to the re-creation of dinosaurs 

which subsequent get loose and create havoc because of scientific and technological 

failures maintain this image.

Rose (1995: p4) discusses science on television and in films, noting that apart from 

Frankenstein, pre-war images of scientists were “mainly harmless absent-minded 

buffoons”. He adds that the war and the Bomb changed the image fundamentally, and 

that the image the media wants is one of “incomprehensibility and disembodied 

masculine intelligence”. He also argues that television needs to integrate the sciences 

into our ‘technoculture’, rather than present them only in specialised programmes. He 

also criticises the frequent use of phrases such as ‘scientists have proved’ something
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when these voices are often a minority “in a highly controversial area”. Bagnall (1995: 

p.50) also refers to the role of media when he says:

“Perhaps it is the picture we paint of science and scientists that gives a 

false impression of how science works. Most popular television and radio 

programmes, not to mention magazine articles and coffee-table books, 

usually approach science from a very positive angle. ... We live in an era 

in which positive results and success are chic. Try to introduce an 

element of uncertainty and it is likely to be edited out. As a result, the 

public tends to expect too much of the scientist.”

This corresponds with the stereotypical image of the scientist expressed by students in 

interviews and in other surveys. Writers and media presenters need to work closely 

with the scientific community to present a more realistic image of science and the 

scientific process. This does, however, presume that the scientific community 

themselves are prepared to publicly admit the limits of their understanding and certainty 

on many issues.

2.8 Historical Aspects of Attitudes to Science

The sciences and technology are not traditionally considered to be an occupation for a 

gentleman of culture. Wiener (1981: p5/6) examined this aspect of public attitudes to 

science and technology throughout history and concluded that the English dislike the 

‘industrial monster’ which they have created along with some of its dehumanising 

effects. He argued that the public do not fully trust science and technology and 

suggested that neither are perceived as the best career for a ‘gentleman’. Wiener was 

writing this twenty years after C.P. Snow published his Rede lecture entitled The Two 

Cultures which proposed that our society consisted of two distinct cultures, the scientific 

culture on one hand, and the literary and artistic on the other. Snow argued that these 

two cultures do not understand each other, or properly communicate, and that those of 

the literary culture do not consider the scientific community cultured at all. He said that:
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“Western intellectuals have never tried, wanted, or been able to understand the 

industrial revolution, much less accept it. Intellectuals, in particular literary 

intellectuals, are natural Luddites.” Snow (1959: p.22)

The lecture caused fierce debate. Dunbar (1995: p2) proposes that, although many in 

the humanities supported science and endeavoured to emulate its principles and 

methods, a substantial body of intellectuals remained either indifferent to science, or 

even became fervently ‘anti-science’. Dunbar refers to Snow’s observation that the term 

intellectual was never used when referring to scientists. The perception of science as a 

distinct entity which is a less valid aspect of culture still persists in Britain today. The few 

scientists in government suggest that this attitude remains prevalent within our still 

pertinent class system. A quarter of a century after Snow’s Two Cultures debate began, 

the Royal Society published its report on the public understanding of science, a report 

resulting from research under the chairmanship of Sir Walter Bodmer. This revealed a 

poor state of public awareness of science, and caused government and the learned 

societies much concern. One major initiative started in response to the report’s findings 

was the formation of the Committee on the Public Understanding of Science, (COPUS).

The distinction between scientists and non-scientists did not begin with Snow’s Two 

Cultures lecture, but has developed in parallel with the progress of scientific knowledge. 

Early in the seventeenth century Galileo caused considerable disquiet when he 

published support for the heliocentric view of the solar system. In replacing the central 

position of the Earth with that of the Sun he placed himself in direct conflict with the 

current views of the Catholic Church and man’s long established geocentric image of 

the universe. Dunbar (1995: p177) cites this as an important stage in man’s relation

with science when he says that “the heliocentric view  came to represent the brave

new world of modern science, of man alone in the universe”. Anti-science views on an 

established basis, it may be argued, have never again been so forcefully expressed at 

any time since Galileo. At the time of Galileo’s dispute with the Catholic church, the 

prevailing view was that as God had created the Earth it was therefore of central 

importance. Any theory which suggested that the Earth had no privileged position in the 

universe was considered to be heresy and punishable by imprisonment or death. This 

therefore placed severe difficulty on the acceptance of any new scientific ideas based
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upon observations. After the inevitable acceptance of Galileo’s heliocentric theory there 

came a period in history of relative peace between science and its opponents, 

particularly the Church.

Later realisation that the Sun was not central in the universe, but one ordinary star near 

the edge of a galaxy, never caused the conflict which Galileo’s ideas had. Einstein’s 

work on relativity and the nature of space-time indicated there are no privileged 

positions in the universe anyway, and that our galaxy was not special in any particular 

way. This also caused little dissension, perhaps because it was hard to comprehend.

Darwin’s theory of evolution was another major scientific theory to arouse heated debate 

and a resurgence of some anti-science views. Any theory which proposed that 

humanity had evolved from other primates was almost certain to cause disquiet. Once 

again many in the church opposed the ideas as it further diminished man’s importance 

in the universe. Over the preceding two centuries since the conflict with Galileo the 

church had come to accept that planet Earth’s position was not central, although 

mankind’s place on it clearly was. Darwin’s theory was taken to be challenging the 

supremacy of mankind and some feared that it was thereby refuting the existence of 

God. Most Christian faiths have come to accept the theory of evolution and do not find 

it incompatible with the concept of a divine existence. However, despite the 

overwhelming scientific evidence for evolution, there still exist creationist theologies who 

reject the notion of evolution over millennia, believing that mankind was created in a 

single act by God a few thousand years ago. These creationist groups are a powerful 

lobby in the United States and are seeking to enforce their teaching on the school 

science curriculum as an alternative to evolution.

In the post-war period there arose more anti-science feelings, often centred on 

environmental issues, as well as the opposition to nuclear weapons. Durant (1994 b: 

p.211) also describes the swift change in attitudes in the post-war period. He says that 

the “debate has shifted rather rapidly from the generally optimistic and trusting to the 

generally pessimistic and sceptical, or even .... overtly cynical and oppositional”. As 

regards nuclear weapons, scientists were largely blamed for their existence, rather than 

the politicians who had pressed for the research and determined their use against

51



Japan. It was against this historical setting that Snow gave his Two Cultures lecture. I 

am not suggesting that the lecture was primarily as a result of anti-science views 

engendered by opposition to nuclear weapons. Environmental issues were also the 

focus of many who sought to limit the unfettered use of science and technology. 

Snow’s main point was that society fell into two broad communities; one scientific and 

the other literary. He argued that there was little communication or understanding 

between these groups and that science was not considered to be worthy of study by a 

person of culture. Ormerod and Duckworth(1975: p.89) also refer to this period with its 

rising social awareness of issues such as pollution, depletion of resources, thalidomide, 

chemical and biological warfare. They note that the media have highlighted many of 

these issues, but add that:

“There has been no concurrent debate at the popular level on the 

apportionment of blame for all this. The public have been left to draw the most 

obvious conclusion, namely, that, since it could not have happened without 

science, science is to blame for it all.”

Durant (1994b: p211) notes that anti-science feelings are most prevalent in the more 

industrialised societies and that this has given rise to the extensive public understanding 

programmes being initiated. Like Wiener (1981), Durant says the British people did not 

feel at ease with many aspects of the industrial revolution and the technological 

developments which resulted from it. A cultured person was considered to be one who 

was well read in the arts and literature, and not a scientist. Although Snow (1959) may 

have exaggerated the extent of the dichotomy, it did, and still does, exist. Appelyard 

(1993: p238) also writes in terms of two cultures and criticises science for shattering 

culture, the arts, and man’s soul. It is matters of human interest that Appelyard wishes 

to see as central to our thinking, rather than the rule of science. While Appelyard may 

have overstated his case, there are some who would agree with him in principle. Some 

students interviewed, who had not chosen physics, said that their interests lay more in 

matters of human concern, rather than the cold hard facts of physics. It is this image of 

physics, seen as one of the most scientific of sciences, which needs to be overcome if 

more students are to be attracted to taking it at A-level.
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2.9 Science as part of culture

Durant (1994b: p209) suggests that modern science is largely the product of European 

culture and that the ‘scientific revolution’ was principally a European phenomenon. 

Dunbar (1995: p55), however, acknowledges that there has been a huge growth in 

scientific knowledge in Europe since the sixteenth century, but adds that the scientific 

process is not something wholly confined to Western culture. He argues that all 

cultures have adopted some aspects of scientific investigation in a broad sense. 

Dunbar argues that science is inherent in all cultures and that we should not rule out a 

culture’s science simply because of the inaccuracy of its explanations. If this were so, 

then Newtonian physics would be classed as non-scientific simply because later 

knowledge of relativity has shown it to be a simplification of reality.

While accepting Dunbar’s examples about the scientific behaviour of other cultures, 

there can be little doubt that there was a rapid growth of scientific knowledge in Europe 

in the seventeenth century and onwards. Introducing his book on the ‘Scientific 

Revolution’, Shapin (1996) says “there was no such thing as the Scientific Revolution”. 

He disputes that there was ever a single crucial event which changed people’s 

knowledge of the natural world and how they obtained that knowledge. He argues that 

those carrying out the scientific developments in the seventeenth and eighteenth 

centuries did not use any such terminology and that the very phrase 'scientific 

revolution’ is a twentieth century one. He says that:

““New” and “old” views of nature co-existed, their adherents occasionally 

contesting for the right to be regarded as modern or ancient. Some 

practitioners asserted the primitive antiquity of what was apparently new, 

while others argued that what seemed traditional was actually up-to-date 

and intellectually unsurpassed.”

Shapin (1996, P.68)

Shapin’s book then describes the state of scientific knowledge in the seventeenth 

century and the changes in the way knowledge was acquired and accepted, including 

greater emphasis on empirical methods. He also discusses the importance of
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considering the social and religious context of the developments of that period and how 

new knowledge was used and reported. Shapin’s account suggests an evolution in 

scientific thinking, rather than a momentous revolution. His account is thorough, but one 

is unconvinced that seventeenth century scientific developments of the were not 

dramatic. The progress brought about by the work of people such as Galileo, Newton, 

and Kepler significantly altered our scientific understanding and thinking. Coveney and 

Highfield (1991: p47) describe the scientific revolution as:

“The simultaneous flowering of several lines of thought which can be traced 

back to the emergence in ancient Greece of mathematics as an 

independent discipline”

They note that the ‘seeds’ of the Copernican model of the solar system and 

developments of the seventeenth century are traceable to various ancient ideas. This 

description neatly accommodates Shapin’s idea of evolution in scientific thinking into the 

more generally accepted view of a momentous revolution.

Durant (1994b: p210) also considers the changes which took place in dissemination of 

the new ideas when he explains that Galileo broke with the tradition of writing scholarly 

works only in Latin. He sought to disseminate his new knowledge more widely by 

writing in Italian, in terms to be understood by a much wider readership. By this he 

sought to raise the overall level of public understanding and acceptance of science, a 

technique used increasingly in the following centuries. Durant (1994 b: p.210) argues 

that this age of enlightenment resulted in science being highly regarded and partly why 

“science became an integral part of the “high culture” of XVIII th and early XIX th 

century Europe”. He adds that “for more than a century it was the stuff of polite 

conversation among the gentry; and it was positively fashionable among the emerging 

bourgeoisie”. This seems to contradict the views of Wiener (1981) who believes that, in 

British society at least, the upper classes in particular have never come to accept 

science and technology as part of our culture. However, the differences are more ones 

of timing rather than principle. Durant believes that the most negative attitudes to 

science have developed in the post-war period, whereas Wiener suggests that the 

divisions have been prevalent throughout the industrial revolution and remain in our post
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industrial society. I feel that Durant is being a shade over optimistic in suggesting that 

the scientific achievements of Newton and Galileo were particularly fashionable topics 

and the admiration of the gentry for any protracted period in history.

Edgerton (1996: p30) argues that the decline of British science is a myth and that Britain 

compares very favourably with most other industrialised countries in its production of 

scientists and engineers. He also argues that in Britain a higher percentage of senior 

civil servants is trained in scientific, technical or mathematical subjects than is the case 

for Italy or Germany and that we spend proportionately more on research and 

development. He proposes that we do our scientists and engineers a great disservice 

by constantly suggesting that they are more poorly paid and undervalued in British 

society when compared to most other industrialised countries. While some of 

Edgerton’s criticisms that Snow exaggerated the situation may be valid, most of the 

figures which he uses to support his argument against ‘declinism’ refer to periods up to 

the 1970s. Some of the more worrying trends in attitudes to the sciences have taken 

place since that time. The persistent decline in the uptake of physics at A-level has 

been largely a feature of the 1980s and 1990s.

2.10 Pro-Science and Anti-Science Attitudes

Holton (1994: p. 152) believes that there is a continual battle between science and anti

science throughout history. He refers to a ‘countervision’ whose “historic function [is] 

nothing less than the deligitimation of (conventional) science in its widest sense”. He 

continues by saying that “we are watching here an ancient, persistent, obstinate, and 

hardly ameliorating combat”. Public attitudes to science and scientists naturally vary 

considerably and are particularly dependent upon the issue under discussion. Holton 

(1994: p145) notes that anti-science attitudes can take many forms, ranging from false 

ideas due to scientific illiteracy, to outright disbelief in conventional science and 

attachment to ‘alternative science’ or parascientific notions. Others, such as Chalmers 

(1982: p1), argue that the public attitude to science is often quite positive. He claims 

that science is held in high public regard and is used to strengthen arguments, such as 

in advertisements. He says that proclaiming that the curative or cleansing powers of a
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product are ‘scientifically proven’ to be better is known to improve its public 

acceptability.

Another example of public support comes from Highfield (1995) who reported the 

findings of a Daily Telegraph survey of attitudes to science. He noted that, when the 

public were asked which topics they would like to see given greater coverage in 

newspapers, the highest score, of 34%, was for medical discoveries and second, with 

15%, came science and inventions. Crime also recorded 15%. As discussed in section 

2.6, medical science usually receives the greatest public support. However, it is 

heartening to note that a significant proportion wishes to hear of science and its 

findings. The fieldwork findings from the second student survey, discussed in chapters 

seven and eight, indicate a high level of trust in scientists among the sixth form 

students. This is true even among those whose A-levels are non-science subjects. In 

discussions with the students, most had a positive attitude towards science. I came 

across very few students who expressed overtly anti-science feelings. It would be 

unwise to assume that the decline in the uptake of the physical sciences at A-level is 

automatically indicative of anti-science views. Attitudes may be neutral, rather than 

overtly hostile, and still lead to a decline in uptake.

A number of academics hold anti-science views and are articulate with it. Some, such 

as Appelyard (1993), believe that the rise of scientific rationalism has taken away 

humanity from the cosmos. Not uncommon amongst those who express anti-science 

views, he blames science for many of the ills of the global society, such as warfare, the 

atomic bomb, Nazi concentration camps, and the many environmental problems we 

face. At his most extreme, Appelyard (1996: p. 138) claims that:

“science’s achievements can be viewed as crimes, its knowledge as sin”. 

Elsewhere (p.9) he says:

“Scientists inevitably take on the mantle of the wizards, sorcerers and witch

doctors. Their miracle cures are our spells, their experiments our rituals”

The comparison with sorcerers and spells seriously undermines the numerous 

achievements in science which most people, other than Appelyard, consider beneficial.
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He argues that science has been brought before the jury of popular sentiment and 

suggests that the public have passed judgement against it. As Highfield (1995), Evans 

and Durant (1995), and others have shown, the public do not display strong anti-science 

feelings. Appelyard,s anti-science public is not supported by research evidence. 

Furthermore, he regards the worst crimes of science as a relatively recent phenomenon 

and argues as if there was some point in history at which scientific endeavour should 

have stopped for fear of getting out of hand. Scientific knowledge has grown 

throughout history, although faster at some times than others. It is unrealistic and naive 

to imagine one could draw a line in history at which the progress of knowledge should 

halt.

Appleyard lays the blame for the horrors of the atomic bomb at the door of scientists 

whom, he claims, have no ethical considerations about the implications of their 

research. While this may be true for some, it is sweeping to suggest that this is always 

so. Much of the scientific knowledge that allowed the development of the atomic bomb 

was becoming evident to scientists at the time. The war most certainly accelerated the 

development of this knowledge and led to that awful application. Furthermore, concern 

that the Nazis were attempting to develop a similar weapon gave political impetus to 

development by the allied powers. Horrific as the atomic bomb is, the scenario of its 

use would have been even more dreadful in the hands of such an odious regime. 

Appelyard’s simplistic analysis ignores the counter-argument that, without its use, the 

war in the far east may have continued considerably longer, using conventional 

weapons, possibly leading to an even greater loss of life.

Appelyard is correct to say that, unlike in former times, we now possess the means to 

destroy humanity entirely. This capability cannot be undone. Moreover, not all aspects 

of nuclear research have been destructive. The benefits of radiotherapy and PET scans 

are a result of nuclear research. What is most important is the control and use of new 

knowledge. Hopefully, now that one aspect of man’s scientific knowledge has taken him 

to the edge of an abyss, he will learn from the experience. Appelyard (1993: p139) 

argues that scientists see knowledge as value-free and he deplores this attitude. I, like 

most others, agree that knowledge is not value-free. More precisely, I would argue that 

it is the application of knowledge which is not value-free. I cannot agree that scientific
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knowledge is sin, even if some applications of it may be seen that way. He also implies 

that all scientific knowledge is inherently evil, overlooking many positive benefits to 

humanity brought about by scientific progress. Not least among these are the many 

medical advances which improve mankind’s quality of life and longevity. Appelyard’s 

criticisms are muddled because he makes no distinction between scientific knowledge 

and its application. For example, knowledge on how to split the atom is not inherently 

evil. It is the application of that knowledge in terms of the atomic bomb which is evil. 

Other applications, such as radiotherapy, are beneficial.

It may be argued that the checks and restraints upon the application and dissemination 

of scientific knowledge are inadequate, but that is a matter of political control and should 

not imply an end to the progression of knowledge. Durant (1997: p56) discusses this 

when criticising the view that science has not taught us to be better people. He points 

out that being bad is a universal feature of the human condition which has nothing to do 

with science. He adds that the Bible is largely about the human condition, but contains 

little science; the two are, he argues, quite unrelated. Appelyard treats scientific 

knowledge as if it were easy to distinguish from other knowledge. I suggest that such 

distinctions are not simple. For this reason, it is the application of knowledge that needs 

careful monitoring, more than the knowledge itself.

Appelyard’s concerns that science has removed our humanity and soul are not wholly 

valid. He suggests that science has removed wonder and poetry, a view refuted by 

Feynman, who saw even more wonder in a flower as his scientific understanding of it 

grew. Appelyard has displayed a naive extremism in his anti-science views which, 

unfortunately, undermines the need for discussion on control of the applications of 

knowledge. Durant (1997: p.57) differentiates clearly between knowledge and wisdom 

when he says that:

“Some of the most supposedly scientifically and technologically advanced 

countries in the world have in the last few generations practised some of the 

most barbarous and evil things that our history books record. If ever a culture 

ought to know that the pursuit of knowledge and the pursuit of wisdom are two 

separate endeavours, it is late 20th century human beings.”
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He also explains that science plays an important role in dealing with ecological 

problems, noting that “knowledge is a necessary but not a sufficient resource” in solving 

them. He notes that, if it were not for science and scientists, we would know nothing of 

global warming. As Durant rightly argues, most of what is known about the problem and 

its significance comes from science, which itself helps us to define the problem and 

propose solutions.

2.11 Summary

Those such as Appelyard, who suggest the public have strong anti-science views are 

inaccurate as there remains extensive support for science, particularly medical science. 

However, the public have high expectations of what scientists can achieve and the 

precision with which they can make predictions. School science education, the media, 

and the scientific community itself must strive to educate the public in the nature of 

scientific knowledge and investigations, along with the limitations of that knowledge and 

any predictions in order to temper the image of science and scientists as always 

definitive and correct.

Snow’s Two Cultures may have been an overstatement, like Dawkins’s claim in his 1996 

Dimbleby Lecture, that it is socially acceptable to claim ignorance of science and 

mathematics, but not of art and literature. These broad distinctions are still evident, as 

discussed in the chapters relating to the survey findings. Public images of science and 

scientists are important when considering the factors which influence students’ choice of 

A-levels and curriculum developers must take account of the image of science and 

scientists when considering changes.
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Chapter 3
__

C u r r ic u l u m  C h a n g e s  a n d  

E m p l o y m e n t  T r e n d s

3.1 Introduction

This chapter outlines the principal curriculum changes in science education over the 

past decade, particularly through the introduction of GCSE and the National Curriculum.

I will discuss the pressures this has put on science teachers to deliver a meaningful 

curriculum and argue that the worsening shortage of well-qualified science teachers is 

likely to undermine efforts to improve the uptake of sciences at A-level, particularly in 

physics. This chapter will also discuss the annual debate over falling A-level standards.

I will also argue that, although there is no immediate shortfall of scientists, the longer 

term prospects for meeting government expectations are not encouraging.

3.2 The Examination Systems Prior to the Introduction of GCSE

Prior to 1988 the school examination system at the age of sixteen was a two tier 

arrangement consisting of GCE ‘O’ levels and CSE examinations. The latter (Certificate 

of Secondary Education) was introduced in the early 1960’s in order to provide paper 

qualifications for those of middle and lower ability who were unlikely to be entered for ‘O’ 

level. Many of these pupils attended Secondary Modern schools, as opposed to 

Grammar schools, in a system which still contained a substantial degree of selection
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between the ages of eleven and sixteen. It would be an oversimplification to suggest 

that pupils at Grammar schools took only ‘O’ levels while pupils at Secondary Moderns 

took only CSE’s, but the broad distinction was not uncommon in the 1960’s and 

seventies. The more able pupils in Secondary Modern schools sometimes took both 

sets of examinations, with the CSE’s, like an insurance policy for ‘O’ levels.

GCE ‘O’ levels were, in later years, graded from A to E, with grades A to C being 

normally considered as passes. CSE’s were graded from 1 to 9, with grades 1 to 6 

being considered passes. Both examination systems also had a U grade below the 

lowest grade for those who were unclassified. It was generally recognised that a CSE 

grade 1 was broadly equivalent to an ‘O’ level pass at grade C or better. It was 

therefore possible to use CSE exams as a back up to ‘O’ levels.

During the late 1970’s discussion increased on developing a single examination system 

for both ability ranges catered for by ‘O’ level and CSE’s. By the early 1980’s it became 

clear that the days of the two-tier examination system were numbered and that a single 

examination would soon be introduced. The new examinations were called GCSE’s, 

meaning the General Certificate of Secondary Education. In the Autumn of 1986 the 

first new GCSE courses started with fourth year pupils (now referred to as year 10) 

leading to the first GCSE examinations in the summer of 1988.

The introduction of GCSE also saw other changes to the style of examination when 

compared with ‘O’ levels, and this was particularly marked in the sciences. ‘O’ levels in 

the sciences did not usually include any practical examination. CSE sciences normally 

had a practical element, with the experiments being determined by the examination 

board. It was decided that the new GCSE should also include practical assessment, but 

that it should take the form of investigations designed, planned and carried out by the 

pupils themselves. The practical element was to be marked by the teaching staff 

according to reference criteria laid down by the various examining boards. The marking 

was expected to be internally moderated within the school and subject to review by the 

examining board. By making pupils plan and perform investigations, rather than carry 

out a pre-determined experiment, there was an attempt to familiarise pupils with the 

scientific method as laid down by the examining board. While the method expected and
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taught to pupils during the planning of their investigations was somewhat idealised, it did 

improve upon previous practical techniques which were more akin to following a recipe, 

than performing any investigative science.

The practical assessment was supposed to be carried out ‘during normal lesson time’ 

and was not intended to be run as a formal examination. The reality was, however, 

quite different. Moreover, it was necessary to keep written evidence of the assessment 

criteria for each pupil, and group work was only admissible if a pupil’s individual 

contribution could be adequately assessed. The reality of normal class practical work 

was that pupils had to work in small groups. This was usually because of equipment 

supplies and obvious classroom management problems if thirty-two sets of equipment 

were to be issued. To assess an individual’s contribution to a group was not easy, 

especially if trying to match that to a range of criteria laid down by the examining board. 

In addition, detailed records had to be maintained, adding to the administrative 

nightmare imposed upon the teacher. The practical problems of assessing within the 

issued criteria and in normal lesson time were so large that many teachers opted to do 

the assessment in formal sessions, or under examination conditions. Like many others,

I felt that students took the exercise more seriously and produced better work when they 

appreciated that it was an important part of their final assessment.

The introduction of GCSE, with its practical assessment, thus had teething troubles. 

Over the next few years, there were frequent changes, exacerbating the difficulties of 

teachers trying to cope with the massive alteration to the science curriculum. The 

changes to the practical assessment did not allow teachers time to consolidate their 

assessment procedures and caused considerable frustration at the ‘chalk face’. I recall 

a 'heads of science' meeting with examiners from a GCSE board where one teacher 

pointed out that, owing to the wording of the criteria in one section, it was impossible for 

a pupil to get full marks. The examiner merely agreed, but added that there was little 

that could be done, except to keep complaining. On a similar occasion when 

complaining of an administrative requirement which was impossible to meet, I was told 

that, although it was impossible, I still had to do it. Many teachers felt that, although the 

principle of GCSE had much to commend it, the policy had been rushed in and was ill 

planned. Training videos, produced to assist science staff in the techniques of practical
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assessment, were unrealistic, showing only a handful of pupils in the classroom and with 

well-prepared laboratories. This was wholly incompatible with the reality of teaching a 

class of thirty in a room occupied by another class until moments before. The training 

videos gave the appearance of examination conditions with a very small group, which 

was not in keeping with the intended spirit of the GCSE practical assessment. This 

training material therefore provided little practical help to the working teacher.

The confusion of the many changes during the introduction of GCSE practical 

assessment did not go unnoticed by pupils and did not improve the image of science. 

This may, in part, explain why uptake did not improve. Experience of subjects in the 

lower years is likely to be a powerful influence upon a student’s enthusiasm for it and the 

likelihood of it being taken at A-level. The difficulties imposed by the many changes in 

the science curriculum did not enhance enthusiasm for teaching the subjects and may 

well have had a detrimental effect upon student interest. Dearing (1996: p.36) gives 

figures for the examination entries of English schools for many subjects and some of 

these, shown in the graph below, indicate that the many changes did nothing to improve 

the uptake of the sciences at A-level.
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It is interesting and important to note that the introduction of GCSE in the mid 1980s 

does not appear to have had any significant effects upon the trends in the uptake of the 

sciences. Biology and English have increased, whereas physics and mathematics have 

declined in recent years. It is also clear that the trends in mathematics and physics are 

distinctly different to the other subjects shown. The demographic changes in the 

student population need to be kept in mind when considering the trends in these raw 

figures, as explained in chapter four. The slight discrepancy between the figures for 

sciences given here and those in Chapter four are because the figures given above are 

only for English schools, excluding Wales and Northern Ireland.

3.3 The Move to Balanced Science

While teaching staff were still reeling from the changes brought about by the rapid 

introduction of GCSE and the confusion of practical assessment, there came the moves 

towards a National Curriculum with a ‘balanced science’ programme. In this all pupils 

were expected to spend 20 per cent of curriculum time studying science, then deemed 

to be a core subject. The intention was for pupils to study a double award science 

course to the age of sixteen, DES/WO (1991: p5). The science curriculum included 

aspects of all the three sciences (biology, chemistry and physics). One of the assumed 

benefits would be to keep student options in the sciences open up to A-level, and would 

prevent girls from dropping physics at fourteen. It is uncertain whether it was considered 

this would improve physics uptake at higher levels, but it is reasonable. If that was an 

aim then it has failed, as the uptake of physics has continued its steady decline.

The majority of schools rapidly adopted a Dual Award Co-ordinated Science scheme 

which provided for the teaching of the National Curriculum in the twenty per cent of time 

allowed. The Dual Award allowed pupils to obtain two GCSE grades for their science 

course. The pass grades were thus AA, BB, and CC. No mixed grades were possible; 

hence a grade such as AB was not achievable. The reaction of some pupils to this was 

hostile and many complained that the weaker of their sciences would depress their final 

grades. Some girls expressed concern that, by being forced to study physics, which they 

found difficult, they might achieve two lower GCSE grades than if they had been able to
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study sciences separately. This concern is reasonable and yet has to be offset by the 

advantage of ensuring all girls continue to study all three sciences up to sixteen.

Some teachers argued that pupils taking double award science, would approach their A- 

level decisions without a clear understanding of the distinctions between the subjects. 

That distinction is necessary for the current science A-levels as pupils do need to 

understand what the subject will entail. In the interviews with students I found little 

evidence to support this view. Moreover, if this was true, one might expect more 

students would opt for physics, being unaware of the many demands that the difficult 

subject would make upon them. However, many students cite the difficulty of the 

subject as a dissuading factor and are therefore only too aware of the nature of physics.

3.4 Transition from GCSE to ‘A ’ levels

One of the reasons normally given for offering the three sciences separately is concern 

that the Dual Award Co-ordinated Science syllabus’s do not prepare pupils adequately 

for the rigours of taking the sciences at A-level. Dearing (1996a) addresses this issue 

and provides some evidence that the mean A-level scores of those taking Double 

Award Science are lower than those taking the individual sciences. The graph for 

physics is reproduced below.

□ Physics 
B Double Science

A B C  GCSE Grade

Figure 3.2: Effect of Double Award Science on Mean A-level Score for Physics 

Source: Dearing (1996a: p.99)
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The graphs for chemistry and biology are almost identical and superficially seem to 

suggest that GCSE Double Award Science does not prepare students as well for A-level 

as the individual sciences. This may be because those taking the individual sciences 

usually have somewhat more than the 20 per cent of time allocated to their science 

course. However, the report notes that the statistics are not simple, as those doing 

double science also do less well in all other A-level subjects. Indeed, without knowing 

the abilities of the respective groupings it is hard to interpret the graphs. It is usually the 

high ability students who take all three sciences and hence a value-added method is 

needed to make meaningful comparisons. Dearing (1996a) adds that the benefits of a 

broad science education for all up to the age of 16 is important and must be balanced 

against concerns that it does not prepare some as well for A-level in the sciences. 

Dearing (1996a: p.99) adds that “there is some evidence that schools are attempting to 

teach double award science in less than the 20 per cent of curriculum time normally 

assumed to be needed”. He also comments that this is causing great concern to bodies 

such as the Royal Society and urges all schools to use the full allocation of curriculum 

time for teaching double award science. loP (1994: p.9) expresses concern that, within 

the time allocated for science teaching, the physics component is greater than one third 

of the total science curriculum, although it is allocated only one third of the teaching time. 

The report argues that this makes it harder for pupils to assimilate the concepts of 

physics properly. This is likely to exacerbate the pupils’ perception of physics as difficult, 

discussed further in chapters 5, 7, and 8.

Throughout the introduction of GCSE, the A-level examinations remained largely 

unaltered. These have always been considered a ‘gold standard’ in the examination 

system in Britain, although there have been annual claims that standards have fallen 

(see section 3.7). The intention was to keep A-levels aimed at higher ability students 

who would then probably go on to university. Resistance to any broadening or dilution 

of A-levels has remained widespread to this day, with the previous Conservative 

government among the most reluctant to consider changes.

In some schools the co-ordinated and integrated science schemes are taught such that 

subject specialists are not always dealing with their own areas. Most schools do 

timetable separate physics, chemistry and biology lessons, with subject specialists
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where possible. It is undoubtedly of greater benefit to a pupil’s understanding if a 

physics topic is taught by a physics specialist, and likewise for the other sciences. 

Dearing (1996a: p. 102) states that “chemistry and physics have among the highest 

proportions of qualified teachers for any A-level subject. In chemistry 76 per cent, and in 

physics 67 per cent of A-level teachers have a degree in the subject.” However, there 

remains one-third of A-level physics teachers who are not graduates in the subject, and 

this must surely be a cause for concern, taken in the context of the difficulty of these 

subjects. As these subjects are commonly perceived as the most difficult, it is difficult 

for a non-specialist to teach them effectively. Fitz-Gibbon and Vincent (1994) provide 

evidence to support the perception of difficulty which is discussed in chapters 7 and 9.

3.5 The National Curriculum

In 1992/3 a National Curriculum was introduced and science was allotted 20 per cent of 

curriculum time. Ofsted (1994: p.14) suggests that this “provided an opportunity to take 

stock and to send signals that teaching should attend both to content (science 

knowledge and its understanding) and to process”. The initial introduction of the 

National Curriculum was as hurried and ill-planned as the introduction of GCSE. Major 

revision of the attainment targets had to be undertaken within the first few years as the 

curriculum was far too large to be taught effectively in the time allocation. The original 

seventeen attainment targets were reduced to four. These were, despite rather fancy 

titles, physics, chemistry, biology, and practical skills. The practical assessment 

(Attainment Target 1) involved yet more changes for the teaching staff and was still 

fraught with difficulty. Ofsted (1994: p. 14) recognises these problems, noting that:

’’the manageability of assessment and recording has led to two major revisions 

and each has served to concentrate more closely on the fundamental concepts 

for academic progression, making science ever more challenging”.

The perception that the sciences are difficult has therefore been enhanced by the 

revisions of the National Curriculum. As with the introduction of GCSE, the difficulties
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were more to do with the execution of the practical assessment rather than the general 

principle. The intended aim was that:

“Pupils should develop the intellectual and practical skills which will allow them 

to explore and investigate the world of science and develop a fuller 

understanding of scientific phenomena, the nature of the theories explaining 

these, and the procedures of scientific investigation”.

[DES/WO (1991)]

The curriculum was divided into four key stages, each to be achieved at specified ages 

throughout a pupil’s education. The first two key stages occur during the primary school 

education, while the third and fourth are in secondary school. The fourth key stage 

culminated in the GCSE examinations which were run by the examining boards.

The National Curriculum has now firmly established the principle of balanced science in 

schools and this has obviously increased the study of all three sciences up to the age of 

16 (although not at A-level). This has mixed effects upon the teaching of the separate 

sciences and pupils’ interest in them. Ofsted (1994: p.32) notes that critics of balanced 

science say that students spend less time on each of the individual sciences and may 

not have specialist teaching in them. They also argue that those students who have 

particular interest in one or two of the sciences are discouraged by having to study all 

three. These critics further suggest that compressing three sciences into the time 

allocation for two exacerbates the difficulties of what are perceived to be hard subjects. 

This, they argue, deters more students from opting for the sciences post 16. Ofsted 

(1994) notes that these drawbacks must be taken seriously, but are offset by the 

advantages of the introduction of broader science for all students up to GCSE. This view 

is echoed by loP (1994) which acknowledges that even those studying separate 

physics, as opposed to combined science, learn fewer ‘facts’ and have lower 

mathematical skills than in previous years. However, it welcomes the broader science 

education which all now experience. In addition, they note that, since science has been 

introduced into the primary curriculum, this should relieve the additional pressure in the 

secondary curriculum. However, it is noted by Ofsted that:
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“A fundamental tension does remain. Should the National Curriculum be a 

foundation for continuing academic study or should it be a basic grounding of 

scientific literacy for all pupils? At present, the National Curriculum aims to do 

both .... The challenge of defining GCSE syllabuses which meet both goals is 

considerable and has yet to be fully realised. It is timely, therefore, to review 

whether science in Key Stage 4 should be defined as ‘equally balanced science 

for all’ or whether some specialisation in addition to a broad science base might 

be more appropriate for some pupils.”

Ofsted (1994: p.33)

3.6 The New Vocational Qualifications *

The Dearing review into 16 to 19 education has considered the role of GCSE, A-levels 

and the new vocational qualifications, such as the General National Vocational 

Qualification (GNVQ). The GNVQ is intended to be a vocational qualification taught in 

schools and further education colleges. The NVQ is intended to be based in the 

workplace, rather than the school and college based GNVQ. GNVQ’s have sometimes 

been referred to as ‘applied A-levels’ and this term was initially encouraged in the 

Dearing Review in an attempt to raise the status of the qualifications. Recently, as 

noted by Pyke and Ward (1996), government and Sir Ron Dearing have decided not to 

call the GNVQ an applied A-level, perhaps because of a risk of tarnishing the reputation 

of A-level as the ‘gold standard’. Many are concerned that the decision not to move to 

an applied A-level has undermined the value of the qualification, making it a second- 

best option after A-levels.

Dearing (1996) reviews the various qualifications in mathematics and the sciences post 

16, concluding that much needs to be done to enhance their image at A-level. He 

suggests that the image of these subjects is a major factor in the uptake of them at A- 

level and that it needs to be enhanced. The review suggests many further research 

projects aimed at improving uptake in mathematics and the sciences, in raising the 

quality of teaching, and in identifying the difficulties experienced in the transition between 

GCSE and A-level. Ofsted (1994: p.34) argues that the introduction of GNVQ has
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significantly increased the breadth of the post-16 curriculum available but also warns 

that increased breadth, while encouraging and benefiting some students, may 

discourage others who are keen and able to specialise by the age of 16. The greater 

range of subjects, it notes, will attract some of the able science and mathematics 

students with detrimental effects upon the uptake of these subjects.

3.7 The Debate on Changing Standards

Each year, when A-level and GCSE results are issued, there arises a debate about 

whether examination standards are falling, because of the constantly rising pass rate. In 

the past few years the debate has concentrated most vociferously upon the standard of 

A-levels. The introduction and growth in the number of modular A-level courses taken 

by students have also fuelled the arguments. At the time of issuing the 1996 A-level 

results, Sir Rhodes Boyson, a former education minister, commented that he believed 

modular A-level passes ‘are not worth the paper they are written on’. The comment 

caused much annoyance among students, many teachers, and examining boards, with 

the media giving considerable coverage to the debate.

The issue of standards has become an annual event. For example, a Daily Telegraph

(1994) editorial discussed the steady rise in the A-level pass rate and suggested that it 

was absurd to believe that standards had risen by nearly 20 per cent over the previous 

five years. In the following year Carvel and Macleod (1995: p1) commented on the 

continued rise in the pass rate and reported that the Education Secretary was preparing 

to order an inquiry into the trend. They also noted a government study found that 

“science and maths A-levels were more difficult than arts, possibly because they 

attracted the most able students who set the standard”. They also commented that “a 

larger proportion of pupils now sit what were once elite exams and this, argue some 

academics, lowers examiners’ expectations”. Commenting on the issue on Radio 4 

news at 6 p.m. on the 30th August 1995, the Secretary of State, Gillian Shephard, made 

an unsubstantiated claim that there was no evidence that GCSE and A-level exam 

standards are falling. She did, however, instigate an inquiry.
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Little had changed in the debate by the following summer when the 1996 A-level results 

were announced. These showed that pass rate had risen from 84 per cent in 1995 to

85.8 per cent in 1996. Clare (1996) showed that in the ten years since the introduction 

of GCSE’s, the pass rate had risen by 10 per cent. He also noted that the proportion of 

higher grades had risen, whereas the results of the Scottish Highers had risen by only 3 

per cent in fifteen years. He further commented that the results from modular A-levels 

were higher in all subjects. Moreover, the changes in pass rates are not confined to 

GCSEs and A-levels. O’Leary (1995: p1) reported a 50 per cent rise, between 1990 and 

1994, in first class degrees awarded, suggesting that this raises doubts about the 

standards of degrees. He adds that this sharp rise occurred at a time when the lists 

should have included many who would have been rejected in earlier times. Clare (1995) 

reported that some universities, particularly some of the former polytechnics, were 

offering places on science and engineering courses to students with grades as low as 

two E grades at A-level. Even some of the older universities, such as Sussex and 

Bradford, were offering places to those with as little as four points (two Es) for courses in 

maths, physics or engineering. The media reaction to the results, and particularly 

comments about the relatively more difficult subjects such as physics, are bound to 

influence students making their A-level choices.

Prior to the mid 1980’s the A-level pass rate had been a relatively constant proportion of 

the number of entries, whereas since then the pass rate has risen steadily. Over the 

past thirty years the number of A-level entries has approximately doubled from about 

375 thousand to 740 thousand. Figure 3.3 shows the trends in the entries and pass 

rate. The 1997 pass rate has again risen, to 87.1 per cent [Clare(1997)], but is not 

shown on the graph.
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Figure 3.3: Trends in entries and pass rate at A-level 

Source: Centre for Education and Employment Research, Brunei University 1996

It is clear from the graph that the entries have risen almost continuously over the past 

forty years, while the pass rate remained relatively stable, around 70 per cent, until the 

mid 1980’s. Since then there has been an inexorable rise in the pass rate, reaching 

over 87 per cent in the summer of 1997. Inevitably there have been many claims that 

the reason for the trend is that the standard of the A-level examination is in steady 

decline. However this is denied by the examination boards.

It is naive to assume that the pass rate is a direct measure of the standard of the A-level 

examinations as there are many factors which may affect the pass rate. These factors 

include school policy on the entry of borderline candidates, the variety and relative 

difficulty of A-level subjects taken, other available courses, the ability and efforts of the 

students, quality of the teaching, the mode of assessment (criteria or norm referenced), 

and marking processes. Moreover, direct comparison of current examinations with 

previous ones presupposes a constant syllabus in a subject, which is clearly not the 

case. I will look at some of these influencing factors in more detail.

The policy of schools and colleges regarding the entry of candidates for A-level is certain 

to influence the pass rate. If schools and colleges only enter those candidates whom 

they consider are certain to pass, then the pass rate for that institution will be high.
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Some institutions which choose to give some middle and lower ability candidates the 

chance to obtain an A-level, albeit at a low grade, will have a lower pass rate. If, since 

the mid 1980’s, there has been any significant shift in attitudes towards entering fewer 

lower ability candidates, then the pass rate would have risen. As schools have to pay 

for the examination entries, there has been increasing pressure over the past decade to 

avoid entering those who are unlikely to pass. If such students still wish to enter, they 

may do so as an external candidate, and pay for the entry themselves. This may have 

deterred some students, especially if the school advised against entry. Furthermore, the 

introduction in the last few years of annually published school league tables, which are 

based upon their examination pass rate, has put additional pressure upon schools to 

enter only those they believe will achieve not only a pass, but a good grade. One local 

independent school has, according to the press, sacked its headmaster because of a 

drop in the school’s position in league tables, (White, 1996). Such pressures are certain 

to limit the number of lower ability candidates entered for A-level and thereby raise the 

pass rate. The extent to which this factor has altered the pass rate is not known.

The availability of other courses for those who are less suited to A-level is also likely to 

affect the pass rate. The former B. Tech courses and the newer GNVQ’s, which are 

vocational courses targeted at those who are not academically suited to the rigour of A- 

levels, will have attracted some students who may previously have tried A-levels and 

failed. Once again, by removing from the equation more of the students who are likely 

to fail, the pass rate will automatically rise. A government study on this is under way.

The process of assessment can affect the pass rate if there is a move from a relatively 

fixed percentage pass rate to a criterion based pass rate. If the criteria for achieving a 

given grade are set, and more students achieve those criteria, then the pass rate will 

rise. It is conceivable that, through improved teaching methods and increased effort 

from the students, more may achieve the criteria. I am not suggesting that there has 

been a sudden increase in the ability of students in the past decade, but that it is 

possible that more have achieved their full potential.

As regards any shift in the policy of marking A-level exams over the past decade, the 

examination boards are always very reluctant to discuss marking procedures. This
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effectively rules out researching the extent to which marking procedures may influence 

the pass rate at A-level. Many examining boards have not kept adequate samples of 

scripts and papers from previous years, making comparisons very difficult. The 

Government inquiry into the rising pass rate at A-level was dogged by this lack of 

information. Young (1996: p1) said that the report referred to the change in examination 

demands over time, but that little evidence of an overall drop in standards was found in 

the draft report. Evans (1996: p21) discussed the final report of what was actually a pilot 

study into standards in three subjects; Chemistry, Maths, and English. He notes that the 

report findings are inconclusive, but that there has been some broadening of syllabuses. 

This, he says, has been gained at the expense of some of the depth originally expected. 

There seems to be a recommendation that some return to more specialised A-levels 

should be undertaken.

Another influencing factor may relate to the introduction of many new subjects at A-level, 

some of which are deemed to be easier than many of the traditional subjects taken. 

Fitz-Gibbon and Vincent (1994) reported figures from the ALIS Project which compared 

the relative difficulty of various A-level subjects. The easiest subjects included Art, 

Communication Studies, Law, English and Design/Technology. Most of these subjects 

have seen a dramatic rise in entries during the past decade, whereas the physical 

sciences and mathematics, which were found to be the hardest subjects, have seen a 

decline in entries. In recent years there has been a substantial increase in the numbers 

of students taking Communication Studies at A-level, which is among the easiest to 

pass. Meanwhile there has been an inexorable fall in the number taking physics, which 

is the hardest to pass. This shift in the pattern of entry is certain to raise the proportion of 

students who pass. This factor is likely to be a significant influence upon the overall 

pass rate at A-level and may well account for a substantial part of the increase.

The Dearing Review [Dearing (1996a)] referred to the evidence of disparity in the 

difficulty of A-levels and recommended more stringent demands be made in those 

subjects found to be easier. He has not recommended making harder subjects, such 

as physics, any easier than at present. Currently, the perception by students, that 

physics is the hardest of the A-levels is realistic and most likely to remain a deterrent to 

the subject. This trend is causing concern to some business leaders who are also
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worried about trends in standards at GCSE and A-level. Marston (1996b: p5) reported 

on a survey of members of the Institute of Directors, showing that about 79 per cent 

were unhappy with basic literacy and numeracy skills of applicants. He also reported 

that a third were concerned about the effects on the employability of graduates. This 

was “because of a shift in degree choices from “hard” subjects such as mathematics 

and physics to “soft” subjects such as media studies”. The business leaders used these 

figures to support their plea for a return to a fully selective educational system.

The concerns of employers and universities about the literacy and numeracy of young 

people may indicate a fall in examination standards has occurred, but this needs further 

research. The media handling of the annual results is given more to sensational 

comments, rather than critical analysis. Lightfoot (1997: p.4) reports that an official from 

the Department for Education has recently declared that “there has been an element of 

grade inflation”, but examining boards have denied this and challenged the official to 

produce evidence to support his claim. The debate remains inconclusive.

3.8 The Shortage of Scientists

The government white paper OST (1993) stressed the need to produce an adequate 

supply of well-trained young people for an increasingly technological society. It is said 

that the decline in the uptake of sciences and mathematics at A-level is likely to have a 

detrimental effect upon our economic performance as a nation. Wolfendale (1995: p.9) 

implies this when he says that an increased take-up of science and engineering at 

university “will have a direct effect on the economic wealth and quality of life of the 

Nation”. The extent to which these assumptions are valid is worthy of investigation. 

Other reports such as DfE (1994), Ofsted (1994), Cheng, Payne and Witherspoon

(1995), and Dearing (1996), all refer to this, similarly stressing the need for an adequate 

supply of scientists to ensure economic competitiveness. Whether or not there will be a 

shortage of well-qualified science and technology students to fill the necessary posts in 

the future depends upon both the supply and demand for such people. A decline in 

supply is not a serious problem if the demand also falls. At PhD level, Connor, Court, 

Seccombe, and Jagger (1993: p. 113) suggest that “there is no evidence of demand
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exceeding supply, in numerical terms .... it is more likely to be the other way round”. It 

does however caution that sampling errors could invalidate this. Hence it is simplistic to 

automatically assume that a fall in numbers of physical science and mathematics 

students spells doom for our national economy. Ofsted (1994) also notes that the 

situation is not peculiar to the British Isles, pointing out that Japan and the USA are also 

experiencing similar trends. This is consistent with the findings of Bauer et al (1994) 

shown in figure 2 in section 1.4, showing a decline in interest in the sciences at the 

highest levels of industrialisation.

Motluk (1995: p12) reports several valuable points made by Professor Edwards of 

Cambridge who suggests that the issue is not simply one of supply and demand, but 

that the relatively poor pay of scientists and engineers is a deterrent to those trained in 

science continuing into a scientific or engineering career. He says that one would 

expect a shortage to drive up the salaries of scientists, but that it does not. He suggests 

that the far more lucrative salaries paid to solicitors, accountants, and those in marketing 

attract many qualified in science. He notes that Britain produces proportionately more 

scientists than the USA, Germany, or Japan but only a few end up working in science. 

Some companies complain that those trained in sciences do not have good 

interpersonal skills and that they must seek recruits from overseas. However, Motluk 

(1995: p13) argues that poor pay and poor image are chiefly to blame. He compares 

the image of engineers in Germany, where they are highly respected, to Britain, where 

they are thought of as ‘a bloke with oily hands’. This suggests that the decline in the 

uptake of sciences at A-level and beyond need not be particularly serious for recruitment 

in industry, provided salaries and status are raised sufficiently to retain more of those 

trained. It will not be simple to change the status of scientists and engineers. As 

discussed in chapter two, the current image of science and engineering is deeply 

ingrained in the British psyche.

One measure of the supply of scientists is the level of unemployment among them, 

compared with other occupations. Connor et al (1993) suggests evidence that there is 

no immediate shortage of scientists and engineers, because there is still some 

unemployment among them. Pearson (1995) refers to concern in Britain about 

shortages of scientists and technologists going back over a long period. He notes that
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jobs in engineering and science grew rapidly throughout the 1970s and 1980s, and the 

growth continues. He adds that, on the supply side, the number graduating in these 

areas is up over this period. He then notes that unemployment has been hitting 

scientists and engineers recently graduated. The unemployment of scientists six 

months after graduation was around 13 per cent, and 12 per cent for engineers, with the 

figure for all graduates being 12 per cent. However, such conclusions are also 

dependent upon how we define occupations within the broad categories of science and 

engineering. Such a measure is far from simple and is open to many different 

interpretations. The IMS (1993) survey notes that for PhD physics graduates, 

unemployment rates are low, less than 3 per cent, compared with around 10 per cent for 

first degree graduates. The report also notes there has been a fall of over 13 per cent in 

the number of first degree graduates in the period 1987 to 1991. This emphasises the 

decline in the popularity of physics, in particular, at all levels below PhD status.

As in other areas of further education, the increase in the number of students taking and 

obtaining a PhD has grown in the past five years. As with the growth in A-levels, the 

IMS (1993: p.1) report says that growth in postgraduate studies “has happened across 

all disciplines, but to a lesser extent in the core sciences than elsewhere”. Reference is 

made to earlier research, Roberts(1992), which indicates a need for an annual 17 per 

cent increase in research studentships in physics, because of a predicted likely shortfall 

over the next fifteen years. The prediction was based on the age profile currently 

existing in the industry and the performance of industries which rely upon physics.

What needs to be determined, is not only whether supply is sufficient, but also whether 

the quality of those supplied matches the needs of industry and commerce. In an 

increasingly technological society one would naturally expect there to be a greater need 

for those trained in sciences and engineering, as well as a greater overall understanding 

and appreciation of science and technology by the public. Cheng et al (1995: p.1) 

address this saying that, although it is hard to measure the economic effects of 

shortages, “it may cause firms to curtail their plans for development and even to reduce 

output”. It appears that while there is no immediate shortfall, trends in uptake make the 

future is far less encouraging.
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3.9 The Shortage of Science Teachers

The shortage of suitably trained science teachers, particularly in physics, is another 

major concern receiving much publicity. Dean (1996a) refers to clear evidence that 

schools are experiencing recruitment difficulties, noting that specialists in the supply of 

teachers have long predicted that undergraduates are increasingly unwilling to train as 

secondary maths and science teachers. Although the data referred to Grant-Maintained 

schools, Dean says the situation is unlikely to be any better in the maintained sector, 

and is probably worse. Dean (1996b) notes a drop in applications to train across the 

secondary sector, particularly in sciences, maths, CDT, classics and music. In 1996, 

physics showed a 26 per cent decrease in applications to train when compared with the 

previous year’s figures. POSTnote85 (1996) shows that maths and science teacher 

training courses are some 20 per cent undersubscribed. Recruitment targets remain 

unobtainable and there are concerns of a ‘vicious spiral’ whereby science teaching 

suffers as a result of the shortages, leading to fewer taking the subjects at A-level.

The shortage of applications to teach the physical sciences is of concern because of the 

implications for the quality of teaching, class sizes and, above all, the ability of some 

schools to obtain sufficient qualified staff to deliver the curriculum. However, we must 

be careful of taking raw figures at face value and as the sole indicator of any possible 

shortage of science staff. For example, an article in the Times Educational Supplement, 

TES (1996b: p4) referred to a major survey which noted the “number of qualified 

secondary teachers in English, maths and science has dropped continuously over the 

past decade”. However, so has the population of pupils in our schools. The article 

states figures for the fall in secondary maths teachers, saying that in 1984 there were 

47,900 and that by 1992 the number had fallen to 38,100. This is a fall of over 20 per 

cent. However, the school population had fallen in this period. The number of fifteen 

year old pupils had dropped from about 740,000 to 550,000, which is a drop of about 25 

per cent. The population of seventeen year olds had fallen by around 22 per cent. 

Hence, although these two year groups do not represent the entire secondary school 

population, the fall in numbers in other age groups would not be vastly different. To 

produce front page articles about the ‘dire shortage’ of secondary mathematics teachers
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is bound to raise great concern. However, the validity of the argument is undermined by 

the sloppy reference to raw figures which, of themselves, are very misleading.

From the percentage figures given above, it would appear that the fall in the supply of 

mathematics teachers has dropped little more than the fall in the population. However, 

even this does not give a complete picture. During the last decade there has been a 

substantial increase in the proportion of students who remain in education beyond the 

age of sixteen. This would not affect the demand for teachers in the eleven to sixteen 

age group, but would increase the demand for teachers of A-level and other post-16 

courses involving mathematics. As these group sizes are usually smaller than classes 

in lower year groups, there would be an increased demand for mathematics teachers 

and these would need to be well qualified. The extent of this increased demand is a 

much less certain figure than the 25 per cent implied by the article.

Although the article referred to is concerned with the supply of mathematics teachers, a 

similar debate could also apply to the numbers of physics teachers. In this situation, the 

issue is rather more complicated because it is harder to define physics teachers. With 

the move to a co-ordinated science programme, not all teachers who teach GCSE 

physics are necessarily trained as physics teachers. Other science teachers often teach 

some physics sections of the GCSE science syllabus. Many schools advertise 

vacancies as science teaching posts, rather than specifically for physics, thus masking 

any shortage of physics teachers. Schools with a sixth form may well ask for some 

physics specialisation if they wish to offer A-level physics. Not all teachers of physics 

are trained as physics teachers and it is difficult to obtain reliable statistics relating to 

physics, as the Department for Education and Employment does not record a 

breakdown by subject discipline, giving only total numbers of science teachers. Dean 

(1996) notes that figures from the Teacher Training Agency suggest the recruitment of 

science teachers is falling short of Government targets. For every one hundred places 

on PGCE courses at universities and colleges in science subjects, only seventy-six 

applications are being received. Moreover, even those offered a place often withdraw, 

giving financial hardship or the poor image of teaching portrayed by the media as their 

reasons for not wishing to continue. Despite the failure to meet recruitment targets, the 

Government made a Budget decision to cut £13 million from the Teacher Training
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Agency’s budget and reduced the recruitment targets. Gardiner (1996) says the target 

for increase in secondary recruitment has been cut from 30 per cent to 2 per cent, but 

with some differences for certain shortage subjects. The proposal is that, by limiting 

opportunities for early retirement, staff can be made to stay on and cover the shortfall. 

This will only aggravate the problem of the steadily ageing profession and will not 

enhance the image and attractiveness of the physical sciences. It is also a short term 

‘solution’ as there will inevitably be a bigger shortfall later on when more have to retire.

The quality of recruits to teacher training is another cause for concern, as mentioned by 

Dean (1996c: p.1). She quotes figures produced by the Higher Education Statistics 

Agency which revealed that “a sample of 1616 PGCE students who graduated in 1995, 

just eight had first-class honours, while 1428 had only a pass degree”. This represents 

nearly 90 per cent of those graduating as only possessing the minimum graduate 

qualifications expected for teaching. The is likely to have a detrimental effect upon the 

quality of teaching in the long term. If the quality of teaching falls, it will exacerbate the 

difficulty of attracting pupils to study sciences at A-level and accelerate the decline.

Pupil numbers are now increasing and it is therefore more worrying that applications to 

train to teach are still falling. This will certainly produce some dire shortages in the years 

ahead. It is inevitable that, as physics is the least popular of the science subjects, fewer 

applications to train as science teachers will result in an even fewer physics specialists 

entering the profession. This will exacerbate the present shortage of physics teachers. 

This shortfall has been masked by the introduction of balanced science as physics is 

often taught by non-specialists. Pyke (1997c) reports on Professor Smithers’ speech to 

the annual meeting of the Association for Science Education (ASE) in which he said 

“that ‘piecemeal’ reform of the education system and a dramatic fall in industrial 

research spending are to blame for the collapse of recruitment to science A-levels and 

degree courses”. He also blames the three A-level system for causing a likely return to 

serious shortages of science teachers. He suggests that “A-levels tend to pick out 

particular personalities and science specialists tend not to be person orientated”, making 

them less likely to want to teach. He advocates a major overhaul of science education, 

giving it greater breadth and a five A-level system.
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3.10 Conclusions

The many and rapid changes made to the science curriculum caused considerable 

stress for teachers, giving little or no time to promote the sciences in a positive way. 

These changes were not appreciated by pupils either. Compulsory science to sixteen is 

beneficial to a broad education, but has not improved uptake at A-level in the physical 

sciences. While there is no immediate shortfall in the supply of scientists, the longer 

term prospects for science and engineering are rather bleak if the trends in uptake 

continue. The shortage of science teachers, particularly in physics, is very worrying and 

likely to worsen if the current trends in recruitment and uptake continue. To improve the 

uptake of physics will require an increased supply of well-trained, enthusiastic young 

specialists. This looks very unlikely to occur. The annual debate over falling standards 

at A-level is inconclusive. The rising pass rate is partly due to the growth of subjects 

seen to be easier and to entry restrictions. With a rapidly changing curriculum, modular 

courses and GNVQ’s, comparison of standards over time will be difficult.
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Chapter 4 
  ________

t h e  U p t a k e  o f  S c ie n c e s

4.1 Introduction

Measuring the popularity and uptake of a subject at A-level is not a simple process of 

counting entries, as many factors influence the uptake of a subject relative to others. 

This chapter examines the demographic changes and trends which have influenced the 

uptake of the sciences, and some other subjects, over the past decade or more. It will 

explain how the growth in student numbers at A-level, demographic changes in the 

population, and the range of subjects offered mask the trends in uptake for a particular 

subject. I will show that, by any measure, physics has shown decline in uptake, making 

it the least popular of the sciences. The chapter will also discuss the trend towards an 

ageing population of physics teachers, further damaging its image.

4.2 Outlining the Influencing Trends

The decline in the uptake of the sciences at A-level has been a matter of concern for 

many years. The Dainton (1968) report discussed what it termed the “swing from 

science”, concerning secondary school pupils. The relatively poor uptake of the 

sciences is not confined to A-level, but is apparent at higher levels as well. Durant 

(1994b: p343) comments on the problem of the relative decline in the numbers of
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suitably qualified students that take scientific and technical subjects at university. Many 

in government, industry, and education have expressed concern at the trend for fewer to 

opt for sciences at A-level, particularly the physical sciences. However, the trend in 

uptake is not as simple as a straightforward record of numbers taking a subject. It would 

be simplistic to declare that physics, for example, is falling in popularity simply because 

fewer students take it at A-level. The numbers taking an A-level subject depend on 

various factors which include:

•  demographic changes in the number of people in the relevant age group

• changes in the proportion who stay on for A-level

•  the number of other A-level subjects available

• university course and entrance factors

• popularity of the subject

Hence popularity of the subject is merely one of several factors influencing the number 

of students taking a subject. For example, if the population of 17 year olds in the nation 

declines then it may be expected that the number taking A-level physics would fall. In 

this case, it may be the proportion of the student population taking a subject that is 

indicative of its popularity, all other factors being equal (which they rarely are). I will now 

look at the influencing factors in some detail.

4.3 Demographic Changes in the Youth Cohort

The number taking A-levels in the sciences depends to some extent upon the number of 

17 year olds in the population. From 1980 to 1993 there was a steady decline in the 

numbers of 15 and 17 year olds, whereas the number has since started to rise. The 

number of 17 year olds is expected to peak around 1998 and will then decline slightly. 

Naturally, the trend in the number of 15 year olds is essentially the same, but occurs two 

years earlier, assuming the mortality rate remains low. Figure 4.1 shows the 

demographic changes of these age groups within the population.
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Figure 4.1: Numbers of 15 and 17 year olds in the population 

Data source: DfE (1994: p20)

According to DfE (1994: p.20), during a similar period, the number of young people 

taking GCE A-levels has increased substantially from 163.3 thousands in 1980 to 239.8 

thousands in 1993. However, the numbers taking mathematics and sciences, apart 

from biology, have remained static or even fallen. Hence already we have two data 

sets which may be thought to affect the uptake of a subject and these have opposing 

trends. The 28 per cent fall in the population of 17 year olds may be expected to cause 

a decline in the numbers taking A-levels, whereas, in fact, the massive 47 per cent rise 

in the numbers staying on for A-levels has more than offset the population decline. 

However, the actual numbers taking mathematics and the sciences at A-level have 

remained relatively static, or in some cases, such as physics, declined. Cheng, Payne 

and Witherspoon (1995: p.1) say that:

“the combined effect of these trends is that, while the proportion of the age 

group taking GCE A-levels in science and mathematics has risen slightly since 

1980, these subjects have not maintained their share of examination entries.”

Hence the proportion of students taking a subject is a somewhat better indicator of its 

popularity than the raw numbers. Even this, though, is not an accurate measure of 

popularity, owing to other factors such as growth in the number of subjects available.
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4.4 Statistics Relating to the Uptake of Sciences

Statistics relating to the uptake of a subject may be presented in a wide variety of ways 

which do not all produce the same picture in the trend of popularity. Some of the ways 

in which the uptake of a subject may be expressed include:

• the number of examination entries

• the number of examination passes

•  a percentage of total examination entries

• a percentage of examination passes

•  a percentage of candidates entering A-level examinations

• a percentage of the 17 year old population

For each of these different ways of presenting the uptake of a subject, the statistics may 

refer to the whole of the UK, or to England and Wales, and may include or exclude 

Northern Ireland. Hence it is extremely difficult to compare statistics, especially over 

time. I will attempt to use the figures appropriate to each particular situation.

Cheng, Payne and Witherspoon (1995: p.1), in referring to research on skills shortages, 

done by Haskel and Martin (1994), say that the lack of growth in science and 

mathematics has implications for higher education and the future prosperity of the 

country. They say “there is evidence that for many years Britain has experienced skills 

shortages in engineering and technology”. I have addressed this issue of shortages in 

the labour market in chapter three, but will return to the question periodically.

As explained in the later chapters of this thesis, it is not always informative to discuss 

attitudes to, and uptake of, the sciences as a whole because of the differences between 

the sciences. Biology is not suffering the decline in popularity which afflicts physics. In 

fact, the number of students taking biology has increased in recent years, while physics 

has declined relentlessly. The table below gives details of the numbers of students 

entered for A-levels in the three sciences.
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Subject 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Physics 43719 45121 43441 41678 39718 36744 36147 34767 32801 33508

Chemistry 41240 42565 44136 42605 40932 39334 41231 42280 40455 42458

Biology 32988 34391 42034 41836 43819 41935 50851 51848 51894 56534

Table 4.1: Entries in the A-level Sciences, Sears (1994), TES (1996), MacLeod (1997)

From this table it can be clearly seen that physics has shown a steady decline in 

numbers, whereas biology has increased. Chemistry numbers have remained relatively 

stable. Figure 4.2 below illustrates the trends in the three subjects.
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Figure 4.2: Trends in the Entries of the A-level Sciences 

Data Source: Sears (1994), TES (1996), MacLeod (1997)

This is a 25 per cent drop for physics over this period, and a 57 per cent rise for biology. 

The gender breakdown for A-level physics entries has remained relatively constant at 

around 22 per cent females to 78 per cent males, Sears (1994: p22). I have already 

stated that the raw figures do not give a clear indication of the popularity of a subject, 

although the relative popularity between the three sciences is evident from the trends 

shown above. However, the actual number of students passing A-level physics is 

important when compared with the demand for suitably qualified people. If the number
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of vacancies in posts requiring physics were to fall, then a fall in numbers is not 

particularly serious. However, if as is expected, the demand for students with a 

knowledge of physics rises while the number of students falls, then a shortage will be 

likely to occur in time. Hence, for the purposes of supply and demand in the labour 

market, the actual number of qualifying students is of importance. It must be 

remembered that, as discussed in chapter three, not all of those studying the sciences 

will take up a career in science.

One way of comparing the relative popularity of the individual sciences is to compare the 

proportions of the total entries achieved for each subject. Table 2 and figure 4.3 below 

give the percentages of total entries for each of the sciences.

Year Physics

%

Chemistry

%

Biology

%

Total Exam 

Entries

1990 6.57 6.68 6.36 660761

1991 6.17 6.30 6.19 675734

1992 5.61 5.78 6.19 707626

1993 5.16 5.52 5.89 711664

1994 4.93 5.63 6.94 732974

1995 4.79 5.82 7.14 725992

1996 4.44 5.47 7.02 739163

1997 4.32 5.47 7.28 776115

Table 4.2: Percentage of examination entries for A-level sciences

Source: Sears (1994), TES (1996), MacLeod(1997)

It can be seen that the proportion of entries for physics has declined steadily, while 

biology has shown a significant rise over the same period. Chemistry has also shown a 

notable overall decline. It is the physical sciences which are losing popularity with 

students. The 1997 figures show a slight rise in physics numbers, to 33508, but this is 

still a reduced proportion of entries.
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Figure 4.3: Percentage of examination entries for A-level sciences 

Source: Sears (1994), TES (1996), MacLeod(1997)

One factor which must be taken into account when analysing these figures, is the 

increased number of A-level subjects available to students, although some of the 

increase in subject availability took place prior to the start of these figures. If students 

have a greater range of subjects from which to choose their A-levels, then some 

subjects are certain to experience a decline in uptake. However, this is offset by the 

increase in the number of students staying on for A-level, although the effect is not the 

same for all subjects. Some of the traditional subjects, such as English, have increased 

the uptake whereas others, such as the physical sciences have declined. This effect is 

noted by Ofsted (1994) and loP (1994). The disparity between the popularity of the 

individual sciences is clear. Biology has become more popular with students, while the 

physical sciences have declined in popularity. It is physics which has shown the 

greatest decline in uptake on this measure.

Another way of measuring the trend in the uptake of the sciences in relation to the 

student population, is to measure the number of school leavers passing A-level in a 

subject, as a proportion of the population of 17 year olds. These figures are shown in 

table 4.3 below.
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Year Maths

%

Physics

%

Chemistry

%

Biology

%

Any

Subject %

1980 6.0 4.6 3.8 3.5 21.4

1983 6.5 4.6 4.2 3.8 22.8

1986 7.1 4.7 4.4 3.7 24.4

1989 6.7 4.3 4.1 3.9 26.1

1990 7.0 4.6 4.7 4.9 30.0

1991 7.0 4.5 4.7 4.6 32.6

1992 7.3 4.7 5.0 5.5 38.3

1993 7.7 4.9 5.1 5.9 41.4

Table 4.3: Proportion of students taking sciences as percentage of 17 year olds.

Source: DfE (1994: p.20)

In this case it can again be seen that biology has shown a significant rise in popularity, 

and even chemistry has shown some growth. The proportion taking physics has 

remained relatively stable, although more recent figures for physics would show some 

decline, as the numbers passing have fallen while the population of 17 year olds has 

started to rise. Hence the discrepancy between the figures in table 4.3 and table 4.2 are 

the result of the demographic changes in the population of 17 year olds and the rise in 

the proportion staying on for A-levels. It should also be noted that the figures in Table 

4.3 above are for England and Wales and do not include Northern Ireland or Scotland. 

This gives rise to some differences between percentages given above and those from 

some other statistics. Initial comparison of the two tables may suggest different trends. 

However, both indicate the same trend in the uptake of physics, for the following 

reasons. The population of 17 year olds has been in decline for many years and 

reaches its minimum in 1996. The number of students taking physics has also fallen 

during this period. In 1986 about 4.6% of 17 year olds took physics. By 1993 this had 

risen marginally to 4.9%, but the number of 17 year olds had fallen substantially, over 

31%, and thus the number of physics students had also fallen substantially. The earlier 

table showed the percentages taking each subject as a proportion of examination 

entries. As the number of entries had risen substantially in the time period being
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discussed, the decline in percentage of physics entries also indicates a decline in 

numbers. It is the decline in the proportion of examination entries which is probably the 

best indicator of the changing popularity of the subject. T.E.S. (1997: p4) goes as far to 

suggest that if the present trend continues, there will be no students taking A-level 

physics by the year 2013. It is to be hoped that the current trend will not continue 

unabated, causing the complete demise of the subject. It is likely that there will always 

be some students wanting to take the subject and hence the decline should eventually 

cease. The 1997 uptake may indicate an end to the decline.

The figures clearly show a substantial increase in the proportion of the 17 year old 

cohort which now achieve a pass in some A-level subject. In addition, however, it is 

clear that the sciences have not achieved a similar proportional rise in the uptake, and 

physics has suffered the worst out of the three sciences and mathematics. In other 

words, there has been a large rise in the proportion taking A-levels, but the sciences, 

and physics in particular, have not benefited from this increase. We can therefore 

conclude that the popularity of physics at A-level has declined.

This is the essence of the problem referred to by Dainton (1968) as the ‘swing from 

science’. There has been a substantial growth in the proportion of the student age 

population now staying on to take A-levels, but there has been no real growth in the 

proportion taking the sciences. In particular, the physical sciences, and most especially 

physics, have not benefited from the increase in numbers of available students.

4.5 Changes in A-level Courses Available

There has been a substantial growth in the number of subjects available to A-level 

students and the possible combinations of subjects offered within schools and colleges. 

This must be considered alongside the growth in the number of students taking mixed 

arts and science A-level courses. Smithers, Collings and McCreesh (1984: p1) 

reviewed the growth in the uptake of mixed A-levels and noted that “in 1963, 9.3 per 

cent... spanned the science/arts divide, but by 1979 the percentage had grown to 26.7”. 

This trend has continued as shown by figures in DfE(1994: p24) which reports that by
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1993 the percentage had risen to 34.8. This same report also shows that the 

percentage of those studying science and maths only had dropped from 29.6 in 1980 to

16.6 by 1993. The growth in the number of subjects available to students at A-level is 

certain to have had a depressing effect upon the proportion taking only science and 

maths. Twenty years ago the options were far more limited and students taking 

mathematics and chemistry were very likely to take physics as a third subject, often 

having been guided to do so by the teaching staff. The greater variety of options 

available provides a ‘market place’ for students, with more staff seeking to attract these 

students to their new subject. Inevitably, interest and enjoyment become more 

important factors in the choice of subject than at the time when options were more 

limited. The surveys undertaken for this thesis and discussed in chapters five to eight 

show that interest and enjoyment feature strongly in the current subject choices. This 

factor may not have had the same level of influence two decades ago. I am not 

suggesting that interest and enjoyment were not factors in the past, but have become 

more influential in recent years with the increase in the subject choice available to 

students. Furthermore, the attitudes to mixed A-levels has changed over this period, 

with it becoming more acceptable to mix arts and science A-levels.

4.6 Physics at University

The decline in the numbers of students taking physics at A-level is affecting the uptake 

of physics and engineering courses at university. It is no simple matter to track the 

uptake of physics at university level as there are many physics related courses and joint 

honours degrees which cloud the issue. Moreover, students having taken A-level 

physics may well study another science based course at university, such as medicine, 

electronic or mechanical engineering. For this reason, the figures for the uptake of 

single honours physics at university have only limited value. However, many 

universities report a decline or lack of growth in students opting for the physical sciences 

and engineering. This lack of growth in student numbers is evident at degree level 

where acceptances onto degree courses in physics have remained relatively static over 

the past decade. Some universities are even closing physics courses. The extent to 

which this decline in the uptake of mathematics and the sciences will affect national
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prosperity was discussed in section 3.8. Table 4.4 below shows the number of 

acceptances by UCCA, for university admissions, and PCAS, for polytechnic 

admissions, (combined into UCAS since 1994), for degrees in physics at the universities 

and polytechnics. Combined figures are given as the polytechnic figures were typically 

around 5 to 8 per cent of total acceptances. A gender breakdown has not been given 

for each year, but typically 17 per cent of the total acceptances were female, with little 

variation, and despite an overall increase in the percentage of female undergraduates.

1986 1987 1988 1989 1990 1991 1992 1993 1994

2479 2524 2748 2900 2785 2818 2726 3011 2780

Table 4.4: University and Polytechnic admissions for physics degree courses 

Source: UCAS Statistical Summaries

As with A-level, there has, in this period, been a decline in the population of 18 year 

olds, but a significant rise in the proportion of students seeking places at university. 

These two influencing factors have opposing effects upon numbers taking physics 

degrees. However, the growth in student numbers attending university has more than 

outstripped the decline in the population of 18 year olds, leaving a net rise in student 

numbers. Table 4.5 below shows the percentage of home (UK) entrants to university, 

aged under 21, as a proportion of the population in the relevant year groups.

Year Biological
Sciences

Physical
Sciences

Maths / 
Computing

Engineering All Subjects

1981 0.6 0.7 0.7 1.8 13.1
1983 0.6 0.8 0.7 1.8 13.1
1985 0.6 0.8 0.8 1.9 13.9
1987 0.6 0.8 0.9 2.0 14.6
1989 0.7 0.9 1.1 2.0 17.1
1990 0.8 1.1 1.3 2.2 19.3
1991 0.9 1.3 1.6 2.6 23.3
1992 1.2 1.5 1.8 3.0 27.8

Table 4.5: Percentage of UK entrants to university as a proportion of the relevant age group

Source: DfE(1994: p.33)
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The figures are known as the Age Participation Index (API) and use an average of the 

numbers of 18 and 19 year olds as a base for the population. The number of full time 

undergraduate students in British universities, polytechnics and colleges has therefore 

shown a dramatic increase which far surpasses the demographic decline in numbers. In 

1981 the total number of undergraduate students attending was 253,400, but by 1992 

this had risen to 338,600. According to UCAS(1996), the numbers peaked at 369,700 in 

1995, but dropped by 1.3 per cent to 364,885 in 1996. As with A-level, physics has not 

benefited to the same extent as many other subjects. The DfE(1994: p.34) report notes 

that the proportion of all first degree students who take science, mathematics and 

engineering courses has fallen from 33.6 per cent to 32.1 per cent in the period from 

1981 to 1992. The proportion taking physics has fallen slightly from 5.7 per cent to 5.4 

per cent, while engineering has fallen from 13.8 per cent to 10.7 per cent. It would be 

unwise, however, to place too much importance upon the marginal trend in physics at 

degree level, as many of those taking physics at A-level may move into other areas 

which require physics, such as medicine, but which do not count as a physical science. 

It would be unfair to claim that these A-level students are turning away from the subject 

at degree level.

4.7 Student Quality

Some universities have expressed difficulty in filling all their physics and engineering 

courses with suitable candidates. Consequently there is a temptation to offer places to 

students with lower grades at A-level. Dunbar (1995: p3) did a short survey of the entry 

requirements for eight different science courses and eight humanities courses at eight 

important universities. He found that the average minimum A-level qualifications 

required to gain a place on the humanities courses was 22.8 points, with a range from 

20 to 26. The average for the science courses was 18.6 points, with a range from 16 to 

24. He also noted that the lowest requirements were in chemistry, genetics, and 

engineering. This would be a worrying trend if repeated on a national scale, as Dunbar 

notes, as it has serious implications for industry in the future. However, statistics from 

the Universities and Colleges Admissions Service (UCAS) do not support Dunbar’s 

straw poll of a limited number. UCAS (1996) showed that the mean points score for A-
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level for physical sciences was 19.0, while for all subjects the average was 18.8. The 

mean points score for physics was 22.3, which is significantly higher than the average. 

Physics, chemistry, and engineering are important to industry and a shortfall of suitable 

students at university will eventually result in a shortfall in industry. At present, the 

statistics merely show that the growth in student numbers taking the physical sciences 

and engineering is lower than the growth in many other non-science subject areas, and 

does not indicate an immediate shortfall.

4.8 The Quality of Physics Teachers

Dean (1996c) and others have drawn attention to the looming crisis for the staffing of 

maths and science teaching in secondary schools, as discussed in section 3.9. Dean 

explains that rising pupil numbers and retirement amongst an ageing profession are 

combining with a shortfall in applications for teacher training places and will result in a 

staffing crisis in the near future. Dean (1996c) also says that only 76 per cent of teacher 

training places in science are being filled, and recruitment to postgraduate certificate in 

education for physics teaching is down by 30 per cent. The need to fill places is certain 

to have a detrimental effect upon the quality of student accepted on to such courses, 

with indications that many have only pass degrees. While a good degree in a subject 

does not automatically make a good and inspiring teacher, the inability of the profession 

to attract the better qualified graduates is almost certain to lead to a lower standard of 

teaching. The effect upon A-level physics teaching and the resultant uptake of the 

subject is bound to be detrimental. Those with pass degrees evidently have a poorer 

grasp of their subject than those with honours degrees and will be less well equipped to 

explain the subject to their students or answer the probing questions which many 

students ask. Students’ confidence will be undermined and the future uptake of the 

subject will be impaired if the quality of teaching is falling.

At present, there is no clear evidence that the quality of teaching in physics is any poorer 

than in other subjects, but the prospects for the future are bleak. We can, at present, 

only make educated guesses at the effects of falling levels of recruitment and quality of 

intake into the science teaching profession. Figure 4.4 below is based on data from the
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Age of Physics Teachers

□ 1984 
■ 1988
□ 1992

Secondary School Staffing Surveys (SSSS) which show the trend in the age of the 

population of physics teachers between 1984 and 1992, [see DES (1984), DES (1988) 

and DfE (1992)]. Given the present difficulties in recruiting graduates to the profession, 

these trends are set to continue.

Under 30 30-39 40-49 50 plus

Figure 4.4: The changing age profile of physics teachers 

Source: DES(1984), DES(1988), and DfE(1992)

It is clear from the graph that the population of physics teachers is ageing and that fewer 

young recruits are being attracted to teaching the subject. While pupil numbers were 

falling throughout the late 1980s this presented relatively few problems. Recent 

difficulties in recruitment as expressed by the Teacher Training Agency [see Dean 

(1996c)] indicate that the trend is accelerating at a time when pupil numbers are rising. 

Quite apart from the obvious problems caused by the rising retirement rate due to the 

ageing staff, there is an additional problem linked with the older staff remaining. The 

image of the subject will tend to be increasingly identified with ageing, and often male, 

teachers. This is less likely to appeal to the young, and female, pupils and will further 

aggravate the poor uptake of the subject at A-level. If the number taking physics at A- 

level continues to fall, then continued falls in recruitment of physics teachers are 

assured, thus accentuating the current problems with the uptake. The quality of
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teaching is also likely to drop. It should be added that the ageing of the profession is not 

confined to physics, but is fairly widespread across all subjects. However, as Pyke 

(1997b) notes, “maths and science teachers are notably older than the average”. While 

many of the above arguments will apply to other subjects, the particular difficulty 

experienced in attracting students to take physical sciences makes the situation more 

serious for these subjects. Pyke (1997b), reported that the chief executive of the 

Teacher Training Agency strongly feels that poor pay is an important deterrent for those 

considering science teaching, although this contrasts with government pronouncements 

that pay is not significant in motivating teachers. The powerful evidence of a worsening 

shortage of science teachers and decline in recruitment is not supportive of the 

government view. Pyke (1997b) also reports that the only reason why the percentage 

shortfall in recruitment has improved on the 30 to 40 per cent minimum is because the 

government has altered the recruitment targets and announced its plans to curtail early 

retirement. This will only exacerbate concerns about the ageing population of science 

teachers, particularly for physics.

4.9 Reliability of Statistics and Concluding Comments

The research has revealed that it is no straightforward matter to show the trend in the 

uptake of a subject at A-level by studying official figures. A multitude of statistics exists 

which are relevant to the issue in varying ways. Some are for the whole of the UK, 

some exclude Northern Ireland and others are for England and Wales only. The uptake 

of a subject may be expressed in the many ways discussed earlier, either as 

percentages of entries, passes, the cohort of the population, or as total numbers of 

candidates. All these measures of the uptake of a subject will show varying trends over 

time, and those trends will not necessarily be exactly the same. Moreover, not all figures 

are given to the same degree of accuracy. Which of these many measures is chosen to 

argue a point is, of course, a matter of choice, but the variations do make comparisons 

over time more difficult.

For comparisons over time in the uptake of the physical sciences at university, there are 

added complications. Until 1993 applications to higher education were dealt with by two
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separate bodies. Applications to university courses were dealt with by the Universities 

Central Council on Admissions (UCCA), whereas applications to Polytechnics and 

colleges of higher education were handled by the Polytechnics Central Admissions 

System (PCAS). In 1993 these two organisations were merged to form the Universities 

and Colleges Admissions Service (UCAS). Comparisons of summary records with 

previous years are exceptionally difficult following the merger of two differing systems 

[UCAS (1994)]. For example, prior to 1993, UCCA applicants could make applications 

to five institutions. For 1994 and 1995, immediately following the merger with PCAS, 

this number was raised to eight. Since 1996, this number has been reduced to six 

applications. Hence comparison over time of the uptake for a particular subject using 

applications is necessarily flawed. Even comparison of acceptances is complicated by 

the differing systems.

In summary, as with all methods of measurement, there is an inherent inaccuracy in 

statistics quoted, quite apart from changes in the particular cohort used. In order to 

assess attitudes to a particular subject it is therefore unreliable to simply use official 

statistics relating to the uptake. While the figures may show trends in the uptake of a 

subject, they tell us little or nothing about the reasons for that trend. Hence the need for 

the attitude surveys discussed in the following chapters.
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Chapter 5

5.1 Introduction

This first student survey was designed to determine the factors which most influenced 

sixth form students when deciding upon which A-level subjects to take and their 

attitudes to the individual sciences. This chapter will show that attitudes to the physical 

sciences are substantially more negative than for biology, and that physics has the most 

negative image of the three. I will also show that physics is perceived as the hardest of 

the sciences, while biology is seen as the easiest. The survey also shows that interest 

and enjoyment are the commonest reasons given for selecting a subject, while career 

intentions are also important. The survey demonstrates a correlation between the 

factors which influenced both science and non-science students in their choices. I will 

also show that the gender imbalance in the physical sciences is not simply explained by 

assuming that girls feel actively dissuaded from sciences.

5.2 Aims of the Research

Much of the research relating to the field being investigated in this project discusses 

attitudes to the sciences in general, rather than the sciences individually. Ormerod and 

Duckworth (1975) referred to the ‘swing from science’, and most other literature dealing 

with the issue expresses concern about the falling numbers taking mathematics and the 

sciences. Having taught physics for many years, I was aware of substantial attitude 

differences between the three main sciences of physics, chemistry, and biology.
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The aim of this survey was to study attitudes to science in general and the individual 

sciences in particular. It was also intended that the factors affecting choice or avoidance 

of sciences at A-level would be investigated. From this survey, the principal areas 

requiring deeper research could be identified and addressed in the second survey, 

which was to be the principal one. For the initial stages of the research I decided to 

investigate the differences in attitudes to the sciences in the sixth form so that it could be 

determined if all three sciences had a similarly negative attitude. Nowadays, all students 

have to take all three sciences up to the age of sixteen, either as individual sciences, or, 

more often, as co-ordinated science. It is only at sixth form level that students have the 

option to choose, or avoid, the sciences and thereby display their true preferences.

5.3 Survey Methodology

In the time span allocated for this stage of the project, a questionnaire survey was 

considered to be the most practical method of assessing the factors for future study. 

Interviews were considered as a possible research technique, but as Oppenheim (1992: 

p141) indicates, a larger number of responses can be obtained effectively by a 

questionnaire to school pupils. I then considered whether to use open questions or 

closed ones. As noted by Oppenheim (1992: p141), children, even sixth-formers, are 

relatively slow writers and the logistic problems created by factors such as lesson times, 

make group administered questionnaires the simplest to operate. This is further 

simplified by a preponderance of closed questions which are easier to code. As the aim 

of this survey was to establish the principal areas of research to be tackled by the 

second and principal survey, it was decided to produce a questionnaire with a majority 

of closed questions.

The questionnaire was designed and piloted using a small sample of pupils from a local 

secondary school. The piloting was unfortunately limited by the difficulties of gaining 

easy access to school children, as outlined by Oppenheim (1992, p. 107). As 

recommended by Cohen and Manion (1989: p111), the questionnaire was designed to 

begin with some general questions, and factual questions were interspersed with 

attitudinal ones in order to give variety and maintain interest. Questions 10 to 16 were
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largely concerned with perceptions of difficulty, interest, enjoyment and career 

opportunities. Questions 17 to 27 were designed as a set of attitudinal statements 

relating to the image of science in society. Respondents were asked to agree or 

disagree on a five point scale. Questions 28 to 33 used a four point scale for these 

attiudinal questions. Scales were reprinted at the top of a page where appropriate, as 

suggested by Cohen and Manion (1989:p112). Question 34 was designed to establish 

some of the influencing factors on science uptake. There were minute wording 

differences between the questionnaire given to the science students and the one given 

to non-science students. Question 34(k) contained the word ‘approvaf for science 

students and ‘disapproval for non-science students. The last three questions were open 

ones. Question 35 asked science students to comment on why they had chosen to 

study sciences, whereas non-science students were asked why they had chosen not to.

The final questionnaire was then given to all students in the sample. A copy is given at 

the end of this chapter. Questionnaires included questions about the following factors 

which may have influenced students in their subject choice.

•  influence of GCSE preparation on science uptake at A-level

•  interest and enjoyment of the sciences

• perception of difficulty in studying and passing science subjects

• differences in attitudes to the individual sciences

• parental and teacher influences

• gender issues and attitude differences

• perception of career prospects

• the image of science and the scientific community

In addition to the main areas of questioning, some general questions relating to science 

programmes watched on television, museums or hands-on centres visited, and attitudes 

to a few other issues were asked. A comparison of attitude differences between the two 

groupings was then undertaken with the completed questionnaires. The purpose of this 

was to establish the most important factors influencing students when they make their A-
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level choices and to compare the responses for the two groupings. It was also intended 

to determine the extent to which attitudes to the individual sciences differ.

5.4 The Sample

A random sample of students did not seem appropriate for the purposes of ascertaining 

the principal factors which deter students from taking sciences, even when they are 

capable. A random sample would clearly have contained many students whose science 

grades at GCSE were too low to enable them to take A-level sciences. There seemed 

no point in asking students who were unable to take a science at A-level why they did 

not do so. For this reason, it was decided to select a purposive sample of high ability 

lower sixth students, from year 12, see Cohen and Manion (1989, p103). This purposive 

sample therefore eliminated lack of ability as a factor, enabling me to concentrate on 

those factors which deter able pupils who could have taken the sciences, but chose not 

to. There is evidence that performance at GCSE science is an important factor in 

whether or not to choose sciences at A-level, DfE (1994: p57). However, student 

perception of a lack of ability in science is somewhat different to actual lack of ability. 

Some students avoid choosing a science because they believe they do not have the 

ability, even though their GCSE grades show otherwise. This is linked with a perception 

of the difficulty of a subject.

The sample consisted of two groupings, one being of 62 students who had opted to take 

A-levels in at least one of the sciences of physics, chemistry, or biology. The second 

and larger group consisted of 113 students who were taking A-levels in subjects other 

than the sciences mentioned. This gave a total sample size of 175 students, with a 

gender breakdown of 108 males and 67 females. Schools were asked to provide 

students who had high ability and had achieved good GCSE grades in the sciences so 

that they were not barred from taking sciences at A-level because of ability. The report 

on the findings refers to the two groupings, calling the one grouping science students 

and the other grouping non-science students. Where discussion of different groupings 

occur, such as a breakdown by gender, this is specified.
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Results of the First Student Survey

5.5 Principal Survey Findings

The principal findings from this first student survey are outlined below and then 

discussed in greater detail in the following sections, 5.6 to 5.19.

•  Interest and enjoyment are very important factors in student choice of A-levels

• GCSE is not perceived to be inadequate preparation for A-level sciences

• Career intentions strongly influence students’ A-level choices

• The perception of difficulty is a strong deterrent to taking the physical sciences

• There is correlation between the factors which influenced both science and non

science students in their choices

• Parents and teachers have limited influence upon students

• Girls do not perceive themselves as being actively dissuaded from sciences

•  Science and scientists are seen as important to society, although scientists are not 

perceived to be very good communicators.

•  Few pupils watch scientific programmes on television, although all enjoy visits to 

‘hands-on’ centres for science

5.6 The Importance of Interest as a Factor

On entering secondary school, most pupils show interest in science and enjoy work in 

the laboratories which are new to them. However, for some, this interest and 

enthusiasm diminishes as they progress through school. Question 11 sought to 

examine differences between the groupings on how interest changed throughout school. 

Responses were according to a five point scale and showed a substantial difference for 

the two groupings. Figure 5.1 shows the responses.
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Figure 5.1: Change in Interest in Science Throughout School
Key to Responses

O Non-Sci. (%) 
■  Sti (%)

1. Never found them interesting
2. Became less interested with age
3. Interest stayed steady throughout
4. Interest increasaed with age
5 Always found them interesting

1 2 3 4 5

Response Number (See Key)

It is clear that the non-science students showed declining interest throughout school, 

whereas the science students maintained or increased their interest throughout their 

secondary school. The difference in response for the two groupings was so marked, 

that it was decided to carry out a Chi-squared (x2) test to look for a significant difference 

in response and hence whether this may have been an influencing factor upon the 

uptake of sciences at A-level. The method is now outlined. The total observed figures 

for the responses are given in the table below, along with the expected values as 

calculated. The “expected” values are obtained from assuming the null hypothesis to be 

true, thereby presuming there to be no difference between the two groups. The 

expected values are calculated from observed values by multiplying each column total 

by the row total and dividing by the grand total.

1 2 3 4 5 Totals
Non-Science 
Observed (O)

15 45 27 18 8 113

Science: 
Observed (O)

2 i “ 2 I 12 28 18 62

Non -Science : 
Expected (E)

10.98 30.35 25.18 29.70 16.79 113

Science : 
Expected (E)

6.02 16.65 13.82 16.30 9.21 62

Z (O-E)2 / E 4.16 19.96 0.37 13.01 12.99 X 2 -50.5

Table 5.1: Chi-squared table for responses to changing interest in science
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The null hypothesis, H0 is that changing interest throughout school has no influence on 

A-level science uptake. The alternative hypothesis Hi is that changing interest 

throughout school has a significant influence on A-level science uptake. The x2 figure is 

calculated as 50.5. The critical value at the 1% significance level is 13.5, for four 

degrees of freedom. As %2 is very much greater than the critical value, the null 

hypothesis is rejected. This means that there is less than a 1% chance of wrongly 

rejecting the null hypothesis. From this, there is a clear indication that the attitude 

towards sciences changes in a markedly different way for the two groupings throughout 

secondary school and that this is likely to be a strong influence on A-level choices.

From the free-response question (No.35), it was found that interest in a subject is 

among the most frequently given reason for choosing at A-level. However, in the written 

responses, few details were given as to the particular aspects of a subject which made it 

interesting or otherwise. It was for this reason that the decision was taken to use an 

interview method in the second student survey discussed in chapter 7.

5.7 Enjoyment

Closely linked to interest in a subject is enjoyment, and Stables (1996: p98) also found 

that interest / enjoyment was the most commonly cited reason for choosing a subject. 

Question 15 asked students about their enjoyment of the three science subjects, as well 

as mathematics. This was done in order to determine whether, as suspected, physics 

was the least popular of the sciences. The responses are given below.
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Comparison of Enjoyment: Non-Science Students

50.0
45.0
40.0

« 35 0 
§  30.0
1  25.0
5 20.0

15.0
10.0
5.0 
0.0

S Maths %

■ Physics %

H Chemistry % r
------------  H□ Biology %

1
Very much

2
A little

3 4
No strong feelings Not very much

5
Not at all

Figure 5.2. Comparison of enjoyment o f sciences and maths: non-science students

The responses for the non-science students show a substantial difference in attitude 

between physics and biology, while chemistry and mathematics receive similar 

responses. Biology is clearly enjoyed much more than the physical sciences. However, 

it is the response to physics which is most marked, with an ever increasing proportion of 

students as one moves from enjoyed very much to enjoyed not at all. Over a quarter of 

all non-science students claim that they did not enjoy physics at all. Only 25 per cent 

expressed any enjoyment at all. The reasons for this antipathy to the subject need 

deeper investigation and it was because of this that physics was chosen as the area on 

which to focus in the second student survey. For biology, a total of 60 per cent showed 

a positive attitude to the subject, with only 19 per cent showing dislike of it. Responses 

to chemistry were closer to that of physics than biology and thus indicate that it is the 

physical sciences which receive the most negative responses. The responses for 

science students are shown in figure 5.3 below.
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I Physics %

a 20.0 I M  ■  B H  s  ■  ■  s  Mathss
Q- 15.0
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5.0 
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Very much A little No strong feelings Not very much Not at all

Figure 5.3. Comparison o f enjoyment of sciences and mathematics: science students

The responses from the science students were naturally somewhat different, although 

physics was still the least popular and biology the most popular. Even among this group 

of science students, nearly 35 per cent did not enjoy physics, whereas less than 10 per 

cent disliked chemistry or biology. Hence from the responses to this question it is clear 

that physics is the least popular of the three sciences. Moreover, as the responses to 

the individual science subject are so markedly different, it is unwise to generalise about 

attitudes to science. Attitudes towards biology are so much more positive, and physics 

so negative, that it is difficult to deduce meaningful conclusions about the attitudes to 

science as a whole.

5.8 The Perception of Difficulty

Question 10 asked students to comment on how difficult they found a selection of twelve 

GCSE subjects, using a five point scale with 1 = very easy to 5 = very difficult. Students 

were expected to comment on the difficulty of the individual sciences, although most had 

taken a co-ordinated science course and few seemed to have any difficulty with this. 

The thirteenth subject (co-ordinated or integrated science) was omitted from the 

statistical analysis as so few had responded to this subject alone. The sums of the
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scores for each subject and for each grouping were ascertained and ranked as shown 

below.

Subject Non-Scientist 

Rank Score

Non-scientist

Rank

Scientists 

Rank Score

Scientists

Ranh

Mathematics 295 9 215 5

English Lang. 227 4 275 9

French 255 6 325 12

German 316 10 305 10

Other Langs. 250 5 318 11

Physics 350 12 265 8

Chemistry 322 11 240 7

Biology 270 8 200 2

History 256 7 225 6

Geography 213 1 200 2

Art 220 3 200 2

CDT 219 2 178 1

Table 5.2: Subject rankings for student perception of difficulty

Note that the greater the ranking figure, the harder the subject is perceived to be. The 

non-science students rank the physical sciences as the hardest of the subjects, with 

physics being considered the most difficult. Even the science students rank physics as 

the hardest of the three sciences, with chemistry next. The non-science students rank 

physics the hardest at 12th, chemistry 11th and biology 8th. These students also 

perceive mathematics as a difficult subject, along with the sciences. Even science 

students do not rank physics easier than 8th position. Both groupings perceive foreign 

languages as relatively difficult, especially German. Both groupings also consider 

Craft/Design and Technology as among the easiest subject taken. These findings are 

consistent with other research, such as that by Fitz-Gibbon and Vincent (1994) and 

Ormerod and Duckworth (1975). The other columns in the table give the total score for 

each subject and these figures were used to determine the ranking of the subjects.
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In the written responses to question 35, the perception of difficulty was the second most 

common reason given for not taking physics, after general interest. Girls gave this 

response twice as often as boys, indicating that girls do perceive the sciences as more 

difficult than boys do. In many cases, non-science students referred to the 

mathematical content in science as making it particularly difficult. Physics was 

mentioned in this context on several occasions.

Question 32 asked students whether they agreed or disagreed with the suggestion that 

science exams are harder than other subjects to pass with good grades. Only 30 per 

cent of non-science students agreed and 36 per cent disagreed. The remainder had no 

strong feelings or opted for don’t know. Of the science students, 56 per cent agreed 

and 16 per cent disagreed. It is somewhat surprising that more of the non-science 

students have not agreed that science exams are harder than other subjects. They had 

earlier decided that the sciences are harder than other subjects. It is likely that the 

responses are affected by the differing attitudes to the individual sciences, as shown in 

the rankings for subjects given in table 5.2 above.

Science students show a higher level of agreement about difficulty than may initially be 

expected for subjects they have chosen. It is likely that, as these students had then 

embarked on their A-levels, they were finding the transition from GCSE to A-level a large 

step. The full responses to question 32 are shown in the figures 5.4 and 5.5 overleaf.
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Perceptions of difficulty to pass sciences (Non-Scientists)

Disagree it is hard

4
1 1 % Dont know Agree it is hard

No strong feelings 23%

Perception of difficulty in passing sciences (Science students)

Dont know

No strong feelings

Figures 5.4 and 5.5

As far as I am aware, little research has been done into the relative difficulty of subjects 

at GCSE level. The work of Fitz-Gibbon and Vincent (1994) researched the relative 

difficulty of mathematics and sciences at A-level. It would be interesting to compare the 

difficulty of GCSE subjects in order to see if any light can be shed on the discrepancy of 

the above findings. The second student survey, described later, shows that attitudes 

towards physics are formed by the time students reach the sixth form (year 12). For that 

reason, research into attitudes of pupils in the lower forms in secondary school and in 

primary school is needed.
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5.9 Influence of GCSE Preparation

Question 6 sought to establish the student perception of how well their GCSE science 

course had prepared them for taking A-levels in the sciences, whether they chose to 

take them or not. The majority in both groupings (science and non-science students) 

opted for adequately or not very well. The response differences for the two groupings 

are shown in figure 5.6 below.

□ Non-Science Students 
B Science Students

V. Well Adequate NotV.Weil V. Poor

Figure 5.6: Perception of how well GCSE prepares for A-level

It is interesting to note that even a substantial percentage of science students feel that 

the GCSE course prepared them rather poorly for taking A-levels in sciences. This is a 

criticism which some staff make of GCSE balanced science, Ofsted (1994). The 

differences in responses between the two groupings are not significant. A Chi-Squared 

(x2) test was performed and the value was below that expected at the 5 per cent 

significant level. This indicates that GCSE preparation had not been a major factor in 

the uptake of sciences at A-level. This finding is supported by another study, DfE (1994: 

p.4), which found “no conclusive evidence of a link between combined science and pupil 

propensity to take A-level science”. However, GCSE preparation may well have 

influenced other factors such as interest and enjoyment, which are more important 

influences upon student choice. There has been some debate about how well GCSE 

prepares students for A-level, reported in Dearing (1996a). As students who have just 

taken GCSEs are unaware of the full demands of an A-level in a subject, they are 

unlikely to know whether their GCSE course has prepared them adequately for a
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particular subject. For that reason, it is not particularly surprising that this is not a major 

factor in subject choice.

5.10 Desire for a Career in Science

Question 16 of the survey asked students to say how much they would like a career in a 

science based subject. A five point Likert-type scale was used for the responses, which 

are shown in figure 5.7 below.

How much would you like a career in science ?

45.0 n

1 2 3 4 5
Very much A little No strona feelinas Not very much Not at aJ)

Figure 5.7. How much would you like a career in science ?

There are no real surprises in the responses in the graph above as it is to be expected 

that those who have not chosen sciences are unlikely to wish for a career in science. 

However, it does indicate that career intentions do play a significant part in the choice of 

subjects for A-level. This is also confirmed by Stables (1996: p98) where he found this 

factor to be second only to interest and enjoyment in subject choices.
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5.11 Teacher Influences

This question specifically asked students about the extent to which their science 

teachers wished them to continue with sciences beyond sixteen. The chart below 

illustrates the results of the question.

How much did your science teachers want you to continue sciences beyond 16

3

Respone Number

Figure 5.8: Teacher advice on taking A-level sciences

The science students appear to have had a lot of encouragement to continue with the 

sciences, with none being advised against it, as far as they remembered or admitted. 

Over 70 per cent of this grouping opted for some encouragement. The non-science 

students did not appear to receive the same level of encouragement and around 10 per 

cent suggested there had been advice not to continue. We must not assume that those 

who were advised not to take sciences have undergone some great wrong. It may well 

have been for valid reasons applicable to the individual, that staff gave this advice. It is 

possible that some of the non-science students had clearly stated their future A-level 

intentions and that science staff had not pursued the matter further. It would hardly be 

considered professional for a member of one department to actively seek to dissuade 

students from choosing a subject in another department. However, this said, there is a 

clear indication that the level of encouragement for the two groupings was either
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substantially different, or was at least perceived to be so. There were no significant 

response differences between the genders, thus indicating that girls were no more 

dissuaded than boys.

5.12 Gender Issues

There can be no doubt that fewer girls opt for sciences than boys, although the principal 

discrepancy lies in the physical sciences. There may be many reasons for this gender 

imbalance, some of which are cultural and historic. It is sometimes suggested that girls 

feel actively discouraged from studying sciences and are therefore the subjects of 

gender stereotyping. Some male teachers probably still do actively deter girls from 

continuing with the physical sciences, although they are, I believe, the exception rather 

than the rule. Question 20 asked students to comment on the extent to which they felt 

others had discouraged girls from studying sciences beyond sixteen. The responses to 

this, according to gender, are shown in figure 5.9.

Perception of How Much Girls Are Put Off Sciences

35.00

30.00

25.00

I  20.00 
1
g 15.00
Q_
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0.00

Figure 5.9: The extent to which girls are deterred from taking sciences: by gender

It is clear from this that the majority of girls do not generally perceive themselves as 

having been actively discouraged from taking the sciences. There are also few 

differences in response between the genders. It is of course possible that, as with 

parental effects, the influences are more subtle and not wholly recognised by the girls.

□  Male %
■  Female %1 . Very much

2. A little
3. No strong feelings
4. Not very much
5. Not at all

1 2 3 4 5

Response Number (See Key)
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For example, few teachers would say to a girl that she must not take physics because it 

is not a girl’s subject. However, it is possible that, by giving more time and attention to 

boys in class, the girls are subtly being told that the subject is more masculine. The use 

of examples which are more male orientated will also enhance the perception of physics 

as a masculine subject. The interests and learning orientations of girls do differ and may 

be an important influence on their attitudes to taking sciences at A-level. More research 

on this is needed, as the difference in time given to the different genders may not just 

apply to the sciences, but may be that boys tend to be more demanding of attention 

than girls.

The responses to this same question, according to student grouping are shown in figure

5.10.

Perception of amount girls are discouraged from Sciences : Comparison by 
Groupings

35

N o t a t a llVenj much A kittle No strong feelings Not very much

Figure 5.10: The extent to which girls feel deterred from taking sciences: by grouping

The chart shows there is a tendency for the science students to perceive a greater 

discouragement of girls than for non-science students. This may be due to the simple 

observation by science students that there are far fewer females in their groups, 

particularly in the physical sciences. They may then interpret that as a sign of girls being 

discouraged from taking the subjects. Non-science students are likely to be far less 

aware of the gender imbalance in the physical sciences and therefore less inclined to 

assume active discouragement. As with many other questions in this survey, the
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responses may have been substantially different if biology had been excluded and 

reference made only to the physical sciences.

In summary, it would appear that girls do not perceive themselves as being actively 

deterred from taking the sciences at A-level. Indeed, biology is popular with girls and 

therefore does not have the gender imbalance of the physical sciences. It is possible 

that girls do not recognise some of the subtle cultural and parental influences that may 

deter them from the physical sciences. It appears that overt gender stereotyping by 

teachers is now rare and therefore not a major influence upon girls. Those factors which 

deter the non-science student grouping generally from taking sciences, may be even 

more influential upon girls. In other words, the personality traits of those who avoid the 

sciences, such as preferring to discuss people rather than things, may be a more 

specific character trait of females. This would then serve to perpetuate the long-standing 

gender imbalance which is often assumed to be principally the result of cultural factors.

5.13 Parental Influences

Questions 9 and 18, as well as part of Q.34, addressed the issue of parental influences 

upon choices of A-levels in the sciences. Question 9 asked students to comment on 

how important they felt their parents considered studying science. The responses to this 

question are shown in figure 5.11 overleaf.

Both groupings believed their parents considered studying science of some importance, 

although science students showed greater parental support for this view. The 

responses were sufficiently different to warrant a Chi-squared test to determine whether 

or not parental views may have been an influencing factor on the uptake of the sciences 

at A-level. The null hypothesis H0 was that ‘parental opinions have no influence on A- 

level science uptake’. The alternative hypothesis Hi was that ‘parental opinions have a 

significant influence on A-level science uptake’. Table 5.3 below the graph shows the 

observed values and calculated expected values, along with the calculations for the %2 

value.
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□  Non-Science Students
□  Science Students

O

Figure 5.11: Parental opinions of the importance of studying sciences

Response 1 2 3 4 5 Totals

Non-Sci (Observed) 8 49 26 4 26 113

Science (Observed) 12 42 2 1 5 62

Non-Sci (Expected) 12.91 58.76 18.08 3.23 20.02 113

Science (Expected) 7.09 32.24 9.92 177 ,! 10.98 62

Sum(Obs-Exp)2/ Exp 5.28 4.58 9.79 0.52 5.05 25.21

Table 5.3: Chi-Squared test for parental influences on uptake of sciences

The Chi-Sq (x2) value is thus 25.2. For 4 degrees of freedom, the critical value for the 1 

per cent significance level is 13.3. As the x2 value is much larger than the critical value, 

we may reject the null hypothesis and conclude that parental opinions do influence the 

uptake of sciences at A-level.

Question 18 asked students to use a five point scale to respond to how much their 

parents or guardians would like them to have a career in science. The differences in 

responses were more marked than for question 9. Figure 5.12 shows the responses.
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□  Non-science students

□  Science students

Figure 5.12: Parental desire for the student to have a career in science

A Chi-squared test was performed as for question 9 and the hypotheses were the same. 

The x2 value for this was 42.0, which is substantially above the critical value of 13.3 at 

the 1 per cent significance level. Again there were four degrees of freedom. This is 

therefore an additional indication that parental opinions about the sciences are influential 

on pupils when making their choices. The nature of this parental influence is unknown. 

It may well be a subtle influence such as parental interests, topics discussed in the 

home, and the literature around the house, rather than an overt pressure to take or to 

avoid sciences at A-level. Furthermore, the tendency to take or avoid sciences may 

have some genetic origins, there thus being influences other than conscious ones. The 

degree to which parental opinions influence the subject choice of students is worthy of 

additional research. I shall return to this issue in chapters 7 and 8 of the thesis when 

discussing the second student survey.

5.14 The Importance of Influencing Factors

Question 34 studied the relative importance of the influence of a number of chosen 

factors upon students’ subject choice at A-level. The two groupings were given the list 

of factors shown below. The questionnaire given to non-science students referred to
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their decision not to pursue sciences beyond 16. Because of possible bias in the 

wording of factor (k), it was eliminated from the statistical analysis. The factors thus 

used were:

a interest in the subject

b advice from teachers

c advice from parents

d poor career prospects

e opportunity to participate in the learning

f pay prospects in science

g maths content in science

h teaching methods in science

i difficulty of the subject

i suitability of science for male or female

Students were asked to assign a value between one and five to each of the factors, 

such that:

1 = very important

2 = fairly important

3 = not very important

4 = not important at all

5 = don’t know

A Spearman Rank Test was then performed in order to determine the extent of any 

agreement upon the most important factors influencing students’ decision on whether or 

not to take sciences at A-level. In the statistical analysis, don’t know was assigned a 

value of zero so that it had a neutral effect upon the rank scores. The scores were 

totalled for each response, for both groupings, and the factors assigned a ranking. The 

details are shown in table 5.4.
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Factor Total

Non-Sci.

Total

Science

Rank

Non-Sci

Rank

Science

Rank Diff. 

Sqd. d2

a 154 75 1 1 0

b 290 138 7 5.5 2.25

c 312 151 9 9 0

d 284 129 6 3 9

e 257 126 4 2 4

f 298 146 8 8 0

g 280 144 5 7 4

h 234 132 3 4 1

i 215 138 2 5.5 12.25

j 352 198 10 10 0

Ed2 = 32. 5

Table 5.4: The importance of various influencing factors

The null hypothesis for the test, H0 was ‘there is no correlation between the factors 

affecting science and non-science student’s ranking of factors affecting science uptake'. 

The corresponding hypothesis H, was ‘there is a significant correlation between the 

factors affecting science and non-science student’s uptake of sciences’.

The correlation coefficient r is calculated from:

r = 1 - [ 6 Id 2 I(N3 - N)]

The calculated r value was r = 0. 803. For N = 10 factors, the critical values are 0.648 

at the 5% significance level and 0.794 at the 1% significance level. As the correlation 

coefficient, r, exceeds the critical value, it can be seen that there is a highly significant 

correlation between the factors which influence students in their decision process of 

whether or not to pursue sciences beyond sixteen. This result indicates that those
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factors which deter some students from taking sciences at A-level are the same factors 

which attract others to them.

It is no surprise that interest in the subject was considered the most important factor by 

both groupings. Clearly, the non-science students interpreted the question correctly to 

mean that their lack of interest was a significant factor in their decision not to select 

sciences for A-level. Hence the science students selected sciences primarily because 

they found them interesting to study. The non-science students chose not to take 

sciences primarily because they found them uninteresting. The total score for this factor 

of interest was significantly lower than the next most important factor, and this applied to 

both groupings. This indicates that interest was by far the most influential factor when 

deciding whether or not to take A-level sciences.

For the non-science students, the second most important factor was difficulty of the 

sciences. Despite having achieved high grades in GCSE science, this grouping of 

students still perceived sciences as hard to study. They ranked the mathematical 

content of the sciences as the fifth most important factor in deterring them from A-level. 

These two influences are likely to be linked, as will be discussed in the findings from the 

second student survey about attitudes to physics. For the science students, the 

difficulty of the subject was ranked fifth equal. I am unsure of how this grouping of 

students interpreted this factor as, with hindsight, it is somewhat ambiguous for them if 

they do not have difficulties with the sciences.

Advice from parents was ranked ninth out of ten for both groups, despite the results 

from question 18 which indicated that parental attitudes to sciences had a significant 

effect on A-level uptake. The discrepancy is somewhat puzzling, but it is possible that 

students interpreted this question to mean that their decision regarding the sciences was 

to some extent determined by the wishes of their parents. In the second student survey, 

there is evidence that, although parents may have subtle influences upon them in the 

home which affect their subject choice, most consider that parents leave them to make 

the decision on subjects themselves. Direct advice from parents, which is how students 

presumably interpreted this, is rather different to the more subtle influences referred to 

earlier.
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Advice from teachers was ranked a little higher for both groupings, seventh for non

science students and fifth equal for science students. The difference in ranking for the 

two groupings may possibly be due to students being given positive advice by teachers 

to take the subjects, whereas the non-science students did not receive this positive 

encouragement. This does not imply they were actively dissuaded from taking 

sciences, but merely that they were not positively encouraged. If this was the case, and 

I cannot be certain, then there may be various reasons for the lack of positive 

encouragement. Perhaps students themselves had already made it clear that their 

interests and preferences lay elsewhere or their chosen career intentions made the 

choice of other subjects more suitable.

Another point of interest is the rating of the suitability of science to both genders, which 

was placed tenth by both groupings. Clearly this was not considered an important issue 

when deciding whether or not to take sciences at A-level, although the gender 

imbalance in the physical sciences remains in need of explanation. The perception of 

physics as a male orientated subject is referred to in the second student survey and the 

ranking referred to above may initially seem at odds with that perception. This may be 

due to the differences in perception between the ‘sciences’ and 'physics’. Girls in the 

non-science grouping may have had biology in mind when thinking of sciences and 

would not therefore have rejected science because they perceived it as gender specific. 

In this case, they too would have rated the gender factor of low importance.

Factor (e), the opportunity to participate in the learning process, was ranked fourth for 

the non-science students and second for science students. The relatively high ranking 

of this factor by both groupings indicates a different perception by each of the learning 

process in science. The non-science students have indicated that it was a fairly 

important reason for rejecting sciences at A-level, whereas the science students have 

indicated that it was an important reason for taking sciences. From this it seems that 

non-science students feel that there are few opportunities to participate in the learning 

process. The written answers at the end of the questionnaire referred to this when 

several mentioned the inability to be creative or involved in the learning process. 

Several science students referred to practical work in lessons, and it is possible that the
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science student grouping interpreted the question to be referring specifically to practical 

work, which it was not. This is shown to be an important factor in the second survey.

The teaching methods in the sciences was rated third most important by the non

science students and fourth by the science students. This did not refer to the quality of 

teaching which is rarely given as an important reason for avoiding or taking a subject at 

A-level. This factor referred to the style of lessons and was probably interpreted in a 

way close to that of factor (e), the participation in the learning. The responses to each 

were rather similar.

Factor (d) referred to the career prospects in science and produced a noticeably 

different ranking from the two groupings. Despite the rather leading wording of the 

statement, it would appear that the science students overlooked this and considered the 

career prospects an important factor by ranking it third. The non-science students 

ranked this factor at sixth, therefore considering relatively unimportant. The second 

student survey will confirm these attitudes to the career prospects in science, particularly 

physics, see sections 7.42 and 8.44.

5.141 Summary of the Rank Test

The principal factors in the rank test which have produced substantially different 

rankings are those of difficulty, career prospects, and the opportunity to participate in the 

learning process. The later survey will also refer to the important differences of the two 

groupings in their attitudes to these factors. It will be shown that career intentions are 

important considerations for those who select the sciences, but less so for those who do 

not. This would account for the discrepancy in the ranking for this factor. Furthermore, it 

will be shown that the perception of the learning process and the perception of the 

inability to participate and discuss the subject is a major deterrent to those students who 

do not opt for the physical sciences. I propose that those factors which attract those who 

take the sciences at A-level are the same factors which deter those who do not. This 

would imply a psychological difference between the two groupings. More of this will be 

discussed in chapters eight and nine, see section 9.8.
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5.15 Attitudes to the Scientific Community

Question 24 asked students to comment on how responsible scientists are for the way 

their discoveries are used. The question was intended to identify the degree of trust 

students had for scientists. The small differences in response are shown below.

Perceptions of Scientist's Responsibility : Non-Scientists and Scientists
Compared
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5. Not at all
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Response Number (See Key)

Figure 5.13: Perception of how responsibly scientists behave: breakdown by grouping

Both groupings showed a high level of trust in the responsibility of scientists. The chart 

indicates that the science students show a slightly greater degree of trust in scientists 

than do the non-science students. There still remains some 15 per cent of non-science 

students who have little or no trust in the scientific community, and is a cause for some 

concern. The reasons for this negative attitude are worthy of further research.

The gender differences in the response to this same question are of interest and provide 

yet more evidence of substantial attitude differences between the genders. The 

responses are shown in figure 5.14 below.
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Perception of Scientist's Responsibility : Gender Differences

□  Male% 
■  Fem%
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2. A little
3. No strong feelings
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5. Not at all
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Response Number (See Key)

Figure 5.14: Perception of how responsibly scientists behave: gender breakdown

While both genders do show a high level of trust in scientists, it is clear that male 

students have a distinctly more positive attitude than do female students. While about 

13 per cent of male students showed little or no trust in scientists, over 18 per cent of 

females reacted the same way. It is also interesting to note that a far higher proportion 

of girls than boys had no strong feelings. Some 75 per cent of boys showed a positive 

attitude towards the responsibility of the scientific community, compared with around 60 

per cent of girls. This is consistent with the evidence that girls express greater concern 

and interest in humanitarian issues and that, for the physical sciences at least, there is 

the perception that they are impersonal, Ormerod and Duckworth (1975).

5.16 The Value of Scientific W ork

Question 17 asked students how much they valued the work of the scientific community. 

Figure 5.15 shows that both groupings place a high value on the work done by 

scientists.
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How Much Do You Value the Work of Scientists ?

□  Non-Sci % 
M Science % ^
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No strong feelings Not very much Not at all

Figure 5.15: Value placed on the work of scientists

There is a large measure of agreement, although the science students showed a slightly 

greater appreciation of the work. The question was rather broad and shows little of 

itself. Questions 21, 22, and 23 referred to specific issues such as genetic engineering 

or nuclear power, and medical progress, and the responses were somewhat different. 

These three are shown below.

Figure 5.16: Trust in the scientific community’s comments on nuclear power (Q.21)

□  Non-science students

□  Science Students
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On this more specific question, there is a greater response difference between the two 

groupings, with science students showing a greater degree of trust in scientists’ 

pronouncements. However, it is interesting to note that there is still a significant degree 

of mistrust on this contentious issue, even among science students.

60-.

□ Non-science students
□ Science students

Figure 5.17: Trust in the scientific community’s comments about genetic engineering (Q.22)

For the question on nuclear power, the science students display a higher degree of trust 

in the statements of the scientific community. The response differences are again more 

pronounced on this more controversial issue than for the generalised question.

Question 23 asked about students’ trust in what scientists say about medical advances. 

In this case, there is a high level of trust displayed both groupings, with no significant 

attitudinal differences between them. Figure 5.18 shows the two groupings responses.
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□  Non-science students
□  Science students

Figure 5.18: How much can you rely on what scientists say about medical advances ?

In this case, both groupings have a high degree of agreement in their responses. Both 

show a high degree of trust in medical issues. This is consistent with other research, 

such as Durant, Evans and Thomas (1992), which shows a high level of public support 

for medical research which, as they explain is hardly surprising because of the obvious 

self-interest and the high profile it has in the media.

Question 19 asked students about the extent to which they felt scientists were to blame 

for many of society’s problems. The question was too general compared with the
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specific issues tackled in the previous discussion. Figure 5.19 shows the responses.

Figure 5.19: How much do you blame scientists for problems in our society?

40.0 -

□  Total (Non-Sd) % 
■  Total (Sci)%

1 2 3 4 5
Very much A little No strong feelings Not very much Not at all

The science students would appear to apportion slightly less blame than non-science 

students, although the response differences for the two groupings are hardly significant. 

The mean value for the non-science students is 2.66, whereas for the science students 

it is 2.69.

5.17 Scientists as Comm unicators

Question 29 made the statement that “scientists are good at communicating with the 

general public”, and students were then asked to indicate their agreement or otherwise 

on a simple three-point scale, with the additional option of ‘don’t know’. In retrospect, 

the scale was hardly appropriate and a five point likert scale of agreement would have 

been more suitable. Nevertheless, the responses shown in figure 5.20 below do have 

some points of interest.
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Scientists Are Good Communicators
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Figure 5.20: Are scientists good communicators ?

Firstly, it is worth noting that only about 3 per cent of non-science students agree that 

scientists are good communicators, and only 13 per cent of science students agree. 

This poor rating of scientists, if valid, is of much concern for future prospects of 

improving attitudes towards the sciences. It is, however, worth noting that section 5.18 

below reports findings that very few non-science students ever watch science 

programmes on television, and less than half of science students do so. This does not 

place either grouping in a particularly strong position to pass judgement, unless they 

were discouraged by poor presentation in the past and have therefore not watched any 

more programmes since. It is unclear whether students have considered their science 

teachers as communicators when answering this question, or if they were responding 

merely to media coverage of science. Efforts are being made, such as the media 

fellowships discussed in section 1.72, to improve the communication skills of the 

scientific community, forging better liaison between them and the media.

5.18 Open Ended Questions

All students were asked whether they watched science programmes on television and, if 

so, which ones. Only 45 per cent of science students claimed to watch science 

programmes on television. Tomorrow’s World and nature documentaries were the most
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popular by far. Equinox and Horizon unfortunately received very little support. This small 

survey shows that science programmes in the media receive relatively little support, 

even amongst science students. Only 6 per cent of non-science students claimed to 

watch any science programmes on television, again with nature documentaries being 

the most popular. It is not surprising that nature documentaries receive the greatest 

support, as they lend themselves to dramatic presentation. This is harder to do for a 

programme about particle physics.

Nearly 75 per cent of both groupings had visited a hands-on science museum such as 

the Exploratory in Bristol, Techniquest in Cardiff, or the Science Museum in London. 

Over 95 per cent of all students said they had enjoyed their visit, which indicates the 

value of these centres. They are very useful in arousing interest in science, particularly 

among young people, and help to educate them in a limited number of topic areas. It 

should be noted, however, that the enjoyment of these hands-on centres does not 

necessarily imply that practical work in secondary schools is likely to be equally popular. 

Part of the enjoyment for pupils is the less structured setting, which is not always 

feasible in the school laboratory, especially with a rigid curriculum to work to. 

Furthermore, pupils usually enjoy a trip away during the school day, wherever it may be 

and whatever its purpose. While some lessons may be learned from these centres 

about the presentation and popularising of science, there are limits to how applicable 

they may be to all aspects of the science curriculum.

Question 35 asked students to make written comments on their reasons for choosing or 

not choosing to study sciences at A-level. As previously discussed, interest was by far 

the most common reason given for the decision, irrespective of gender or grouping. 

Hence science students chose sciences because they were interested in them, while 

non-science students rejected them because of a lack of interest. This is consistent with 

the findings of question 34 where students were asked to rank the importance of a 

number of factors. The second most commonly mentioned reason for subject choice 

was career intentions. This has also been noted in other research such as that of DfE 

(1994: p57), loP (1994: p24), and Stables (1996). Some non-science students indicated 

that choosing science subjects would have limited their future options. The perception 

that studying sciences at A-level can lead to a narrow qualification profile and limit
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subsequent career options is an interesting one, especially as science students often felt 

the opposite to be so. The second survey (section 8.44) also addresses this issue.

Some non-science students cited the ability for creativity, compared to a more factual 

subject content of the sciences, as a reason for not pursuing them beyond GCSE. 

Some science students commented that it was the more logical and factual nature of the 

sciences that attracted them. This difference in attitude is pursued in more depth in the 

second student survey, discussed in chapters 7 and 8.

Poor teaching was mentioned by some non-science students as a reason for not 

continuing and some suggested that a question on the quality of teaching should have 

been included in the questionnaire. While acknowledging this may be a factor, it is likely 

that some of the schools would have vetoed the questionnaire if it had contained such 

questions. For this reason, the factor was left to the second survey, where an interview 

method made such questions easier to include.

A few non-science students made ingenuous remarks about the nature of science 

students, calling them ‘bores’, ‘jerks’ and ‘geeks’. Clearly these terms, which were not 

intended to be ones of endearment, indicate some perception of the image of scientists 

as quite different to normal people and may indicate some anti-science sentiments. No 

science students made derogatory remarks about non-science students.

5.19 Critique of Questionnaire

The questionnaire achieved its aim of establishing the principal issues relating to 

science uptake which needed to be investigated through the second and principal 

student survey. However, a number of criticisms are worth mentioning. Rather too 

many questions on attitudes to science and its image were included between questions 

17 and 33. As indicated by Oppenheim (1992: p147), “attitudinal questions are more 

sensitive than factual questions to changes in wording ...”. He therefore advises against 

checking reliability by asking a question in different forms. Question 34, designed to 

establish the principal factors influencing A-level science uptake should have been

131



placed before this section of attitudinal questions. The open-ended question (35) may 

have been influenced by responses to previous closed questions in the questionnaire, a 

point noted by Cohen and Manion (1989, p110). As the responses produced very little 

new information beyond the closed questions, it was probably redundant. The scale for 

questions 17 to 27 could have some ambiguity, with “2 = a little” and “4 = not very 

much”, the terms being similar. However, the spread of responses seemed to indicate 

that the scale had been interpreted as a simple five point attitudinal scale.

5.20 Summary

This first student survey has shown that it is not advisable to discuss attitudes to the 

sciences in general without noting the different responses for the separate sciences. 

Biology is notably more popular than either of the physical sciences, and physics is the 

least popular of all three sciences. Surveys which question student attitudes to sciences 

in general will suffer from the problem that relatively positive attitudes to biology mask 

the more negative attitudes to physics. Interest and enjoyment are the greatest 

influence on student choice of A-level subjects, with career intentions also being 

influential. The perception that the physical sciences are hard subjects is another 

important deterrent. However, the gender imbalance of the physical sciences is not 

simply the result of males dissuading girls.

The move to balanced science seems to have done little or nothing to alter the uptake of 

each of the separate sciences. Research into attitudes therefore needs to consider the 

sciences separately. Those aspects of physics, the subject with the most negative 

image, which determine a student’s interest or otherwise needed further investigation. 

This was then addressed in the second student survey. Much of the evidence from this 

survey indicates that students have different thinking orientations and are, to some 

degree pre-disposed either to sciences, or to arts and humanities. Such preferences 

appear to have greater influence on student choices than the curricular content or its 

delivery. However, chapters 7 and 8 will show that physics has particular curricular 

issues which need addressing.

The questionnaire used in the first survey is inciuded overleaf
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S tu d e n t A tt itu d e s  to  S tu d y in g  S cience B eyond G CSE

Please N o te : Your answers w ill be treated in strict confidence

Name : ...............................................................................

Age ....................... years.....................months Year group..................

Sex : Male □ Female □ Please mark the appropriate box

School/College/Universitv: ......................................................................................

* * * * * * * * * * * * * * * * * * * * * * * * * * *

1. Do you regularly watch science programmes on TV ? yes □ no □

2. If you answered yes to Q. 1, which ones do you watch :

3. Have you visited the Science Museum or other ‘Hands On’ exhibitions such as 
The Exploratory’ in Bristol or Techniquest in Cardiff. : yes □ no □

4. If you chose yes to question 3, did you enjoy your v isit: yes □ no □

5. Which science(s) did you study for GCSE and what grade(s) did you get ?
science srade(s)

(a) dual award co-ordinated science □ .................
(b) single award co-ordinated science □ .................
(c) integrated science □ .................
(d) physics □ .................
(e) chemistry □ ----- ----- -
(f) biology □
(g) others : please specify .....................................  .................

6. How well do you think your science course at GCSE prepared you for choosing 
A-levels in sciences, if  you had wanted ?

very well □ adequately 0  not very well □ very poorly □
7. Which subjects are you now studying, and at what level ?

subject level

AD ASD GNVQD
AD ASD GNVQ □
AD ASD GNVQD
AD ASD GNVQD
AD ASD GNVQD
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8 . How important do you think some knowledge of science is for your own everyday life ?

(a) very important □ 1
(b) fairly important □ 2
(c) not very important □ 3
(d) not important at all □ 4

9. What do your parents/guardians think about the importance o f studying science ?

(a) very important □ 1
(b) fairly important □ 2
(c) not very important □ 3
(d) not important at all □ 4
(e) don’t know □ 5

10. For the subjects, listed below, which you may have studied at GCSE, indicate how 
easy or difficult you found each :
1 = very easy 2 = quite easy 3 = able to cope 4 = difficult 5 = very difficult.

1 2 3 4 5
(a) Mathematics ............................. □ □ □ □ □
(b) English Language ..................... O □ □ □ □
(c) French ...................................... □ □ □ □ □
(d) German .................................... □ □ □ □ □
(e) Other Languages ...................... □ □ □ □ □
(f) Physics ...................................... □ □ □ □ □
(g) Chemistry ................................. □ □ □ □ □
(h) Biology .................................... □ □ □ □ □
(i) Co-ordinated or Integrated Science □ □ □ □ □
(j) History ..................................... □ □ □ □ □
(k) Geography ................................ □ □ □ □ □
(1) Art ........................................... □ □ □ □ □
(m) Craft/Design/Technology □ □ □ □ □

11. How much did your interest in sciences change through secondary school ?

(a) Never found them interesting □ 1
(b) Became less interested with age □ 2
(c) Interest stayed steady throughout □ 3
(d) Interest increased with age □ 4
(e) Always found them interesting □ 5

12. Please give some details o f what affected your interest in sciences, questioned above.
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13. How much did your science teachers want you to continue studying sciences beyond 16 ?

(a) A lot □ 1
(b) A little □ 2
(c) No feelings either way □ 3
(d) Advised me not to □ 4
(e) Don’t know □ 5

14. How important do you think scientific research is to improving our living standards?

(a) very important □ 1
(b) fairly important □ 2
(c) not very important □ 3
(d) not important at all □ 4

For the following questions, use the scale outlined below :
1 = very much 2 = a little 3 = no strong feelings 4 = not very much 5 = not at all

15. How much did you enjoy studying each of the following science subject areas ?

subject
1 2 3 4 5

(a) Physics □ □ □ □ □
(b) Chemistry □ □ □ □ □
(c) Biology □ □ □ □ □
(d) Mathematics □ □ P □ □

How much would you like to have a career in a science based subject ?

1. □ 2. □ 3. □ 4. □ 5. □

How much do you value the work o f scientists in tackling today’s problems

1. □ 2. □ 3. □ 4. □ 5. □

18. How much would your parents/guardians like you to have a career in science ?

1. □ 2. □ 3. □ 4. □ 5. □

19. How much do you blame scientists for some o f the problems in our society ?

1. □ 2. □ 3. □ 4. □ 5. □
20. How much do you feel others discourage girls from studying sciences beyond 16 ?

1. □ 2. □ 3. □ 4. □ 5. □

21. How much do you feel you can rely upon what scientists say about nuclear power ?

1. □ 2. □ 3. □ 4. □ 5. □
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22. How much do you feel you can rely upon what scientists say about genetic engineering ?

1. □ 2. □ 3. □ 4. □ 5. □

23. How much do you feel you can rely upon what scientists say about medical advances ?

1. □ 2. □ 3. □ 4. □ 5. □

24. How responsible do you think scientists feel for the way their discoveries are used ?

1. p  2. □ 3. □ 4. 0  5. □

25. How seriously do you think scientists consider unconventional ideas like the paranormal ?

1. □ 2. □ 3. □ 4. □ 5. □

26. Do you think scientists should do more research into paranormal phenomena ?

1. □ 2. □ 3. □ 4. □ 5. □

27. How much do you feel that the public appreciate the work of scientists ?

l .Q  2. □ 3. □ 4. □ 5. □

In the following questions, say to what extent you agree or disagree with the 
statements given. Use the scale given below :
1 = agree 2 = no strong feelings 3 = disagree 4 = don’t know

28. Girls are just as well suited to studying science as boys.

1. □ 2. □ 3. □ 4. □

29. Scientists are good at communicating with the general public.

1. □ 2. □ 3. □ 4. □

30. Scientists should not be allowed to carry out tests on animals.

1 . 0  2. □ 3. □ 4. □

31. Studying science is important to our technological development in Britain.

1. □ 2. □ 3. □ 4. □

32. Science subjects are harder to pass with good grades than other subjects.

1. □ 2. □ 3. □ 4. □
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33. Scientific developments have improved our health and living standards.

1. □ 2. □ 3. 0  4. □

34. How important were the factors below in deciding not to pursue science beyond 16.
Mark the appropriate box, labelled 1 to 5. 1 = very important 2 = fairly
important 3 = not very important 4 = not important at all 5 = don’ t k

factor
1 2 3 4 5

(a) interest in the subject ........................... □ □ □ □ □
(b) advice from teachers ........................... □ □ □ □ □
(c) advice from parents ........................... □ □ □ □ □
(d) poor career prospects .......................... □ D □ □ □
(e) opportunity to participate in the learning □ □ □ □ □
(f) pay prospects in science ......................... □ □ 0 □ □
(g) maths content in science ........................ □ □ □ □ □
(h) teaching methods in science .................. □ □ □ □ □
(i) difficulty of the subject ......................... □ □ □ □ □
(j) suitability of science for male or female □ □ □ 0 □
(k) disapproval o f the way science operates □ □ □ □ □
(1) other factors (please specify in the space overleaf)

35. In your own words, please give your reasons for choosing not to study any science 
beyond GCSE. Say what it is you prefer about studying other subjects.

36. Why do you think fewer girls pursue sciences beyond 16, compared with boys ?
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Please make any comments you wish below or mention any questions you feel would 
have been relevant if  they had been asked..

T hank  y o u  for you r h e lp  and co -o p era tio n .



Chapter 6

6.1 Introduction

The first survey emphasised that attitudes to physics are the most negative of the three 

main sciences. For this reason it was decided that the main survey should investigate 

the reasons for the relatively low uptake of physics. I suspected that many factors would 

be influential upon student choice. Choosing a research technique must acknowledge 

that, as explained by Oppenheim (1992, p.26), the phenomenon is not monocausal, but 

the result of many mutually influencing factors, forming what he terms “a network of 

interrelated determinants”. I wished to establish which factors students considered most 

influential upon them in deciding whether or not to take physics, and also to determine 

whether the stereotypical images of physics and scientists were likely to be influential.

Various research techniques were considered to investigate this issue, such as:

• action research involving interventionist methods

• a questionnaire survey to a large sample of sixth form students

• individual structured interviews with a smaller student sample

• a combination of semi-structured interviews and questionnaires

Action research seemed inappropriate in this instance, for a number of reasons. Cohen 

and Manion (1989, p217) define action research as “small-scale intervention ... and a 

close examination of the effects of such intervention”, and say that it is used to tackle a 

specific problem in a specific situation. They also suggest (p224) that it tends to be a 

co-operative process involving most of the teachers in a school. However, the problem

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

_____________
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of physics uptake is not confined to a specific location, but is widespread throughout the 

country. Furthermore, the influencing factors are likely to be numerous and therefore 

not specific. Oppenheim (1992, p29) refers to similar problems of establishing causal 

relationships by experimental means when he says that:

“we cannot legitimately attribute all the before-and-after differences to the effects 

of the experimental variable we are investigating until we are sure that, without it, 

such changes would not have occurred or would have been smaller or different.”

Another reason for the inappropriateness of intervention as a research strategy was the 

time scale of the study, which determined this phase could take only about one year. In 

order to see the effects of any intervention upon the uptake of physics at A-level, one 

would need to undertake a longitudinal study over a protracted period of several years, 

as was attempted by the Girls into Science and Technology (GIST) project between 

1979 and 1984. I shall return to a discussion of this and other intervention projects in 

chapter 9. Oppenheim (1992, p33) suggests that longitudinal designs can be “weaker 

in terms of causal attribution” and would not therefore have a significant advantage over 

methods used. Another difficulty facing any project involving intervention would be 

obtaining the agreement of school heads and staff. While a major government or 

research council project may be able to engage schools, a single doctoral student would 

be unable to obtain a sample of schools willing to allow their curricula to be manipulated. 

Hence the difficulty of gaining access, the inability to undertake a longitudinal study, and 

the broad nature of the problem rendered an interventionist action research project 

unsuitable for tackling the issue at this stage.

A questionnaire survey was next considered as a means of determining the factors 

influencing physics uptake. One important disadvantage of this technique is the 

difficulty of questioning students about the quality of physics teaching. Schools expect 

to scrutinise questionnaires and many would dislike questions which may allow students 

to criticise staff in writing. However, schools seemed happy to allow interviews to go 

ahead while knowing only the broad outline of questions to be asked. This allowed me 

the freedom to tactfully ask questions about the quality of teaching, while assuring the 

students of complete confidentiality. Another important consideration in deciding
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against solely using questionnaires was the difficulty in following up issues relating to 

concepts in physics which students found most difficult. Moreover, as noted by 

Oppenheim (1992, p102), questionnaires offer “no opportunity to correct

misunderstandings, to probe, or to offer explanations or help, ... or assessments based 

on observation”. As it was my intention to probe into the reasons why students found 

physics interesting, or otherwise, a questionnaire approach alone was inappropriate.

For the reasons given above, interviews seemed the most useful research technique to 

tackle the issue. They allowed for probing into the reasons why interest and enjoyment 

are given as the greatest influence upon subject choice. The terms interest and 

enjoyment are broad ones which include many influencing factors. Furthermore, 

interviews did provide a discreet opportunity to ask questions about the quality of 

physics teaching. Interviews, as Oppenheim (1992, p82) explains are more costly in 

terms of time and travel expenses, and as the only interviewer, this placed a limitation 

on the number of interviews possible. I estimated that about 100 interviews would be 

achievable, and that to supplement the students’ comments, some brief attitudinal 

sheets could be administered as well. These were included in order to obtain data on 

stereotypical images of physics as a subject and to test the hypothesis that stereotypical 

images of physics or arts/humanities students may exist and therefore be influential 

upon them. In addition, attitudes to career opportunities could also be compared. 

Hence, although interviews formed the principal research technique, some short 

questionnaires were also used to produce a combined research technique.

6.2 The Sample

The students chosen were, as in the first survey, what Cohen and Manion (1989, p103) 

term a purposive sample of the most able students in the lower sixth form (year 12). 

Choice of this age group allowed students to have had some experience of A-level 

without too much time having elapsed since the decision about which A-levels to take 

took place. As before, schools were asked to select some who were doing physics at A- 

level and others who were not doing any of the sciences. In both groupings, I requested 

that the students had achieved a grade B or better at GCSE sciences so that they would 

have been able to choose A-level physics if they had so desired. There is little purpose
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in investigating the reasons for not taking physics of those students who would have 

been unable to, on the grounds of ability or exam results. I also requested a reasonable 

gender division where possible. Most schools met the demands well, although many 

found it difficult to provide an adequate number of female physics students. This 

reflects the national picture for the marked gender imbalance of students taking physics. 

In a few cases, the ‘non-scientists’ selected by the school were doing chemistry or 

biology. After travelling to the school and staff having made arrangements, it was not 

practical to reject such students from the sample. As attitudes to biology have been 

shown to be substantially different to physics, I did not feel the inclusion of a few would 

be detrimental to the findings. However, the overwhelming majority of non-physics 

students were doing no science at all. Throughout, for reasons of brevity, I have 

referred to non-physics students as arts students. A breakdown of the final sample is 

tabulated below.

Physics Arts Total

Male 36 28 64

Female 15 32 47

Total 51 60 111

Table 6.1 : Sample for the second student survey

The gender imbalance in physics is clear from the table and, in most cases, schools 

provided all the female physics students they could. This often amounted to only one 

and sometimes none at all.

A few pilot interviews, including use of the questionnaire sheets, were carried out using 

some sixth form pupils living locally and who were thus readily accessible. A few minor 

alterations were made to the questionnaire sheets and changes made to the principal 

questions to be asked at the interview stage. The changes made in the questionnaire 

sheets were small and some further amendment in the second subject image sheet had 

to be undertaken after the first few interviews. I now believe that the piloting of the 

questionnaires needed more cases in order to reveal the inadequacies in this second 

subject image sheet. The principal change in the second subject sheet was to include 

more questions which indicated attitudes relating to factual subjects or subjective ones.
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The types of school taking part in the survey included both comprehensives, grant 

maintained, and independent schools. I also elected to visit schools in different parts of 

the country in order to provide a geographical spread of responses. I believed it was 

unlikely there would be any significant response differences on a geographical basis, 

but wished to check the assumption was justified. I therefore carried out interviews in 

schools which can be broadly divided into north and south. No schools in Scotland were 

visited as the system of education post 16 is rather different. A breakdown of the 

sample according to type of school is given in table 6.2 below. Geographical 

breakdowns of the sample are given in the appendices

School Type No. in Category Male Female Total

Grant Maintained (Comp) 3 15 22 37

Grant Maintained (Selective) 2 9 7 16

LEA Comprehensive 5 21 13 34

Independent 3 19 6 25

Table 6.2: Breakdown of school type for the second survey

Gaining access to schools can be fraught with difficulty, as noted by Oppenheim (1992), 

and in most cases I chose schools where I had some link or contact, however tenuous, 

from my previous teaching experience. Sometimes this was through a former colleague 

who had moved to the school. One contact was even a former student, now teaching. 

In other cases contacts through research, friends or relatives helped me to gain access 

to schools by acting as intermediaries. Once initial contact had been made and the 

purpose of the research explained, details of the required sample were explained. Most 

schools arranged a timetable of interviews for the day such that students’ lessons were 

not interrupted. As free periods were being used, this varied the length of interview time 

available from school to school, according to the length of teaching periods.
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6.3 Structure of Interviews

The structure of the interviews was similar throughout and began with an introduction, a 

brief explanation of the aim of the research and assurances that confidentiality would be 

maintained, with no individual’s comments being passed on to the school. Each 

interview lasted between thirty and forty-five minutes, depending on the time allocated 

by the school. Both the interview and the questionnaire sheets had to be completed 

during this time. This meant that short periods give little freedom to follow up in depth 

some points with interesting cases. For a few interviews the time was too short, 

whereas for others it was more than enough. In addition, the responsiveness of the 

students varied. It did not always happen that the more forthcoming students coincided 

with the longest interview time. Notes were taken during the interview, using a pro

forma with the principal questions printed and space left for notes. A list of the principal 

questions on this pro-forma can be found in Appendix A14. After the first few 

interviews, I decided to tape all future interviews in addition to note taking. This 

released more time for discussion in the interview sessions and enabled future 

reference to be made to the discussion material. All students were given the 

opportunity to decline being taped, although only one student wished not to be.

The interviews began by noting the subjects being taken by the student at A-level and 

also the GCSE grades obtained in the sciences. In virtually all cases students had 

taken a Dual Award combined or co-ordinated science programme and thus had a 

double grade, usually AA or BB. A small number of students, in independent schools 

had taken all three sciences separately.

Following the initial basic questions, students were asked to say which were the 

principal factors which influenced them to either take physics, or not take it. This 

enabled students to begin thinking about the reasons for their subject choices. After 

some brief discussion, each student was given the questionnaires (or image tables) to 

complete, The first two were attitudinal scales similar to those which Osgood (1962, 

p714) describes as “semantic differentials”. These sheets, shown below, were used to 

assess the images which students had of the respective groupings, as well as the 

subject.
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What is your image of a typical physics student?

Use the following grid to indicate your attitudes. Note that 3 is for neutral feelings.

Neutral
1 2 3 4 5

Unintelligent Intelligent
Sociable Unsociable
Adaptable Narrow minded
Interesting Boring
Caring Uncaring
Modest Conceited
Usually female Usually male
Lazy Hard working
Responsible Irresponsible
Important to society Unimportant to society
Gets a well paid career Gets a poorly paid career
Gets an interesting / 
challenging career

Gets a mundane job

Wide range o f interests Limited range of interests
Irrational thinker Logical thinker
Non-mathematical Mathematical
Likes to discuss views Wants facts only

What is your image of a typical arts / humanities student?

Neutral
1 2 3 4 5

Unintelligent Intelligent
Sociable Unsociable
Adaptable Narrow minded
Interesting Boring
Caring Uncaring
Modest Conceited
Usually female Usually male
Lazy Hard working
Responsible Irresponsible
Important to society Unimportant to society
Gets a well paid career Gets a poorly paid career
Gets an interesting /  
challenging career

Gets a mundane job

Wide range of interests Limited range of interests
Irrational thinker Logical thinker
Non-mathematical Mathematical
Likes to discuss views Wants facts only
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The second sheet, shown below and of similar design, asked for their image of physics 

as a subject, rather than the image of students.

What is your image of physics as a subject?

Use the following grid to indicate your attitudes. Note that 3 is for neutral feelings.

Neutral
1 2 3 4 5

Interesting Boring
Important to society Unimportant to society
Practical Theoretical
N  on-mathematical Mathematical
Has a ‘human face’ Inhuman or cold
A feminine subject A masculine subject
Open to opinions Concerned with ‘facts’
Acts responsibly for the 
impact of discoveries

Irresponsible attitude to 
the impact o f discoveries

Open minded Narrow minded
Principles easy to grasp Principles hard to grasp
Leads to wide variety of 
job opportunities

Limits job opportunities 
to a scientific career

Easier to pass than the 
arts or humanities

Harder to pass than the 
arts or humanities

Can be taken with a 
wide variety of subjects

Needs to be taken with a 
limited range of subjects

Caring Uncaring
Has many concepts easy 
to visualise

Many abstract concepts, 
hard to visualise

Students were asked to tick boxes on five point, bipolar, attitudinal scales for various 

personal and intellectual qualities, for the first sheet, and about images of the subject for 

the second. The sheets are essentially semantic differential scales. Oppenheim (1992, 

p236) describes Osgood’s semantic differential as rating scales that are bipolar. Their 

use in obtaining perceptions (p237) made it a suitable research tool for my investigation. 

He says that:

“if we are willing to average sets of ratings given by groups of respondents, 

then we can compare the results produced by different groups for the 

concept or object”. Oppenheim (1992, p237)
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The scales are designed to be symmetrical about 3 with the two extremes referring to 

opposite poles of a personal quality or subject perception. It was explained that each 

tick should be placed to indicate the degree of deviation from the middle, referred to as 

the neutral position. I also explained that the student may feel that a particular quality 

simply does not apply because roughly equal numbers of each ‘pole’ could be expected. 

In that situation, they were expected to mark 3. All students were asked to complete 

both sections of the first sheet and were therefore commenting on their own grouping, 

as well as the opposite grouping.

Items on the first image sheet were chosen to provide information on the perception that 

each grouping had of itself and its opposite grouping. The items were selected to 

determine whether arts students had a stereotypical image of a science student, and 

vice versa; hence the inclusion of items on personality, such as intelligence, sociability, 

interesting, caring, responsibility, diligence, and modesty. Impressions of career 

pathways were tested by the items of career pay, nature of its challenges, and 

responsibility of the career. Cognitive styles were studied by items on logical thinkers, 

mathematical inclination, range of interests, and discussion of views or fact seeking.

The items were somewhat randomized so that positive qualities were not always on the 

same end of the scale. This was to avoid what Oppenheim (1992, p231) refers to as a 

“halo effect”, whereby if a respondent who has generally positive feelings will tend to 

concentrate responses on one side of the neutral position, without giving adequate 

thought to the alternative.

In a very few number of cases, students occasionally placed a tick on the line dividing 

two numerical categories. In such cases, for the purposes of the statistical analysis, I 

chose to assign the value of the number furthest from the neutral position (that of 3). 

For example, a tick on the line between 1 and 2 was counted as a 1, and a tick on the 

line between 3 and 4 was counted as a 4. Most students kept their ticks within the 

boxes, but where the tail was allowed to stray across several boxes, the box containing 

the start of the tick was assumed to be the intended value.

147



The subject image sheet was another semantic differential scale intended to compare 

the perception of physics for each of the groupings. Basic items such as 

interesting/boring, mathematical, and practical were expected to give similar responses. 

The way in which the perception of physics related to the cognitive style of the student 

was investigated by these items, as well as the items open minded, open to opinions /  

factual, caring, and human face /  cold. The perception of difficulty was addressed 

through the three items principles easy/hard, easier/ harder than humanities, and 

concepts easy/ difficult to visualise. Perceptions of career opportunities were 

specifically included, as was the view that physics is not a ‘stand-alone’ subject. Some 

general image items, such as feminine/masculine and importance to society were also 

included.

A third sheet with a 1 to 5 likert scale was then issued. It was what Oppenheim (1992, 

p242) describes as an inventory and was used to support the first subject image sheet. 

The sheet consists of a set of statements about physics, all worded positively, with 

which students can either agree or disagree to varying extents. Students were also 

asked to comment on the difficulty of the three sciences.

Similar issues were addressed: the factual nature of physics, the perception of difficulty, 

career opportunities, relation to cognitive styles, and relation of physics to other 

subjects. In addition, extra statements relating to gender specific attitudes were 

included. All statements were deliberately worded in the positive, with the five-point 

likert scale set at the top. I felt that a mixture of positive and negative wording could 

have caused confusion, with resultant error in the box ticked. Furthermore, I did not 

wish to compound the negative image which I have already shown physics carries, by 

including statements of a negative attitude. I believed there to be more potential for 

bias to be introduced during the selection of which statements to make positive and 

which to make negative. A uniform selection of positively worded statements was 

therefore chosen, which had the advantage of simplicity to complete.

The sheet is shown below.
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1 = strongly agree 2 = agree 3 = no strong feelings 4 = disagree 5 = strongly disagree

1 2 3 4 5
a) Physics is no harder to understand than most non-science subjects □ □ □ □ □

b) In physics answers are open to debate and not just right or wrong □ □ □ □ □

c) The mathematical content in physics makes it easier □ □ □ □ □

d) Physics is very relevant to many issues of human interest □ □ □ □ □

e) I enjoy learning how things work and understanding the physical world
□

□ □ □ □

f) There is less to learn in physics than for most non-science subjects □ □ □ □ □

g) Physics gives as wide a variety of careers as non-science subjects □ □ □ □ □

h) A person studying physics does not need to be good at maths as well □ □ □ □ □

i) It is not important that fewer girls study physics than boys □ □ □ □ □

j) Physics is a subject that relates well to many other subjects □ □ □ □ □

k) Learning and applying formulae in physics does not make it difficult □ □ □ □ □

1) Physics is important to industry and the economy of the nation □ □ □ □ □

m) A person of culture is just as likely to be a scientist as one well read 
in the arts or literature □ □ □ □ □

n) It is easy to discuss physics without having learned too much of it □ □ □ □ □

o) A career using physics is just as appealing to girls as to boys □ □ □ □ □

p) Taking physics can lead to many well-paid careers □ □ □ □ □

q) It is no more difficult to understand physics concepts than ideas in 
non-science subjects □ □ □ □ □

r) I prefer subjects with clear cut answers which need no discussion □ □ □ □ □

s) Please indicate how difficult you think each of the sciences are by giving a mark from 1 to 5, 
where 1 = very easy, 2 = fairly easy, 3 = average, 4 = fairly difficult and 5 = very difficult

Physics ...................  Chemistry   Biology...........................
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After administering these sheets, a few points arising from them were discussed. Time 

did not allow a full analysis and discussion of the sheets at the time. A check was made 

to see that the student had not marked wholly inconsistent replies. For example, if a 

student ticked 1 (can be taken with a wide variety of subject) on the first subject sheet, 

but disagreed with statement (j) from the second sheet, saying that physics relates well 

to many other subjects, he or she would be asked to elaborate. Also, any students 

indicating that they saw most physics students as female would be questioned. This 

was such an unusual response that it could indicate the student had failed to 

understand how to answer the question sheet. On the few occasions where this 

occurred, the student had usually made a simple error.

A number of semi-structured interview questions were next put to the respondents. 

Oppenheim (1992, p122) discuss the difficulties of formulating questions in order to 

elicit valid responses, with the minimum of bias. He says that, as we unfortunately 

cannot gain responses without asking questions, we must standardize our questioning 

in order to minimize bias. As interest is an important factor in subject choice, students 

were firstly asked to specify what made physics interesting, or otherwise, to them. Their 

responses often referred to factors such as the factual nature of the subject, difficulty, 

and career opportunities. Each point was discussed further when mentioned by the 

student, or was asked if the student had not raised the issue. As most students had 

perceived physics students as strongly logical thinkers, I then questioned them about 

their understanding of the term logical. An important aspect of the research was the 

interpretive element which sought to disclose the meanings of some key words used by 

students to explain their perceptions. In discussing the perception of difficulty, the 

student was asked to suggest specific topic areas seen as particularly difficult and 

aspects of the subject which are a deterrent to those who have not taken it, or attracted 

those who have. Students were also asked to comment on the quality of teaching they 

received in physics. Career prospects and choices were discussed and parental 

occupations asked about, in order to see if these influenced student choices. Although 

interviews were taped, some brief notes about responses were recorded on the pre

prepared sheet.
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I intended all interviews to be individual, with no group interviews planned as there can 

be a tendency for certain characters to dominate the forum and mask the possibly more 

representative views of quieter participants.

Unfortunately, three of the interview situations turned out to be group ones. One of the 

schools in the North arranged for me to meet the entire lower sixth physics group for 

about an hour. Having travelled and not wishing to cause offence, I undertook a group 

interview for a period, before allowing the majority to go, leaving four students for more 

detailed discussion. A smaller group of non-science students had been arranged for the 

afternoon. These interviews were less fruitful than individual ones as it is more difficult 

for the interviewer to obtain a balanced perception of the opinions of all students within 

the group. There is an understandable tendency to assume the opinions spoken are 

those of the entire group. The interview with the group of physics students was in a 

flimsy partitioned classroom and noise from an adjacent class thwarted my recording. 

Fortunately, notes were taken to supplement the recordings and some useful comments 

and data were obtained.

6.4 Analysis of the Data

Two types of data have been obtained; questionnaire sheets and discussion material. 

The data from the former have been analysed statistically to compare differences in the 

responses from the two groupings. Data from the questionnaire sheet about the image 

of physics were also analysed to look for any differences according to gender or 

geographical region. Data from the interviews underwent coding later.

Cohen and Manion (1989,p323) describe how interview data can be post-coded by 

subjecting it to content analysis: a scoring procedure such as ‘response counting’. From 

an initial listening to the taped interviews, categories of responses were established for 

each grouping of student, and the responses coded accordingly. The number of 

responses for each category were then recorded.

For arts students, these categories included:
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•  difficulty of concepts

• preference for essay questions / ability to ‘discuss’

•  dislike of right / wrong nature of subject

• dislike of maths or mathematical difficulty

• career intentions known - physics unsuitable

• limiting of career choices

• dislike of formulae

• quantity of factual knowledge to be learned

• hard to get good grades

• subject inhuman or not personally relevant

• poor teaching

• terminology hard / sequential steps

• advice of teacher

The physics students’ responses were similarly categorized as follows:

• preference for subjects which are right / wrong

• dislike of essay writing

• career intentions

• interest / enjoyment in explaining natural phenomena

• subject found easy

• liking for mathematics

• teacher influence / good teaching

• practical work

• keeping university / career options open

• ability to get 100 %

• dislike of reading
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Summary

In order to investigate in greater depth the factors which made physics interesting and 

attractive to some, and not to others, I decided to use an interview method 

supplemented with some brief questionnaire sheets. The questions were designed to 

tackle the principal areas indicated by the first survey, namely the image of physics, its 

difficulty, career opportunities, and gender issues. The quality of teaching was also 

addressed through the interviews.

Analysis of the responses to the questionnaire sheets is discussed in chapter 7. The 

discussion stages of the interview are analysed in chapter 8 and categories of factors 

established so as to identify the principal influences on students. These categories of 

comments are used to supplement some of the conclusions found from the 

questionnaire sheets. The discussion responses also provide deeper insight into some 

of the factors which influence interest in a subject. Through a combination of the two 

types of data sources it is intended to establish the underlying factors influencing 

students in their decision whether or not to pursue physics at A-level.
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Chapter 7

7.1 Introduction

This chapter analyses and discusses the students’ responses from the questionnaire 

sheets issued and shows that both physics students and arts students hold strongly 

stereotypical images of themselves and those in the opposite grouping. Physics 

students are perceived as more polarised in their personality traits compared with arts 

students. I will show that this trend is the same for both groupings. The chapter also 

shows that, although the image of physics as a subject is the same for both groupings, 

attitudes towards it are markedly different, especially for career perceptions.

7.2 Images of Physics and Arts/Hum anities Students

Students of each grouping were given the image tables shown in Chapter 6, during the 

interview session. The first of these asked students to comment on their image of a 

physics student and their image of an arts/humanities student (hereafter referred to as 

arts students). It soon became apparent, on collecting the sheets, that the ticks in the 

section about the physics student were noticeably more scattered than those for the arts 

student. The latter were generally more centrally placed, with one or two common 

exceptions. The pattern was the same whether the sheet had been completed by a 

physics student or by an arts student. Table 7.1 below is an example of typical 

responses to the image tables completed by all students. It shows the typical 

polarisation of responses regarding physics students and more centralised responses 

about arts students, from either grouping.
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What is your Image of a typical Physics Student

1 2 3 4 5
Unintelligent V Intelligent
Sociable ✓ Unsociable
Adaptable ✓ Narrow minded
Interesting ✓ Boring
Caring ✓ Uncaring
Modest Conceited
Usually female V Usually male
Lazy s Hard working
Responsible ✓ Irresponsible
Important to society v ' Unimportant
Gets well paid career ✓ Gets poorly paid
Gets interesting career Gets mundane job
W ide range interests ■J Limited interests
Irrational thinker s Logical thinker
Non-mathematical ✓ Mathematical
Likes to discuss Wants facts only

What is your image of a typical Arts/Humanities Student

1 2 3 4 5
Unintelligent Intelligent
Sociable ✓ Unsociable
Adaptable V Narrow minded
Interesting s Boring
Caring Uncaring
Modest Conceited
Usually female ✓ Usually male
Lazy Hard working
Responsible ✓ Irresponsible
Important to society ■/ Unimportant
Gets well paid career ✓ Gets poorly paid
Gets interesting career Gets mundane job
W ide range interests ✓ Limited interests
Irrational thinker ✓ Logical thinker
Non-mathematical -/ Mathematical
Likes to discuss ✓ Wants facts only

Table 7.1: Typical responses to the image table questionnaires

The total responses for both groupings are given in tables 7.2 and 7.3 and show the 

image of each type of student given by both a physics student and an arts student. The 

mean for each category has been calculated as well as the standard deviation (S.D.). I 

will return to an analysis of these quantities at a later stage. The column next to the
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standard deviation contains values equal to three subtracted from each value of the 

mean. The purpose of doing this was to establish a measure of how scattered (or 

polarised) was each of the values about the central position. This central value of three 

is referred to as the neutral position. The absolute values of these (mean-3) values, 

which I have called the polarisation, were then calculated and totalled, in order to obtain 

a measure of the scatter about the neutral position of the responses to all 16 qualities. 

This process was performed for each of the four categories of student response, which 

were:

Image of physics student by physics students 

Image of arts student by physics students

Image of physics student by arts students 

Image of arts student by arts students.

It is clear from the data tables on the next pages, that the total polarisation for comments 

about physics students is far higher than that for arts students, for both types of student 

responding. In the case of the physics student, their image of their own qualities has a 

polarisation sum of 12.0, while the value for their image of the arts student is only 9.14, 

giving a difference of 2.66. This polarisation figure of 9.14 for the image of arts students 

is therefore substantially lower than for the image of themselves. The responses from 

the arts students are similar in nature, but not in magnitude, with a polarisation sum of

11.03 for the physics students and 9.63 for the arts student, giving a difference of 1.4. 

This is about half the difference produced by physics students.
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Image of Physics Student: By Physics Student

1 2 3 4 5 Mean S.D. Pol.
Unintelligent 0 1 1 28 21 Intelligent 4.35 0.62 1.35
Sociable 1 9 28 11 2 Unsociable 3.08 0.79 0.08
Adaptable 8 20 14 8 1 Narrow minded 2.49 1.00 0.51
Interesting 2 16 22 10 1 Boring 2.84 0.85 0.16
Caring 0 5 38 8 0 Uncaring 3.06 0.50 0.06
Modest 1 9 34 6 1 Conceited 2.94 0.67 0.06
Usually female 0 0 5 17 29 Usually male 4.47 0.67 1.47
Lazy 0 7 7 24 13 Hard working 3.84 0.96 0.84
Responsible 9 28 11 3 0 Irresponsible 2.16 0.78 0.84
Important to society 17 21 12 1 0 Unimportant 1.94 0.80 1.06
Gets well paid career 10 29 11 1 0 Gets poorly paid 2.06 0.70 0.94
Gets interesting career 16 23 11 1 0 Gets mundane job 1.94 0.78 1.06
W ide range interests 3 19 16 10 3 Limited interests 2.82 1.00 0.18
Irrational thinker 0 2 3 16 30 Logical thinker 4.45 0.78 1.45
Non-mathematical 1 0 0 14 36 Mathematical 4.65 0.68 1.65
Likes to discuss 3 9 14 20 5 Wants facts only 3.29 1.05 0.29

Average values 3.15 0.79
Total Polarisation = 12.00

Image of Arts/Humanities Student: By Physics Student

1 2 3 4 5 Mean S.D. Pol.
Unintelligent 1 9 21 19 1 Intelligent 3.20 0.82 0.20
Sociable 17 21 9 3 1 Unsociable 2.02 0.96 0.98
Adaptable 9 24 14 4 0 Narrow minded 2.26 0.84 0.74
Interesting 4 22 22 2 1 Boring 2.49 0.78 0.51
Caring 4 18 29 0 0 Uncaring 2.49 0.64 0.51
Modest 1 6 28 10 6 Conceited 3.28 0.89 0.28
Usually female 7 20 23 1 0 Usually male 2.35 0.74 0.65
Lazy 2 15 22 11 1 Hard working 2.88 0.85 0.12
Responsible 0 9 32 9 1 Irresponsible 3.04 0.66 0.04
Important to society 1 17 17 11 5 Unimportant 3.04 1.01 0.04
Gets well paid career 0 5 27 16 3 Gets poorly paid 3.33 0.73 0.33
Gets interesting career 6 24 14 6 1 Gets mundane job 2.45 0.91 0.55
W ide range interests 7 26 13 4 1 Limited interests 2.33 0.88 0.67
Irrational thinker 9 18 20 4 0 Logical thinker 2.37 0.86 0.63
Non-mathematical 24 22 4 1 0 Mathematical 1.65 0.71 1.35
Likes to discuss 31 17 3 0 0 Wants facts only 1.45 0.60 1.55

Average values 2.54 0.80
Total Polarisation = 9.14

Table 7.2: Image of student groupings by physics students

157



Image of Physics Student: By Arts/Humanities Student

1 2 3 4 5 Mean S.D. Pol.
Unintelligent 0 0 2 22 36 Intelligent 4.57 0.56 1.57
Sociable 0 5 37 17 1 Unsociable 3.23 0.62 0.23
Adaptable 3 12 27 17 1 Narrow minded 3.02 0.87 0.02
Interesting 1 9 29 18 3 Boring 3.22 0.82 0.22
Caring 1 6 48 5 0 Uncaring 2.95 0.50 0.05
Modest 1 7 34 17 1 Conceited 3.17 0.71 0.17
Usually female 1 1 7 25 26 Usually male 4.23 0.84 1.23
Lazy 1 1 4 29 25 Hard working 4.27 0.79 1.27
Responsible 8 23 24 5 0 Irresponsible 2.43 0.82 0.57
Important to society 12 20 20 7 1 Unimportant 2.42 0.99 0.58
Gets well paid career 13 24 13 8 2 Gets poorly paid 2.37 1.06 0.63
Gets interesting career 7 21 16 14 2 Gets mundane job 2.72 1.05 0.28
Wide range interests 0 13 24 16 7 Limited interests 3.28 0.93 0.28
Irrational thinker 1 1 6 15 37 Logical thinker 4.43 0.86 1.43
Non-mathematical 0 1 0 12 47 Mathematical 4.75 0.54 1.75
Likes to discuss 0 5 17 26 12 Wants facts only 3.75 0.87 0.75

Average values 3.43 0.80
Total Polarisation = 11.03

Image of Arts/Humanities Student: By Arts/Humanities Student

1 2 3 4 5 Mean S.D. Pol.
Unintelligent 0 6 16 29 9 Intelligent 3.68 0.85 0.68
Sociable 12 32 11 5 0 Unsociable 2.15 0.83 0.85
Adaptable 11 31 15 3 0 Narrow minded 2.17 0.78 0.83
Interesting 15 25 17 3 0 Boring 2.13 0.85 0.87
Caring 5 25 30 0 0 Uncaring 2.42 0.64 0.58
Modest 1 9 43 7 0 Conceited 2.93 0.57 0.07
Usually female 7 19 32 2 0 Usually male 2.48 0.74 0.52
Lazy 1 10 28 17 4 Hard working 3.22 0.86 0.22
Responsible 2 12 39 7 0 Irresponsible 2.85 0.65 0.15
Important to society 5 19 20 16 0 Unimportant 2.78 0.93 0.22
Gets well paid career 1 11 32 14 2 Gets poorly paid 3.08 0.78 0.08
Gets interesting career 10 33 13 4 0 Gets mundane job 2.18 0.78 0.82
W ide range interests 13 34 11 2 0 Limited interests 2.03 0.73 0.97
Irrational thinker 1 19 30 9 1 Logical thinker 2.83 0.76 0.17
Non-mathematical 20 30 7 3 0 Mathematical 1.88 0.80 1.12
Likes to discuss 37 18 4 0 1 W ants facts only 1.50 0.76 1.5

Average values 2.52 0.77
Total Polarisation = 9.63

Table 7.3: Image of groupings by arts students
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Two things in particular are of note here. Firstly the pattern of responses for each 

grouping over the whole range of qualities is very similar, whichever grouping is 

analysed. Both groupings give a more polarised response to the image of a physics 

student when compared with the arts student, over the total list of qualities. The second 

thing to note is that, while the pattern may be the same, the extent of that polarisation is 

less marked for responses from arts students. Both groupings see physics students as 

more polarised than arts, but the latter see them less so than do the physics students 

themselves. Similarly, both groupings see arts students as more centralised (less 

polarised) than physics students, but the arts students see this as less marked than do 

the physics students. This gives us some insight into the way in which the two 

groupings think. It appears that the typical physics student is more polarised in his (or 

more rarely her) views and that this is recognised by the arts/humanities students. The 

psychological differences in attitudes will be discussed in detail in chapters 8 and 9.

If we examine the values of standard deviation we see that there is little difference 

between the spread of these values. We might have expected the standard deviations 

to have given some indication of the spread of the responses. While this is indeed so 

for a particular quality responded to, it is not true for the scatter noticed over the whole 

range of qualities answered. The average values of the mean and standard deviation 

are given at the bottom of the appropriate column in each category. All four values of 

the standard deviation are close to 0.8. This implies that, on average, the standard 

deviations for the responses to each of the categories do not differ significantly. 

Responses may be polarised, but their standard deviations are similar. For example, 

responses to intelligent/unintelligent given by physics students about physics students 

have a standard deviation of 0.62 and a polarisation value of 1.35. Responses to 

responsible/irresponsible given by arts students about themselves have a similar 

standard deviation of 0.65, but with a polarisation value of only 0.15. Hence the 

standard deviations do not measure the polarisation of responses. For that reason, the 

sum of the polarisation values has been used to measure the degree of scatter for 

responses over all sixteen qualities.
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In later interviews, when this trend was firmly established on a wide scale, I asked some 

of the students to comment upon why they felt this was so. At first, most students were 

quite unaware that they had done this and found it difficult to account for the pattern. 

Further questioning often brought responses such as ‘physics students are more 

definite people’. In referring to arts students, comments were made suggesting that 

they possess more varied qualities and are less single minded than physics students. 

Further discussion of this point and other related matters from the interview discussions 

will be dealt with in chapter 8.

Another point worthy of note is that the average values of the mean for each category of 

student grouping (physics or arts) differ in a systematic way. This mean of means is 

higher for the image of physics students than for the arts students, whichever group has 

responded. For example, for responses from physics students, the mean of means is 

3.15 given to physics students, and 2.54 for arts students. For responses from arts 

students, the values are 3.43 and 2.52 respectively. The principal qualities which result 

in the higher value for physics students are: intelligent, male, hard working, logical and 

mathematical. Evidently both groupings perceive physics students to have these 

qualities more strongly than arts students. The principal factors which cause the mean 

of means to be lower for arts students are: non-mathematical, likes to discuss views, 

sociable, adaptable and wide range of interests. It is these qualities which are typically 

attributed to arts students and these are notably different qualities from those associated 

with physics students. There is thus a clear difference in perception of the 

‘psychological profile’ for the two types of student, whether one is asking a physics 

student or an arts student.

7.3 The Stereotype Images of the Students

For many of the qualities referred to in the questionnaires the responses about physics 

students were very similar from both groupings. The same was true for responses 

about arts students. However, the perceptions of these qualities applied to arts students 

were notably different to those applied to physics students. Some of these are 

discussed in more detail in the following sections.
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7.31 Intelligence

The differences in responses for one of the qualities questioned, the perception of 

intelligence, are shown in the graphs below. Figure 7.1 shows the responses relating to 

physics students, while figure 7.2 shows the responses relating to arts students.

Perception of Intelligence of Physics Students

J  Responses from Physics Students

Responses from Arts Students

1 2 3 4 5
Unintelligent Neutral Intelligent

Figure 7.1 : Perception of intelligence of physics students

Both student groupings perceive physics students as intelligent, but it is interesting that 

the arts students have an even stronger perception of this than the physics students 

have of themselves. The mean values for intelligence of a physics student were 4.57 

from an arts student, and 4.35 from a physics student. This is probably linked with the 

perception of difficulty of physics which deterred some of them from taking the subject in 

the first place.
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Perception of Intelligence of Arts Students

50

Responses from Physics Students

Responses from Arts Students

1 2 3 4 5
Unintelligent Neutral Intelligent

Figure 7.2: Perception of intelligence of arts students

The perception of the intelligence of arts students shows lower mean figures from both 

groupings, when compared with physics students perceived intelligence. However, in 

this case, the arts students perceive themselves as more intelligent than the rating given 

by the physics students. Physics students rated the intelligence of arts students with a 

mean value of 3.2, whereas arts student rated their own intelligence with a mean value 

of 3.68.

7.32 Mathematical and Logical

The largest polarisation of mean values of responses occurs for the factors of logical 

thinker and mathematical. Physics students strongly perceive themselves as 

mathematical and logical thinkers. They see arts students as far less logical thinkers 

and distinctly non-mathematical. The mean value physics students have given to 

themselves for the quality of mathematical /  non-mathematical is 4.65, whereas for arts 

students they give a mean value of only 1.65. The responses from arts students, on this 

issue, are similar. Arts students give a mean value of 4.75 to physics students and 1.88 

for themselves, which is very much in agreement with the perceptions given by physics 

students. A comparison of these means is shown in figure 7.3 below, emphasising the 

level of agreement between the groupings on this issue.
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Physics student

Arts student

Physics student

Arts student

Responses from 
Arts students

1 1.5 2
Non-mathematical

Responses from 
Physics students

2.5 3 3.5

Mean Values

4.5 5

Mathematical

Figure 7.3 Responses to mathematical /  non-mathematical traits

The responses to the factor referred to as logical thinker /  irrational thinker are similar to 

those for mathematical. The mean values given by physics students are 4.45 for 

themselves and 2.37 for arts students; this giving a difference of 2.08. Arts students 

give means of 4.43 for physics students and 2.83 for themselves; a difference of 1.6. A 

comparison of these mean values is shown below to emphasise the agreement:

Physics student

Arts student

Physics student

Arts student

Responses from 
Arts student

1 1.5

Irrational

2.5 3 3.5

Mean Scores

5
Logical

Kes ponses rrom 
Physics student

Figure 7.4: Responses to perception of logical thinkers
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Clearly both groupings see physics students as strongly mathematical, logical thinkers, 

and arts students as distinctly less so. Mathematics is seen as very closely allied to 

logical thinking, hence the close correlation in the responses to these two factors. More 

discussion of student perceptions of a logical process will be presented in chapter 8, 

section 8.6. The responses illustrated above, however, do show a high level of 

agreement in perception between both student groupings.

7.33 Discussion of views and wanting facts

Another factor which produced a significant response difference was that of likes to 

discuss views /  wants facts only. Arts students gave mean values of 3.75 to physics 

students and 1.5 to themselves; a difference of 2.25. Physics students’ responses gave 

means of 3.29 to themselves and 1.45 to arts students; a difference of 1.84. The 

responses for all categories of student are given below.

Physics student 

Arts student 

Physics student 

Arts student

1 1.5 2 2.5 3 3.5 4 4.5 5

Discuss views Mean scores Wants facts

Figure 7.5: Group responses to preference for facts or opinions

There is strong agreement between the perceptions which both groupings of students 

have of each other and of themselves. Hence these stereotypical perceptions are 

universal amongst the students interviewed. Arts students are perceived as strongly

T

—  Responses from 
Arts students

^  Responses from 
Physics students
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interested in discussions and giving opinions, whereas physics students are seen as 

preferring factual knowledge which is not perceived as being open to debate.

7.34 Personal qualities

These qualities were examined by the factors interesting/boring, sociable/unsociable, 

caring/uncaring, conceited/modest, adaptable/narrow minded, lazy/hard working, and 

range of interests. I will begin by looking at these briefly in isolation and then construct 

an overall picture from the combined results.

Responses to the factor of interesting /  boring showed some differences between the 

groupings. Physics students perceived themselves as less interesting than typical arts 

students, giving themselves a mean value of 2.84 and the arts student 2.49. These 

responses were similar from the arts students who rated themselves at 2.13 (towards 

interesting) compared with 3.22 for a physics student. Figure 7.6 below shows the 

responses to the image of some of the personal qualities of the physics student given by 

each grouping.

' ;.r.. T-7-r
,' r. —i. --.i: .-£?*■T 37Vt L:x :nrz=rz_z
■.:;i --- r~— ~~i :
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Figure 7.6: Stereotypical perception of the personality o f physics students

The responses from arts students have been assigned negative numbers purely to 

allow for easy visual comparison with responses from physics students. The symmetry 

of the diagram shows a high degree of agreement on these personal qualities. 

Combined with similar attitudes on interest in factual subjects or discussion based ones,
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there is evidence of a stereotypical image of a physics student. This stereotypical image 

is shared by both physics and arts students. Hence there seems to be a somewhat 

universal image of the physics student as a more narrow minded and boring personality, 

compared with the more interesting and adaptable arts student. The fact that the 

physics students entertain this self-image is especially noteworthy. In discussions few 

would have attached this label to themselves, but do feel that the typical student fits this 

stereotype image.

The factor sociable /  unsociable was also consistent with this view. The mean score 

given to a physics student was 3.08 by themselves and 3.23 from arts students. The 

corresponding mean scores given to arts students were 2.15 by themselves and 2.02 

from physics students. Hence physics students are perceived as decidedly less 

sociable than their counterparts taking the arts or humanities. This view is shared by 

both groupings of students, to a similar degree.

The factor caring/uncaring showed little difference in response with the vast majority of 

students opting for the neutral position. The only deviation from this which is worth 

mentioning is that physics students had a greater tendency to suggest that arts students 

were rather more caring than their own group. In this case they gave a mean score of 

2.49 to arts students. Generally, students were aware that they should use a score of 3 

for a neutral position or where they considered the factor did not apply. In this situation 

some commented that they did not feel that such a personal quality was linked to the 

subject a student was taking. The stereotypical image of the uncaring scientist is not 

therefore confirmed by this result.

The responses to the factor modest/conceited were very similar to those for the factor 

about caring. All mean scores were very close to 3 and differences cannot be said to be 

significant for this size of sample. The only slight differences indicated that each 

grouping saw themselves as more modest than their opposites.

The factor lazy/hard working produced significant differences in response. Both 

groupings perceived physics students to be hard working, with the arts students giving 

them a mean score of 4.27, compared to the mean of 3.22 to themselves. Physics
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students gave mean scores of 3.84 to themselves, but only 2.88 to arts students. The 

responses from all students are shown in the chart below.

□ Arts students by arts
■ Arts students by physics
□ Physics students by physics
□ Physics students by arts

Lazy Neutral Hard working

Figure 7.7: Perception of diligence

It is evident that both groupings perceive the physics student as hard working and the 

arts student as less so. This is in general agreement with the stereotypical image of 

physics students discussed earlier.

The factor relating to the range of interests also fitted the stereotype image to a certain 

degree. The physics student was seen as having a more limited range of interests (low 

score) compared to the arts student. This view was supported by both groupings, albeit 

to slightly varying degrees. Both student groupings perceive the arts student to be more 

adaptable (less narrow minded) than the physics student. The physics student sees 

only small differences with means of 2.26 for the arts student and 2.49 for themselves. 

The arts students perceive a greater difference, with 3.22 for the physics student and 

2.17 for themselves.

There appears to be some difference in perception of a few personal qualities for each 

grouping, while others show no such discrepancy. The factor of lazy/hard working is a 

subject related factor. As physics is perceived to be very difficult, it is most likely to be 

assumed that a lot of hard work is required to master it. This perception is true for both
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student groupings as both see the subject as difficult. Caring and modesty are not 

subject related and may therefore be regarded as more purely personal, thus attracting 

little response difference from the student groupings. It is those qualities which are 

subject related that elicit the greatest difference in response.

7.35 Responsibility and importance to society

Both groupings see the physics student as relatively important to society. Not 

surprisingly, the physics students see themselves as particularly important, with a mean 

value of 1.94 (A score below 3 implies importance and responsibility, whereas values 

greater than 3 imply lower levels of importance). The mean value they assign to the 

importance of arts students is only 3.04. Arts students have a somewhat less polarised 

response to this factor, giving physics students a mean score of 2.42 and themselves a 

mean of 2.78. The arts students therefore have a tendency to perceive the work of the 

physics students as more beneficial to society than their own. Thomas (1990: p67) 

notes this same effect, particularly among science students. The greater polarisation of 

this viewpoint as expressed by the physics students is consistent with their tendency to 

have more polarised views, as discussed earlier. The mean scores given by each 

grouping for the factor of responsibility are very similar to those for importance. The full 

data responses can be found in the data appendices.

7.36 Stereotypical Perceptions of Each Student Type

The typical physics student is perceived as an intelligent, hard-working male who is a 

logical and mathematical person, whose rational nature is evidenced by a concern with 

factual information. He is studying a difficult subject which is of great importance to 

society and is seen as well paid. He is not perceived to be a particularly sociable 

character, although is not thought of as uncaring or particularly conceited. The ‘mad 

scientist’ image of an irresponsible, single minded pursuit of a subject without concern 

for the human impact is not widely held. Physics students are seen as responsible.

The typical arts/humanities student is seen as somewhat less intelligent or hard working 

and as someone who is not concerned with ‘logical thinking’ but more interested in
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discussion of opinions and views. They are not seen as predominantly male or female, 

although there is a slight tendency to more females. Their role is seen as less important 

to society than physicists, but careers are perceived as interesting. These students are 

perceived to have a wider range of interests and are considered to be more sociable 

and caring in nature.

7.4 The Image of Physics as a Subject

The students interviewed were also given two sheets relating to their image of physics 

as a subject. The first of these was of a very similar format to the sheet on their image 

of students. The second consisted of a set of statements, all worded in the positive, with 

a five-point Likert scale. On this they had to agree or disagree to varying amounts. 

Copies of the sheet can be found in chapter 6 where the methodology of the second 

survey is discussed. A few of the early interviews did not include this second subject 

sheet. Responses to the first subject sheet are in table 7.4 for physics students and 7.5 

for arts students. The sum of the polarisation values refers to the absolute values of 

polarisation, ignoring the signs. Responses to the second sheet are in Appendix A7.

Quality 1 = 1st quality, 5 = 2nd Mean S.D. Polarisation
Interesting / Boring 1.92 0.935 -1.08
Important / Unimportant to society 1.66 0.79 -1.34
Practical / Theoretical 2.38 0.98 -0.62
Non- mathematical / mathematical 4.76 0.43 +1.76
Human face / Inhuman or cold 3.40 0.72 +0.40
Feminine / masculine subject 3.84 0.64 +0.84
Open to opinions / factual 3.76 1.09 +0.76
Acts Responsibly / Irresponsible 2.26 1.06 -0.74
Open minded / narrow minded 2.58 1.02 -0.42
Principles easy 1 principles hard 3.24 1.05 +0.24
Wide job opportunities / limited 2.04 0.98 -0.96
Easier to pass than arts / harder 4.06 0.97 +1.06
Goes with many subjects / limited 3.08 1.20 +0.08
Caring / Uncaring 3.28 0.57 +0.28
Concepts easy to visualise / Abstract 3.04 1.06 +0.04
Mean values 3.02 0.91 Sum = 10.62

Table 7.4: Image of physics by physics student
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Quality 1 = 1st quality, 5 = 2nd Mean S.D. Polarisation
Interesting / Boring 3.40 1.34 +0.40
Important / Unimportant to society 2.10 0.91 -0.90
Practical / Theoretical 3.07 1.22 +0.07
Non- mathematical / mathematical 4.73 0.63 +1.73
Human face / Inhuman or cold 3.83 0.80 +0.83
Feminine / masculine subject 4.05 0.67 +1.05
Open to opinions / factual 4.25 0.85 +1.25
Acts Responsibly / Irresponsible 2.23 0.92 -0.77
Open minded / narrow minded 3.20 0.83 +0.20
Principles easy / principles hard 3.92 0.95 +0.92
Wide job opportunities / limited 3.10 1.27 +0.10
Easier to pass than arts / harder 3.90 0.91 +0.90
Goes with many subjects / limited 3.70 1.17 +0.70
Caring / Uncaring 3.50 0.74 +0.50
Concepts easy to visualise / Abstract 3.53 0.95 +0.53
Mean values 3.50 0.945 Sum = 10.85

Table 7.5: Image of physics by arts student

Firstly, it should be noted that there is no significant difference in the sum of the 

polarisation values, with 10.62 for physics students and 10.85 for arts students. There is 

thus little difference in the overall scatter of responses between the two groupings. 

However, there are some very marked differences for particular factors, such as 

interesting/boring. It is worth noting that the mean of means is somewhat higher at 3.5 

for the arts students compared with 3.0 for the physics students. The principal factors, 

with the greatest discrepancy in polarisation between the groupings are: 

interesting/boring, job opportunities, principles hard to grasp, practicalAheoretical, 

narrow minded and range of subjects. I will now look at these in more detail.

7.41 Interesting /  Boring

By far the biggest difference in response comes from the factor of interest. This is 

consistent with the first survey, which showed that interest was the biggest factor 

influencing students in their choice of A-level subjects. However, closer examination of 

the responses from the arts students shows this factor to be bi-modal as shown in figure 

7.8 below. They seem to either ‘like it’ or ‘hate it’ with little neutral feeling.
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□ Arts students
□ Physics students

Intersting Boring

Figure 7.8: Perception of physics as interesting or boring

Those arts students who did find physics interesting, but did not choose it were likely to 

have been influenced by other factors such as career opportunities. This factor will be 

discussed in section 7.42.

Figure 7.9 shows figures from the second ‘subject image sheet’ and is also related to 

interest in physics. The statement to which the students were responding was :

“I enjoy learning how things work and understanding the physical world “

□ Non-Physics students
□ Physics students

Strongly agree No strong Strongly
feelings disagree

Figure 7.9 : “ I enjoy learning about the physical world”
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There are clear differences in response between physics students, who show a keen 

interest in understanding the physical world, and arts students who are far less 

interested. The gender differences in response are not significant for either grouping, 

although male physics students seem more likely to strongly agree than females. 

Female arts students are somewhat more likely to strongly disagree with the statement 

than male arts students. This question was more specific about an item which affects 

the more genera! factor of interest.

7.42 Career Opportunities

Section 7.41 showed that there are some arts students who do find physics interesting 

and yet did not choose it at A-level. One possible reason for this is that these students 

had either made career decisions which they felt rendered physics inappropriate, or that 

they believed that physics would limit their career choices. This latter point was 

investigated by both subject image sheets. Figure 7.10 shows the response 

differences, from the first sheet, in how the perception of physics affects job 

opportunities. Note that a score of 1 represents wide variety of job opportunities and a 

score of 5 refers to limiting jobs to a scientific career.

Perception o f career opportunities 
with physics

□  Arts Student
□  Physics Student

Figure 7.10: Career opportunities with physics
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The mean value of the response from physics students is at 2.0, implying a general 

belief that the subject leads to fairly wide range of career opportunities. For arts 

students, the mean is 3.1 which is thus a little beyond the neutral position and implying a 

tendency to believe that career opportunities are more limited with physics. The 

polarisation of these mean values for the responses is opposite for each of the 

groupings, and are shown in figure 7.11 below.

Polarisation of mean responses to 
job opportunities with physics

Wide variety of job 
opportunities

— i—  

- 0.8
— i—  

-0.6
— i—
-0.4

— i—  

-0.2

□  Physics student
□  Arts student

Limited job 
opportunities

0.2

Figure 7.11: Polarisation of mean responses to career opportunities with physics

The second subject response sheet supports these findings. Students were asked to 

respond to the statement “physics gives as wide a variety of careers as non-science 

subjects”. The five point scale had 1 = strongly agree and 5 = strongly disagree. 

Physics students provided a mean value of 2.30 and thus tended to agree with the 

statement. The arts students gave a mean value of 3.26 and were thus more likely to 

disagree with the statement. The responses are shown in figure 7.12.

The difference in perception of career opportunities through taking A-level physics is 

apparent from the responses below. While career perceptions are not the only, or 

necessarily the principal, reason for avoiding the subject at A-level, they are certainly an 

important influence on students who may be considering the subject. There may have 

been some differences in response towards separate questions about career 

opportunities for themselves and career opportunities generally.

173



Q. Physics gives as wide a variety of careers 
subjects

Arts students

1 2 3 4 5

Strongly agree Agree No strong feelings Disagree Strongly disagree

Figure 7.12: Perception of career opportunities with physics (second image sheet)

A x2 test was performed on the responses to this question. The Null Hypothesis H0 is 

that the perceived variety of career options has no influence on whether or not students 

take physics at A-level. The alternative hypothesis, is that the perception of career 

choices influences students in deciding whether or not to take physics at A-level. The 

table of observed (O) and expected (E) values used in the calculation of the Chi-Square 

is shown below. It should be noted that, as the expected values for response strongly 

disagree (5) would have been less than 5, the values for disagree (4) and strongly 

disagree (5) have been combined.

1 2 3 4 + 5 Totals
Physics Observed (0) 12 17 9 8 46
Arts Observed (0) 3 9 13 25 50
Physics Expected (E) 7.19 12.46 10.54 15.81 46
Arts Expected (E) 7.81 13.54 11.46 17.19 50
Sum(O-E)2 / E 6.18 3.18 0.432 7.41 17.20

Table 7.6: Chi-squared test on responses relating to career opportunities

For three degrees of freedom, the critical value of the x2 at the 1% significance level is 

11.34. As the calculated value of x2 is greater than the critical value, the null hypothesis
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can be rejected. We may therefore conclude that the perception of the variety of career 

opportunities available to students of physics is a factor influencing uptake of the 

subject. It is also worth noting that this finding supports the work of Stables (1996) who 

noted that students often see subjects as specific to future careers. While there is 

justification in taking A-levels in physics and mathematics if a career in engineering or 

science has been decided upon, the converse does not hold true. Students seem to 

perceive that taking physics commits them to a career in that subject, which it clearly 

does not. It is this perception which needs to be overcome. Arts students tend to feel 

that physics is more limiting on career choices than physics students believe. This latter 

grouping believes that taking physics at A-level leads to a wide variety of career 

opportunities.

It is evident that those able students who did not chose physics have the perception that 

the subject would limit their career opportunities. However, physics students see it as 

leading to a wider variety of careers. This perception was confirmed in the interview 

sessions and indicates that career opportunities are likely to be an influencing factor on 

the uptake of physics. This discrepancy in the perception of career opportunities should 

be addressed by careers advisers in schools and colleges.

Both groupings have the perception that students of physics get well-paid careers. The 

first subject image sheet had a five point scale with gets well-paid career being 1 and 

gets a poorly paid career being 5. The mean values were 2.06 for physics students 

responding and 2.37 for arts students’ responses. The corresponding values for the pay 

of those not taking physics (the arts students) were 3.33 from physics students and 3.08 

from the arts students. Thus both groupings consistently believe that students of 

physics will be better paid in their careers. The second subject image sheet included the 

statement “taking physics can lead to many well-paid careers". A response of 1 

indicated strong agreement and 5 indicated strong disagreement. Responses to this 

statement were in very close agreement with those from the student image sheet. The 

mean values were 2.22 from physics students and 2.04 from arts students. Whether or 

not this perception of well-paid careers for physics students is valid is somewhat 

doubtful. Further discussion of perceived career prospects can be found in chapter 8.
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7.43 Perception of Difficulty

The two factors principles hard to grasp and abstract concepts hard (on the first subject 

image sheet) both receive a noticeably higher rating from the arts students, even though 

all had the ability to have taken the subject. The mean values in response to the 

category principles easy/hard to grasp were 3.24 for physics students and 3.92 for arts 

students. For the category concepts easy/ hard to visualise the means were 3.04 and 

3.53 respectively for physics and arts students. In both cases easy has a value of 1 and 

hard a value of 5. It is worth noting that neither grouping perceives the subject as an 

easy one. The perception of difficulty was discussed further with students during the 

interview phase and this is dealt with in chapter 8. This perception is a powerful 

determinant in the issue of choice. Indeed, both groups perceive physics as significantly 

harder to pass than arts subjects, with little difference in rating between the two 

groupings. This result is confirmed by the second subject image sheet in the responses 

to the statement illt is no more difficult to understand physics concepts than ideas in 

non-science subjects". For arts students, 35 out of 50 (70%) disagreed with this 

statement to varying degrees and thus clearly perceive physics as a difficult subject. 

Even physics students do not all perceive it as easy, with 41% disagreeing with the 

statement. Figure 7.13 below shows the responses to this question.

□  Arts students
□  Physics students

1 2 3 4 5
Strongly agree Neutral Strongly disagree

Figure 7.13: Physics concepts are no more difficult than ideas in non-science subjects
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It is also worthy of note that the responses from physics students are bi-modal. This is 

indicative of at least two types of student taking the subject at A-level; those who find it 

easy, and those who do not. The second subject sheet also includes a very similar 

statement about the subject in general, saying that “physics is no harder to understand 

than most non-science subjects”. This served as a check on this important attitudinal 

issue. The responses to this are again markedly different for the two groupings, with 

arts students perceiving the subject as substantially more difficult than physics students. 

The responses, shown below, closely agree with the previous question.

□ Arts students
□ Physics students

Strongly agree Neutral Strongly
disagree

Figure 7.14: Physics is no harder than non-science subjects

It is interesting to note that the responses from the physics students are again bi-modal, 

with few students opting for a neutral position of ‘no strong feelings’. This would suggest 

that there may be two types of student which take physics at A-level. From my 

experience of nearly twenty years of teaching physics, I have often suspected that this is 

so. There is a group of a students who are of very high ability and whose mathematical 

skills are first class. These students do not find physics difficult; indeed often their 

mathematical ability allows them to solve many questions easily by manipulation of 

formulae. A second group of physics students a is of lower ability and has less 

mathematical skill. They have chosen the subject out of interest or for career purposes. 

These less mathematically adept students have more difficulty with questions and also
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find some of the concepts hard to grasp. The more mathematical student may still be 

able to solve questions on a difficult concept by application of formulae. However, the 

less mathematical student does not have equal recourse to this method of approach to 

problem solving. This may account for the bi-modal response to the question. 

However, there are some students who have strong mathematical skills but also have 

some conceptual difficulties with physics. These students would presumably also have 

responded in the right hand modal group for physics as shown on both of the above 

charts.

It is worth mentioning here that some 17% of physics students do not believe that the 

maths makes physics easier to understand. This is shown on the second subject 

sheet, question (c). Also, statement (h) which said that a person studying physics does 

not need to be good at maths as well, produced a similar response. Only 15% of 

physics students agreed with the suggestion that one does not need to be good at 

maths in order to take physics.

Another statement, “It is easy to discuss physics without having learned too much of it “ 

draws a similar response from arts students, whereby 84% reject this. Some 74% of 

physics students also reject this. Furthermore, nearly 78% of arts students reject the 

statement that “there is less to ieam in physics than most non-science subjects “, and 

nearly 74% of physics students react similarly.

The first subject image sheet questioned students on their perception of difficulty by 

reference to the category easier to pass than arts /  harder to pass than arts. The 

responses, shown in figure 7.15, were not significantly different for the two groupings.

It can be seen that both groupings perceive physics to be a difficult subject compared 

with the arts and humanities. Together, these findings help us to build up an image 

which the arts students have of physics. It is seen as difficult, with a great deal to be 

learnt before one can enter into discussion about the subject. Some students had been 

warned by friends or older students that physics would be a hard A-level to study and 

hard to pass.
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□ Arts students
□ Physics students

Easier than arts Neutral feelings Harder to pass
(1) (3) than arts (5)

Figure 7.15 : Is physics easier or harder to pass than arts subjects ?

It is interesting to note, from the first subject image sheet, that the arts students see 

physics as substantially more theoretical in nature than the physics students, who 

perceive it as a more practical subject. The mean value of the responses from physics 

students was 2.38, while the arts students responses had a mean value of 3.07. A 

value of 1 represents practical and 5 represents theoretical. In discussions, this point 

was often followed up to ascertain how this question was being interpreted. While some 

referred to the practical work in the lessons, most were referring to a combination of 

school practical work and the extent to which the subject may be applied in everyday life 

and in technological applications. This was referred to in the discussion stage of the 

interviews when students were asked about this issue.

Arts students see physics students as having a more limited range of interests than 

themselves. They also see the subject as more concerned with facts and less open to 

opinions than their opposites. This is very much an influencing factor in choosing their 

A-levels as the arts students have a distinct preference for subjects which are more 

open to discussion and allow them to express their opinions. This will be discussed 

further in the next chapter.
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7.44 Open or Narrow Minded Subject

The first subject sheet contained the category open minded /  narrow minded. In this 

case arts students perceive the subject as more narrow minded than those taking the 

subject. The mean value for physics students’ responses was 2.58, while for arts 

students it was 3.20. This is consistent with the image they have of the students 

themselves. The full responses are shown in figure 7.16 below. Those students who 

do not choose physics often do so because of this important factor. The inability to 

participate in the subject and its lack of openness to debate was frequently cited as a 

reason for avoiding it by arts students during the interviews.

%

Figure 7.16: Is physics an open or narrow minded subject ?

Closely related to the openness of the subject is the perception that physics is either 

open to opinions or factual. The responses to this differ a little for the two groupings with 

physics students believing that the subject is more open to debate than felt by the arts 

students. The statement on the second subject sheet said: In physics, answers are 

open to debate and not just right or wrong. The detailed breakdown of figures can be 

found in the data appendices, but it is worth noting that no arts students strongly agreed 

with the statement. A total of about 69% of physics students disagreed with the 

statement, compared with nearly 84% of arts students. From this it is apparent that both

Open minded Neutral Narrow minded

□ Arts students
□ Physics students
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groupings see physics as factual, with this opinion greater for arts students. Physics 

students are a little more likely to perceive the theoretical nature and uncertainty in the 

subject. A x2 test did not show any statistically significant influences upon the uptake of 

the subject. The first subject image sheet also referred to this issue of the nature of the 

subject by asking students to mark the five-point scale between ‘open to opinions' and 

‘concerned with facts'. The responses to this are in general agreement with those 

discussed above, from the second subject sheet.

% 50
45 
40 
35 
30 
25 
20 

15 
10 

5 
0
Open to opinions Neutral Concerned with

facts

Figure 7.17: Perception of physics as concerned with facts

In this case 90% of arts students perceive physics as purely factual, with little option for 

discussing the subject. For physics students, 76% also perceive the subject this way. 

In short, the subject is seen as a factual one with little opportunity for debate about the 

provisional nature of knowledge. This image of the subject, if not acquired in school 

(and through the media), has certainly been reinforced there.

7.45 Physics with other A-level Subjects

One important perception of physics is that it is somewhat limited in the range of 

subjects with which it can be taken. Sears (1994) says it is not generally seen as a 

‘stand-alone subject’, meaning that it is important for students of physics to take 

mathematics A-level as well. This ties up two of a student’s A-levels and thereby has a 

tendency to encourage a student to choose a science subject for the third A-level. This

□ Arts students
□ Physics students
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tendency has become less marked in recent years as a greater proportion of students 

takes mixed arts and science courses, DfE(1994: p25). However, while this may apply 

more commonly to biology, and even chemistry, the strongly mathematical nature of 

physics currently renders it less suitable for mixed courses without mathematics.

The first subject image sheet questioned students on their perception of physics in 

relation to the other subjects with which it can be taken. Students selected a box 

between 1, referring to 'can be taken with a wide variety of subjects’, and 5 being ‘needs 

to be taken with a limited range of subjects’. The mean values are 3.08 for the physics 

students and 3.70 for the arts students. This indicates that those who do not take 

physics perceive it as more limiting in the subjects with which it can be combined. 

Details of the full responses to this question are shown in the chart below.

□ Arts students
□ Physics students

Goes with many Neutral Limited subject
subjects combinations

Figure 7.18: How well does physics go with other subjects (first subject sheet)

Clearly both groupings perceive physics as somewhat limiting in the choice of subject 

combinations, although arts students feel this more strongly than physics students. A %2 

test gave a value of 11.0 on the null hypothesis that ‘the range of subjects physics can 

be taken with influences uptake at A-level’. This value is above the critical value of 9.49 

at the 5 per cent significance level, but below the 1 per cent figure of 13.3. It would 

therefore appear that the null hypothesis should be rejected and that the perception that 

physics cannot be taken with many other subjects is an influencing factor. The second
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subject sheet also addressed this issue, asking students to respond to the statement 

that physics relates well to many other subjects. Strong agreement was given 1 and 

strong disagreement 5. The mean values were 2.48 for physics students and 3.24 for 

arts students. The full responses are shown below.

% so-,

□ Arts students
□ Physics students

30

Strongly agree Neutral Strongly
disagree

Figure 7.19: Physics is a subject that relates well to many other subjects (second sheet)

The response differences to this statement are far more marked here than for the similar 

question on the first subject image sheet. In this case a y2 test produced a value of 20.1 

for the null hypothesis of ‘how well physics relates to many other subjects influences the 

uptake at A-level’. This value is well above the critical value of 13.3 at the 1 per cent 

significance level. We may therefore reject the null hypothesis and conclude that 

students’ perception of how well physics relates to other subjects influences their choice 

at A-level. The reasons for the response difference are not clear, although it seems 

that students’ perception of ‘relating to other subjects’ is somewhat different to whether it 

can be taken with many other subjects.
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7.5 O ther Differences in Perception of the Subject

7.51 Mathematics

The survey findings show that attitudes to mathematics are closely linked to attitudes to 

physics. Those students who dislike physics often refer to a dislike of mathematics and 

the mathematical nature of physics. Many physics students like the mathematical 

aspects of the subject and believe it makes the subject easier to interpret. The opposite 

is true for those who have not chosen physics. The second subject image sheet 

referred specifically to this point, asking students to comment on the statement that “the 

mathematical content in physics makes it e a s ie r The responses are shown in figure 

7.20.

□ Arts students
□ Physics students

10

Strongly agree Neutral Strongly
disagree

Figure 7.20: The mathematical content makes physics easier

The mean value for physics students is 2.46, while for arts students it is 3.58. A x2 test 

was also performed, the null hypothesis being that the perception that mathematics 

makes physics easier to study has no influence on the uptake of the subject. The chi- 

squared value obtained is 23.7, which is substantially above the critical value 11.34 at 

the 1% significance level (for 3 degrees of freedom where two groupings had to be 

combined to produce expected values above 5). We may therefore reject the null
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hypothesis and conclude that the differing perception of the role of mathematics in 

making physics easier is an influencing factor.

Both groupings strongly believe that a physics student needs to be good at 

mathematics, although the belief is far stronger for those who have not taken the 

subject. The second subject sheet contained the statement that “a person studying 

physics does not need to be good at maths as well”. None of the 100 or more students 

could strongly agree with this statement. All of the arts students rejected this statement, 

with none even indicating neutral feelings. The mean values of responses to this 

statement were 3.78 for physics students and 4.46 for arts students. The first subject 

sheet also showed that both groupings see the subject as strongly mathematical. The 

mean values in this case were 4.76 for physics students and 4.73 for arts students. The 

attitudes to mathematics are distinctly different for the two groupings. Both groupings 

accept the need to be good at maths in order to cope with physics, but the arts students 

are deterred by mathematics and seem to find it more difficult. While the mathematical 

aspects may attract some students to take physics, it clearly deters others from the 

subject. As the students interviewed were of high ability, this attitude is not entirely due 

to difficulty with mathematical concepts, but is likely to be the result of a dislike for the 

precision and nature of mathematical processes.

The learning or application of formulae is another mathematical aspect of physics which 

was questioned on the second subject sheet. The statement was that learning and 

applying formulae in physics does not make it difficult. Arts students were more likely to 

reject the statement, while the physics students agree with it. The full set of responses 

is given in figure 7.21.

185



□ Arts students
□ Physics students

I I I « VStrongly agree Neutral Strongly
disagree

Figure 7.21: Formulae do not make physics difficult

Both groupings have a bi-modal response to the question, although this is most 

pronounced for the arts students. One possible explanation of the bi-modal response is 

that there are two distinct attitudes towards the mathematical aspects and formulae 

manipulation. For those students who are mathematically inclined, the application of 

formulae will present few problems, even if they have not chosen physics at A-level. 

The non-mathematical students find formulae an added difficulty with the subject and will 

therefore reject the statement. The effect is much less marked for the physics students 

because these students tend to be the more mathematically inclined. However, it is 

interesting to note that over a quarter of physics students find the formulae add to their 

difficulties with the subject. This is thus further indication, of the point raised earlier, that 

physics students may be divided into two sub-groups. One group consists of those with 

high mathematical ability and for whom maths makes the subject easier. The other 

group contains those with lower mathematical ability and for whom symbolic 

representation causes conceptual difficulties, along with those whose mathematics is 

acceptable but who find physics concepts difficult. This sub-grouping of physics 

students may also apply, in a similar way, to the arts and humanities students.
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7.52 Participation in the subject and the nature of physics

One clear difference between the two groupings was their attitude to the nature of the 

subject. In general, both groupings perceive the subject as logical, mathematical and 

with clear cut answers which are either right or wrong and not open to debate. This 

general opinion does mask some response differences for the two groupings and also 

results in marked differences in attitudes towards the desire to study the subject. Firstly 

we shall look at the response differences to the ‘clear-cut’ nature of the subject. The 

second subject image sheet included the statement “/ prefer subjects with clear cut 

answers which need no discussion”. The responses to this are shown below :

%

□ Arts students
□ Physics students

Strongly agree Neutral Strongly
disagree

Figure 7.22: Preference for clear cut subjects

The difference in response is most marked and supports many of the comments made 

in the discussion section of the interviews. A chi-square test was performed on the data 

with a null hypothesis H0 that ‘the clear cut nature of physics has no influence upon the 

uptake of the subject at A-level’. The alternative hypothesis H-) is that ‘the clear-cut 

nature of physics is an influence on A-level uptake’. The %2 value was calculated to be 

15.8. For four degrees of freedom, the critical value at the one per cent level of 

significance is 13.3. As the x2 value is greater than the critical value, we can reject the 

null hypothesis. Hence the nature of the subject is likely to be an important factor in the 

decision process. Put simply, physics students prefer to study subjects which they see 

as having a clear cut nature where the questions have a single ‘correct’ answer. They 

do not favour open-ended questions which require discussion and may have multiple
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answers, all of which have varying degrees of merit and none of which are either 

absolutely right or wrong. Conversely, the arts students dislike the precise nature of 

physics and have a far greater preference for open-ended questions with no single 

answer. The arts students also prefer discussion and see physics as providing little 

opportunity for them to have a meaningful input to the subject. It is this perceived nature 

of the subject which attracts a certain type of student and, at the same time, deters other 

types of student. This finding was supported by comments made during the interview 

sessions and will be discussed further in the next chapter.

7.53 Importance to Industry and the Economy

Both groupings strongly perceive that physics is an important subject to industry and to 

the well-being of the nation’s economy. Physics students themselves feel this even 

more strongly than arts students. Whether students have a reasoned basis for this 

belief, or believe it merely because it is so frequently stated is not known. Questions 

relating to this issue were on both of the subject image sheets. For the first subject 

image sheet, the mean values were 1.66 for the physics students and 2.1 for the arts 

students. The second subject sheet gave means of 1.61 and 1.94 respectively. The full 

responses from the second sheet are shown in figure 7.23.

□ Arts students
□ Physics students

Strongly agree Neutral Strongly
disagree

Figure 7.23: Physics is important to industry and the economy

Again, the responses from both subject image sheets are consistent for both groupings.
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7.54 Relevance of Physics to Human Issues

Both subject sheets addressed the issue of how students perceive the relevance of 

physics to matters of human interest. The reason for including such questions was in 

order to establish whether those who did not take physics avoided it because of a 

perception that it is cold, inhuman and uncaring of human interests. Other aspects of 

this, and other, research show that some types of students are interested in people, 

whereas others are more interested in things. The first subject image sheet asked 

students to mark on the 5-point scale between ‘has a human face’ (1)and ‘inhuman or 

cold ‘ (5). The responses to this are shown below.

%

Has a human 
face

Neutral

□ Arts students
□ Physics students

Inhuman or cold

Figure 7.24: Does physics have a human face ?

Both groupings responded in a similar way, although the arts students do have a slightly 

stronger perception of physics as inhuman and cold, compared with physics students. 

The mean value for physics students is 3.4, while that for arts students is 3.83. The 

second subject sheet included a statement that physics is very relevant to issues of 

human interest. The differences in the responses to this statement, shown below, are 

more marked than for the question on the first sheet.
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□ Arts students
□ Physics students

Strongly agree Neutral Strongly
disagree

Figure 7.25: Physics is very relevant to many issues of human interest

Once again, the arts students see physics as less concerned with issues of human 

interest than do physics students. Over 73% of physics students agreed with the 

statement, compared with only 38% of arts students. The mean values of responses 

are also somewhat different for the two groupings, with 2.17 for physics students and 

2.92 for arts students. The responses to this issue do, however, show that 30 per cent 

of arts students do not perceive physics to be as relevant to human issues as do 

physics students (12 per cent), an attitudinal difference which is not insignificant. The 

first subject sheet also asked students to comment on the degree to which the subject 

may be seen as caring or uncaring. Table 7.7 below shows the percentage responses to 

this question.

Caring 1 2 3 4 5 Uncaring
Physics
students

0 2 72 22 4

Arts students 0 1.7 60 25 13.3

Table 7.7: Image of physics as caring or uncaring

There is little difference in the response between the two groupings, except for a 

tendency for the arts students to see physics as somewhat less caring or concerned 

with human affairs. However, it is interesting to see that no students perceive the subject
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as having a strongly caring image. On this same subject sheet, students were asked 

about how responsible they felt the scientific community acted in relation to its 

discoveries. The purpose of this was to determine whether the arts students had a 

perception of the subject as producing ‘mad scientists’ who have little concern for the 

human implications of their work. It was considered possible that this could deter many 

from taking physics, particularly if they were more interested in people than things. The 

responses showed no indication of this. Over 63% of arts students and 64% of physics 

students agreed that a responsible attitude prevails. Only 10% of arts students and 

(interestingly) 12% of physics students opted for an irresponsible attitude.

7.6 Comparison of Overall Responses from the Two Groupings

For the second subject image sheet, which contained a set of statements about the 

nature of the subject, a variance ratio, or f-test, was carried out. The f-test used the 

arrays of the mean values for each of the two groupings in order to see if there was any 

significant difference between the variances of the two arrays of data. The two arrays 

used are the means of the responses to each question for the two groupings. The f-test 

value was 0.817 which indicates that there is no significant difference between the 

variances of the two arrays. In other words, there is no difference in the spread of the 

data from each grouping. For the %2, however, the critical value at the 5 per cent level of 

significance is 27.6, whereas the calculated value is 27.85. As there are eighteen items, 

this gives us seventeen degrees of freedom. As the %2 value is a little above the critical 

value, we can suggest that the differences in the responses are due to attitudinal 

differences to the subject. However, this warrants further research with an increased 

size of sample. Details of the %2 relevant to the f-test are shown in the data appendices, 

tables A11 and A12.

7.7 Geographical differences in response

The responses to the first subject image sheet were also analysed according to a broad 

north-south division. The geographical location of the schools used in the sample fitted 

this division most suitably and did not result in large differences in the sample size. The
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number of students in the southern sample was 52, and there were 58 students 

classified as northern. The breakdown according to whether they took physics or not is 

shown in figure 7.26 below.

29

21

3 1 □ Northern physics students

□ Southern arts students 
B Northern arts students
□ Southern physics students

29

Figure 7.26: Geographical breakdown of the sample

The full details of the data responses can be found in the data appendices, and it can be 

seen that there are very few differences of response between the north and south. It is 

somewhat reassuring that, even for these relatively small sub-samples, the responses 

do not differ significantly between geographical regions. Comparison of the mean 

values for each geographical region, and for each student grouping, show a high level of 

agreement. For physics students, the only response differences worthy of note were the 

factors open /  narrow minded and open to opinions /  concerned with facts. In the first 

case, the mean value for northern students was 2.86, and for southern students was 

2.19. For the second factor, the northern students are again more polarised in their 

feeling that physics is principally concerned with facts.

The sum of the polarisation values has been calculated, as for the students’ images of 

each other. The results are also on the data sheet in the appendices. However, it can 

be seen that, although there is very close agreement between the northern and 

southern physics students, there are some geographical differences for the arts 

students. The northern arts students are more polarised than the southern students in
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their views about the subject. The sum of the polarisation values for southern students 

was 9.88, whereas for northern students the sum was 12.21. Hence it appears that 

northern arts students tend to be more definite in their views than their southern 

counterparts. The chief factors which have brought about this higher polarisation value 

are those referring to difficulty, abstract concepts and the limited range of subjects which 

go well with physics. For both northern and southern arts students, all factors receive 

the same general direction of polarisation. It is the extent of that polarisation which 

differs, being somewhat greater for the northern arts students. These are the only 

geographical differences in response which are worth mentioning. It must also be 

remembered that the sample size for this four way breakdown of the total sample is 

obviously not large. It would be a mistake to place too much significance on the 

differences in response between two small groupings.

7.8 Gender differences in responses

The gender imbalance in the numbers taking physics at A-level is well known and shows 

little sign of improving on a national scale. The sample obtained for this survey is typical 

in its shortage of female students of physics. In most cases, schools did their best to 

meet the criteria I laid down for the sample, but usually had difficulty in supplying enough 

female physics students. I was normally provided with all they had, which usually 

amounted to one or two at the most, and sometimes none at all. This small sample of 

female physics students makes detailed comparison of perceptions difficult, although 

there are some points of interest.

Firstly, it should be pointed out that five of the fifteen female physics students in the 

sample were from the same school, and that time was not given for detailed interviews 

with them all. It is also worth noting that this school has a female head of physics with a 

lively outgoing personality. This could well be the role model needed to attract female 

students to the subject. Sadly, opportunity to follow up this point through individual 

interviews was not given.
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The subject image sheets contained a few questions which related to the gender issue, 

as well as items referred to during the interview sessions. The first subject image sheet 

asked students to mark on a five-point scale between feminine subject and masculine 

subject. The responses to this are shown in the chart below.

70.0

60.0

50.0

f  400  

§
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20.0

10.0

0.0

Figure 7.27: Perception of physics as a masculine or feminine subject

It can be seen that all four groupings perceive the subject as inherently masculine in 

nature. Haste (1984:p. 119) refers to this, noting that women are substantially under

represented in physical sciences and engineering at degree level. She argues that “the 

arts-science sex polarisation begins to take effect at fourteen”. The arts students are 

even more entrenched in this view than the physics students, with the female arts 

students being the most strident in this view. This group of female arts students may 

thus perceive the subject as sex stereotyped. From this one might be tempted to 

conclude that these girls were deterred from physics by male teachers portraying the 

subject in a masculine way. In discussions, however, few girls considered they had been 

actively dissuaded from the subject because of their gender. One might have expected 

the female arts students to have identified more cases of girls being actively dissuaded 

by what is predominantly a male teaching staff in physics, but apparently not. Thomas 

(1990: p4) makes a similar point from her studies of girls in higher education. She says

Male physics students

Male arts students

Female physics students

Fem ale arts students

Neutral
Feminine subject Masculine subject
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that “it looks not so much as if women are passively being forced into the arts and 

rejecting science, but that they are making very clear choices”. I shall return to this point 

in the next chapter when discussing the interview sessions. It is also interesting to note 

that no students, not even the female physics students perceive the subject as feminine. 

Female physics students are therefore content to take a subject which they consider 

suitable for the opposite gender.

The second subject image sheet included the statement ‘it is not important that fewer 

girls than boys study physics’. In general, neither the physics nor the arts students had 

strong feelings about this. When asked this same point in interviews, however, very few 

of the students thought that it was an important issue. The same response was 

received, whether a girl or a boy was asked. In short, even the girls did not think it very 

important, provided that they had not been actively barred from doing the subject, which 

they said, was not the case. The breakdown of responses to this statement, according 

to subject grouping is show below.

% 40n

□ Arts students
□ Physics students

Strongly agree Neutral Strongly disagree

Figure 7.28: It is not important that fewer girls take physics

Detailed breakdowns of responses by gender and grouping are not reliable because of 

the small size of sample, particularly in the case of female physics students. However
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these figures were briefly compared and about 42% of all female arts students accept 

that this issue is unimportant, compared with 39% who disagree. This is a roughly even 

split, with the remainder being neutral in their feelings. However, in interviews, very few 

considered it particularly important.

Statement (o) on the second subject sheet stated that a career in physics is just as 

appealing to girls as to boys. There were some differences in gender response to this 

statement, especially from the arts students. Despite the relatively small sample sizes 

for this four way split by grouping and gender, the responses for each category of 

student are shown in figure 7.29 below.

□ Male arts students
O Female arts students
□ Male physics students
□ Female physics students

•---------1---------1---------1---------1---------rStrongly agree Neutral Strongly
disagree

Figure 7.29: Physics is just as appealing to girls as it is to boys

There is a substantial difference between the responses of male arts students and 

female physics students. None of the male arts students agreed on the suitability of 

physics for both genders, whereas 40 per cent of female physics students did so. This 

latter figure is not surprising, as one would expect those taking the subject to consider it 

suitable for themselves. It would, initially, appear to be at odds with the question relating 

to whether physics is seen as a masculine or feminine subject. In that case, all 

students, even female physics students, perceive it as a masculine subject. It is 

therefore evident that the female physics students distinguish between the masculine

196



inclination of the subject and whether it is still suitable to be studied by females. Only 21 

per cent of female arts students, and under 20 per cent of male physics students, 

agreed with the statement. It is the male arts student who therefore seems most 

entrenched in the gender stereotyping. However, as the sample sizes in this four way 

division are small, it would be unwise to place too much emphasis on these figures.

In summary, it can be said that all students regard physics as a masculine subject and 

one which is more likely to appeal to boys rather than girls. Few consider this important 

and many suggest this gender difference in response is due to the nature of the subject. 

Physics is clearly seen as dealing with ‘things’ rather than people, and girls are more 

interested in people than things. Hence girls are more likely to avoid physics as it is less 

likely to interest them for this reason. A similar argument applies to the boys who do not 

choose physics. The lack of interest is often due to the perception that physics has little 

to offer in terms of human interest, and it is human interest in which these students are 

interested. Research by Stables (1996: p31) also showed that boys have a more 

positive attitude to science generally, and particularly to physics and chemistry. Girls 

generally have more positive attitudes towards biology and school. He also notes that 

“single-sex education tends to reduce polarisation of attitudes between the sexes 

generally, but especially regarding physics, where the polarisation is particularly marked 

in mixed schools”. Thomas (1990: p33) also notes the stereotype image of sciences 

generally as masculine, difficult and valuable, whereas the arts are associated with more 

feminine characteristics. More discussion of these points will be undertaken in the next 

chapter where the views expressed in the discussion stage of interviews are analysed. 

It is to those discussions which I will now turn.
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The  Interview  Sessio n s  

w ith  Stu d en ts

8.1 Introduction

The interview sessions consisted mainly of discussions with the students, but included 

the three questionnaire sheets discussed in the previous chapter. This chapter will 

reinforce the findings that those factors which attract physics students to the subject are 

mostly the same factors which deter arts students. Both groupings have a common 

perception of the nature of physics as factual, clear-cut, and not open to discussion. It is 

this which attracts most physics students and which, at the same time, deters arts 

students. Discussions on the perception of difficulty identify some specific areas of the 

curriculum which cause conceptual problems. The interviews show that students have a 

limited perception of what constitutes a logical subject, or person, and I suggest that this 

perpetuates the two cultures. The chapter will provide further evidence of the different 

perceptions of career opportunities for those studying physics and how this affects 

choice of the subject. Further support will also be given to findings that the quality of 

teaching and the gender imbalance in physics are not considered important.

8.2 The Interview Format

The proportion of interview time which students spent on the questionnaires varied 

according to the student, as well as being influenced by the time allocated by the school 

for the whole interview. The time spent on the sheets was normally around five minutes. 

Some interview time was also used in recording basic information such as name, age, 

gender, exam grades achieved and subjects being studied. During interviews, I took
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notes on a pro forma with space under headings for the principal topic areas to be 

questioned. I have not included a definitive copy of this pro-forma, as its nature tended 

to alter through the course of the interviews, both in response to answers given, and as 

the areas to be concentrated upon became clearer. However, a list of the questions 

typically asked is included in the appendices.

Although the majority of interviews were recorded, notes were taken as back-up for the 

occasions when the recording failed or was inadequate for some reason. This was 

especially useful at the school where a noisy class in the next room swamped the voices 

of those being interviewed, rendering the tape almost useless. There were a few other 

instances where sections of the recordings were indistinct, and the notes taken were 

therefore important. Most students co-operated and made valuable contributions during 

the interviews. A small number of students within the sample had little to contribute 

during the interview, giving minimal response or being non-committal. Fortunately this 

was very much the exception.

Near the start of each interview the students were asked to say which were the most 

important factors they considered when deciding which A-levels to choose. The most 

common responses included interest and enjoyment of the subject, GCSE performance, 

and career considerations. I will begin by looking at the responses to these questions.

8.3 Factors Determining Interest and Enjoyment

Interest and enjoyment in a subject are among the most frequently cited reasons for 

pursuing it to A-level, as shown in chapter 5 and DfE(1994). I decided not to accept this 

response at face value, but probed into those factors which made the subject interesting 

and appealing to the student. In particular, when talking to physics students, I 

questioned them in more detail about the nature of the subject, particular aspects of it 

which they found interesting or otherwise, and whether the quality of teaching influenced 

them in choosing the subject. For those students who did not take physics at A-level, I 

questioned them on the factors which made the subject uninteresting to them, and 

which deterred them from taking it. This usually resulted in the student also discussing
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those factors which attracted them to the subjects they had selected. This helped to 

understand better the personality and psychological differences between those choosing 

physics and those not. For each student grouping, the comments made were placed in 

categories and then tabulated to obtain an impression of the overall frequency with 

which they occurred. These tables are reproduced below. It should be noted that the 

total number of responses do not add up to the total sample within that grouping. This is 

because many students offered more than one factor which had influenced them in 

making their decision.

Tables 8.1 and 8.2 show those factors most frequently mentioned, as well as those 

which received few comments. Virtually all comments made have been able to be 

placed into one of the categories listed.

Table 8.1: Arts Students : Reasons for not choosing physics

Factor Male Female Total

Difficult concepts to be grasped 14 19 33

Unable to discuss /give opinions/prefer essays 17 13 30

Dislike of right/wrong nature of subject 15 7 22

Dislike of maths and find that hard 8 11 19

Career intentions known - physics unsuitable 10 8 18

Limits career and university choices 7 9 16

Dislike learning and applying formulae 7 7 14

Needs maths - not a stand alone subject 2 9 11

A lot of factual knowledge to learn 4 7 11

Hard to get good grades 2 8 10

Not personally relevant/ subject inhuman 3 5 8

Poor teaching 3 5 8

Terminology hard and sequential steps 5 1 6

Teacher advised against 0 1 1
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Table 8.2: Physics students: Reasons for choosing the subject

Factor Male Female Total

Preference for subjects which are right or wrong 18 8 26

Dislike of essay writing 15 9 24

Career intentions 16 5 21

Interest/enjoyment of explaining natural phenomena 16 5 21

Finding the subject easy 4 3 7

Liking for mathematics 3 4 7

Influence of teacher (good teaching) 3 2 5

Enjoy practical work 4 0 4

Keeping career/university options open 2 1 3

Ability to get 100% 2 0 2

Dislike reading 0 1 1

Figure 8.1 below illustrates some of the main factors which students said had influenced 

them in deciding whether or not to take physics at A-level. Not all of the factors listed in 

the tables above have been included, but principally those which have opposite 

influences upon the two groupings. The horizontal axis scale records the number of 

times each particular factor was mentioned. For physics students, the influences 

referred to were positive ones. For example, while 16 arts students suggested that 

physics would limit their university choices, 3 physics students felt that the subject had a 

positive influence in increasing their university choices.

One prominent difference is that the arts students dislike the inability to discuss the 

subject or answer questions in essay style, whereas that same factor attracts physics 

students. There is a clear distinction between the non-verbal reasoning enjoyed by 

physics students and the verbal bias preferred by arts students. This division has been 

shown before in chapter 7, and I will return to a discussion on this in chapter 9. The 

quality of teaching shows limited influence on either grouping.
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Figure 8.1: Factors with opposing influences for the two groupings

8.4 Comments from Arts Students

The four most frequently mentioned reasons for arts students not choosing physics at A- 

level are the inability to enter into discussion about the subject, the dislike of the right or 

wrong nature of the subject, difficulty of the concepts, and dislike of the mathematical 

nature of the subject. The first two factors mentioned here are closely inter-related and, 

if combined, would be the most frequent reason by far for not taking physics. They both 

relate to the nature of the subject.

8.41 The Nature of Physics

The perception of physics as having clear cut answers which are either right or wrong 

leads many students to feel that it is therefore impossible for them to argue their case in 

a discussion or have their own opinions. Students suggest that they often feel unable to 

contribute much to the learning process. The arts students believe that if they took 

physics at A-level they would be recipients of facts rather than participants in the
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learning process. The say they dislike the inability to have opinions, the validity of which 

can be discussed. These students are deterred by a subject which they feel they have 

to get absolutely right, or else they may be absolutely wrong. They feel that there is no 

continuum between these extremes and that, in physics, there is no possibility of being 

‘nearly right’. One is either right or one is wrong. Hence these two factors combined are 

the biggest influence upon students who decide not to take the subject. Up to and 

including A-level, there is reasonable justification for this perception of the subject, as 

most of the syllabuses contain little or no physics which is open to debate. It is an 

important indication of the cognitive nature of the arts students, with their verbal bias, 

that these two inter-related factors are crucial in choosing their A-level subjects.

The precision needed in the subject was also referred to as a deterrent, usually linked 

with the right/wrong nature of the subject. In physics, a mistake or misuse of 

terminology can render a student’s answer completely wrong. For example, misuse of 

the terms current and voltage may be common in everyday speech and go unnoticed, 

but are serious mistakes even at GCSE physics. A phrase such as ‘I put ten volts 

through the resistor1 would be criticised, as it is current which flows through, whereas the 

voltage is applied across the resistor. Use of the word through is taken to indicate 

some misunderstanding of current and voltage. This may seem somewhat pedantic, 

but there are many such examples throughout physics because the terms are precisely 

defined by equations. For example, power is defined as work divided by time whereas 

force is mass multiplied by acceleration. To say that one applied a large power to an 

object when really meaning a large force shows a fundamental misunderstanding of 

basic concepts. However, these two terms are often used synonomously in everyday 

speech without attracting much criticism. Such precision in language is less likely to be 

as crucial in a question in the arts or humanities, and it is unlikely that responses will be 

considered completely wrong. The terminology is not defined by precise mathematical 

equations in the arts and humanities, as is often the case in physics. Dislike of this 

precision in language contributes to the perceived difficulty of the subject, as well as the 

impression that the subject is either right or wrong, and therefore not open to debate.
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8.42 Difficulty of Physics

Difficulty of the subject is a major influence upon students in their decision not to take 

physics. Physics is clearly seen as difficult, as also indicated by the responses to the 

questionnaire sheets used during the interviews. In discussions many students who 

had not opted for physics commented on the difficulty at GCSE, seeing physics as the 

hardest of the three sciences. Several students admitted this was a deterrent to 

pursuing the subject to the next level, even if they had found it fairly interesting. This 

perception is justified, as shown by the work of Fitz-Gibbon and Vincent (1994), referred 

to in more detail later. Their research has consistently shown that physics is the most 

difficult of the A-level subjects. Female students had an even greater tendency than 

males to mention the difficulty of the subject. When asked what made them perceive 

physics as more difficult, the mathematical aspects, amount to be learnt, and the 

abstract nature of many concepts were the most frequently mentioned.

It should be noted, at this point, that other studies such as Ormerod and Duckworth 

(1975), Sears (1994), and DfE (1994) also suggest that performance at GCSE is an 

important influence upon choice of A-levels. While this may not be generally surprising, 

the research conducted for this thesis selected a purposive sample of students who had 

achieved high grades at GCSE science. Hence their ability in the subject was not 

expected to be frequently mentioned as a reason for not choosing A-level physics. On 

the occasions students did suggest that they were not good enough at physics to take it 

at A-level, their high grade was mentioned as an indication that they did have the ability. 

The reasons given were then usually modified to the perception of difficulty, rather than 

a real lack of ability.

Closely allied to this factor is the perception that it is more difficult to obtain good A-level 

grades in physics, compared with most other subjects. As several students 

commented, entry to university is usually dependent upon obtaining a certain number of 

points from A-levels. A lower grade, from physics, could well result in failure to obtain a 

place at the university of their choice. Girls referred to this issue more often than boys. 

The research of Fitz-Gibbon and Vincent (1994) has given substance to these 

perceptions. As discussed earlier, they have found that, by comparing A-level grades

204



for groups of students who had similar ability at GCSE, there is evidence that students 

who take A-level physics are likely to achieve one or two grades lower than those who 

had not taken it. This does suggest that physics A-level is indeed harder to pass than 

most other subjects. Evidently many students know this only too well by the time they 

select their A-levels. However, some universities have difficulty filling their science 

courses and grade entry requirements can be lower, thereby offsetting the grade 

differentials obtained at A-level. Details of grade entry requirements are not provided by 

UCAS, but there are suggestions that some of the new universities are lowering their 

grade requirements in order to attract more students to science and engineering 

courses. The 1997 applications for physics courses have risen by around eight per 

cent. Whether or not this is in any way linked to the lowering of entry grade 

requirements by some establishments is not known. It is certainly an issue worthy of 

further research.

8.43 Mathematical Nature of Physics

The mathematical aspects of the subject are seen as important factors that dissuade 

some students from taking physics. For this grouping, the mathematical aspects are 

closely linked with the right or wrong nature of the subject and the inability to ‘enter into 

the subject’ through discussion. Physics is seen to entail a lot of maths, and this is 

another subject that is either right or wrong, and one which is also perceived to be 

difficult. The perception that A-level mathematics is, like physics, a difficult subject has 

also been confirmed by the work of Fitz-Gibbon and Vincent (1994). The application, 

learning, and manipulation of the many formulae is another mathematical deterrent and 

one which was frequently mentioned. For many students this gives conceptual 

difficulties because of the abstract nature of a formula. Some commented that it was 

hard to relate an equation to an everyday real-life situation. While not intended to be a 

criticism of the quality of teaching, one might conclude that the relevance and meaning 

of many equations could be made clearer to students if emphasis was placed on this by 

physics teachers. This is especially important for the equations used up to GCSE as 

these are the simpler ones to explain and it is at that stage that students are making 

their final decisions about their A-level choices.
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Closely linked with the difficulties these students feel they have with the mathematical 

aspects of physics, is the perception that if one is to take physics at A-level, then it is 

necessary to do maths A-level as well. As Sears (1994: p26) says, physics is not seen 

as a “stand-alone subject”. This would therefore tie up two of the three A-levels 

normally taken, leaving more limited options for the third choice. During the interviews, 

this was mentioned on several occasions, as can be seen in Table 8.1. Where it was 

not mentioned by a student, I sometimes questioned the interviewee about this 

perception. The majority agreed that it was necessary to take maths A-level if taking 

physics, but not all considered it the most important reason for avoiding the subject.

The strongly mathematical nature of physics makes this something of a special case, 

and the same is not really true of most other A-level subjects. Even chemistry may be 

taken without maths, and biology can be taken with a wide variety of other subjects. 

However, if a student is considering taking mixed arts and science A-levels, he or she 

will be less likely to choose physics because of the more limited options it leaves for the 

remaining A-levels. Hence it is not surprising that students taking mixed A-levels are 

more likely to take biology than the physical sciences, and least likely to choose physics. 

Some students do take A-level physics without doing A-level maths, but this is the 

exception rather than the rule. It does put the student at a distinct disadvantage 

compared with those who do maths, and it can make the subject very difficult for those 

whose maths was not strong at GCSE. Moreover, there are some concepts that require 

a level of mathematical understanding well beyond GCSE, such as exponential decay, 

branches of calculus, and algebra with logarithmic functions. Without additional maths 

lessons, students not taking A-level maths are unlikely to solve problems adequately 

with several parts of the A-level physics syllabus. The perception that physics is not a 

‘stand-alone subject’ is therefore largely justified. Students seem aware of this: either 

because teachers have emphasised it or by repute from others taking the subject.

8.44 Career intentions

Career intentions are also considered an important reason given for avoiding physics at 

A-level. In the cases where career intentions are already known, students have chosen 

other subjects which they consider are more useful for their intended career. In most
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cases, the selection is perfectly reasonable, although there is a greater perception of 

physics as more limiting of career choices than is justified. In discussions with arts 

students, there are many who believe that by taking physics at A-level, they are limiting 

themselves to scientific careers. Comments such as “I didn’t want to be a scientist” 

were not uncommon. I asked many if they considered it feasible to take A-level physics 

and then later become an accountant or work in city finance. Virtually all felt that this 

was not practical. I chose this as an example, having taught several physics students 

who have taken that very path. One even took a degree in physics at Oxford and yet 

now works in the city as a market analyst. There is a tendency for many students to see 

their A-levels as job-specific, which they rarely are, even in the sciences. However, the 

perception of the sciences as limiting future career options remains and is a factor which 

needs to be addressed. It is possible to make a powerful argument that those students 

who avoid taking any sciences have put greater limitations on their future career choices 

than those who chose sciences. There is, after all, justification in thinking that, without 

A-levels in the sciences or mathematics, careers in the sciences will be largely 

unattainable. The reverse is not necessarily true. Stables (1996) noted the perception of 

subject choice being considered job specific among 14 and 15 year olds. The continued 

perception by students that A-levels and degree courses are job-specific encourages 

the myth that taking the sciences limits one’s career options. This perception needs to 

be addressed through the schools’ career advice, although this assumes that the 

careers advisers are aware of the perception or that they do not subscribe to this 

perception themselves.

The questionnaire findings for both groupings also showed that many of them believe 

that their career options, or choice of courses at university will be more limited if they 

have taken physics. This is consistent with the opinions, described above, which relate 

to their career intentions. Once again, physics is seen as limiting options to ones which 

are principally science based. The perception of this limitation is almost certainly far 

greater than the reality. It would be fair to say that the reverse may be true, as it would 

not be practical to do a degree in physics if no physics had been done since GCSE, and 

only A-levels in the arts or humanities had been taken. It is probably easier to be 

accepted on to an undergraduate course in English, having taken A-levels in 

mathematics, physics and chemistry.
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8.45 Amount of Factual Knowledge to Learn

Several arts students commented that there is a lot to learn for physics, and believed 

this would become even more noticeable at A-level than it was at GCSE. Some 

students commented that, even at GCSE, there had been far more to learn for physics 

than the other two sciences. This perception is supported by comments made in 

loP(1994: p9) which noted that “physics accounts for rather more than a third of the 

‘knowledge and understanding’ component of the National Curriculum”. Several 

students noted that they had spent much more time in physics revision than for the 

other two sciences of a combined science course. Not only is there more to be learned, 

but for many the concepts are harder to assimilate and therefore require more time in 

revision. Through the interviews it became clear that many of these arts students were 

deterred because of the prospect of having to learn a large body of factual knowledge, 

and difficult concepts, for A-level physics.

8.46 Subject Relevance

A few students described physics as ‘not personally relevant to them’. Others referred 

to the subject as cold, with little of human interest. These students are generally far 

more interested in discussion of issues which affect the human emotional and spiritual 

condition, rather than those subjects which affect the physical. These students could 

best be described as interested in ‘people’, rather than ‘things’. There were no gender 

differences for this particular comment, with approximately equal numbers of comments 

from boys and girls. Normally girls show greater interest in ‘people’ rather than ‘things’.

8.47 Quality of Teaching

It is interesting that poor teaching was rarely given as a reason for not choosing physics. 

Two of the eight comments referred not to the schools the students were currently 

attending, but to former schools prior to a move. In both cases the students had been 

deterred from the subject at an early stage in their secondary schooling. When 

specifically asked about the quality of teaching, the majority of students suggested that it
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was on a par with other subjects. Some commented that they felt it was a difficult 

subject for a teacher to deliver to teenagers, many of whom will find it difficult to grasp.

Another response, which occurred several times, was that poor teaching at GCSE is not 

likely to be a major deterrent to those who might wish to take the subject because the 

student will not always know in advance which teacher they will encounter for A-level. 

While true, poor teaching may have severely impaired enthusiasm of students lower 

down the school, and thus make them unlikely even to consider the subject for A-level. 

The influences of quality of teaching are not easy to determine, and are likely to be more 

important than these responses suggest. Several indicated that they had been 

influenced by good teaching and that this had been a factor in their interest in physics. 

The reason given for avoiding physics may be lack of interest, but uninspiring teaching 

may be the cause of that diminished interest. Having said this, there is no evidence 

from the interviews that the quality of teaching in physics is any poorer than for other 

subjects. This would imply that poor teaching is not, of itself, a major reason for the 

relatively poor uptake of physics. This may not remain so if the shortage of physics 

teachers worsens as expected, and the age profile referred to earlier continues to shift 

to older staff.

8.48 Terminology

Some students specifically referred to the difficulties posed by the precise terminology 

used in physics and the sequential steps needed to obtain the mathematical answers 

often required. As these comments came later in the series of interviews, it was not 

possible to follow up this area with the majority of students. As a few pointed out, it is 

not always easy to use terms correctly, as they usually have very precise meanings. It 

is true that if terms are used incorrectly, then the speaker will possibly be talking 

nonsense. This will also be immediately noticed by those around that speaker. For 

example, terms such as force, power and energy are often used interchangeably in 

everyday speech, and their meanings overlap in such situations. However, in physics, 

each term has a very precise definition and use of the wrong term would be considered 

to indicate a serious, fundamental error of understanding. Anything the speaker 

subsequently says would be considered to be suspect because of this demonstration of
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flawed understanding. The precision arises because most of these terms are 

mathematically defined by an equation. Some students have great difficulty with this 

precision in terminology. Physics therefore, of necessity, entails learning a lot of formal 

definitions and equations, which these students find difficult and uninteresting. The 

quantity of precise definitions is daunting to some students and may be a deterrent. The 

learning of rigorous definitions is an aspect which adds to the perception of the subject 

as impersonal in nature.

8.5 Comments from Physics Students

It is noteworthy that several of the important influencing factors mentioned by physics 

students as attracting them to the subject, are essentially the same factors mentioned 

by arts students as a deterrent to taking A-level physics. Principal amongst these 

factors is the nature of the subject.

8.51 The Nature of Physics

The first feature to note is that the most important factor influencing physics students in 

their choice of the subject is the preference for subjects whose nature is either right or 

wrong. This is the very same factor which dissuades the arts students from taking the 

subject. The second most frequently mentioned reason for liking physics, rather than 

subjects in the arts and humanities, is a dislike of essay writing. This dislike of essay 

writing by this grouping is closely linked with the first factor. Physics students generally 

have a dislike of the expressive arts, dislike subjects where the expression of opinions is 

of paramount importance and do not like to debate open-ended questions which they 

perceive have no clear cut answers. The opposite is true for arts students, who prefer 

debating open-ended questions and writing essays, where they can express their 

opinions on an issue, and be neither absolutely right nor wrong.

This indicates a distinct attitude difference for the two groupings and is suggestive of 

some significant psychological differences between the type of student who opts for 

physics, and the type who opts for arts and humanities. Physics students tend to be
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convergent thinkers, whereas the arts students are more likely to be divergent thinkers, 

as suggested by Hudson (1966). There is a tendency for students either to like or hate 

physics. A similar attitude to mathematics was found in research by Richens (1994). I 

will discuss this finding in chapter 9.

8.52 Career Intentions

Another factor which is of major importance in influencing physics students in their 

choice of the subject is career intentions. This is particularly so for those students who 

have already decided to embark on a career which is based in science or technology. 

Pupils taking GCSE’s closely link subjects to future careers. This continues into the 

sixth form, to an extent which is unreasonable. Naturally, a student wishing to study 

engineering at university and subsequently to pursue a career in this area needs to take 

A-levels such as physics and mathematics. Such a student could hardly be expected to 

pursue such a university course and career if the chosen A-levels had been English, 

History and Sociology. Hence for those who have a reasonably clear idea of the nature 

of the career which they wish to pursue, the choice of A-level subjects is fairly 

straightforward. However, for those who have little or no idea of the career they wish to 

pursue, subject choice is obviously more difficult. It is these students who currently 

have the perception that choosing sciences limits their options, possibly because of the 

belief that specific subjects lead to specific jobs. This perception needs addressing, as 

these are the students who may be targeted in any drive to increase the uptake.

8.53 Interest in Natural Phenomena

Interest and enjoyment of physics often include a more specific interest in understanding 

natural phenomena and are factors which need more explanation. Physics students 

frequently expressed interest in understanding how things work, how natural 

phenomena occur, and gaining a deeper understanding of the laws and workings of the 

physical world. Arts students did not mention this, but expressed greater interest in 

issues relating to human interaction rather than those relating to physical interactions. 

Superficially, this may seem to imply that the physics student is uncaring, and not 

concerned with people. Indeed, the arts student is perceived as a more caring
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individual than the physics student, by both groupings. However, from the interviews, it 

would appear that arts students are distinctly less interested in the workings of the 

physical world, rather than the physics students not being concerned about people. 

Some physics students specifically referred to the human applications and benefits of 

scientific knowledge to people.

8.54 Mathematical Nature of Physics

Some physics students specifically commented that they enjoyed the mathematical 

aspects of the subject and that this attracted them to it. The liking for the mathematical 

aspects is principally linked to the preference for subjects with a clear cut answer to 

questions, and is therefore closely linked to this principal influencing factor referred to 

earlier. Two students also mentioned the ability to be able to get answers completely 

correct, believing that this is not the case for questions in the arts and humanities. This 

further indicates that the type of student who is attracted to physics is distinctly different 

from the type attracted to subjects in the arts and humanities. A few students have 

difficulties with mathematics and admitted that this hindered them in physics.

8.55 Quality of Teaching and Teacher Influence on Choice

The influence of the teacher is again seen as relatively minor in the decision process. 

Five students specifically referred to the high quality of teaching as an influence on them 

when choosing their A-levels. They commented on how the teacher made the lessons 

particularly interesting and developed a good rapport with the students. As these five 

students were all from the same school, it would appear that the teacher in this case is 

somewhat exceptional. There would not appear to be the same overt level of teacher 

influence, either for or against the subject, in most schools around the country. It must, 

however, be remembered that some of the factors already mentioned may be 

influenced in a more subtle way by the quality of teaching. For example, the interest and 

enjoyment of gaining an understanding of the physical world is likely to be influenced by 

the subject presentation and enthusiasm of the teacher, especially if achieved during the 

earlier years of education.

212



8.56 Summary of Principal Influencing Factors

In summary, the most important factors influencing physics students in their selection of 

the subject are the preference for subjects with definite answers, a dislike of essay 

writing, an interest in the physical world, and specific career intentions. These first two 

factors are closely linked and are different manifestations of the same general attitude. 

There is a less clear-cut way of answering an essay question, compared with a physics 

question, particularly one which involves the use of mathematical equations. This 

indicates a clear psychological distinction between the physics student and the arts and 

humanities student, for whom the opposite preferences are generally the case. This is 

also supported by the high level of interest in ‘things’ rather than ’people’, expressed 

through the enjoyment gained by coming to an understanding of the physical world.

Career intentions are a strong influence on subject choice, particularly where a 

university course or intended career has already been decided upon in principle. As 

discussed earlier, many students see their A-level choices as more career dependent 

than is necessary. However, for those who have already decided upon a career which 

is heavily dependent upon one or more of the sciences, then A-levels in these subjects 

are indeed expected. It is those students who have no firm career intentions who need 

to have dispelled the perception of the sciences as limiting choice.

8.6 The Meaning of Logical

Virtually all students, from both groupings, referred to physics students as ‘logical 

thinkers’, and the subject as ‘logical’, when responding to the image sheets given during 

the interviews. Once the pattern had been established, I questioned students about 

what they understood by the term ‘logical’ and a logical process. The comments made 

were all of a similar nature and referred to a ‘step by step’ approach to problem solving, 

where each stage was dependent on the preceding one. Most saw the end product of a 

logical process as a single solution to the problem, and many referred to it as a 

mathematical process. The linking to mathematics would seem to be a means of 

describing their perception of a logical process, rather than limiting that process to a
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purely mathematical exercise. One student described a logical process by an example 

of dealing with a car which would not start. He said that the logical person would 

systematically go through the possible causes of the problem, starting with the most 

likely and working towards the least. He suggested that the logical person would begin 

by asking himself (the student’s choice of gender) if there was any petrol in the car, then 

checking the electrical systems and whether there was a spark being generated, and so 

on. The less logical person, he felt, would be more inclined to lift the bonnet and twiddle 

everything in sight, in the hope that something would happen. This approach to a 

problem involves many different lines of attack, with each considered of roughly equal 

importance and with no sequential process involved. This description of a logical 

process characterised many of the opinions expressed by both groupings. It is 

interesting to note that both arts and physics students have an agreed perception of a 

logical process as sequential and leading to a single ‘correct answer1. Few seemed to 

divert from this narrow perception, thereby failing to perceive a broader interpretation of 

‘logical’ applicable to subjects in the arts and humanities. Moreover, few seemed to 

question the validity of their assumption of a ‘single, correct answer* to scientific issues.

It is the physical sciences and mathematics which are seen by students as the epitome 

of logical thinking, and the students taking them as ‘logical’ people. Non-science 

subjects are not considered suitable for the application of this style of logical thinking by 

some arts students, principally because logic is considered to be a mathematical 

process, and thereby appropriate only to mathematics and the sciences. This limited 

perception of logical thinking among the students interviewed is an important finding 

which, I suggest, exacerbates the dichotomy of attitudes to the sciences and arts in a 

way strongly reminiscent of Snow’s two cultures.

One student who did have slightly different views is worth mentioning here as she was a 

physics student whose other A-levels were Mathematics and English Literature. She 

therefore had attitudes seen in both student groupings. Her description of ‘logical’ in 

relation to physics was conventional, suggesting that in answering questions, there is “a 

single pathway to the answer”. For English Literature, however, she still felt there was a 

‘correct answer* to a question, but that one can “get to it in many different ways”. I 

suggest that, whereas most arts students think there are many answers to a question in
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literature, this student still sees questions through the eyes of a physical science 

student, thinking there is only one correct answer.

Many students referred to logical thinking in terms of a scientific process involving 

consideration of ‘facts’, and using them to lead one to the ‘correct answer5. Facts are 

perceived by most as items of scientific knowledge which are incontrovertible. Student 

perception of physics is that of a collection of a large body of proven facts that merely 

have to be remembered. Apart from one or two exceptions, most made little reference to 

the role of theories in the sciences. Very few references were made to areas of 

controversy or to the way the scientific community reacts to them. Where theories were 

mentioned, few seemed to perceive them as having any personal involvement. 

Opinions are seen to be the domain of the arts and humanities. For physics taught up 

to A-level, there is little doubt about its accuracy and it is not really open to debate. 

However, there are many areas of scientific interest which could be raised, where 

current theories are in dispute. Many aspects of cosmology fall into this category and 

could serve to illustrate the possibility of competing accounts, uncertainty in theories, 

controversy, and debate surrounding the scientific process.

Hence physics is perceived as a logical subject which is either right or wrong. There is 

little room for opinions and debate. Students who perceive physics as the learning of 

facts, and who prefer to debate opinions, discussing a multiplicity of answers, all of 

which may be correct to varying degrees, are thus likely to avoid the subject. This rigid 

perception of what is meant by ‘logical thinking’ needs addressing if we are to convince 

students that it is a process which applies to all subjects, and not just the sciences. 

Many students consider logic virtually synonymous with mathematics and the physical 

sciences, which they consider difficult, and something to be avoided. Logical thinking as 

a ‘step-by-step’ approach, along a pre-determined path, with a mathematical precision, 

applicable principally in the sciences, and directed towards a single correct answer to a 

problem, is the over-riding perception which students have acquired. This image of the 

physical sciences needs to be tackled not only in the school, but in the wider public 

arena through concentrated efforts of the public understanding of science initiatives 

undertaken by COPUS and professional bodies such as the Association for Science 

Education (ASE) and the Institute of Physics.
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8.7 Attitudes to the Gender Imbalance in the Uptake of Physics

The response sheets completed during the interviews showed that all students perceive 

physics as essentially a masculine subject. Although some students gave a neutral 

response, not a single student from the entire sample suggested that physics was a 

feminine subject. The arts students had a slightly stronger perception of the subject as 

masculine, when compared with physics students. The gender differences in response 

to this question were also of interest, with female arts students having a stronger 

perception of physics as masculine, compared with male students. A reminder of the 

responses from the first subject image sheet is, at this point, useful. The percentages 

describing the subject as masculine are given in table 8.3 below. Note that strongly and 

very strongly are combined. Also note that all other responses were neutral, with none 

suggesting physics as feminine.

Student Grouping Percentage

Male Physics Students 68.5

Male Arts Students 75

Female Physics Students 66.6

Female Arts Students 84.4

Table 8.3: Perception of physics as masculine

It is female arts and humanities students who most strongly consider the subject more 

appropriate to boys than girls. This is the grouping with the most negative attitude to the 

subject. The image of the subject as masculine is more strongly held by arts students 

generally and therefore appears to be more influenced by the grouping than the gender. 

This is consistent with the findings of Haste (1984: p. 122), who says that “on several 

traits it is discipline rather than sex which is more important in how one perceives 

oneself. To this I would add that the same applies to how one perceives others in 

different disciplines.

When the second subject sheet asked whether students considered it unimportant that 

fewer girls than boys took physics, around one third of each grouping disagreed with the
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statement. This is reasonably consistent with the results from the first subject image 

sheet, given above. In the discussion section of the interviews, all students were again 

asked the question as to whether they considered the gender imbalance in physics a 

serious issue. Very few students did consider this important, provided girls were not 

actually prevented from choosing the subject if they so desired. This proviso was very 

frequently added. In most cases, girls and boys both felt that getting the best people for 

the job was the important issue, rather than trying to achieve a gender balance. None of 

the students who were asked expressed any desire for positive discrimination. When 

discussing this with the girls, in particular, very few considered that they had been 

actively deterred from the subject because of their gender. This finding is similar to the 

research of Thomas (1990: p123) who found that “none of these women [interviewed] 

regarded themselves as victims of discrimination in any way”. Thomas (1990: p123) 

also refers to comments that women are more conspicuous in science, adding that this 

is not in itself a disadvantage as it may lead to “preferential treatment as a result of being 

a minority”. This may indeed have been true, although actively deterring a girl from 

taking physics is rather different from simply not giving encouragement to do so. The 

latter may not have been recognised by all girls if, or where, it occurred. In one school, 

there were a few girls who felt that the subject had been taught primarily to the boys and 

that the teacher did not seriously consider physics a subject appropriate to girls. A 

predominantly male physics teaching staff is less likely to provide the role models and 

suitable encouragement which many girls need in order to opt for physics at A-level. 

However, this was very much the exception, rather than the rule, with very few girls 

complaining of sexism within the teaching of the subject. The nature of the subject was 

considered by girls to be of far greater influence in their decision process.

It is interesting that the girls interviewed did not refer to feeling intimidated by boys in 

science lessons. Some research, Whyte (1986), has suggested that such intimidation 

does take place in science lessons. Thomas (1990: p112) notes that social pressures 

can cause some ‘filtering out’ at each stage of education. One of the girls interviewed, 

when asked for her opinions as to why fewer girls take physics, suggested that the 

reason may well lie in both psychological differences between boys and girls, as well as 

some socio-cultural influences. She commented that, in our society, girls are more 

encouraged than boys to express feelings and emotions. As A-level physics is a subject

217



which requires little or no expression of feelings, it is not so likely to appeal to girls, who 

have become used to expression of feelings and opinions. She argued that, through 

this cultural influence, girls have become better adapted than boys at discussion and the 

expression of opinions. This would render girls less attracted to physics. Boys, who are 

culturally expected to suppress feelings and emotions would consequently be more 

suited to physics. This same girl suggested that girls are generally more artistic and 

linguistic, compared to boys, who are more mentally developed in the visual, mechanical 

and mathematical skills. She felt that these two factors combined resulted in physics 

being less attractive to girls. To check the validity of this argument would require cross- 

cultural research. When these arguments were suggested to some girls in later 

interviews, many readily agreed. The argument was only put to those girls who could 

suggest no reason for the gender imbalance, or had completed their justification for the 

imbalance. Most agreed that the arts and humanities are more suited to allowing 

expression of opinions, and that this is something which girls prefer to do.

One of the boys interviewed suggested that the men were more orientated to ‘things’ 

and women to ‘people’, for reasons which may go back into antiquity. He likened it to 

times when men were the hunters and had a need to visualise objects (such as prey) 

and how they move, without physical interaction with the thing. He suggested that 

physics is similar whereby one has to understand movements and interactions of 

objects without close physical contact. Women, he suggested, were ‘berry pickers’ and 

because of bringing up babies, had closer physical interaction with human beings. The 

implication of this student’s reply is that there remain vestiges of early, or primitive, 

differences in the roles which male and female adopted in society. Thomas (1990: 

p111) refers to a similar point, saying that “physics has an image of being male and 

violent”. If there are significant psychological differences between the attitudes and 

resultant interests of male and female students, the extent to which these are cultural in 

origin, or whether genetics is in any way influential, has no consensus of opinion. 

However, as the gender imbalance in the physical sciences is not confined to Britain, but 

widespread throughout the Western industrialised nations, there is some evidence that 

the attitudes are substantially cultural in origin.
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Some girls admitted that they may have been deterred from the subject if they thought 

that they were going to be the only girl taking the subject. However, this was rarely 

given as the primary reason for avoiding the subject. It is, nevertheless, an influencing 

factor which may deter some girls from taking physics. The indisputable fact that far 

fewer girls than boys opt to take physics at A-level has a certain degree of ‘cultural 

momentum’ which maintains the gender imbalance. Historically, few girls studied 

physics, which meant that A-level groups contained few if any girls. This gender 

imbalance is a deterrent to some who may otherwise have taken the subject. The 

imbalance is therefore perpetuated. Furthermore, this will also result in a shortage of 

female physics teachers, and so provide few female role models to whom girls can 

relate. Moreover, the male physics teachers are less familiar with teaching physics to 

girls and become more used to approaching the subject from the male standpoint. All 

these factors combined enhance the masculine image of the subject and perpetuate the 

gender imbalance.

8.8 The Role of the Media

Another influence on the image of physics, suggested by a few students, was the role of 

the media. They suggested that the subject is closely allied to engineering and is 

portrayed as a male domain. The physical sciences do have a tendency to be portrayed 

as masculine. Science fiction productions involving scientists are most likely to portray 

them as male. The stereotype image of the scientist is usually a middle-aged male, 

somewhat eccentric, wearing a labcoat and glasses, and with unkempt clothes and hair.

I asked many of the students for their image of a typical scientist and the vast majority 

came up with the image described above, with very few variations. Some did not know 

the origins of their stereotype image, although many suggested that science fiction from 

television and books had provided it. Fortunately, despite having this powerful 

stereotypical image, few actually believed it to be true. When questioned further on this 

image, most accepted that scientists were not really like that. They usually realised that 

scientists did not spend all their time in laboratories, with racks of test tubes, but were 

more likely to be in front of a computer terminal. However, a few did feel that there was 

an element of truth in the perception. Wilson and Jackson (1994: p. 189) carried out
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some research into the personality of physicists in an attempt to determine the extent to 

which the stereotype image has any basis in reality. They surveyed a sample of 

members of the Institute of Physics, using the Eysenck Personality Profiler (EPP) test. 

They found that “physicists are more careful, controlled, inhibited, and unsociable as a 

group”. Female physicists were found to be tougher than their gender norm, but did not 

generally display masculine traits. Interesting as the research is, the authors admit that 

the 40 per cent response rate may have biased the findings. Haste (1984: p. 122), 

commenting on differences between the disciplines says that for characteristics such as:

“technical, scientific, practical skilled analytical and realistic, ... being a student 

of a science discipline is more predictive of one’s score than sex. Sex, 

however, remains the main variable in determining sociability, risk-taking, hard 

work, responsibility, radicalism, people-centredness, and being accepting rather 

than critical.”

Although most students do not accept the caricature image of a stereotypical scientist to 

be valid, some aspects of that image may still be influential upon their self image and 

thus their attitudes to science. For girls, the lack of male role models as scientists may 

deter them from physics. It is hardly likely to encourage them. It is these subtle 

influences, of which girls may not be consciously aware, that may act as a deterrent.

8.9 The Difficulty of Physics

Discussions with students strongly reinforced the perception of difficulty obtained from 

the response sheets. Virtually all students of both groupings believe physics to be 

substantially harder than most other subjects. Only a very small number of arts 

students suggested that their subjects were harder. In particular, one English student 

was most insistent that she worked harder than a physics student and had more work to 

do at home. She argued that physics was easier because one could simply put 

numbers into an equation and obtain the correct answer, whereas she had to argue her 

case in lengthy English essays. It must be said that her perception of A-level physics is
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somewhat distorted and exceptional, as it overlooks the need to understand many 

complex concepts in depth, a factor acknowledged by other arts students.

Many students argued that physics was harder because it was necessary to understand 

many difficult concepts and that one had to understand them in depth. Moreover, a 

physics student also has to be competent at mathematics in order to do computational 

questions. Many of the students interviewed had difficulty fully grasping the many 

concepts, some of which they said were abstract and beyond their everyday experience. 

Several commented that if early concepts were not fully understood, subsequent 

concepts were harder to understand because of the sequential nature of the subject and 

the interdependency of concepts (my wording). A student could rapidly become lost and 

lose interest. For this reason, difficulty of the subject is an important influence upon 

interest and enjoyment of physics.

Several students referred to the precision of the language and terminology used in 

physics, and that some of the terms used have slightly different or less precise 

meanings in everyday speech. Some commented that this terminology had to be 

thoroughly mastered before one felt able to discuss the subject with confidence.

8.10 Specific Areas of Difficulty in Physics

The subject areas most commonly referred to as most difficult were electrical concepts. 

This was true for both groupings to some extent, although fewer boys than girls taking 

physics mentioned this area. The reason given for the difficulty was usually because the 

concepts were abstract, the units unfamiliar, and the topic area generally hard to 

visualise. Concepts such as voltage and current were not easily visualised by students 

who were not taking the subject. It is the abstract nature of electrical concepts that 

students find most difficulty in grasping. Taber (1991) refers to this area as one of 

particular weakness for girls. Most feel a need to form a mental picture of the process 

occurring, and as it is not possible to clearly see the electrons moving within the wires, 

many of the fundamental concepts reliant upon this become difficult. At A-level, the 

electrical concepts are substantially more advanced and more abstract, making this the
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most difficult area for many students of the subject. This was clear from some of the 

comments made by physics students. Concepts such as capacitance and 

electromagnetism were the most often cited as difficult. Within the general area of 

electricity, electromagnetism seems to be the most difficult for students to understand, 

almost certainly because of the difficulty of visualising the processes involved. In 

questioning, several students mentioned this area, while many others agreed when 

reminded of the topic area. For students not taking physics, many had to be reminded 

of the principal topic areas before choosing the ones they found hardest.

Other topic areas referred to by arts students as difficult included concepts such as 

momentum and the laws of motion. The mathematical aspects of motion, involving the 

use of many different equations, are difficult for many non-science students. It must be 

remembered that this grouping of students is usually maths-averse. It is true that some 

of the concepts involved in Newton’s laws of motion, which are considered fundamental 

even at GCSE, are not wholly evident within a student’s everyday experience. For some 

students it is hard to visualise the idealised motion referred to in equations of motion. 

Friction and reaction are two forces with which students have difficulty dealing. They are 

so much taken for granted that it is easy to overlook their importance and role.

Several students who were taking A-level physics remarked on the big step between 

GCSE and A-level. It was said that, unlike some other subjects, where the transition is 

more gradual, physics topics taught at the start of the lower-sixth (year 12) require a 

level of understanding equal to those taught at the end of the upper-sixth (year 13). 

Furthermore, some of the topic areas require a level of mathematical understanding 

which is far beyond GCSE, and that even for those taking A-level mathematics, the 

physics topics requiring this maths are sometimes covered before the relevant maths 

has been taught. Calculus and trigonometrical functions are included in this. For a 

subject such as English A-level the change can be more gradual as an improved style 

of writing and analysis can be developed over the two year period.

Some physics students felt that one could pass GCSE physics by using common sense 

and learning the necessary equations and concepts. However, even at this level the 

subject is generally considered to be difficult. For A-level all students, physics and arts,
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accept that a far greater degree of understanding is necessary in order to study the 

subject adequately. It is this in-depth understanding which perturbs many and is a 

deterrent to studying the subject. One arts student suggested that when having some 

difficulty in a subject such as English, one can always fall back on background 

knowledge of the language and a style of writing when answering an A-level question. 

She said that in physics, though, it is necessary to understand the concept fully. One 

cannot by-pass the concepts and base answers on general knowledge. She argued 

that it is therefore more difficult to keep up in physics and overcome conceptual 

difficulties. I would accept that this argument has much to commend it. There is a large 

body of knowledge in physics which must be assimilated in order to fully grasp the 

subject, and to be able to enter into meaningful discussions.

Male physics students have a more positive attitude to practical work in physics than 

female students. This too is an indication that males are more strongly ‘thing orientated’ 

whereas females are more ‘people orientated’. This is in accord with the conclusions of 

Taber (1991: p.250) whose study showed that “the spectrum of gender-related interests 

does not seem to run from physical sciences to nature study, so much as from 

machinery to health science”. Generally speaking, the female arts students did not 

particularly enjoy practical work at all. Some complained that the practicals often had 

not worked. A badly organised or unsuccessful practical session may therefore be more 

damaging than no practical work, or a well-presented demonstration.

8.11 Summary

Both the statistical data from the response sheets and the comments from the 

interviews with students indicate significant attitude differences between physics 

students and arts students. Those aspects of physics which attract the physics students 

to take the subject are the same ones which deter arts students. This may be an 

indication of different psychological profiles for the two groupings. If so, then the 

prospects for any significant progress in attracting more to the subject are certain to be 

limited. As DfE(1994: p62) suggested, the changes needed to make physics attractive 

to all those who currently avoid it would necessitate changing the subject beyond
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recognition. Obviously, this would then make the subject far less appealing to those 

who already take it. I sincerely doubt that many changes can be made in the subject 

which will make it appealing to the vast majority. However, it is possible that changes 

could be made to the syllabus, method of presentation, and image of the subject which 

may attract a few more who are near the centre of the continuum between the polarised 

extremes. Efforts may be made to make the subject more relevant to a wider range of 

pupils, with particular emphasis being placed on girls.

Physics is clearly seen as a subject that is inherently logical and mathematical and 

which leads to single clear cut solutions to problems relating to the physical world. For 

most students the subject is not thought to be open to discussion, but rather it is an 

assemblage of facts and theories which must be learned. Even the theories are 

assumed by many to be ‘correct’, and not open to discussion. Physics is perceived as 

having little relevance to problems of human interaction.

Physics A-level is seen as leading to fairly specific careers and, if taken, therefore 

limiting one’s university and career options. Moreover, it is not considered to be a 

‘stand-alone’ subject, but one which requires a student to take A-level mathematics as 

well. This acts as a deterrent to those students who are unsure of which subjects to 

take at A-level, and who wish to keep as many options open as possible.

Few students consider as important the gender imbalance in the uptake of physics at A- 

level. Most students believe that they are free to choose the subjects they want, and 

are not normally dissuaded by the gender of the teacher. Most feel that it is important to 

get the best person for the job, irrespective of gender, and none advocated positive 

discrimination in order to redress the current imbalance. Students considered the 

freedom of choice as of great importance and would therefore be unlikely to support 

further moves to force more girls towards a subject they frequently dislike. There was 

still some resentment evident about the introduction of balanced science which forced 

students to take all three sciences up to 16. Several felt that one of the sciences 

(usually a physical science) had depressed their grade overall. I will now turn to a 

discussion of the implications of these findings.
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D is c u s s io n  o f  t h e  R e s e a r c h  F in d in g s

9.1 Introduction

In this chapter I will discuss how the principal factors noted in each chapter influence 

student attitudes to science in general and physics more specifically. I will demonstrate 

that the public image of science influences attitudes to it and thereby affects uptake. I 

will discuss how curriculum changes and trends in employment also influence attitudes 

and uptake of physics. I will also discuss how the perception of difficulty, which the 

survey found to be influential on uptake, is justified. Differences in personality and 

cognitive styles between those who take physics, and those who choose arts and 

humanities subjects are shown to be potent influences on subject choice, when acting in 

conjunction with the image of science.

9.2 The Public Understanding and Image of Science

The first two chapters showed that greater public awareness of science does not 

automatically lead to greater support for science. Section 1.4 showed simple linearity 

models, which suggests otherwise, to be inconclusive. I suggest that the public’s 

attitudes to science will affect the uptake of sciences at A-level, and that physics as the 

archetypal science, and least popular, makes it more susceptible to public attitudes. It 

is also perceived as the most difficult A-level, as shown in sections 5.8, 7.43, and 8.42.
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Evidence to support this perception will be discussed in section 9.62. Snow’s two 

cultures describes the polarised attitudes and interests of scientific and literary minded 

people. I have provided evidence in sections 2.3, 7.2 and 7.3 to show that a dichotomy 

of attitudes akin to Snow’s two cultures persist today in the stereotypical images of 

physics students and arts/humanities students. These attitudes are, I propose, 

influential on students choosing A-levels.

The image of science as a subject is also stereotypical, as discussed in section 2.2, and 

is certain to have strong influences on students making choices for A-level. Section 2.8 

explained how attitudes to science in the most industrialised nations become less 

positive. Attitudes to medical science are particularly favourable, as shown in section 

2.6 and are most likely to be a factor in the relative popularity of biology in comparison 

to the physical sciences. Section 4.4 showed how the uptake of biology has differed 

from the other sciences, reflecting its popularity. Chiefly, the public image of science is 

a positivist one and they have little understanding of scientific method or the provisional 

nature of knowledge. The media enhances this perception, and some in the scientific 

community do little to dispel it. Trans-science issues, as discussed in section 1.6, are 

little understood by the public who expect definitive answers which science cannot 

provide. This can undermine public confidence in scientists and tarnish the image of 

science, leading some to adopt anti-science views. COPUS and others involved in 

raising the public understanding of science are working to overcome this image, but with 

limited success. More co-ordinated efforts are needed, involving the media, to educate 

the public to distinguish between definitive science issues and trans-science issues, 

thereby helping to give a realistic image of science. The current image deters many 

from taking physical sciences at A-level.

9.3 Curriculum Changes and Employment Trends

The National Curriculum, discussed in section 3.5, does not adequately address 

science’s image of ‘certainty’. Section 8.41 showed that this image of certainty deters 

many students who choose arts and humanities from taking A-levels in the physical 

sciences. As explained in section 3.2, the numerous and rapid changes to the 

curriculum during the 1980s and early 1990s caused many difficulties for teachers and
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did nothing to improve the uptake of the physical sciences to A-level. There was 

concern that the move from individual sciences to balanced science, discussed in 3.3 

and 3.4, did not adequately prepare pupils for A-level in the individual sciences. As the 

physical sciences are perceived to be the hardest, it is not surprising that uptake in 

these subjects, and physics in particular, suffered the most.

The shortage of science teachers, see section 3.9, is an ongoing problem and is most 

acute for physics. While few students in the survey complained of poor teaching, the 

worsening shortages are likely to cause problems for the effective teaching of physics, 

thereby making it less attractive to students and so reducing uptake. POSTnote 85 

(1996: p4) refers to the shortage, but notes that vacancy rates for physical science 

teachers are substantially lower, at 0.2 per cent, than one would expect. The report 

accounts for this by noting that balanced science masks the shortages by causing 

biology teachers to teach physics and chemistry. It is also suggested that some schools 

are reluctant to advertise shortages because of the negative image this gives the 

school. Other, less qualified staff, may then be used to cover the shortage subjects. 

The report suggests that solving the problem is not simple, saying that “were 2000 

qualified physics teachers to appear overnight, it would not be possible to employ them 

because most of the teaching positions are already occupied”. Hence, even if the 

supply of physics teachers can be improved, changes in schools will be gradual.

Currently there appear to be few shortages of scientists and engineers, as outlined in 

section 3.8. Although the longer term prospects for recruitment are less encouraging, 

there is currently no particularly attractive financial reason for considering employment 

in these areas. There is thus no particular incentive for more students to consider A- 

levels in the relevant physical sciences. Any future shortage in these areas may, 

through market forces, improve pay in science and engineering and encourage uptake 

of A-level sciences. However, the image and status of these careers in Britain are not 

particularly prestigious and need addressing. In contrast to the professional image of 

an engineer in Germany, the image of an engineer in Britain is frequently of a man in 

oily overalls, carrying a spanner; an image which deters many, especially women.
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The annual debate over the standards of A-level examinations is fuelled by the ever 

increasing pass rate, as shown in section 3.7. This rise has continued and is 

considered by many as evidence that the quality of the A-level ‘gold standard’ is falling. 

I have shown that this issue is complex, as there are many influences upon the pass 

rate. Press coverage of the issue probably undermines student confidence, particularly 

in those considering physical sciences, usually reported as the most difficult.

9.4 Demographic Changes and the Uptake of Physics

Having discussed some of the influences upon students’ attitudes to the sciences which 

affect uptake at A-level, I will briefly review the demographic changes which affect the 

number taking physics in particular. Chapter 4 showed that the popularity of a subject 

at A-level is difficult to measure. Numbers of entries are influenced by demographic 

changes in the population of 17 year olds, as well as the proportion of that population 

that stay on for A-levels. Both of these have substantially changed over the past 

decade, but in opposing ways. Despite the population decline, there has been a large 

increase in A-level uptake. The physical sciences, however, have failed to attract 

additional recruits from this increased supply. The growth has taken place in the many 

new subjects, as well as in many traditional arts and humanities subjects. Prior to the 

growth of A-levels over the last decade, they were taken by a far smaller proportion 

(less than 20%) compared to more than 41 per cent today. I contend that the ability 

profile of the newer recruits includes a greater proportion of middle ability students, 

whereas formerly only the highest ability tended to take A-levels. The image of physical 

sciences and mathematics as the hardest subjects has been an important factor 

deterring many new recruits to A-level from taking physics, perceived as the hardest 

subject.

9.5 Differences in Attitudes to the Individual Sciences

Chapter 5 showed that physics has the most negative image of the three sciences and 

mathematics. Biology has the most positive image of the sciences. Physics is seen to 

be the least interesting and enjoyable, and also the most difficult subject. Sections 5.6 

and 5.7 showed that interest and enjoyment in a subject are very important influences
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on its choice for A-level. The decline in uptake of physics may therefore be evidence of 

a drop in interest in the subject, although it is also influenced by other factors such as 

the perception of difficulty and career opportunities. However, I have shown that if one 

considers the sciences as a whole, relatively positive attitudes to biology mask the more 

negative attitudes to physics. For that reason, any investigation of attitudes to science 

generally is a poor indicator of attitudes to one of the individual sciences.

Section 5.14 provided initial evidence that those factors which attracted some to the 

sciences were the same factors which deterred others from taking them. This is likely to 

indicate some differences in personality types between those taking sciences and those 

taking humanities. This is discussed in more detail in section 9.8.

9.6 Discussion of the Second Student Survey

Chapters 7 and 8 have provided considerable evidence that there are marked 

differences in attitudes between those students who take physics A-level and those who 

do not. Stables (1996: p.98) says that the most frequently cited reasons given by 

students for choosing subjects are interest/enjoyment, ability, and career prospects. 

The interviews and survey work I have undertaken support these findings and enable 

me to specify some key factors influencing patterns of interest, enjoyment and 

perception of difficulty. Interest and enjoyment, were analysed in greater depth through 

interviewing students about what attracted them to physics, or deterred them from 

pursuing it. Section 8.3 shows that the most important factors which attract the physics 

students to the subject are the very same factors which deter arts and humanities 

students. The right/wrong nature of physics, the inability to discuss and answer in 

essay form, career intentions, and the mathematical content are the most important 

factors which have opposing influences for the two groupings. Difficulty was also a 

major deterrent to those avoiding physics. Both groupings have a similar perception of 

physics, but with notable differences in the influences this has upon their attitudes to it. 

These same influencing factors were also noted in surveys discussed in DfE 

(1994:pp57-61) and loP (1993: pp20-21). In particular, the small DfE survey of 

graduates showed strong agreement with factors found in chapter 8.
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This is suggestive of distinct attitude differences for the two groupings of students. 

Physics students like physics because of its mathematical, clear-cut nature which leads 

to definitive answers. When a question is tackled, students perceive that the answer will 

be either right or wrong, and not open to the interpretation of the examiner. Provided 

they have learned their work, they feel able to get most of it correct and without fear of 

criticism of the way in which it is expressed. Physics students also have a notable 

aversion to writing essays as this would involve them having to express opinions in 

response to open ended questions.

Non-physics students studying the arts and humanities do not like questions with 

definitive answers which are not open to debate. They feel that open-ended questions 

give them the opportunity to express themselves and allow greater input into the 

subject. Most dislike the mathematical aspects of physics, for similar reasons. 

Formulae are not considered easy to learn and are not open to interpretation; they are 

either right or wrong. Most formulae are thought of as abstract, having little personal 

relevance to arts and humanities students. Physics is perceived as a difficult subject 

with many facts and concepts that merely have to be learnt. Some of the most difficult 

concepts are abstract ones, such as electricity and electromagnetism. The terminology 

also has a precision which many students find difficult to remember. Inaccurate use of 

terminology can render an explanation wholly incorrect, something which is less so in 

the arts and humanities. Physics is also not perceived to be a ‘stand-alone’ subject 

since it needs to be taken with mathematics and so students are less willing to tie up 

two A-levels in this way. The perception that taking physics will limit university and 

career options is an important factor as it may be possible to alter this perception 

through improved careers advice in schools and colleges. It is important to dispel the 

notion that taking physics at A-level is something only for those seriously considering a 

career in engineering or scientific research. I will now look at some of these issues in 

more detail.

9.61 The Definitive Nature of Physics

This is one of the most important factors affecting whether or not a student chooses 

physics at A-level. The survey work has shown it to be the single biggest factor which

230



attracts those who opt for physics, or deters those who do not take it. It is the factor 

which most seems to influence interest and enjoyment in a subject. It is the nature of 

physics at A-level to be largely factual, although more could be done to introduce areas 

of uncertainty and the role of science in discussion of trans-science issues. There are 

relatively limited options to change the nature of the subject so that it is more attractive 

to the more polarised of those who currently avoid it. As the DfE(1994: p.62) report 

says, there are two interesting implications of any efforts to change the nature of the 

subject in a way to attract more students:

“One is that science and technology would have to change out of all 

recognition and potentially to its detriment to attract the non-science 

students. Second, that moves to make these subjects more attractive to 

non-science students could deter some who now choose science. “

Curriculum changes are therefore not without risk. It is possible that such action could 

be counter-productive in any drive to attract more students to the sciences. It would be 

particularly unwise to alienate the high ability students who are presently attracted to 

physics. There is no guarantee that substantial curriculum changes would attract those 

who currently avoid the subject, especially if the psychological differences between the 

groupings, and discussed in section 9.8, are fundamental. The survey I have 

undertaken is not alone in noting some clear differences in psychological profiles 

between those who choose physics and those who do not. Collings and Smithers 

(1983: p.5) draw on a series of studies over many years, to emerge with a psychological 

profile of a typical scientist or science student.

“Scientists, and students of science, when compared with non-scientists, 

tend to be male, and have a high measured intelligence especially in the 

non-verbal (spatial) sphere, to be convergent in their thinking, to be 

emotionally stable, tough-minded, self-sufficient, and interested in things 

and ideas rather than people”.

The paper also notes that the highest ability students are those who opt for the physical 

sciences and comments that the physical sciences may be the most difficult. The paper

231



is primarily concerned with the psychological differences between those choosing 

physical and biological sciences, but rightly says that these differences have not usually 

been focused upon in research. As biology is the most popular of the sciences and 

most acceptable to arts students, it is therefore evident that there are likely to be even 

greater differences between those choosing physical sciences and those not choosing 

any science at all. Ormerod and Duckworth (1975: p.58) also noted differences in the 

psychological profiles of science students when they referred to “a wealth of evidence 

indicating that students who have a non-verbal bias in intelligence test scores tend to 

take up the study of science subjects, while those with a verbal bias gravitate to the 

study of arts subjects. Wilson and Jackson (1994: p. 187), describe the classic 

stereotype of a scientist and used an Eysenck Personality Profiler (EPP) to test the 

validity of this perception. They found that “physicists do differ from the same-sex 

norms on many of the traits”, and concluded that physicists are “somewhat socially 

withdrawn” and that they are “careful, controlled, inhibited and unsociable as a group 

(whether male or female), but not to an extent that could be called clinically significant”. 

They also concluded that female physicists do not display particularly masculine 

patterns, but do differ from the female norm. In terms of self-image, Haste (1984) 

would qualify this by noting that it is on certain traits that discipline is a greater 

determinant of attitudes.

9.62 Difficulty of Physics at A-level

The perception of difficulty of physics, and the physical sciences generally, is a major 

deterrent to those able students who may otherwise consider taking it. All students 

consider physics to be the hardest of three main sciences, and perceive biology to be 

the easiest. The perception is so strong that it is likely that there is some truth in it. The 

relative difficulty of subjects is not easy to measure, not least because comparisons 

have to be made between vastly different subjects with greatly differing concepts. 

Moreover, the psychological profiles of those selecting sciences differ substantially from 

those selecting arts and humanities. However, recent research to assess the relative 

difficulty of subjects, support the notion that the physical sciences are the hardest.
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Ormerod and Duckworth (1975: p. 18) refer to surveys going back to 1935 which 

suggest that “teachers ... connected the swing from science with the difficulty of 

science subjects in the sixth form”. They further note that only pupils of above average 

intelligence study the sciences at higher levels. Sears (1994: p.2) refers to:

“evidence which suggests that the physical sciences at A-level get a 

higher ability intake than other subjects. Whether this gives other 

students the image of science as being difficult, or only suited to the 

most able, is a question to be answered.”

Blackburne (1997) refers to comments on the difficulty of physics from John Osborne of 

the Association for Science Education who said that one who takes physics is likely to 

be a masochist. He also noted that physics is more popular in Scotland than in England 

and Wales. As argued above, any attempts to attract more students of middle ability 

must not involve drastic changes which alienate the current high ability students. The 

DfE (1994: p.39) report also acknowledges the perception of difficulty as an influencing 

factor, although it states that “there is no readily available ranking of subjects by their 

degree of difficulty”. However, it does refer to “subject-pairs analysis which correlates 

exam candidates’ grades on one subject with their grades on another”. This seemed to 

indicate that mathematics and the sciences were indeed more difficult than non-science 

subjects, except for geography. The work of Fitz-Gibbon and Vincent has since provided 

more evidence of differentials in difficulty. Ellse (1994: p. 16) criticises the subject-pair 

comparisons, which are explained below, saying that they “give little information about 

the difficulty of A-level sciences”. He uses a candidate’s mean grade across all GCSE’s 

taken, and links this with the A-level grade achieved. From this he deduces that physics 

grades are typically around 0.8 of a grade lower than English. He says that “only brave 

and committed A-level physicists are likely to ignore a profile of GCSE results that 

shows, in an open and official manner, that in some way they are “better” at other 

subjects than physics”. This factor arose during the interviews when a girl who had 

achieved A* in all subjects except music, commented that she would have liked to have 

taken music, except that she had not achieved such a good grade in it, as she only 

received an A grade. If this small discrepancy influenced this girl of very high ability, 

how much more would one or two grades difference influence others of lesser ability?
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Ellse (1994) adds that, for those whose mean GCSE grade was an A, there is little 

discrepancy between science and non-sciences, in the A-level grades achieved. It is for 

the students of slightly lower ability that the discrepancy is greatest.

Fitz-Gibbon and Vincent (1994), working at the University of Newcastle, have produced 

a report for the School Curriculum and Assessment Authority on the performance of 

candidates in public examinations in maths and science. The report refers to the 

relative difficulty of mathematics and the sciences compared to other A-level subjects. 

Several methods were used to determine whether grades obtained in maths and 

science subjects were significantly lower than for other subjects. It is worth referring to 

these methods in more detail. One used Grade Pairs, which is described (p.i) as:

“grades obtained by the same student in a mathematics-science subject 

and in a non-science subject. If subjects were of equivalent difficulties 

these grades could be expected not to differ significantly”.

The study found significant differences, with Physics, Chemistry, Mathematics, and 

Biology being the hardest. The study also found that foreign languages were relatively 

difficult. Physics was the hardest, then Chemistry and then Mathematics. Grades for 

Physics were approximately one less than the norm.

A second method applied Correction Factors for each subject. The student’s average 

grade is determined across all subjects and compared to the grade for each subject. A 

correction factor estimated in order to allow for the relative difficulty. The report [Fitz- 

Gibbon and Vincent (1994: p.8)] explains that:

“a Correction Factor of 0.5 implies that half a grade should be added to the 

obtained grade to bring the subject into line with the average difficulty of other 

subjects. A Correction Factor of -1 would imply that a grade should be taken 

off the obtained grade".

The relative difficulty of subjects is shown graphically, with Art, Communications 

Studies, and Design and Technology, as the easiest subjects, and Physics, Chemistry,
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and Mathematics as the hardest. Figure 9.1 shows the relative difficulty of various 

subjects with the correction factors, adapted from Fig.3 in Fitz-Gibbon and Vincent 

(1994: p.28). A fuller version is in the appendices. It is clear, from this second method 

also, that physics is the hardest subject taken.

Difficulty Correction Factors (Relative Difficulty)
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Adapted from data in Fitz-Gibbon and Vincent (1994)

Fig. 9.1: The relative difficulty of A-level subjects 

The third method used by the researchers was called “Value Added with respect to 

GCSE". The report argues that students with similar achievement levels at GCSE could 

be expected to achieve similar A-level grades. It was found (p. ii) that:

“students taking mathematics and/or science subjects at A-level tended 

to have higher levels of prior achievement as measured by their average 

grade in GCSE examinations. Their A-level grades were also higher, but 

not by an amount commensurate with the differences in average GCSE 

scores. In other words, the mathematics-science subjects at A-level 

showed lower “Value Added” indicating either their greater “difficulty” or 

that they were more “severely graded” at A-level”.

A fourth comparison used was also a ‘Value Added’ method of similar design, but 

performed with respect to a reference test. Once again, the results were consistent with 

the above methods. All methods showed physics to be the hardest of the A-level 

subjects taken. The report further points out that, as these grade differences are for an
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individual, the cumulative effect across the whole subject group in a school or college 

for an A-level subject could be substantial. Concern is expressed that a school’s need 

to compete in School Performance Tables could possibly encourage some schools to 

dissuade students from taking these difficult subjects. loP (1994: p.25) also refers to 

this concern. The student interviews showed no evidence of this occurring in the 

schools concerned, although the number of schools was small. Moreover, this issue 

was not specifically addressed during interviews. Furthermore, performance tables are 

a relatively recent phenomenon and schools may not yet have fully realised the potential 

of this means of manipulation of its apparent performance.

Fitz-Gibbon and Vincent (1994: p.iii) also noted that “there are large differences 

between particular schools and colleges in the proportions of students attracted into the 

mathematics-science subjects”. The reasons for these differences and the effect upon 

uptake need further investigation in order to determine the factors causing some 

schools to obtain a higher yield of mathematics and science students.

In summary, there is mounting evidence to support the perception of students that 

physics is the most difficult subject at A-level. It is therefore understandable that 

difficulty is a major factor influencing students when deciding whether or not to take 

physics A-level. As most consider that it is also necessary to take maths A-level with 

physics, only the more confident student is likely to take the risk of attempting two 

difficult A-levels. The traditional combination of maths, physics and chemistry A-levels 

is certain to be daunting for many students who are not of the highest ability, as they 

perceive, and with considerable justification, that these are the three hardest subjects. 

It is not surprising that mathematics and physical sciences attract more high ability 

students. Medium and lower ability A-level students are likely to be deterred from 

attempting these difficult subjects. Cheng, Payne and Witherspoon (1995: p.35) also 

note this effect when they say that “our models also show that, for both the physical 

sciences and mathematics, GCE A-level students with poorer GCSE results have 

become relatively less likely over recent years to opt for these subjects”. Students are 

aware that they require a certain number of points to gain a university place and that 

taking the hardest subjects is likely to lead them to getting fewer points. This may partly
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account for the student perception that taking the physical sciences limits university 

choices, or even their ability to obtain a place.

The research by Fitz-Gibbon and Vincent impressed Sir Ron Dearing, chairman of the 

School Curriculum and Assessment Authority, in his review of sixth-form qualifications. 

Marston (1996a: p5) refers to the findings and says that Dearing “argues that current 

arrangements are aggravating the steady decline in the number of students choosing 

science and maths at A-level”. In considering possible measures to combat the grade 

depression received by students of science and maths, Marston was told that it was out 

of the question that these subjects should be made easier, as universities were already 

concerned about standards. He suggested that ‘easier subjects’ should receive tougher 

marking. This issue was raised many years ago by Ahlgren and Walberg (1973: p. 187) 

who gave evidence that physics teachers seemed to be the most severe in grading 

answers. This, they feel, deters many from continuing with physics at higher levels.

Students are, not surprisingly, influenced in their A-level choices by their performance 

and ability at GCSE. This is noted by DfE(1994), loP (1994), Cheng et al(1995), and 

Stables (1996: p.85). In his Tertiary College Survey of 1991, Stables determined the 

seven most commonly taken A-level subjects by ability grouping. The findings are 

reproduced in the table below.

High Ability % Low Ability %

1 English 58 English 53

2 Maths / Statistics 36 Sociology 29

3 French 28 Communications 23

4 History 27 Economics 19

5 Physics 23 Geography 18

6 Geography 22 Art / Design / Graphics 

Maths / Statistics

14

14

7 Chemistry

Economics

17

17

Table 9.1: Commonest A-level subjects by ability [Stables (1996: p.85)]
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Stables (1996) notes that the group labelled ‘low ability’ are only relatively so compared 

to the high ability group. They are still well above the national norm. From the table it is 

evident that physics is normally considered only by students of high ability. This is likely 

to be due, in large part, to the perceived difficulty of the subject. It is interesting to note 

that English is considered suitable for all ability ranges of A-level students.

9.63 The Mathematical Nature of Physics

Mathematics has also been shown to be one of the hardest A-levels. Sections 8.3 and 

8.43 reported the importance of the mathematical nature of physics in deterring the arts 

students from taking it. Sears (1994) and section 7.45 noted that physics is not seen as 

a ‘stand-alone’ subject, needing maths A-level to be taken as well. Section 7.51 

discussed evidence from the survey on the strong perception of the mathematical 

nature of the subject and the need to be good at maths. This issue is also discussed in 

loP (1994: p50), where it is suggested that current teaching does not make clear to 

pupils the purpose of the mathematics used. Moreover, physics teachers cannot 

continue to rely on the mathematics curriculum to teach all the techniques needed for A- 

level physics and may have to re-appraise how the maths is taught, and by whom. It 

suggests that current methods tend to lead to a false, mechanistic view of physics, 

which is at odds with current thinking in the subject. This view is supported by many of 

the survey findings discussed in chapters 7 and 8.

9.64 Career Opportunities

The survey findings presented in sections 7.42, 8.2, and 8.44 show that the two 

groupings have distinctly different perceptions of the career opportunities available with 

physics A-level. Arts students perceive the subject to limit career opportunities, 

whereas physics students see it as providing a wider choice of career possibilities. 

Career intentions have been shown, in this survey, to be an important influence on 

student choice. Hence it is necessary to ensure that students have a realistic view of 

the career opportunities open to them as a result of their subject choices. The survey 

evidence, that the perception by arts students, of physics as limiting, indicates some 

inadequacy in careers advice, or at least that the advice is ineffective. However, we 

cannot be certain that careers advice is perpetuating this impression. It is also possible
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that students have given greater credence to the advice of those with similar views 

within their own subject grouping, rather than considering more general advice. If, as I 

argue in section 9.8, the psychological profiles of the two groupings render them pre

disposed to arts subjects, then it is careers using arts and humanities subjects which the 

student will consider. Little attention will be paid to career opportunities using physics, a 

subject in which the student has little interest. The perception of limited career 

opportunities for physics then becomes understandable. More research is needed into 

the careers advice obtained by students, and the influence this has upon student 

choice.

9.65 The Quality of Teaching

The survey work has not shown the perceived quality of teaching to be an important 

factor in the uptake of A-level physics. Very few referred to this as a specific reason for 

avoiding the subject, although a few in one school did cite good teaching as a positive 

reason for opting for physics. In most instances, when specifically questioned on this, 

students felt that it was of a similar standard to other subjects. The DfE (1994) report 

also comments that quality of teaching was rarely mentioned as a factor affecting 

subject choice. It says, (p.73), that lack of interest and enjoyment, given as the most 

common reason for avoiding sciences, “might be seen as implicit judgements on 

teaching”. The report adds that there is no reliable information as yet to link quality of 

teaching with subject choice. Clearly this is an area which would benefit from more 

research. It is possible that the growing shortage of teachers in the physical sciences 

may lead to more teaching by non-specialists, which may result in poorer teaching in the 

long term. The DfE (1994: p74) report notes that, at present:

“In the individual sciences, which were a minority of all science teaching (about 

a sixth), the proportion of teaching by teachers with a degree in the subject in 

physics and chemistry was as high as in the main non-science subjects. This 

was not so for biology and maths where the proportion ... was below the main 

non-science subjects”.
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The report notes the ambiguity in these figures, owing to the introduction of balanced 

science, for which there is no real equivalent at degree level. It should also be 

understood that the figures are unreliable as they deal with only a small proportion of 

the science teaching. Recent trends in the supply of teachers have been a cause for 

concern, with many places being left vacant on training courses. Pyke (1997 d) reports 

that there has been a sharp drop in recruitment to teaching, with even traditional 

subjects such as English and History suffering a fall. He adds that the biggest problems 

with shortages are still in the sciences, mathematics, design and technology.

The issue of quality of teaching, and its influence upon students’ performance is also 

raised by Fitz-Gibbon and Vincent (1994: p. 12) who suggest that teaching quality is 

likely to vary just as much in the sciences and mathematics as for other subjects. They 

note a lack of evidence to support suggestions that teaching is less effective in these 

difficult subjects. They argue that A-level achievements exceeded those of many other 

countries studied and indicates that A-level teaching is of a good standard. They do 

express some concern that effective science and mathematics teachers may be lost 

from the profession.

9.66 The Image of Science and Scientists

The survey of student attitudes to physics has shown that there remains a high degree 

of trust in science and the scientific community, with the vast majority rating scientists as 

responsible people. However, the stereotypical image of the scientist as a somewhat 

eccentric middle aged man with wild hair and glasses still persists. Although it was said 

by students that they did not really believe that scientists were normally like that, most 

did rate them as more anti-social and boring personalities. This perception is likely to 

have some influence on students who may be considering a subject such as physics, 

which is considered to be the most boring and difficult of all the sciences. The 

personality profile of physicists, and other scientists, is discussed further in section 9.8.
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9.7 Gender Issues in the Uptake of Physical Sciences

It is widely appreciated that far fewer girls than boys take up physical sciences and 

mathematics. Of the 36744 students taking A-level physics in 1993, there were 28709 

boys and 8035 girls. Hence female physics students represented less than 22 per cent 

of all physics students. This percentage had not changed significantly in the preceding 

five years, and indicates that, at least as yet, the widespread growth in balanced science 

programmes and the introduction of a National Curriculum has done nothing to attract 

more girls to physics. Making all students study all three sciences up to sixteen has had 

no positive effect on physics uptake of, for either gender. Indeed, T.E.S. (1997) reports 

that, “since 1988 the ratio of boys to girls taking physics A-level increased from 3.41 : 1 

to 3.54 : 1”, and that it is now the only subject where girls’ performance is worsening.

Girls interviewed about the influences on their choice of A-level subjects, gave little or 

no indication that they had been actively dissuaded from physics, either by teachers or 

boys. They do perceive physics as a masculine subject, but virtually all denied that 

boys had influenced them in any way. Some girls admitted that they may have been 

deterred from it if they thought they were going to be the only girl taking the subject. 

However, this was rarely given as the primary reason for avoiding physics. 

Nevertheless, it may deter some girls from taking physics. The indisputable fact that far 

fewer girls than boys opt to take physics at A-level has a certain degree of ‘cultural 

momentum’ which maintains the gender imbalance, discussed in section 8.7. All these 

factors combined enhance the masculine image of the subject and perpetuate the 

gender imbalance.

The principal reasons for avoiding physics at A-level were consistent with those which 

applied to boys as well. The preferences for discussion style subjects with open-ended 

questions and no definitive correct answers were dominant factors which deterred girls 

from taking physics. It appears that girls are even more inclined than boys to this style 

of subject, and that the predominant influence is therefore a psychological difference in 

attitudes. As Taber (1991) observed, girls have distinctly different science issues which 

interest them compared to boys. Girls are interested in studying items such as human 

biology, health, chemicals in food, and animals. Boys prefer to study mechanical items,
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space travel, military hardware and electricity. Girls are more interested in people and 

relationships, whereas boys are interested in inanimate things and theories. Taber 

(1991: p250) concludes that his study shows “the spectrum of gender-related issues 

does not seem to run from physical sciences to nature study, so much as from 

machinery to health science”. I would add that there is most likely to be a perception 

that physical sciences deal predominantly with machinery, whereas biology is more 

concerned with health science. What is notable, however, is that this study was carried 

out by surveying pupils entering secondary school. This indicates that the pre

disposition of girls to biology and boys to physical sciences is already firmly entrenched 

in the psyche of each gender well before the decision on A-level subjects occurs. The 

pattern is continued into higher education, as noted by Haste (1984).

Trankina (1993) has studied gender differences in attitudes in the USA and reported 

that women showed less confidence than men in science. Women were more likely to 

feel that science has a negative influence on people’s ability to decide between right and 

wrong. She also found that women felt that science tended to pry into things too much. 

Another American study, by Hornig (1992) showed that women perceived greater risk 

and less benefit from scientific and technological advances. Hornig sees this less as a 

negative statement about science, but rather a positive one about their greater interest 

in social and personal issues. This is supported by my survey work showing the positive 

attitudes to physical scientists as people who are responsible and important. It is 

unlikely that the nature of science in general, and physics in particular, could be 

changed enough to make it significantly more attractive to female students. The gender 

differences in attitudes to sciences may be so deeply ingrained as to be overlooked 

even by the girls themselves. Keller (1983: p187) refers to the depth of these links, 

referring to the “historically pervasive association between masculine and objective, 

more specifically between masculine and scientific” and saying that academic critics do 

not take the issue seriously. The research discussed in the previous two chapters has 

shown the strong link between science, particularly physics, and the pupil perception of 

objectivity. I have also shown agreement with Keller’s notion of the masculine image of 

the physical sciences. Keller (1983:p197) argues that for all of us:

242



“our earliest experiences incline us to associate the affective and cognitive 

posture of objectification with masculine, while all processes which involve a 

blurring of the boundary between subject and object tend to be associated with 

feminine.”

Trankina (1993) refers to the widely held belief that there may be biological differences 

between boys and girls that influence their uptake of science and mathematics. She 

refers to work published in the 1970s and 80s which suggested that boys performed 

better than girls in tasks which required quantitative skills and spatial visualisation. 

These are clearly qualities required in the sciences, and especially the physical 

sciences. Trankina comments that the popular press seized on the suggestion that 

biological differences in the female brain made them less adapted for scientific ideas 

and this was used to account for the gender imbalance in the uptake of the physical 

sciences. Trankina then notes that later work has widely disputed the original findings, 

but that the belief remains and may have become a self-fulfilling prophecy because of 

girls’ continued perception that they are less suited to science and mathematics. 

Trankina (1993: p. 124) summarises this by saying that:

“While there is increasing evidence that there are, in fact, no biological 

differences in the objective prerequisites for an occupation in science (Bleier, 

1986; Feingold, 1988), it may be that many females believe there are such 

differences. In other words, there may be gender differences in attitudes 

toward science. And, it is well-understood that success at anything is based as 

much on the right attitudes and accompanying motivation as it is on possessing 

the required skills”.

The shortage of women in the physical sciences does mean that there are rather few 

‘role-models’ to attract more girls in the future. Most physics teachers are male and few 

women seem to reach high status in the world of science and engineering. Trankina 

(1993: p. 128) refers to the scarcity of female role models in science, especially in the 

upper ranks. She notes that, in the USA in 1989, “only 8 per cent of full professors in 

science and engineering were women”. She adds that the lack of women in science 

tends to perpetuate itself. This supports my earlier suggestion that there appears to be
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a degree of cultural momentum to gender imbalance in science and engineering. A 

COPUS (1996: p25) report comments on the lack of female role models saying that:

“aside from the fact there are rather few of them in most disciplines and fewer 

still have high status, there is the question of what role they perform. If they 

are to research science the same way as their male colleagues, they may not 

inspire women who see science as alien to their gender’s culture and values.”

The different attitudes and values of women, shown by other research, suggest that 

women do think differently and therefore tackle science differently. Trankina (1993: 

p128) addresses this issue in her discussion of research indicating that “women tend to 

conduct interpersonal interactions in a co-operative and compromising manner ...”, 

whereas “the cultural climate of an historically male dominated science is adversarial, 

competitive, and cold”. This, she feels, results in a lack of confidence in women 

compared to men and deters them from a career in science. They are therefore more 

likely to choose careers which are less confrontational or emotionally stressful. Any 

attempt to constrain women into carrying out science according to the stereotypical 

male tradition will not attract other women into science. However, too much change 

may also alienate those who are currently attracted to it. As with so many other aspects 

of the uptake of sciences, the gender issue is far from simple. The attitudinal 

differences between the genders are probably the result of a complex interplay of 

cultural and social images of the physical sciences.

No significant differences in attitudes to physics were noted, between the genders, in 

the research, although the sample size for female physics students was too small for 

reliable analysis. However, Woolnough (1994b) in his research into factors influencing 

choice of engineering and science also commented that both male and female had very 

similar views on some aspects, such as the type of science activity they most preferred.

The influence of single-sex teaching and single sex schools upon attitudes to the 

sciences is a topical issue and there is some evidence to suggest that girls in single-sex 

schools are more likely to take physics than their counterparts in co-educational 

schools. Cheng, Payne and Witherspoon (1995:p.10) of the Policy Studies Institute
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have done some research which supports this notion. They say that girls “who attended 

all girls schools in year 11 were more likely than girls from mixed schools to opt for 

mathematics or a physical science”. They note that there are few differences between 

single sex and mixed schools when comparing the uptake for the life sciences. They 

add, however, “boys who attended a single sex school in year 11 were less likely than 

boys who attended a mixed school to opt for mathematics or a physical science at GCE 

A-level”. Stables (1990) noted that single-sex education had a tendency to reduce 

polarisation of attitudes evident in mixed schools. Thomas (1990: p17) says that such 

findings do not automatically mean that single-sex education is the best answer, as 

education does not “exist in isolation from the rest of society”. It is therefore debatable 

whether single-sex education, in order to increase uptake of physical sciences, is 

worthwhile in relation to broader educational considerations.

O’Brien and Porter (1994) report that their research found that girls in co-educational 

schools had a more negative attitude towards physics than girls in single-sex schools. 

McCrum (1995), along with many others, argues that proper research is needed to 

compare the effectiveness of each type of school. He refers to a study by Smithers into 

Roman Catholic single-sex schools in America which showed them to be very 

successful. However, he reports that it would be unwise to assume that this is due 

entirely to the schools being single-sex. Such schools normally attract the highest ability 

students, which may account for the higher levels of achievement.

One of the most important influences upon subject choice at A-level is performance in 

subjects taken at GCSE. Cheng et al (1995: p25) note that girls who take A-levels in 

physical sciences tend to have higher GCSE grades than boys. They attribute this to 

the possible need for girls to have greater encouragement in their ability before they 

select a subject which they see as a ‘male preserve’. Girls appear to have less 

confidence than boys in their ability to cope with the physical sciences at A-level, a view 

supported by Stables and Stables (1995: p.50).
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9.71 Girls Into Science and Technology (GIST) Project

Another important piece of research into girls and science was the Girls Into Science 

and Technology (GIST) project, run from 1979 to 1984. Whyte (1986) gives a detailed 

account of the research. This was a large scale piece of action research involving about 

2000 pupils in schools near Liverpool. Eight ‘action’ schools, where interventions took 

place, and two control schools were involved in the project. The research involved a 

number of strategies to tackle the underachievement and poor uptake of science by 

girls in secondary school. At the time many girls dropped the physical sciences by the 

age of fourteen. The intervention strategies were to be administered by the teaching 

staff, and their agreement was necessary. The strategies included:

• re-designing curriculum materials to reduce gender bias

• discussing the achievements of women in science

• inviting women scientists to give talks in schools (VISTA)

• single sex classes

• girls only clubs for science and technology

• standardizing marks to avoid girls being discouraged by low marks

Most schools opted only for VISTA visitors, along with the tests and questionnaires. 

Later in the four year project, two of the schools organised single-sex science classes. 

A few schools ran some ‘girls only’ clubs for science and technology. At the start and 

end of the project pupils in both the action and control schools were given tests and 

questionnaires to evaluate their knowledge, interest, and attitudes to science. Option 

choices were also monitored for any improvement in uptake.

The visits to schools by women working in science (VISTA) was central to the GIST 

project as, according to Whyte (1986, p67), it could “combine the merits of providing 

girls with role models of women in ‘masculine’ occupations and offering first-hand 

experience of science and technology as interesting and socially useful endeavours”. 

Each VISTA speaker explained their work, gave practical demonstrations, and related 

their work to part of the science curriculum. It was not always obvious to girls that this 

was a deliberate attempt to maintain girls interest in science, Whyte (1986, p76).
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The effects of the GIST project were rather inconclusive and Whyte (1986, p1) notes 

that "changes for the cohort of girls in the action schools [were] not to be fully realized”. 

She also reports (p.210) that option choices altered slightly in the desired direction in 

most action schools, but that “both control schools also fell into this category, so the 

changes cannot necessarily be attributed to the GIST interventions”.

The project showed more success in altering attitudes to science. Whyte (1986, p210) 

reports that “the intervention effect appears to have been greatest on the single issue of 

the ‘masculine’ image of science and technology”. She suggests (p90) that the project’s 

most important outcome is in generating ideas to make science more ‘girl friendly’ and 

in stressing the social and humanitarian implications. The image of science was 

enhanced in the action schools, and a reduction in sex stereotyping was also noted, 

(p213). The VISTA visits seem to have benefited all pupils rather than having inspired 

girls in particular, especially as most girls did not realise their aim.

Single sex science classes showed a significant improvement in girls’ performance in 

science, possibly because girls were removed from the inhibiting presence of boys 

(p150), although many felt that single-sex classes were not a long-term solution. ‘Girls 

only’ clubs showed the benefits of tackling the deficit in mechanical and spatial ability 

which girls have, and several teachers started up such groups.

Career intentions of girls in the action schools also showed some increase in those 

willing to consider scientific and technical jobs. Whyte (1986, p216) describes this as 

“one of the most pleasing results, as it shows unequivocally that the programme opened 

up new opportunities to girls”. In summary, the GIST project produced some beneficial 

effects upon the attitudes of girls towards science, but it is debatable whether this 

resulted in an increase in girls opting for the physical sciences at age 14. Both Whyte 

(1986) and Kelly (1981, p285) recommend that pupils should not be allowed to drop 

sciences at this age. The National Curriculum supports this but, as yet, there has been 

no marked improvement in the uptake of physics at A-level.
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9.8 Psychological Differences between Science and Arts Students

Both physics and arts students indicate that the character of A-level physics students is 

somewhat different from those who do no physical sciences. The responses from both 

groupings therefore indicate that there are some psychological differences between 

those who choose physics A-level and those who opt for arts and humanities. I have 

already noted that those factors which attract students to taking physics at A-level, are 

the same factors which deter others. One of the principal influencing factors is the 

nature of the subject. Those who choose physics usually have a strong preference for 

the definite (objective) aspects of physics and the ability to obtain a single ‘correct’ 

solution to a question. They dislike the essay style questions and issues in the arts and 

humanities which are open to debate and subjective, where a variety of answers may be 

correct to varying degrees. This is the same factor which deters many students of the 

arts and humanities from taking physics. They dislike the definite nature of the subject 

and what they perceive as the inability to have a personal input. Such generalisations 

are always open to criticism and there are always exceptions to the rule. However, 

these differences are apparent and influence the number of students who are prepared 

to opt for A-level physics. In broad terms, physics students tend to be convergent 

thinkers, while the arts and humanities students are more likely to be divergent thinkers. 

These distinctions are discussed by Hudson (1966: p41) where he analyses differences 

between arts and science students in schools. He defines the convergent thinker as 

“one who is substantially better at the intelligence test than at the open-ended tests”, 

and the divergent thinker as the reverse of this. He describes some of the typical 

characteristics of the converger, in particular the tendency to concentrate upon the 

impersonal aspects of culture, to limit emotional involvement, and the dislike of 

ambiguity (p86). This last point was notable during the interviews with students, being 

the reason most frequently referred to for liking physics. Students of physics expressed 

a distinct preference for subjects which have ‘right or wrong answers’. This same factor 

was also one of the most common reasons given by arts students for avoiding the 

subject. Hudson (1966: p91) says that “the converger enjoys precision, the diverger 

sees it as a trap”. He then summarises this, in caricature, by adding that; “the 

converger takes refuge from people in things; the diverger takes refuge from things in 

people.” Although Hudson acknowledges that the distinction is more complex than this,
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I believe it is a useful illustration of the differences between the physics student (a 

typical converger) and the arts student (a typical diverger). The converger tends to be 

better at non-verbal reasoning, while the diverger is better at verbal reasoning. I do not 

discuss what leads some to become convergers and others divergers, but merely note 

the tendency for students to fall into these two categories, and the significant part they 

play in whether or not a student chooses to study physics.

Hudson analyses the responses of a sample of schoolboys to various psychological 

tests and concludes that, broadly speaking, the students specialising in sciences tend to 

be convergent thinkers while those specialising in the arts are divergent thinkers. Apart 

from standard intelligence tests, Hudson included tests of spatial reasoning, vocabulary, 

general knowledge and interests. Hudson (1966: p.22) noted that:

“The typical historian or modern linguist had, relatively speaking, rather a 

low IQ, and a verbal bias of intelligence. He was prone to work erratically on 

the intelligence test, accurate at times and slapdash at others; and his 

interests tended to be cultural rather than practical. The young physical 

scientist often had a high IQ, and a non-verbal bias of ability; he was usually 

consistently accurate; and his interests were usually technical, mechanical, 

or in life out of doors.”

Hudson acknowledges that the division is not perfect and that there are always some in 

each grouping who scored like those in the opposite grouping. However, he stated that 

generally the “predictions held surprisingly well, and at the extremes they were virtually 

infallible”. He agrees that there are weaknesses in the tests and various reasons why 

some students did not fit the predicted pattern. In addition to some of the weaknesses 

discussed by Hudson, I would add that of considering all sciences together. As 

indicated by the student surveys I have undertaken, attitudes to biology are substantially 

different to those of the physical sciences, and physical science students are more 

polarised as convergent thinkers than would be so if all science students (including 

biology) were considered together. Hudson divided his sample into “extreme divergers 

(10 per cent); moderate divergers (20 per cent); all-rounders (40 per cent); moderate 

convergers (20 per cent); and extreme convergers (10 per cent),” [Hudson(1966: p.41)].
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He also emphasises that the measures of convergence and divergence are not absolute 

measures, but rather a measure of the bias. It is therefore possible for a convergent 

thinker to score higher (in absolute terms) on the open-ended tests than a diverger 

because of a very high IQ for the converger, or a low one for the diverger. This does 

not, however, discredit the findings, as Hudson points out, because the measure of bias 

seems to be the real predictor of the student’s subject choice, and not the level of 

individual scores in either the IQ test or the open-ended tests. Hudson himself 

acknowledges that there are differences in attitudes for the individual sciences.

There are a number of possible influences upon a young person which may lead him or 

her to become a converger or a diverger. These include school influences, parental 

influences, cultural and other societal factors, and possibly genetic factors. The surveys 

showed that the school science curriculum is perceived as a body of objective 

knowledge. Hodson (1993: p18) suggests that “objectivity in science is both more 

dynamic and more diffuse than school science usually admits”. Later, (p. 19), he says 

that one effect of teachers’ desire to teach ‘correct knowledge’, is that it tends to:

“discourage creative, divergent thought in children and thus foster the mistaken 

views that science is intolerant of individual opinion”.

Driver et al (1996: p142) also feel that “the way science is portrayed in the school 

science curriculum has a major part to play in shaping students’ views of science”. On 

page 143 they go on to argue that:

“current teaching practices are portraying a limited perspective on the nature of 

science. The main emphasis in most lessons is on the intellectual products of

science, not on the process of knowledge generation Rarely is the status

of the knowledge questioned or even opened up for discussion”.

They also add that even the practical investigations in the National Curriculum 

encourage this approach. The extent to which a child’s education influences it towards 

convergence or divergence is in need of further investigation. It would be surprising if 

the teachers, the ethos of the school and curriculum offered had no effect upon pupils,

250



but the extent of that effect is uncertain. However, I agree with Hudson (1966: p.94) 

when he says:

“I am not willing to accept that the minds of clever 14 or 15 year-olds are tabfae 

rasae, open to whatever habits the teacher may choose to instil. There is 

evidence .... that marked bents toward science, for example, exist long before 

the specialist teacher gets to work. These are found within the first four or five 

years of life, and are frequently pronounced by the age of 9 or 10.”

This would indicate that much of the initial tendency is either innate or initiated through 

cultural, and parental influences. The influence of the school and individual teachers 

may then enhance these tendencies and serve to affect the interests of those near the 

centre of this spectrum of cognitive styles. Hudson suggests that the sixth form teacher 

principally plays upon the existing convergent or divergent predispositions of the 

students, and that these tendencies go back to childhood.

Others have referred to cognitive styles similar to Hudson’s description, showing that 

the dichotomy of personality is still apparent. For example, reinforcing the stereotype, 

Saville and Blinkhorn (1976) identified tough-minded with science students and 

tendermindedness with arts. Entwistle (1981: p240) discusses a broader interpretation, 

first referred to in Entwistle and Duckworth (1977), which distinguishes between “thing 

orientated” and “inner-directed” students who are science biased, as opposed to 

“person-orientated” and “outer-directed” for arts students. The difference between 

“thing-orientated” for physics students and ‘people-orientated’ for arts students was 

supported by the statistical surveys and interviews discussed in chapters 7 and 8. 

Keller (1983: p188) refers to the objective sciences as ‘hard’ and the more subjective 

branches of knowledge as ‘soft’. These she then links to masculine and feminine 

respectively. Messick (1985: p91) also refers to Hudson’s work and argues that there is 

accumulating evidence to show that some cognitive styles do influence students in the 

learning process and vocational choices. I would agree with Entwistle (1981: p240) who 

notes that, “although the individual scales distinguishing arts and science students are 

not consistent, the overall impression is remarkably constant”.
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Hudson proposes a possible explanation of how children become convergers or 

divergers when he writes:

“the future converger’s parents (themselves convergers) express their love 

for him not directly, or physically, but through the warmth of their approval 

when he masters impersonal, practical skills. Conversely, the future 

diverger’s parents (themselves divergers) hold their son close, distrusting 

his mastery of practical skills. On this argument, the converger grows up 

expecting one pattern, the diverger another.” Hudson (1966: p. 132)

Hudson’s study only deals with boys and needs to be widened in order to address the 

gender issue. Entwistle (1981: p241) adopts a similar view in referring to how subject 

teaching is influenced by the cognitive styles of the teachers attracted to the subject. 

Hudson’s description of science teachers and arts teachers is similar, and powerfully 

reminiscent of Snow’s two cultures. While the stereotypical descriptions are caricatures, 

they are not wholly unjustified. He suggests (p.94) that science teachers tend to:

“encourage [students] to ignore the warm sprawl of emotion in which arts men 

wallow, and to reason with complete impersonality. Conversely, those who 

teach the budding arts specialist may reassure him (as he had long suspected) 

that scientists are narrow and philistine, and that all the paraphernalia of 

mathematics and logic is unnecessary to the conduct of a civilized life.”

Hudson is not suggesting that the students are open to accept whatever the teacher 

tries to instil, but that it undoubtedly influences them. He notes that a predisposition 

towards science is apparent well before the science teacher can have an effect.

Hudson refers extensively to the work of McClelland (1962) which also considered the 

psychological characteristics of physical scientists, noting that they are mostly male, 

work with great single-mindedness, have a strong interest in analysis of the structure of 

things, like music but not art or poetry, and avoid complex human emotions or personal 

relations. He argues that the future scientist’s inclination for analytical ways begins 

early in family life. The survey evidence supports this view, indicating that cognitive
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styles and their resultant attitudes are firmly established before the start of the sixth 

form.

9.81 The Influence of Convergence and Divergence in the Uptake of Physics

Much of the discussion above has focused on how physics students tend to be 

convergent thinkers, while arts students tend to divergent thinking. However, the next 

question is the extent to which this can help us to understand the change in the uptake 

of physics. Either there is a greater proportion of divergers, or other factors deter more 

of the convergers from taking the subject. I suggest that both factors have a role in 

causing the decline in physics, and that the decline is principally among those near the 

centre of the convergence / divergence spectrum. There is not necessarily any change 

in the overall proportions of convergers and divergers in the population.

The changes in the numbers of students staying on for A-level must first be considered. 

In earlier years, only the most able stayed on for A-levels. As Hudson (1966) points out, 

the convergers typically have a high IQ and it is these who tend towards the physical 

sciences. Nowadays we use VRQ as a measure of achievement, rather than IQ, but the 

principal argument is not significantly altered. The large increase in numbers staying on 

for A-level means that there are more middle ability students taking A-levels and hence 

the proportion of convergers to divergers in the A-level cohort will decline. This will 

result in an increase in the supply of divergers and will thus be a factor in the substantial 

rise in the entries for arts subjects at A-level. The proportion of students taking a 

‘convergers subject’ such as physics will therefore be expected to fall.

The actual number of students taking A-level physics might, on this basis, be expected 

to remain relatively constant. In reality the number has fallen. It is at this stage we 

must consider the demographic changes in the population of 17 year-olds. This number 

has declined for many years and, only now is starting to rise. It may be significant that 

this is also the first year (1997) which has shown an increase in the number of 

applications to university physics courses and a slight rise in A level numbers. 

Together, therefore, this may help to account for the trend in physics student numbers 

compared with those taking arts courses. This said, it would be foolish to overlook
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some of the other influencing factors to which students referred in interviews. Not least 

among these is the relative difficulty of physics compared to many of the new A-level 

subjects available. The middle ability students now staying on for A-level are more likely 

to be influenced by the known difficulty of physics when choosing subjects for which 

they will have to achieve good grades to ensure a university place.

An additional point of consideration is the rise in the number of students taking mixed 

science and arts courses at A-level, as well as a rise in the numbers of students taking 

mixed science and arts courses at university. Fullick (1997), commenting on a reported

8.7 per cent rise in applications to university physics courses, also refers to UCAS 

figures showing a 20.5 per cent increase (from 53525 to 64521 in applications for 

combined honours courses in science with social science or arts. Fullick criticizes the 

poor use of data relating to the uptake of the sciences, pointing out that the data refer 

only to two years and take no account of the number of potential applicants which rose 

in that period due to demographic changes. The influence of mixed arts/science 

courses at A-level on the uptake of physics needs to be monitored over a longer period 

to establish conclusive trends. Allied to this is the substantial increase in the number of 

A-level subjects now available. With more to choose from, it is hardly surprising that 

some traditional subjects suffer a decline in numbers.

The results of the interview sessions do therefore concur with aspects of psychological 

theory relating to convergent and divergent thinking. This helps to account for those 

students who undertake mixed arts and science A-level courses choosing biology more 

frequently than other sciences, particularly physics. This in turn could largely account 

for the rise in biology entries in recent years, while physics has continued its decline.

9.82 Cognitive Acceleration

Shayer and Adey (1981, p133) discuss a piece of action research referred to as 

cognitive acceleration. They explain that, In attempting to improve the match between 

learning materials and the pupil, most concentration is on improving the learning 

materials, rather than altering the pupil. They say:
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“Logically it is proper to consider also the possibility of modifying the learner - of 

influencing the cognitive development of children so that they would become 

capable of using the high level material that we think it necessary to teach”.

Cognitive acceleration is therefore an attempt to increase the rate of cognitive 

development in order to improve the rate of learning. They note that all science 

curricula have as an aim the promotion of logical thinking, and report on research 

projects by Rosenthal and Kuhn which they say, (p134) were designed “specifically for 

the purpose of producing cognitive acceleration”. Specific training in the control of 

variables in relation to science investigations was given to above average 10 to 12 year 

old pupils. Some sustained improvement was recorded in Piagetian tests, but it is noted 

that “this is the most likely age for rapid cognitive growth”.

As with the GIST project, the results were inconclusive. Shayer and Adey (1981, p134) 

suggest that, although there have been many attempts to intervene in the school 

curriculum in order to produce cognitive acceleration,:

“our view of these and the other acceleration studies reported in the literature is 

that, as yet, no-one has demonstrated that substantial and irreversible gains in 

cognitive development have been achieved as a result of science teaching 

deliberately designed to produce such gains”.

Furthermore, (p135) they discuss “the futility of trying to push the rate of cognitive 

growth beyond certain physiologically determined limits” by referring to evidence that 

there are certain periods of critical brain growth which seem genetically determined. 

Despite the lack of general success, they do note some limited success in relation to the 

mathematical aspects of physical relationships, (p143). Within the Piagetian ‘concrete 

operational stage, research has shown that short-term intervention to boost experience 

of quantitative physical relationships can improve understanding. Here, cognitive 

acceleration may work, given a specific task in a specific situation, a condition required 

for action research.
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9.9 Summary

In summary, I suggest that differences in cognitive styles, between convergent and 

divergent thinkers, help us to understand some of the reasons for a student’s subject 

choice. If we assume that the proportion of convergers to divergers in the population is 

not altering significantly, then we must look to other factors to account for the notable 

change in the uptake of physics. These factors may include the increase in the number 

of subjects available, the status and image of science and scientists, the perception of 

the subject leading to specific careers, and the difficulty of the subject relative to other 

options. It is to such issues that I now turn.
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Chapter 10 
__________________________

C o n c l u s io n s  a n d  R e c o m m e n d a t io n s

10.1 General Points

The most important factors influencing students when deciding whether or not to take A- 

level physics are related to the nature and image of the subject. The personality of the 

student, in relation to this image, is an important factor in whether or not the student opts 

for physics at A-level. I have shown that attitudes to physics are distinctly different from 

those about biology and that the ‘swing from science’ is largely a swing from the physical 

sciences, and physics in particular. The decline in the numbers taking physics is not 

wholly due to demographic changes in the population as there has been a large 

increase in the proportion taking A-levels. The essence of the problem is that physics 

has failed to attract the new recruits to A-level. I have argued that the growth in A-level 

subjects, the nature of the new recruits to A-level, and the image of physics combine to 

deter a greater uptake. The image of science in general, and physics in particular, 

which is held by students, is reinforced by cultural factors, the media, and science 

education. I will argue, in the recommendations, that changes are needed to the nature 

of science education and the presentation of science in the media. Those involved in 

the public understanding of science will need to address these issues if significant and 

lasting progress is to be made towards a society with a greater understanding of science 

and more positive attitudes towards its role. Only then will there be real improvement in 

the uptake of physical science subjects at A-level and growth in the supply of suitably 

trained people to meet the future demands of society.
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10.2 The Image of Physics

The questionnaire sheets and interview sessions have both shown that the factors 

which attract some students to take physics are the same factors which deter others. 

The perception that the subject is clear cut, with answers which are right or wrong and 

not open to debate is the most important of these factors for both groupings. This is 

attractive to students of physics, but deters non-science students. The dislike for writing 

essays and learning factual information is very closely linked to this factor. Physics is 

seen as factual, difficult, mathematical, logical, sequential, masculine, concerned with 

‘things’ rather than people, not significantly open to debate, and yet important to the 

economy. There is considerable agreement on this image by both arts and science 

students, with only minor differences in extent. Differences in attitudes to the subject 

occur in the perception of career opportunities, relation of physics to other subjects, the 

theoretical or practical nature, interest in natural phenomena, and interest and relevance 

to the individual. I suggest that the image of the subject is a crucial influence on student 

attitudes and consequent uptake at A-level.

The image of physics held by students is reinforced through the media presentation of 

science, through wider cultural influences, and through science education. The image 

presented by the media is frequently one of certainty, with little or no reference to the 

provisional nature of the knowledge being reported. Where doubt and dispute exist, as 

in trans-science issues, the emphasis is on a failure to have acquired sufficient facts to 

decide one way or the other, rather than the conflicting interpretations of the evidence.

I have argued that, in general terms, Snow’s two cultures are still discernible and are 

influential in the subject choices of A-level students. In addition to this, there is a 

cultural image held by some people that science deprives people of humanity, and this 

is likely to influence their children. Elements of those sympathies, though not 

widespread, are discernible in some arts and humanities students, as shown in the 

student surveys. These undoubtedly influence students making their A-level choices. It 

is these sentiments which are more dominant for the physical sciences and to which 

Snow was referring in his two cultures debate. Physics, I have shown, is seen as the 

science most detached from human concern and, for that reason, has the most negative



image in terms of interest and enjoyment. Those seeking to raise the public 

understanding of science thus need to emphasise the human relevance of scientific 

endeavour.

School science education also reinforces the current image of science by placing great 

importance on the learning of a large body of well-established ‘facts’ and ‘theories’, with 

little or no explanation of the process by which agreement on this knowledge was 

attained. Practical investigations and assessment were intended to give pupils 

experience in ‘doing science’ rather than merely learning about it. As Hodson (1993: 

p.22) writes, “the actual chronology of experiment and theory is often rewritten in 

textbooks. This helps to sustain the myth that the path of science is certain and assigns 

a simple clear-cut role to experiment”. In my experience, the examination of practical 

investigations at GCSE encourages pupils to obtain ‘a good set of results’, which 

conform to this image of experimental method and thereby reinforce the stereotypical 

image of practical science. Hence experimental work is perceived as acquiring 

sufficient ‘facts’ to ‘prove’ a theory right or wrong. Perhaps some teachers also see 

practical science in these terms, thereby perpetuating the image of science.

The perception of physics as the most difficult A-level to study and pass is a very 

powerful deterrent to many students and needs to be addressed. This factor was one of 

the most important aspects of the nature of the subject which deterred students. The 

research of Fitz-Gibbon and Vincent (1994) has shown there to be substance in this 

perception of difficulty. I have argued that the main growth in the number of subjects 

available at A-level has occurred in those subjects which are relatively easier than 

physics and that a high proportion of the new recruits to A-level are from the middle 

ability. This is probably a significant factor in accounting for the failure of physics to 

attract many of the new recruits to A-levels. It therefore contributes to the decline in the 

proportion taking physics. However, I believe there has been a tendency by teachers 

and the media to overstate the difficulty of physics and thereby deter even more 

students. This over-reaction to the difficulty of the subject must be avoided if we are to 

attract more students. The interview sessions revealed that one important factor in the 

perception of difficulty for physics is the terminology in use. Students are aware that 

many physics terms have precise definitions, often mathematical, and which have to be
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fully grasped before acquiring a real understanding of the subject. Some terms used 

have less rigid definitions in everyday language and this can result in confusion for the 

student. Experience of this aspect of physics at GCSE can deter many from pursuing 

the subject at A-level.

The mathematical nature of physics is also an important influence on uptake, also noted 

by loP(1994: p.21). This too is seen as a difficult subject and the perception is similarly 

justified by Fitz-Gibbon and Vincent (1994). Furthermore, physics is perceived as not 

being a ‘stand-alone’ subject, requiring a student to take A-level mathematics with 

physics. This, I have argued, ties up two A-level choices leaving less flexibility of choice 

for the third subject, and deters some students. Only the more able A-level students are 

likely to opt for two of the most difficult A-levels, and only then if they are particularly 

inclined to the physical sciences. There are few options to overcome this perception with 

the current three A-levels system. Giving more breadth to the sixth-form curriculum, as 

with a baccalaureate system, is an option currently under consideration.

10.3 The Stereotypical Images Held by Students

Both groupings perceive physics students to be intelligent, male, hard working, 

mathematical, logical thinkers, interested in factual information, ‘thing-orientated’, 

important to society, and getting well-paid and interesting careers. There were few 

discrepancies in this image. In contrast, both groupings perceive arts students as more 

sociable and adaptable, more interesting and caring, with a wider range of interests, but 

less intelligent, less logically thinking, non-mathematical, less diligent, less important to 

society, interested in discussing views rather than facts, ‘person-orientated’, and 

tending more to female than male. These stereotype images were more marked than 

expected, consistent across both groupings and agree with other research into 

personality profiles of scientists and non-scientists. Students may subconsciously 

compare themselves with these stereotypes and that their subject choices, at least in 

part, reflect the extent to which they believe they match the stereotypical perception.

The interview sessions and questionnaires provided evidence of distinct differences in 

personality types for the physics students and arts students. The physics student is
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seen as a more polarised individual, by both groupings, whereas arts students were felt 

to be less definite. These findings are consistent with the polarised cognitive styles 

suggested by Hudson (1966) and others later. The convergent thinkers in the student 

population have a preference for clear-cut questions leading to single answers, for 

mathematical and sequential subjects requiring a high degree of logical thought, and for 

subjects of a factual nature. They are best at non-verbal reasoning. As physics is 

clearly perceived to meet all of these criteria, it has appeal to the strongly convergent 

thinker, but will, conversely, have no appeal to the divergent thinker. The diverger 

prefers open-ended questions which have a multiplicity of answers which are open to 

debate and allow ample opportunity for the input of personal opinions. These students 

are better at verbal reasoning. This is the antithesis of physics as it is perceived by most 

students. Hence divergent thinkers are unlikely to select physics at A-level. It is a 

matter of debate whether girls have a greater tendency to be divergent thinkers than 

males. If so, this would help to account for the large gender imbalance in the uptake of 

physics. In addition to this is the perception that physics has little to do with issues of 

human interest. It is seen as a subject about ‘things’ rather than’ people’. There is 

ample evidence that girls tend to be ‘people-centred’ and boys more ‘thing-centred’. 

This factor is certainly influential on the uptake of the subject by girls and is an important 

factor in the gender imbalance.

The evidence is that these styles are developed relatively early on in a child’s school life 

and are well established before A-level choices have to be made. This suggests that 

educational efforts to reduce the degree of polarisation need to be targeted on pupils in 

the early years of secondary education and in primary school. The dichotomy between 

convergent and divergent thinkers is in reality a continuum between these extreme 

cognitive styles. It is those near the middle of the continuum who may be persuaded to 

opt for the physical sciences and to whom our efforts should be directed. It may also be 

these students who have been lost in recent years, causing the decline in uptake. The 

extent to which the subject can be made more appealing to the strongly divergent 

thinker is clearly very limited and such changes may only serve to alienate the grouping 

of student that currently opts for it and would obviously be counter-productive.
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10.4 Career Prospects

The perception of career prospects influences both groupings when deciding whether or 

not to take A-level physics, although usually for different reasons. I have shown that 

those taking physics believe it enhances their career choices, while those not taking the 

subject believe it limits their choices. This discrepancy is an important finding which 

needs further research. Both groupings have the perception that physics students get 

well-paid careers, and so the issue of pay is unlikely to be a factor which deters them, 

even if the perception turns out to be misguided. The widespread perception among arts 

students that physics limits career options means that many who are undecided about 

careers may not opt for physics. They tend to assume too close a link between subject 

choice and career intention. This perception needs to be tackled in careers advice in 

schools. Careers advisers and teachers need to aware of the student perception and to 

avoid enhancing it. If an arts student is unsure of future career intentions, then taking a 

mixed arts and science A-level course will be less limiting than a selection of wholly arts 

and humanities subjects. I have argued, in section 3.8, that there is currently no real 

shortage in supply of scientists and that some unemployment exists. Hence the debate 

as to whether a shortage will undermine Britain’s economic position is inconclusive.

10.5 Quality of Teaching

The quality of physics teaching was only rarely mentioned as a particular deterrent to 

taking the subject at A-level. There is no strong evidence that the quality of teaching in 

physics differs significantly from that in any other subject. However, as physics is 

perceived as difficult and less relevant to human interests, it requires particularly 

inspiring teaching if it is to attract more students. If lower school is uninspiring, perhaps 

because it is taught by non-specialists, pupils may become deterred from continuing. 

Uninspiring teaching will lead to lower levels of interest and reduce uptake. Although 

difficult to research, the quality of physics teaching needs further study. I suggest that 

the quality of teaching is a more important influence on students’ interest in physics than 

is evident from the research.
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10.6 Demographic Changes and Statistical Data

By any reasonable measure, the numbers and proportion of students taking physics at 

A-level are in decline, with a drop of 25 per cent in entries since 1988. This is not true 

for other sciences, as biology has shown a notable 57 per cent increase in uptake over 

the same time. Chemistry numbers and proportions have remained fairly static. It is 

physics which has shown the greatest decline. Literature which discusses the trend 

away from science in general at A-level needs careful interpretation because of the 

substantially different trends for the three main sciences. While there has been a 

substantial rise in the numbers of students staying on in the sixth form, and an increase 

in examination entries at A-level, physics has not benefited. In this last year there has 

been an unexpected rise in applications to physics courses at university, and the 

numbers at A-level have risen slightly, although the proportion has still fallen. Whether 

the rise in uptake is a ‘one-off fluctuation in the trend, or the start of an upturn has yet 

to be seen. However, if the decline in uptake at A-level continues, it is most unlikely that 

there will be any prolonged increase in uptake at university.

There needs to be greater consistency in the presentation of statistics for the uptake of 

subjects. Whether such figures include all regions of the UK, whether they are raw 

data, percentages of the student population, percentages of the age group population, 

or examination entries must be clearly stated. All of these figures have relevance to 

different aspects of the debate, although they do not all tell precisely the same story.

10.7 The Gender Imbalance in the Uptake of Physics

Far fewer girls take physics, although the imbalance is not a new phenomenon. One 

likely reason for the gender imbalance is the perception of physics as lacking human 

interest. In the interviews, girls reported that they are more inclined to subjects of 

human interest as their interests are more ‘people-centred’. Physics is perceived to be 

essentially concerned with ‘things’, ‘laws’ and natural events, thus having little of ‘human 

interest’. Girls are therefore less likely to take physics than boys. Hornig (1992: p.539) 

argues that female responses to science result “as much from a positive valuation of the 

social as from negative valuation of the technological”. She notes that women still have
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generally positive attitudes to science, but that their interests are more social than 

technological..

Gender stereotyping of physics is still a factor which influences girls, although the 

interviews revealed that girls themselves do not believe they have been actively 

discouraged. The survey findings clearly show that all students perceive the subject as 

masculine, even many of the female physics students. This image of the subject is thus 

a factor in the poor uptake of the subject by girls. The gender stereotyping may be self 

imposed or the result of subtle influences from others which the girls do not recognise. 

The general attitudes and interests of girls make them less well disposed to physics 

than is the case for boys. If girls are less inclined to be convergent thinkers, then they 

are likely to be less inclined to study physics at A-level, which is the epitome of 

convergent thinking. However, research is needed to establish any gender differences 

in cognitive styles. This may, in part, account for the notable gender imbalance in 

physics uptake at A-level. It is worth remembering that girls taught physics in single sex 

schools are more inclined to take the subject. If there is a higher proportion of female 

physics teachers in girls schools than for mixed schools, then the additional female role 

models may be more of an influencing factor than the absence of boys who dominate 

lessons.

10.8 Participation in the Subject

One very important factor influencing student uptake of physics is the perception by 

many that they can have little or no input. This was clear from the student interviews, as 

well as from responses to the questionnaires. Arts students perceive physics as 

requiring one to learn a large body of factual knowledge, with no opportunity to discuss 

opinions or views of others. This deters these students, who tend to be divergent 

thinkers. Arts students therefore feel they are the recipients of factual knowledge and 

can contribute nothing to the learning process. A-level physics currently offers little 

opportunity to discuss areas of uncertainty and is therefore likely to have far less appeal 

to the divergent thinker. This lack of involvement in the subject is a major deterrent to 

many of the more ‘polarised’ arts students. This relates to the personality types 

discussed in section 9.8 and 10.3. Physics students prefer the factual nature of the
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subject and are not concerned about the input of personal views, although they do like 

to discuss new developments which are still in debate. Their aim is, however, to ‘find out 

the right answer’. For the physics student, it is the mastery of the principles and 

knowledge which brings interest and enjoyment, rather than debating open ended 

questions with no single solution.

10.9 The Standards Debate

I have shown in section 3.7, that the rising pass rate at A-level does not automatically 

indicate a drop in standards at A-level, as many factors can influence this figure. 

Comments frequently made by employers on the ability of students may indicate a fall in 

standards, but this needs proper research. It must be kept in mind that young people 

may have different skills, such as computer literacy, compared to former times. 

Research is needed into how well student skills match the needs of employers.

10.10 Summary of Principal Conclusions

•  The ‘swing from science’ is principally a decline in the popularity of physics. 

Chemistry uptake is relatively stable and biology has increased its uptake.

•  Curriculum changes of the past decade have not halted the decline in physics.

•  There is consensus among students on the nature of physics. It is perceived to be 

factual, difficult, mathematical, masculine, and ‘thing-orientated’, clear-cut with little 

opportunity for student participation and discussion. The most important factors 

deterring students from taking physics relate to the nature of the subject.

•  These factors, which attract certain students to physics are the same factors which 

deter others from taking it.

•  There is consensus among students about the nature of the physics student, with all 

seeing him, or rarely her, as a more polarised and definite individual. The image of 

the arts students is noticeably less polarised.

•  Physics students tend to be convergent thinkers, while arts students tend to be 

divergent thinkers. These tendencies are established before students choose A- 

levels and are important in making the convergent thinker pre-disposed towards 

physics and vice versa.
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•  Physics is justifiably perceived to be the most difficult A-level to pass or achieve a 

high grade. This is an important deterrent to many middle ability students. The 

precision of terminology causes increased difficulties.

• The strongly mathematical nature of physics is a deterrent to those whose 

mathematical skills are weaker. Physics is not seen as a stand-alone subject, and 

taking mathematics ties up two A-levels, limiting further choices. GCSE mathematics 

does not adequately prepare students for A-level physics.

• There are distinct differences between arts and physics students in the perception of 

career opportunities available to those who take physics. Arts students perceive 

physics as limiting their career opportunities, whereas physics students believe it 

enhances their career options.

• The gender imbalance in the uptake of physics is not seen as an important issue by 

students. Girls do not perceive themselves as actively deterred from physics, but 

apparently subscribe to the stereotypical image of the subject.

• The quality of teaching was rarely considered to be a deterrent. However, low levels 

of interest in the subject may be the result of uninspiring teaching, rather than bad 

teaching, at early stages. The shortage of well-trained physics teachers is likely to 

cause problems of quality in the future.
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Section 11 Recommendations
.............................................. ■«*?. e l f .l....i

'/'/.I Curriculum Changes

If the decline in the uptake of physics A-level is to be halted and reversed, curriculum 

changes which improve the image of the subject are necessary. Section 9.8 argued 

that there are some significant psychological differences between those students who 

currently take physics and those who do no science. There is a spectrum of student 

attitudes ranging between the extremes described. Students near the boundary 

between these two stereotypical extremes may be persuaded to study physics. The 

swing away from physics is largely the result of the image of the subject and so some 

students can be won back if the relevant curriculum is offered. The surveys have shown 

that interest is a key factor for students selecting A-level subjects and that some avoid 

the subject because they see little relevance to themselves. Hence careful 

consideration of curriculum changes is needed on how the subject can be made more 

attractive and relevant.

Attitudes to science generally have both cultural and psychological origins and these 

influence children from an early age. Efforts must be made to improve the image of 

science early in a child’s schooling, and also among the wider public. Similarly, 

changes are needed to make GCSE and A-level physics more relevant and appealing. 

This thesis cannot analyse the science curriculum in primary education, but can indicate 

clearly those areas which give particular conceptual problems to children.

The images of school science gained in primary education are important and hence the 

curriculum for the first two key stages needs to be relevant and interesting, and the 

goals achievable by the majority. The inclusion of logic gates, variable resistors, relays 

and electrical circuits, (DES/WO, 1991), seems inappropriate for two reasons. Firstly, 

this is an area which gives conceptual difficulties to a great many children, largely 

because of the abstract nature of electricity and the concepts involved. Many of the 

tasks suggested will appeal only to the convergent thinker and are a deterrent to girls.
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Secondly, these topic areas have to be taught by non-specialist staff who themselves 

may have some similar conceptual difficulties. Some examples here may help. Before 

leaving primary school, pupils are expected to be able to:

“devise circuits which switch on a bulb or buzzer when conditions change, for 

example hot-cold, light-dark, door open-door-closed”. Also “use diagrams to 

show the forces acting on a free-fall parachutist at different stages in descent”.

DES/WO(1991 :AT4, level 5)

My survey work has shown that students find electrical work conceptually hard, and far 

older pupils struggle with this first task. I am sure that many primary school teachers 

will also find it difficult. Forces were also mentioned as an area of difficulty. As for the 

parachutist example, even the adult computer programmer of my screen-saver, showing 

parachutists, has totally failed to grasp the principle (it wrongly shows the parachutist 

being momentarily pulled upwards as the parachute opens). I suggest that these 

examples are unsuitable for primary school children as they are too abstract and, even 

more importantly, are not personally relevant to them. I propose that a serious review of 

the primary curriculum in Attainment Target 4 (physics) is needed and far greater 

emphasis placed on the relevance to pupils of both sexes. It is vital that the interest and 

enjoyment of a wider range of pupils are maintained at this early stage and that human 

applications are stressed so that physics is seen to relate to the human condition, rather 

than appearing as abstract concepts.

Similarly, in key stages 3 and 4 leading to GCSE, there needs to be a reduction in the 

content of the more abstract concepts, such as electromagnetism, to be replaced by 

greater emphasis on topic areas relevant to the human condition. Careful consideration 

of the amount of maths in GCSE physics is also needed. This thesis cannot re-design 

the entire physics curriculum, but can indicate those areas which most contribute to the 

abstract, difficult, and inhuman face of the subject as perceived by students.

A review of the core A-level curriculum is needed in order to establish what is essential 

physics and what may be discarded, or at least given a lower priority. We need to teach 

more twentieth century physics than at present, and before we enter the twenty-first
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century. The physics in the curriculum needs to be relevant, and be seen to be relevant 

and interesting to students if more are going to opt for the subject at A-level.

The application of physics in tackling topical issues, and ones of human concern, could 

be used to promote relevance and maintain interest. Medical physics is one such area 

which is already a unit in some A-level courses. However, greater emphasis could be 

placed on this at GCSE as there are several important theoretical principles which can 

be approached through this topic. The physics of the eye involves substantial optics 

and the ear involves wave propagation, sound, and resonance. Ultrasound can be 

introduced as it involves many wave properties. Radioactivity is better introduced 

through the use of tracers in the blood and the treatment of cancer, rather than through 

reactors and bombs. Some of these topics are already included, but it is the emphasis 

on application which needs to be enhanced. Medical physics has appeal to girls as well 

as boys and may help to promote the human relevance of physics, thereby reducing 

female antipathy to the subject.

Many environmental issues require a substantial understanding of physics in order to be 

debated and argued. While some exam questions do use environmental questions, 

such as a comparison of wind farms with fossil fuel power stations, the core of the 

syllabus is mostly aimed at the principles rather than the issues. Pupils need to 

understand the reason why they are learning a particular principle and its context in the 

human environment before they can fully grasp it. Without this link, the perception of 

physics concepts as being abstract will remain. As with medical physics, the teaching 

needs to begin with the application which requires principles to be understood. The use 

of environmental issues in physics teaching would provide opportunities to make 

students aware of the difference between clear-cut, well-established science and trans

science issues. This would provide opportunities for some open-ended debate on the 

role of science in society.

Areas of new research or uncertain scientific principles can also be usefully used to 

maintain interest. One such example is the behaviour of powders and granular 

materials, such as sand, which are poorly understood by physicists. Some of the 

unusual effects, such as larger grains coming to the top when agitated, are easy to
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demonstrate, and for pupils to investigate. The importance of the topic to the mixing of 

powders in the pharmaceutical industry is a human interest example of great relevance. 

Pupils are often quite enthusiastic about such topics where answers are not known and 

which they can investigate in fairly simple practical sessions. Another example, at A- 

level, involving the recent evidence of the existence of planets around other stars is 

worthy of debate. The methods of detection require an understanding of several key 

aspects of physics, such as gravitation, spectra and the Doppler effect.

Popular school science magazines such as New Scientist and Physics Review could 

supply many topics of interest and these can form the starting point for the necessary 

theory to be taught. Resources for teachers need to be established to provide a wide 

range of topic based issues and the relevant physics which can be taught through it. I 

am suggesting more than just encouraging teachers to mention a few short term topics 

to add relevance, as this would require constant updating. What is needed, is a 

radically different approach to the teaching of the subject, with human relevance being 

the driving force and central reason for the principles being taught. At GCSE, and to a 

large extent at A-level, most principles taught will still be clear-cut and definitive, as 

preferred by the current physics students. However, by making relevance and human 

application the starting point and common theme throughout, we may be able to attract 

more of the students currently on the border between the polarised stereotypes of arts 

and physics.

The image of physics as a subject which is concerned with things and ideas, and 

without concern for people must be tackled if we are to improve uptake. We cannot 

change the very nature of the subject and it will always be primarily concerned with 

ideas and things. However, it is important that the relevance of those ideas to the lives 

of human beings is brought into the teaching of the subject throughout the National 

Curriculum and at both GCSE and A-level.

It is also important that teaching staff keep abreast of recent developments and discuss 

these with students. For example, for many years it has been taught that ice skaters 

slide on a film of water produced by the high pressure of the blade lowering the melting 

point thus causing the ice to melt. The ice then reforms behind the skater as the
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pressure is released. Recent evidence about the surface structure of ice suggests that 

this explanation is false. If staff are aware of recent developments, they can use these 

as a starting point for discussion and discuss the provisional nature of knowledge within 

existing paradigms.

It is the approach to teaching which essentially has to change, as well as the curriculum 

material. The teaching staff need to be aware of recent developments which impinge 

upon the curriculum they have to deliver. Pupils are interested in developments and the 

controversy surrounding them. This can be used to form the basis of much good 

teaching in physics and may make the subject attractive to a wider range of students.

11.2 Mathematics in the Physics Curriculum

The role and extent of mathematics in the physics curriculum need to be re-evaluated. 

As loP (1994: p.50) stresses, where mathematics is needed to explain aspects of 

physics, its relevance must be made evident. Moreover, the mathematical principles 

needed for physics should be taught by physics teachers, rather than relying upon 

mathematics departments to do their job for them. This would have two benefits. 

Firstly, as loP(1994) indicates, it would force physics curriculum developers to evaluate 

more deeply the necessary mathematics. Secondly, it would end the perception that 

physics is not a ‘stand-alone’ subject. There would be less pressure on students to also 

take mathematics A-level, thus allowing more arts and science subject combinations. 

The mathematics teaching needed must be integrated into the relevant areas of the 

subject rather than taught as a separate course.

To accommodate the mathematics into the already heavily loaded physics curriculum, 

some content must be removed. I suggest that as electricity and electromagnetism are 

considered to be the most abstract and difficult areas, and thereby a likely deterrent, the 

content in these areas should be reduced both at GCSE and A-level. This may also 

help to reduce the perception of difficulty. While universities may object to a reduction 

in content, the improved grounding in basic and mathematical principles should be seen 

as a positive benefit, along with the possibility of increased uptake.
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11.3 The Future of A-levels

A-levels were not originally designed to be taken by such a large proportion of the 

student population and are not always appropriate. Although the GNVQ partly 

addresses this situation, it has not matched the growth of A-level. Serious consideration 

needs to be given to broadening the sixth form A-level curriculum to a five subject, or 

baccalaureate system which would avoid the high degree of specialisation which 

currently takes place. This should also reduce the polarisation between the arts and 

sciences at sixth form level.

11.4 The Role of the Public Understanding of Science

The public understanding of science programme needs to address the image of science 

as purely factual and able always to produce definitive answers to a question. The role 

of the media and the scientific community are important here as both have, to some 

extent, promoted the image of the sciences as ‘having the answers’ and without doubt. 

The public must become more aware of the limits of scientific understanding and the 

levels of uncertainty in our knowledge. They also need to be more aware of the role of 

science in society. The public understanding of science initiatives have done little or 

nothing to halt the decline in the uptake of physics over the past decade, although I 

accept that this was not their primary aim. Moreover, we do not know whether the 

decline would have been even faster without such initiatives. It is important to raise not 

only the understanding of scientific knowledge, but also the image and status of the 

subject in the eyes of the public.

The role of the media is crucial, with scientists needing to become far more effective 

communicators if they are to enhance the image of science and retain public 

confidence. They must communicate effectively the benefits and impact of research 

and its findings rather than concentrate on technical details. The public, and students 

alike, are interested in aspects of science which affect them and their lifestyle.

The principal organisations concerned with raising the public understanding of science 

need greater co-ordination of their efforts through COPUS to form a coherent policy
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towards media presentation of science. Greater input to COPUS from organisations 

other than the founding and controlling members is needed in order to address the more 

specific issues of the individual sciences and engineering. I therefore suggest that 

permanent membership of COPUS should be offered to the Institute of Physics, the 

Institute of Biology, the Royal Society of Chemistry, and the Engineering Council.

11.4 Careers Advice

I have shown that perceptions of career options are strongly influential on students’ 

subject choices, but there is no evidence in this survey that they avoid the subject 

because of a perception of poor pay prospects. It would appear that students opt for 

subjects which are related to their intended careers where known. The widespread 

perception among arts students, that physics limits career options, means that those of 

them who are undecided about careers may not opt for physics. Research is needed 

into the reasons for the differences between arts and science students’ perceptions of 

career opportunities provided by physics A-level. We need to determine if the 

perception is another aspect of the psychological differences between the student 

groupings or whether careers advice is suitable. The perceptions of careers advisers 

need to be researched to determine whether the same differences in perception arise 

amongst them, and if these perceptions are being passed on to students.

11.5 Gender Issues

The gender imbalance is a notable feature of physics and one which is largely the result 

of the nature of the subject and its stereotypical image as masculine. As girls have a far 

greater tendency to be interested in people and issues rather than ‘things’, they are far 

less likely to opt for physics. Some curriculum changes could be made to make the 

subject less gender specific through emphasising its human relevance and importance. 

More female physics teachers would help to provide role models and hence emphasis 

should be placed on recruiting more females. I accept that this is far easier to say than 

it is to achieve in a climate where any recruitment of physics teachers is proving difficult. 

However, any improvement in uptake by girls would substantially help to alleviate the 

subject’s decline and provide a valuable improvement in the image of the subject.
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11.6 Recruitment of Teachers

If the decline in recruitment of physics teachers continues, the increasing age profile of 

the teaching population will become more pronounced. This may reduce the level of 

enthusiasm of students, reduce uptake and cause further decline. It is therefore vitally 

important that new, young, and enthusiastic physics teachers are encouraged into the 

profession, and preferably a greater proportion of female teachers who can act as role 

models. How this is to be done is not clear, but the need for it is undeniable. 

Differential pay is a highly emotive issue in the profession, but some form of incentive is 

necessary if the decline in recruitment is to be reversed.

11.7 Summary of Recommendations

As the principal reason for avoiding physics is its factual nature and perceived lack of 

personal involvement, the options to make curriculum changes which attract more of the 

arts students are somewhat limited, especially for the more polarised of them. It is 

those students near the middle of the personality spectrum to which any curriculum 

changes need to be directed in order to stem the drift away from the subject. Primarily, 

the physics curriculum needs to be reviewed to ensure that human relevance is the core 

theme wherever possible, without losing the rigour of the subject.

11.71 Recommendations for Further Research

• Specific curriculum changes are needed to improve the subject image and make it 

more relevant to students. Particular emphasis must be placed on applications of 

physics and its relevance to human interests. These changes need to take place 

throughout the science curriculum, from primary school through to the A-level physics 

curriculum. In order to make room for more modern physics and some mathematics, 

I suggest a reduction in the work on electricity and electromagnetism

274



• The role of mathematics in GCSE physics needs to be reviewed in order to minimise 

its content in physics and determine where it is essential. A review of the role of 

mathematics in A-level physics is needed so that, where used, its relevance is clear 

to students. Those mathematical concepts not covered by GCSE maths should be 

specifically included in the A-level physics syllabus so that the subject does not 

require maths A-level to be taken alongside physics.

• Research is needed into why some schools produce a high yield of physics A-level 

students, while others produce a low yield, allowing for differences in the school type, 

catchment area, and student intake.

• Attitudes and perceptions that careers advisers and teachers have of the career 

opportunities available to those who take A-level physics needs investigation. As 

career choices are a prominent influence on A-level choices, it is important to find out 

if careers advisers themselves have valid perceptions of career opportunities.

• Serious consideration needs to be given to broadening the sixth form curriculum to 

five subjects, as in many other countries. This would delay early specialisation.

• Research is needed to determine whether the quality of teaching in physics is any 

poorer than in other GCSE subjects. Linked to this, research is needed to determine 

the proportion of physics lessons at GCSE and A-level which are taught by non

specialist teachers, and this compared with other subjects.

• Specific research on the significant gender imbalance in physics is needed. This 

research needs to focus on girls' attitudes to physics, rather than sciences as a 

whole. This should include research into whether girls are typically more inclined to 

be divergent thinkers than boys.
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• More co-ordinated approaches to the public understanding of science are needed to 

raise the status of science through making scientists better communicators through 

the media. The role of COPUS needs to be reviewed and its permanent membership 

extended to include the subject institutes and the Engineering Council.

• A longitudinal action research project is recommended, in which the effects upon 

physics uptake is studied as a result of attempts to alter career perceptions, 

mathematics taught in physics, and relevant curriculum changes made

11.8 Concluding Remarks

This research has shown that there are a number of issues which are pertinent to the 

problem of the decline in the uptake of physics at A-level. References to the decline in 

science uptake have been shown to be simplistic. The ‘swing from science’ is largely a 

decline in the uptake of the physical sciences. The drop in the popularity of physics is 

the principal cause of the fall in science uptake. The essence of the ‘problem’ is that the 

physical sciences have failed to attract a significant proportion of the new recruits from 

the growth of A-level uptake. Physics, in particular, has continued to decline.

Student attitudes to the subject are the most important factor determining uptake, 

having allowed for demographic changes in the student population. However, career 

opportunities and the demand for suitably qualified scientists influences students in their 

choices. The supply and demand of scientists is a complex issue itself which needs 

critical analysis to determine the extent of this influence. The annual debate over the 

standards of examinations is another complex issue which also needs careful scrutiny if 

simplistic conclusions are to be avoided. This debate is likely to undermine student 

confidence and accentuate the perception of difficulty of physics A-level.

Initiatives to raise the level of public understanding of science may well have some 

influence upon attitudes to science, but the extent of this influence is not known. The 

multiple agendas of the organisations concerned and the limited co-ordination of their 

initiatives means that the influence and benefit to understanding are hard to measure.
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The benefits are usually taken for granted, despite evidence that more positive attitudes 

to science do not always result from increased understanding. This research has 

shown that these differing issues conflate to have bearing on the debate about the 

uptake of the sciences generally, and physics in particular. To gain an understanding of 

the trends in the uptake of physics it is necessary to critically analyse each of the 

contributing issues and its influence upon student attitudes. The multiplicity of these 

complex influences makes a meaningful debate about the public understanding of 

science difficult to be conclusive.

The student surveys showed that the image of physics as difficult, mathematical, 

factual, and detached from issues of human concern make it unattractive to people with 

divergent styles of thinking. These same factors are those that attract those with 

distinctly different cognitive styles to the subject. The surveys show that the broad 

differences in attitudes between the scientific and literary cultures, to which Snow 

alluded, are still apparent in the perceptions of sixth-form students. The period since 

Snow’s two cultures debate has seen dramatic changes in the role of science in society, 

student participation in post-16 education, and the science curriculum. It seems 

extraordinary that the sort of divide to which Snow alluded is still apparent. The 

persistence of aspects of this cultural perception of science and scientists is apparent 

not only in the media, but becomes ingrained in student attitudes before their A-level 

choices are made. The inability of initiatives to raise the public understanding of 

science, and influence the persistence of these attitudinal differences, may be the result 

of a failure to impart a realistic image of the true nature of science and its role in society.

The image that students and the public hold of science bears only a passing 

resemblance to real science as it is practised. It is therefore imperative that curriculum 

development, and public understanding of science initiatives, accept the challenge to 

convey some of the excitement in appreciating the true nature of science and what it 

can achieve. This will benefit those who currently study physics and may attract others 

to the subject.
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Practical 22.0 30.0 38.0 8.0 2.0 100 Theoretical St. O C/3
Non-mathematical 0.0 0.0 0.0 24.0 76.0 100 Mathematical Percentages of raw C0
Has a human face 0.0 8.0 50.0 36.0 6.0 100 Inhuman or cold data above. cQ.
A feminine subject 0.0 0.0 32.0 52.0 16.0 100 A masculine subject

< —
CDD

Open to opinions 6.0 8.0 14.0 48.0 24.0 100 Concerned with 'facts' O)
Acts responsibly to discovery 26.0 38.0 24.0 8.0 4.0 100 Irresponsible attitude
Open minded 16.0 34.0 26.0 24.0 0.0 100 Narrow minded
Principles easy to grasp 2.0 26.0 32.0 26.0 14.0 100 Principles hard to grasp
Wide variety job opportunities 34.0 40.0 14.0 12.0 0.0 100 Limits job opportunities
Easier to pass than arts 2.0 6.0 14.0 40.0 38.0 100 Harder to pass than arts
Goes with variety of subjects. 14.0 18.0 22.0 38.0 8.0 100 Goes with small range subjects
Caring 0.0 2.0 72.0 22.0 4.0 100 Uncaring
Concepts easy to visualise 4.2 33.3 25.0 29.2 8.3 100 Abstract concepts hard to see



1 2 3 4 5 Total Mean S.D. Polarisation
Interesting 3 21 2 17 17 60 Boring 3.400 1.344 0.400
Important to society 17 25 13 5 0 60 Unimportant to society 2.100 0.907 0.900
Practical 5 18 15 12 10 60 Theoretical 3.067 1.223 0.067
Non-mathematical 1 0 0 12 47 60 Mathematical 4.733 0.62.9 1.733
Has a human face 0 2 19 26 13 60 Inhuman or cold 3.833 0.799 0.833
A feminine subject 0 0 12 33 15 60 A masculine subject 4.050 0.669 1.050 ■H
Open to opinions 0 5 1 28 26 60 Concerned with 'facts' 4.250 0.849 1.250 Q>

O'
Acts responsibly to discovery 14 24 16 6 o 60 Irresponsible attitude 2.233 0.92.0 0.767 <D
Open minded 1 8 34 12 5 60 Narrow minded 3.200 0.833 0.200 >oj
Principles easy to grasp 1 6 6 31 16 60 Principles hard to grasp 3.917 0.954 0.917
Wide variety job opportunities 8 12 16 14 10 60 Limits job opportunities 3.100 1.274 0.100
Easier to pass than arts 0 5 13 25 17 60 Harder to pass than arts 3.900 0.907 0.900
Goes with variety of subjects. 5 3 14 21 17 60 Goes with small range subjects 3.700 1.173 0.700 CO O
Caring 0 1 36 15 8 60 Uncaring 3.500 0.742 0.500 C

a; t l
Concepts easy to visualise 0 9 12 21 7 49 Abstract concepts hard to see 3.531 0.950 0.531 2 =T -0

O *< Q)
3.501 0.945 10.847 ^  V?. (£}5" n Q

Polarsum rs (/>
^  cr K

1 2 3 4 5 Total % ®  >  2
Interesting 5.0 35.0 3.3 28.3 28.3 100 Boring
Important to society 28.3 41.7 21.7 8.3 0.0 100 Unimportant to society 1  m
Practical 8.3 30.0 25.0 20.0 16.7 100 Theoretical r+

^  c
Non-mathematical 1.7 0.0 0.0 20.0 78.3 100 Mathematical Percentages of raw 

data above.

Q_
CD

Has a human face 0.0 3.3 31.7 43.3 21.7 100 Inhuman or cold 3
(/)

A feminine subject 0.0 0.0 20.0 55.0 25.0 100 A masculine subject
Open to opinions 0.0 8.3 1.7 46.7 43.3 100 Concerned with 'facts'
Acts responsibly to discovery 23.3 40.0 26.7 10.0 0.0 100 Irresponsible attitude
Open minded 1.7 13.3 56.7 20.0 8.3 100 Narrow minded
Principles easy to grasp 1.7 10.0 n o . o 51.7 26.7 100 Principles hard to grasp
Wide variety job opportunities 13.3 20.0 26.7 23.3 16.7 100 Limits job opportunities
Easier to pass than arts 0.0 8.3 21.7 41.7 28.3 100 Harder to pass than arts
Goes with variety of subjects. 8.3 5.0 23.3 35.0 28.3 100 Goes with small range subjects
Caring 0.0 1.7 60.0 25.0 13.3 100 Uncaring
Concepts easy to visualise 0.0 18.4 24.5 42.9 14.3 100 Abstract concepts hard to see



P h ys ics  s tu de n ts Percentages (%)

1(++) 2(+) 3 4(-) 5(- -) Total Mean S.D. Polar. 1(++) 2(+) 3 4(“) 5(- -)
Physics no harder a 2 20 3 18 3 46 3.000 1.123 0.000 4.35 I 43.48 6.52 39.13 6.52
Answers not just right/wrong b 4 5 6 13 18 46 3.783 1.301 0.783 8.7 10.87 13.04 28.26 39.13
Maths makes physics easier c 6 23 9 6 2 46 2.457 1.015 -0.543 13.04 50 19.57 13.04 4.35
Relevant to human issues d 11 23 6 5 1 46 2.174 0.985 -0.826 23.91 50 13.04 10.87 2.17
Like learning about phys world e 25 16 4 1 0 46 1.587 0.739 -1.413 54.35 34.78 8.70 2.17 0.00
Less to learn in physics f 3 4 5 17 17 46 3.891 1.184 0.891 6.52 8.70 10.87 36.96 36.96
As wide a career choice g 12 17 9 7 1 46 2.304 1.081 -0.696 26.09 36.96 19.57 15.22 2.17
No need to be good at maths h 0 7 5 25 9 46 3.783 0.930 0.783 0 15.22 10.87 54.35 19.57
Fewer girls - not important i 7 14 11 9 5 46 2.804 1.227 -0.196 15.22 30.43 23.91 19.57 10.87
Relates well to many subjects j 3 24 13 6 0 46 2.478 0.801 -0.522 6.52 , 52.17 28.26 13.04 0.00
Formulae not difficult k 8 17 9 10 2 46 2.587 1.134 -0.413 17.39 36.96 19.57 21.74 4.35
Important to industry/economy 1 21 22 3 0 0 46 1.609 0.607 -1.391 45.65 47.83 6.52 0.00 0.00
Scientist can be cultured m 7 11 18 9 1 46 2.696 1.019 -0.304 15.22 23.91 39.13 19.57 2.17
Easy to discuss physics n 0 6 6 27 7 46 3.761 0.864 0.761 0 13.04 13.04 58.70 15.22
Careers appeal to all genders o 6 6 16 16 2 46 3.043 1.083 0.043 13.04 13.04 34.78 34.78 4.35
Leads to well paid careers P 7 27 8 3 1 46 2.217 0.858 -0.783 15.22 58.70 17.39 6.52 2.17
Concepts are no more difficult q 7 14 6 16 3 46 2.870 1.227 -0.130 15.22 30.43 13.04 34.78 6.52
Prefer clear cut answers r 12 12 9 10 3 46 2.565 1.262 -0.435 26.09 26.09 19.57 21.74 6.52

Phys 1 9 11 17 8 46 3.478 1.058 0.478 2.17 19.57 23.91 36.96 17.39
Chem 0 6 12 23 5 46 3.587 0.849 0.587 0 13.04 26.09 50 10.87
Biol 2 7 18 15 4 46 3.261 0.965 0.261 4.35 15.22 39.13 32.61 8.70

Table A7: Responses from Physics Students 
to Statements on Second Subject Image Sheet
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A rts  s tu de n ts Percentages (%)
1(++) 2(+) 3 4(-) 5(- -) Tota l Mean S.D. Polar. 1(++) 2(+) 3 4(“) 5(- -)

Physics no harder a 1 4 8 31 6 50 3.740 0.844 0.740 2 8 16 62 12
Answers not just right/wrong b 0 6 2 19 23 50 4.180 0.973 1.180 0 12 4 38 46
Maths makes physics easier c 1 8 11 21 9 50 3.580 1.022 0.580 2 16 22 42 18
Relevant to human issues d 3 16 16 12 3 50 2.920 1.017 -0.080 6 32 32 24 6
Like learning about phys world e 5 11 18 10 6 50 3.020 1.140 0.020 10 22 36 20 12
Less to learn in physics f 1 3 7 26 13 50 3.940 0.904 0.940 2 6 14 52 26
As wide a career choice g 3 9 13 22 3 50 3.260 1.016 0.260 6 18 26 44 6
No need to be good at maths h 0 0 0 27 23 50 4.460 0.498 1.460 0 0 0 54 46
Fewer girls - not important i 2 18 11 10 9 50 3.120 1.194 0.120 4 36 22 20 18
Relates well to many subjects J 3 7 17 21 2 50 3.240 0.950 0.240 6 14 34 42 4
Formulae not difficult k 4 14 4 21 7 50 3.260 1.230 0.260 8 28 8 42 14
Important to industry/economy 1 15 26 7 1 1 50 1.940 0.835 -1.060 30 52 14 2 2
Scientist can be cultured m 5 14 15 12 4 50 2.920 1.111 -0.080 10 28 30 24 8
Easy to discuss physics n 1 2 5 27 15 50 4.060 0.858 1.060 2 4 10 54 30
Careers appeal to all genders o 1 5 17 22 5 50 3.500 0.877 0.500 2 10 34 44 10
Leads to well paid careers P 13 25 9 3 0 50 2.040 0.824 -0.960 26 50 18 6 0
Concepts are no more difficult q 2 7 6 27 8 50 3.640 1.035 0.640 4 14 12 54 16
Prefer clear cut answers r 4 5 9 19 13 50 3.640 1.196 0.640 8 10 18 38 26

Phys 0 4 6 22 18 50 4.080 0.891 1.080 0 8 12 44 36
Chem 1 3 12 22 12 50 3.820 0.931 0.820 2 6 24 44 24
Biol 2 15 18 15 0 50 2.920 0.868 -0.080 4 30 36 30 0

fable A8: Responses from Arts Students to Statements on Second
Subject Image Sheet
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Image o f Physics : By Northern Physics Students I %
1 2 3 4 5 Total Mean Polar S. D. 1 2 3 4 5 Total

Interesting 9 15 3 2 0 29 Boring 1.931 1.069 0.828 31.03 51.72 10.34 6.897 0 100
Important to Society 15 11 2 1 0 29 Unimportant to Society 1.621 1.379 0.762 51.72 37.93 6.897 3.448 0 100
Practical 6 9 10 3 1 29 Theoretical 2.448 0.552 1.037 20.69 31.03 34.48 10.34 3.448 100
Non-Mathematical 0 0 0 5 24 29 Mathematical 4.828 1.828 0.378 0 0 0 17.24 82.76 100
Has a human face 0 1 16 10 2 29 Inhuman 3.448 0.448 0.674 0 3.448 55.17 34.48 6.897 100
Feminine subject 0 0 11 14 4 29 Masculine subject 3.759 0.759 0.677 0 0 r 37.93 48.28 13.79 100
Open to opinions 1 2 3 14 9 29 Concerned with facts 3.966 0.966 0.999 3.448 6.897 10.34 48.28 31.03 100
Acts responsibly 4 12 10 2 1 29 Irresponsible attitude 2.448 0.552 0.932 13.79 41.38 34.48 6.897 3.448 100
Open minded 3 8 8 10 0 29 Narrow minded 2.862 0.138 1.008 10.34 27.59 27.59 34.48 0 100
Principles easy to grasp 1 6 10 7 5 29 Principles hard to grasp 3.310 0.310 1.086 3.448 20.69 34.48 24.14 17.24 100
Wide job opportunities 8 14 3 4 0 29 Limits job opportunities 2.103 0.897 0.959 27.59 48.28 10.34 13.79 0 100
Easier to pass than arts 0 3 5 10 11 29 Harder to pass than arts 4.000 1.000 0.983 0 10.34 17.24 34.48 37.93 100
Goes with many subjects 4 4 6 12 3 29 Limits range of subjects 3.207 0.207 1.214 13.79 13.79 20.69 41.38 10.34 100
Caring 0 0 20 7 2 29 Uncaring 3.379 0.379 0.611 0 0 68.97 24.14 6.897 100
Concepts easy to visualise 1 8 10 7 3 29 Abstract concepts hard 3.103 0.103 1.029 3.448 27.59 34.48 24.14 10.34 100

Sum = 10.59

I
T ab le  A9: Geographical breakdown of student attitudes to physics: 

N orthern  s tuden ts  (First subject sheet)
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Image o f Physics : By Southern Physics Students %
1 2 3 4 5 Total Mean Polar S. D. 1 2 3 4 5 Total

Interesting 9 8 2 1 1 21 Boring 1.905 1.095 1.065 42.86 38.10 9.52 4.76 4.76 100
Important to Society 10 8 2 1 0 21 Unimportant to Society 1.714 1.286 0.825 47.62 38.10 9.52 4.76 0.00 100
Practical 5 6 9 1 0 21 Theoretical 2.286 0.714 0.881 23.81 28.57 42.86 I 4.76 0.00 100
Non-Mathematical 0 0 0 7 14 21 Mathematical 4.667 1.667 0.471 0.00 0.00 0.00 33.33 66.67 100
Has a human face 0 3 9 8 1 21 Inhuman 3.333 0.333 0.777 0.00 14.29 42.86 "38.10 4.76 100
Feminine subject 0 0 5 12 4 21 Masculine subject 3.952 0.952 0.653 0.00 0.00 23.81 57.14 19.05 100
Open to opinions 2 2 4 10 3 21 Concerned with facts 3.476 0.476 1.139 9.52 9.52 19.05 47.62 14.29 100
Acts responsibly 9 7 2 2 1 21 Irresponsible attitude 2.000 1.000 M.155 42 86 33.33 9.52 r 9.52 4.76 100
Open minded 5 9 5 2 0 21 Narrow minded 2.190 0.810 0.906 23.81 42.86 23.81 9.52 0.00 100
Principles easy to grasp 0 7 6 6 2 21 Principles hard to grasp 3.143 0.143 0.990 0.00 33.33 28.57 28.57 9.52 100
Wide job opportunities 9 6 4 2 0 21 Limits job opportunities 1.952 1.048 0.999 42.86 28.57 19.05 9.52 0.00 100
Easier to pass than arts 1 0 2 10 8 21 Harder to pass than arts 4.143 1.143 0.940 4.76 0.00 9.52 47.62 38.10 100
Goes with many subjects 3 5 5 7 1 21 Limits range of subjects 2.905 0.095 1.151 14.29 23.81 23.81 33.33 4.76 100
Caring 0 1 16 4 0 21 Uncaring 3.143 0.143 0.467 0.00 4.76 76.19 19.05 0.00 100
Concepts easy to visualise 1 8 2 7 1 19 Abstract concepts hard 2.947 0.053 1.099 5.26 42.11 10.53 36.84 5.26 100

' Sum = 10.96
---

T ab le  A 10: Geographical breakdown of student attitudes to physics: 
S outhern  s tuden ts  (First subject sheet)
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Physics no harder a
Phys(Obs)

138
Arts(Obs)

187
Phys(Exp)

139.80
Arts(Exp)

185.20
Phys: Chi-sq

0.023
Arts: Chi-sq

0.018 I
Answers not just right/wrong b 174 209 164.75 218.25 0.519 0.392
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Table 
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sub
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h
eet

Maths makes physics easier c 113 179 125.61 166.39 1.265 0.955
Relevant to human issues d 100 146 105.82 140.18 0.320 0.242
Like learning about phys world e 73 151 96.36 127.64 5.661 4.274
Less to learn in physics f 179 197 161.74 214.26 1.842 1.390
As wide a career choice g 106 163 115.71 153.29 0.815 0.615
No need to be good at maths h 174 223 170.77 226.23 0.061 0.046
Fewer girls - not important i 129 156 122.60 162.40 0.335 0.253
Relates well to many subjects j 114 162 118.72 157.28 0.188 0.142
Formulae not difficult k 119 163 121.31 160.69 0.044 0.033
Important to industry/economy I 74 97 73.56 97.44 0.003 0.002
Scientist can be cultured m 124 146 116.14 153.86 0.531 0.401
Easy to discuss physics n 173 203 161.74 214.26 0.784 0.592
Careers appeal to all genders o 140 175 135.50 179.50 0.149 0.113
Leads to well paid careers P 102 102 87.75 116.25 2.313 1.746
Concepts are no more difficult q 132 182 135.07 178.93 0.070 0.053
Prefer clear cut answers r 118 182 129.05 170.95 0.946 0.714 .........
Column totals 2282 3023

. . . . 15.869 11.981 -------Null Hypothesis Ho = There is no signi ficant difference in the attitudes towards physics for 

wards 

degrees of 

id assume 

this nature,

me two groupings.
Hypothesis H1 = There is a significant difference in response to the attitudes to 
physics for the two groupings.
The critical value for the Chi-square at the 5% significance level is 27.6, for 17 
freedom. The calculated value is 27.85, which is a little above the critical value 
As Chi-Sq. is greater than the critical value we may reject the null hypothesis ar 
a significant response difference for the two groupings.
The proximity of this to the critical value suggests a need for futher research of 
using a larger sample.

Chi-Sq 27.850

I I  i i i



Table A12: F-Test

Physics Students
1(++) 2(+) 3 4(") 5(- -) Total Mean

Physics no harder a 2 20 3 18 3 46 3.000
Answers not just right/wrong b 4 5 6 13 18 46 3.783
Maths makes physics easier c 6 23 9 6 2 46 2.457
Relevant to human issues d 11 23 6 5 1 46 2.174
Like learning about phys world e 25 16 4 1 0 46 1.587
Less to learn in physics f 3 4 5 17 17 46 3.891
As wide a career choice g 12 17 9 7 1 46 2.304
No need to be good at maths h 0 7 5 25 9 46 3.783
Fewer girls - not important i 7 14 11 9 5 46 2.804
Relates well to many subjects j 3 24 13 6 0 46 2.478
Formulae not difficult k 8 17 9 10 2 46 2.587
Important to industry/economy I 21 22 3 0 0 46 1.609
Scientist can be cultured m 7 11 18 9 1 46 2.696
Easy to discuss physics n 0 6 6 27 7 46 3.761
Careers appeal to all genders 0 6 6 16 16 2 46 3.043
Leads to well paid careers P 7 27 8 3 1 46 2.217
Concepts are no more difficult q 7 14 6 16 3 46 2.870
Prefer clear cut answers r 12 12 9 10 3 46 2.565

Arts Students
1(++) 2(+) 3 4(-) 5(- -) Total Mean

Physics no harder a 1 4 8 31 6 50 3.740
Answers not just right/wrong b 0 6 2 19 23 50 4.180
Maths makes physics easier c 1 8 11 21 9 50 3.580
Relevant to human issues d 3 16 16 12 3 50 2.920
Like learning about phys world e 5 11 18 10 6 50 3.020
Less to learn in physics f 1 3 7 26 13 50 3.940
As wide a career choice g 3 9 13 22 3 50 3.260
No need to be good at maths h 0 0 0 27 23 50 4.460
Fewer girls - not important i 2 18 11 10 9 50 3.120
Relates well to many subjects j 3 7 17 21 2 50 3.240
Formulae not difficult k 4 14 4 21 7 50 3.260
Important to industry/economy I 15 26 7 1 1 50 1.940
Scientist can be cultured m 5 14 15 12 4 50 2.920
Easy to discuss physics n 1 2 5 27 15 50 4.060
Careers appeal to all genders o 1 5 17 22 5 50 3.500
Leads to well paid careers P 13 25 9 3 0 50 2.040
Concepts are no more difficult q 2 7 6 27 8 50 3.640
Prefer clear cut answers r 4 5 9 19 13 50 3.640

F-test
The f-test above used the arrays of the means for each of the two groupings, 
f-test value = 0.82 This is substantially lower than the critical value of 3.25 for 17 
degrees of freedom.

The f-test shows that there is no significant difference between the variances of 
the two arrays of data (the means of the two groupings). There is no difference in 
the spread of the data from each grouping, but the chi-square results given in 
Table A11 show that there is a difference in the actual responses to the questions 
and hence in the attitudes to the subject.
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Appendix A14

Interview Questions to Students

Below is a list of the principal questions asked during the interview sessions with 
students. Some questions, as well as the order of questioning, varied according to 
student responses and during the course of the research. Space was allowed on the 
form for notes to be made about the responses given.

Phys / Arts

Name ................................

School................................

A-levels ...........................

GCSE Science(s) Grades

1. What were the most important factors when choosing your A-levels ?

2. Why did you / did you not choose to take physics at A-level ?

3. Do you like or dislike writing essays and why ?

4. What makes physics interesting or uninteresting to you?

5. Which aspects of Physics did you find easy and/or interesting and why ?

6. Which aspects of Phvsics did vou find difficult and whv ?

7. What makes physics harder than other subjects?

8. Do you prefer factual answers to questions, or ones which you can debate?

9. What career do you have in mind ?

10. What do parents / guardians do?

11. Does taking A-level physics limit your career or university choices ?

12. To what extent do you feel that teaching style affected your choice of subject ?

13. Why do fewer girls than boys take physics beyond 16 ? Is it important ?

14. What do you mean by the term logical ?

15. What is your image of a typical scientist ?

Sex

Age
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