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T H E NATURE OF SCIENCE EDUCATION: DOES IT CAUSE FEMALE 

STUDENTS' DISAFFECTION W I T H SCIENCE? 

by Marc John Franklin Read 

A b s t r a c t 

This thesis seeks to answer the question 'Why are students disaffected with 

science?' Students' disaffection is described in terms of their dislike for science 

education. Support for the idea that students dislike science is found within the 

literature reviewed. A possible answer is in the nature of science education. Thus 

rather than the problem lying with students not understanding science ideas 

within the education system, it may be that the science is simply impossible to 

understand. So a major part of the nature of science education is that it is 

impossible to understand. 

This possibility is explored with a group of 74 female Bachelor of Education 

students. The students' perceptions of science are explored, using a research 

methodology based around interviews about past events. The students' 

perceptions of science were that they as students did not Hke it and that it was not 

understandable. A t this point, it was decided to further interview the students 

after having experienced an inten'^ention based upon making the science more 

understandable. These results suggest that the students now have a better 

understanding of science and that many of them also like it as well. These results 

support the raising of the question: Does the nature of science education cause 

female students' disaffection with science? 
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PROLOGUE 

My Personal background and the Nature of the research 

Introduction to the prologue 

My own secondary school education began at Harrogate Grammar School, where 

I successfully passed my examinations. Further, I studied for a Natural Science 

Degree that I completed in 1990, having studied chemistr)^, maths and geology. 

My interest in teaching began primarily when I started to teach swirnrning at a 

local swimming baths. There I taught school aged students swimming for one 

year, whilst being a Lifeguard at the same time. Later I taught English in Greece 

for a private language school, which gave me an insight into a different culture 

and a different subject to science. The school was one in which students aged 

seven to eighteen attended. They attended it in addition to the state schools 

provided. It was also common for employers to pay their employees to take such 

educational language courses. Thus, I taught a wide range of students from many 

different backgrounds whose age ranged approximately from seven to sevent}^ 

On my remm to Britain, I undertook a Post Graduate Certificate in Education 

(PGCE) course at Durham; my subjects were science and chemistry. My two 

teaching practices took place at Shotton Hall and Staindrop Comprehensive. This 

qualification enabled me to gain qualified teacher's status for EngHsh and Welsh 

state schools. After completion, I took up position in the Vnory school in Kent 

ia Southern England. When my one-year contract finished there, I began my 

research studies. 



Observations from my experience 

Whilst learning science at secondary school, I feel that my learning of science 

took up much more time and was more difficult than that in other areas. 

However, it was something that I enjoyed, which is why I did it. 

There are a number of points that I wish to make about my teaching experiences. 

When teaching swimming, students learnt to swim much more quickly once they 

overcame their fear of the water. In the early stages of their instruction, this 

overcoming of fear was a major aim in lessons. 

The Greek culture was one in which the understanding of a second language, in 

my experience, was held in a higher regard than in Britain. Many people not only 

knew a second language, but also were often able to communicate adequately in a 

third. They also used their language knowledge much more than we do. This 

ability was shown in that whilst I lived in an industrial Greek town, the majority 

of the interactions that occurred took place in English rather than Greek. 

Whilst on teaching practice during my PGCE course, I experienced two different 

types of school. Shotton Hall, an ex-mining area, contained students that had a 

relatively negative attitude towards school and science. In particular, a sex 

difference had been seen in students' attitudes within lessons. This was noticed 

by observations made by a number of teachers on specific classes. Boys were 

seen to dominate the classroom and inhibit girls. To overcome it, sex segregation 

occurred in years ten and eleven (ages 14 to 16). At Staindrop, a rural farming 

area, there was a different approach to learning. The science that students learnt 
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was based upon a highly defined and considered curriculum. This curriculum was 

extensively described, with descriptions for the science to be learnt for everj' 

lesson. I t was also based upon what the students actually knew and understood 

rather that what teachers expected them to know and understand. The teachers 

there took the time to examine what the students did understand about science 

and how they might make progress in the subject. 

Finally, at the Priory school, smdents could be described as 'talkative' and learning 

for them involved a high degree of social interaction. A t the General Certificate 

of Secondary Education level (GCSE) students chose between the sciences single, 

double, and triple award. Differences were apparent in both the curriculum and 

the attitudes of the smdents for each course. For example, those taking the tnple 

award (whose curriculum is the most extensive) seem to have a more positive 

attimde towards science and occasionally carried on to take science or science 

related A-levels. Those students that smdied the single science award (whose 

curriculum was less extensive) held a negative attimde towards science, and a 

great deal of instruction had to be aimed at producing a more positive one. 

Conclusion 

With regard to my experiences, the attimde of smdents towards their learning 

appears to have a high degree of impact upon their learning. Further, ia science it 

would appear that this impact is detrimental in many cases. Part of this impact 

may possibly be due to the science itself and moreover the curricula, fiom which 

smdents are being instmcted. Thus, my research focuses upon smdents and theit 

experiences with science that may lead them to become disaffected with it. 
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AU the above are merely reflections on reasons as to why I am doing this 

research. I t wiU hopefiiUy give the reader some insights into any possible biases 

and prejudices that I may hold and me. Finally, it presents a base upon which to 

build my research. So I hope to expand and build upon some of the before 

mentioned reflections. These are my experiences of school and science. 

The Nature of the Research 

This research was undertaken over a period of four years in total. A major 

problem occurred in that initially the aims and structure of the research were not 

clear. The research also involved much thinking, and reflecting. Thus, it was not 

a case of simply doing the Literature review then moving onto the next part of the 

research. From my point of view it seemed that much of the time, I was going 

around in circles. Thus, some research literature was considered, then how I 

could find out more about this from the sample and then a consideration of what 

it was that I had found out. Following this there would a period of thinking and 

then I would write down the thoughts. The written down thoughts would then 

be refined and the circle would continue. During the refinement stages such 

things were considered, as additional information required, information not 

required and how to present the information in a structured ordered manner. 

This refinement process or circular pattern is not seen in this the finished article. 

Thus, I felt it important to point this out to the reader. 

Originally, this research started out to be about sex issues; it was about why 

female students disHked science more than male students. As the research was 

refined, sex became less important and other parts of students' dislike became 
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more important. Further, another strong aspect of science education was found 

to be lack of understanding of it. Thus, the research developed firom sex and 

science education to something that is very different. 

This same sort of refinement process also occurred with the investigation of the 

B.Ed perceptions of secondary school science. Originally, only one assessment 

was going to take place. Afterwards it was decided that a more focused second 

interview would be a good idea. 
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Chapter 1 

I N T R O D U C T I O N TO RESEARCH 

1 Introduction to the research 

The aim to this chapter is to introduce the reader to the research and prepare 

them for the main arguments that lay within it. This wiU be achieved through the 

presentation of two major areas of concern within science education (Gabel, 

1994); they are that students hold negative attitudes towards and in science (Kahle 

& Meece, 1994), and that students do not understand science (White & 

Gunstone, 1992). 

To discuss the vagaries or definition (White, 1993) of the term attitudes is not 

part of this thesis. The students' negative attitudes wiU be encompassed by the 

phrase 'disHke of science'. This dislike of science forms part of the students' 

disaffection with it. Considering students' choice of subjects to take at 'A' levels 

wiR firstiy be used to consider whether it is fair to say the students dislike science 

or not. 

The thought lying behind this is that i f students do not like science, as opposed to 

say English, maths or other subjects, then it is probable that students wiU not opt 

for it in as greater numbers (Keys & Ormerod, 1976). The choice of 'A' levels is 

merely due to the importance (Dearing, 1996) of these qualifications within the 

English and Welsh education systems and the fact that for many of these students 
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this is the first oppormnity that they are given as to whether to take science or 

not. To suggest that because smdents tend to take or avoid taking science 'A' 

levels, they dislike or like science is not entirely satisfactory. There are probably 

many other possible explanations as to why they choose certain subjects at 'A' 

level. The consideration of these choices is merely a starting point fiom which to 

develop. 

1.1 Students' enrolment figures for *A' levels for the years 1994- 1999 

Presented below are figures collected from 'Statistics of Education; PubKc 

examinations GCE' published by the D f E E dated fiom the years 1994 to 1999. 

The years 1994 to 1999 are chosen in order to give recent results over a 

reasonable period of time. These are not the only pieces of information available. 

Others include that suppHed by Wilson (1991), which gives a more intemational 

perspective. For the purpose of this thesis, the main focus will be upon the 

D f E E results, as comparison with that presented by Wilson is not easily facilitated 

due to fundamental differences between countries educational systems. 
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Table 1 Enrolment figures for aU students as a 
percentage o f all in England and Wales for A-levels 

England & Wales 1994 1995 1996 1997 1998 1999 

subject/ year i i 
English 12.1 11.4 11.5 12 11.7 11.9 
maths 9.7 9.9 10.2 10 9.8 9 
Biological Sciences 6.8 7.3 7.3 7.5 7.5 6.8 1 
geography 6.9 7.2 7 6.8 6.8 5.7, 

chemistry 5.8 6.6 6.1 6 5.9 5.1 ' 
history 6.3 6.7 6.5 6.1 5.7 5 . 1 ' 
physics 5.2 5.5 5.1 4.9 4.9 4.4 
art & design 4.7 4.5 4.3 4.3 4.5 4.7 ' 
french 4.3 4.4 4.3 3.8 3.3 2.7 
physical education 0.8 0.7 0.9 1.3 1.6 2.2 

music 0.8 0.9 0.9 0.9 0.9 0.9 

other 36.6 34.9 35.9 36.5 37.4 41.5 1 
1 

All /total entries 505603 364881 379441 408621 427683 602862 ; 

The above table is relevant as it can be seen that the subjects with the most 

entries are those of EngHsh and maths. Other subjects such as biological 

sciences, chemistry and physics have lower percentages of entries. This might 

show some indication that specific science subjects are less well Hked than other 

subjects (i.e. English and Maths). Further, the order within the three main 

sciences (biological sciences, chemistr}^ and physics) is of interest. More students 

consistentiy over the six years mentioned take biological science than chemistrj^ 

than physics. Another aspect of the figures is the change of numbers over time. 

Witi i biology, no change is seen (6.8%- 1994, 6.8%- 1999). Witii chemistrj^ a 

decrease is seen (5.8%- 1994, 5.1%- 1999). With physics, a decrease is seen 

(5.2%- 1994, 4.4%- 1999). 
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A number of pieces of research have been undertaken into enrolment figures for 

A-levels in the UK. For example, Sears (1993) investigated whether GCSE 

balanced science had had any effect upon attitudes or A-level uptake. Sear makes 

a number of statements about enrolment in science A-levels. The main ones are 

diat: 

^ The main increase in A-level numbers is in biology 

^ Numbers taking at least one A-level in science are increasing, but the 

numbers doing only A-level sciences are decreasing. 

^ The numbers and proportions taking physics A-level have dropped. 

^ Other statements mentioned relate to the effects of Dual Award science 

on the uptake of A-levels and the uptake of sciences at Umversit)^ 

Osboume, Driver and Simon (1998) raise similar concerns. Their main concern 

is that there is a decline in students studying only science and maths subjects. 

They are concerned as these are the students who 'are able to pursue fiarther 

science education and science careers' (Osboume, Driver and Simon, pp. 28). 

Thus, there may not be enough scientists to secure the UK's economic fiiture 

(Dearing, 1996). Further Osbourne, Driver and Simon feel that science educators 

have failed to communicate the enjoyment, passion and wonder of doing science 

to possible fiiture science students and scientists (Osboume, Driver and Simon, 

pp. 30). In other words, students dislike science. Whitehead (1996) concurs that 
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a major problem with science A-level choices is the attitudes of the students 

towards science (Whitehead, pp. 147). 

There are Hmits here as to how much is to be read into these statistics and 

investigations, as it is possible that students chose to take these subjects due to 

the low probability of achieving high grades compared with other subjects, or are 

not accepted onto a science course by the school. In these cases, it would not 

necessary mean that the student dislikes specific science subjects. Further, it may 

be that many students who disHke science leave A-level science courses early 

before they are entered for examination. This dislike of science is much more 

complex than a set of data presented in the above table and additional evidence 

needs to be considered to more clearly define this dislike and confirm that 

students actually do disUke science. 

1.2 Science is not understood 

The understanding of science is considered an important part of students' 

experiences of school secondary school science (Driver et al., 1994; White & 

Gunstone, 1992). This thesis does not probe gready into what it means to 

understand science (See White and Gunstone for a more informative in-depth 

piece of work). A basic definition from which to begin to start to explore this 

idea is that to gain a basic understanding more is required than simply to be able 

to read back or memorize words. A n ability to apply knowledge to new situations 

successfully is required (White, 1988, pp. 49). 



Within White's book 'Learning Science' (1988), there are a number of works cited 

that deal with students' understanding of science. Amongst these are Archenhold 

et al. (1980); Driver (1983); Driver Guesne and Tiberghien (1985); Duit, Jung and 

von Rhoneck (1985); Helm and Novak (1983); Osbome and Freberg (1985); and 

West and Pines (1985). This is far fcom a complete nor conclusive. More recent 

examples are Gott & Johnson (1999); Johnson (1998); Fensham, Gunstone and 

White (1994); and White and Gunstone (1992). 

White gives a summation of the works cited with regard to understanding: 

The studies show that students have well established conceptions that differ 

from those of scientists and that persist despite the efforts of their teachers' 

(White, 1988, pp. 77). 

In short, students do not understand science and continue not to do so despite 

every effort being made by teachers and for that matter educationalists and 

researchers. What would be of benefit would be to be more specific. Examples 

of areas (concepts) within science where students' understanding is poor are 

available. By probing deeper into these areas, it is possible that some reason as to 

why so little understanding is obtained would be found (White and Gunstone, 

1992). 
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Chapter 2 

LITERATURE REVIEW 

Students' disHke of science and science not being understood 

2 Introduction to the literature review 

The aim during this section of the thesis is to provide supportive evidence for the 

ideas that students' disHke science and that they do not understand it. The 

evidence for students' disHking science, whilst vast and extensive, is complex in its 

nature. There are many parts to this disliking and they are interlinked forming 

what is described as a web. The evidence to support students' lack of 

understanding of science is much more straightforward. Specific examples of 

areas within science are available for students' understanding. Further, the 

analysis within the research is showing the extent within limits of theic 

understanding. 

2.1 Evidence to support students disliking science 

Key points of interest in the students dislike of science are that science is said; to 

be sex biased (Kahle, 1990; KeUy, 1987; Small, 1984; and Solomon, 1994), to be 

irrelevant (Ziman, 1980, and 1994), to have a poor image (Kahle & Meece, 1994; 

Kelly, 1987; and Monhardt, Tilloson & Veronesi 1999), to be culturally biased 

(Jegede, 1994; Jegede & Eraser, 1989; Jegede & Okebukola, 1989, 1990, 1991, and 

1993; and Okebukola & Jegede, 1990), and to be for academics (Aikenhead, 1996; 

Berryman, 1983; Chubin, 1990; Costa, 1993; Kneger, 1990; and Lee, 1987). 
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Further, this is an attitude held by students and to some extent teachers, which 

may or may not be the case in acmal reality. These attitudes result in peer group 

pressures (Byrne, 1993; CuUingford & Morrison, 1997; Guzetti & Williams, 

1996a, and b; and Winiarski-Jones, 1988) and teacher expectations (Boyes, 

Chambers & Stainistreet, 1995; Eccles & Wigfield, 1985; and Kahle, 1990; and 

Kenealy et al., 1991), which not only is part of students' dislike of science, but also 

help develop it further. In addition to these aspects of students' dislike of science, 

there is also the effect of the media upon students and parental influences (part of 

which is public understanding of science). These topics have only really been 

touched upon in this thesis. For the interested reader I would like to suggest the 

following references, which may be fruitfial should fiarther investigation be 

required. The references are Durent, Evans & Thomas (1989); Fumham (1992); 

Jasanoff, Markel, Peterson & Pinch (1994); Layton, Davey & Jenkins (1986); 

Parsons, Adler & Kaizala (1982); Prewitt (1983); Reiss (1993); Tumer (1991); Van 

de Bml (1995); Van Deelen (1990); Wilkie (1991); and ZaUer (1992). 

2.1.1 Students dislike Science as it has a perceived sex bias 

The statement that students dislike science as it has a perceived sex biased is one 

that has been extensively explored within science education. This is shown by the 

vast amount of literature available on the topic (e.g. Kahle, 1990; KeUy, 1987; 

Smail, 1984; and Solomon, 1994). One way of showing this bias is through a 

deficit model (Solomon, 1994). Stated simply this means that when given the 

choice more girls than boys choose to drop science. By expanding and focusing 

upon the table of subjects taken for 'A' levels, we may be able to see this. By 
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expanding, I mean looking at the choices in terms of that made by boy and girls. 

Further, I mean to focus upon the three key science subjects those of biological 

sciences, chemistry and physics. 
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1 able 2 enrolment figures for aU males and females for A-levels 

subject/ year 1994 1995 1996 1997 1998 1999 
m f m f m f m f m f m f 

biological sciences 18091 27997 14172 21898 11465 16070 20890 30587 21075 31185 19620 30539 
chemistry 21109 15834 17453 13205 13328 9936 21258 16993 20962 17790 19830 17639 
physics 25401 6988 20349 5407 15225 4126 23442 6402 23809 6796 23502 6926 
totals 64601 50819 51974 40510 40018 30132 65590 53982 65846 55771 62952 55104 
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What is seen when this is done, is that for every year the totals of male 

smdents exceed those of the female students. Further, in chemistr)^ and 

physics the male entries outweigh the female entries. Thus, there is a female 

deficit. 

However, the situation is not so clear when it comes to individual subjects. 

For example in all years in biological sciences, the female entnes exceed the 

male entries. Further, it is not clear whether females choose not to study 

science (relative to males), or whether males choose to study it (relative to 

females). Moreover, one might argue that even when both male and female 

students are totalled and compared with other subjects the choice to take 

specific subjects is still (comparatively) low and thus independent of sex. 

Work by Kelly (1987) explores this subject as a female deficit model. This is 

that girls are said to dislike science more than boys. The mascuHnit)'̂  of 

science is seen in various studies into students' attitudes in science. In 

general, these and other studies suggest that boys in science have a more 

positive attitude tiian girls (Baker, 1997; Gardener, 1975; KeUy, 1987; K^hle & 

Meece, 1994; Simpson and Oliver, 1990; and Weinburg, 1995). For example 

in Simpson and Oliver, 4000 students' attitudes were studied whilst in 

secondar}^ school. In this study, boys were found to hold more positive 

attitudes in science than girls. Further Baker's study found that girls held 

more negative attitudes than boys. 
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To say that all science is masculine though is an over simplification. In 

Weinburg's meta-analysis of students' attitudes towards science, biology is 

shown to be less masculine than physics and general science. To some extent 

this may explain why in the enrolment figures given above, more girls study 

biology than physics. 

Solomon (Solomon, 1994) presents additional ideas as to what female and 

male students like to occur in the classroom. The suggestion is made that 

boys opting to study science is not only to do with them liking science, but 

with the type of lessons that occur in science (Solomon, pp. 144). Thus, male 

students choose to study science, as these school lessons are male dominated 

and authoritarian in nature (Solomon, pp. 144). Solomon suggests that i f 

lessons were more social and appHed in nature that science would be more 

Hked (by females). This suggestion is based upon research by Head & 

Ramsden (1990); Collins & Smidiers (1984); Grant (1987); and Murphy 

(1990). 

Work by Grant (Grant, 1987), and Murphy (Murphy, 1990) focuses upon 

students' response to two types of question. Girls are said to be unwilling to 

respond to questions requiring a positive or negative answer, preferring 

instead questions with answers that contained uncertainties and a number of 

possibilities. These questions tend to be more applied and social in nature. 

Boys on the other hand Hke questions that have short answers and limited 

possibilities. Murphy suggested that secondary school science may contain 
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more of these boy-preferred questions which is one reason why boys like 

school science and girls do not. 

Therefore, school science is sex biased as more boys choose to study science 

than girls. This is because boys find school science 'reassuringly male and 

authoritarian' (Solomon, 1994, pp. 144). Further girls dislike school science 

due to the male dominated, authoritarian lessons. Further, they see science as 

being unsocial and not applicable to their Hves. Thus, girls also choose not to 

study it. 

2.1.2 Students dislike science as it is perceived to be irrelevant 

Students find science education to be irrelevant (Ziman, 1980, and 1994). 

One particular attitude that is said to be particularly disparaging is that science 

that is taught in schools needs to be universal and that this is achieved by 

making science the same throughout the world. Thus, Ziman is suggesting 

that science in schools is too uniform. Further, this science is uniformly 

irrelevant. Therefore, a uniform part of students' dislike of science is that it is 

irrelevant. 

A major weakness of this science irrelevance is: 

'.. not what it says about the world, but what it leaves unsaid' (Ziman, 

1994, pp. 22) 

To say more about the world and in particular the world of the secondar}^ 

school student new approaches and ways to teaching science need to be 

considered. 
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In saying that science needs to be different in the way it is taught, there is a 

problem. When aU these different methods of teaching science are 

considered there are conflicting results. 

For example, one method of teaching science that is often suggested to 

improve attitudes is the use of science practicals (Kok-Aun, 1993). This is 

different to the 'standard' science where students take notes and copy fiom 

the blackboard. In practicals the students use 'scientific equipment' (Bunsen 

burners, beakers, weights, rubber bands and so no) to perform scientific 

experiments (investigating the combustion of gases, the heating of water, 

stretch in mbber and so on). There are also those that suggest there are a 

number of difficulties that occur (Tobin, Kahle & Fraser, 1990; and 

Wookiough, 1991). These difficulties include the teacher adapting to a 

different style of classroom management. The students are organised into 

many groups rather than a whole class. Further, there is a need to organise 

school science equipment and be aware of safety issues with regard to its use. 

Additionally whilst the use of school science equipment by students may 

make lessons more enjoyable, there is the risk of them losing sight of the 

underlying scientific principles (Tobin, Kahle & Fraser, 1990). In Tobin, 

Kahle and Fraser, one of the teachers observed took this practical approach 

to learning. This particular teacher had a problem with managing one class 

involved in that some students behaved in a manner that was unacceptable in 

a classroom. Thus, the teacher had to constantiy be aware of this and take 

actions to curb these particular students' behaviour, which prevented her 
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from effectively enabling the students to learn (Tobin, Kahle & Fraser, pp. 

80). 

Another example is the use of discussion within science classrooms. One 

standard way of teaching is for the teacher standing and talking to the class 

from the front whilst the students listen (Tobin, Kahle & Fraser, 1990). An 

alternative is for the teacher and class, groups within the class and individuals 

to take it in turns to ask questions, answer questions, and listen to what is 

being said (Guzzetti & Williams, 1996b). Witii die first mediod all die class 

get to hear the same thing (Tobin, Kahle & Fraser, 1990). However, they do 

not get to ask questions or put forward their own ideas (Tobin, Kahle & 

Fraser, 1990). In the latter case, often students do not play equal parts in the 

discussion and certain students will benefit more from the discussion than 

odiers (Guzzetti & Williams, 1996a, and b; and Tobin, Kahle & Fraser, 1990). 

In Tobin, Kahle and Fraser a second observed teacher uses this whole class 

teaching method, where the teacher talks and the students listen and copy 

down what is being said (Tobin, Kahle & Fraser, pp. 70). 

For the examples given, there are conflicting results. What Ziman is saying is 

that whilst these methods do not work in all cases, they do in certain ones. 

Therefore, they are worth considering. Further rather than considering these 

ideas as detracting from the standard science, they should be considered as 

additional possibilities. 
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A n additional point is that whilst these results may appear to be conflicting 

there may be an underlying consensus. Therefore, from the two main 

examples given above; practicals may involve some discussion, and discussion 

may involve practicalities. Further, both examples are trying to bridge the gap 

between real life and science. 

Ziman suggests a number of approaches that may be able to make science 

more relevant and so bridge the gaps between real life and science. The way 

science is taught is irrelevant to students' experiences of life outside school, to 

other subjects within school and to problems that occur in life in general. 

The way science is taught is irrelevant to students' experiences of Hfe outside 

school, as many limitations and simplifications have to be made so that real 

life situations can be explained. Ziman gives the example of elephants being 

spherical, ladders being weightiess and walls being perfecdy smooth. Further, 

a more obvious point is that the whole context of the science is wrong. In 

other words, real life for most students is not about elephants, ladders or 

walls. A further view is that the context in which the science is being taught 

may be stereotypical. Thus, students are classed into scientists or non-

scientists (referred to by Snow (1993) as artists). Within his works. Snow 

gives an example of this break down into two major sets of subjects (those of 

the arts and the sciences). 
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The situation is a formal academic dinner where a number of students are 

placed around the table. As the dinner progressed. Snow noticed that 

certain people only talked to certain other people. The underlying rule for 

this is situation appeared to be that scientists only talk to scientists and 

artists only talk to artists. 

Thus, smdents who study science are interested in certain aspects of real life 

and these aspects are those covered in science lessons. Saying that those non-

scientists are interested in different aspects of real Hfe, which are not covered 

in science lessons, complements this. 

A part of this not relating to real life occurs within secondary school, in that 

science is not relevant to other subjects within school. This problem is also 

prominent within the science. Science subjects in school are often broken up 

into physics, chemistry, biology and other subjects. Ziman gives an example 

of a stone being described in three different science lessons (in physics, 

chemistry and geology). Rather than three different descriptions of a stone 

being presented to the student, the student should be aware that all these 

different descriptions are interrelated and at certain points, different 

descriptions are more convenient. So given that it is a problem between 

science subjects, it is not surprising that links between science and other 

subjects do not occur. 

Ziman makes note of a weak link between science and histor}^ amongst 

possible others. Another weak link is between science and English (Tobias, 
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1993; and Wellington, 2000). Within the historical Unks, Ziman draws upon 

the argument that science is original. In other words, science seeks to create 

new and improved ideas and ways of living. Further, the development and 

improvement of science over time, is therefore an important part of the 

science itself. Thus, there are links between science and histor)^ Strong 

historical episodes within science history appear to be; the trial of Galileo for 

his interpretation of the motion of the planets, the debate of 'The Origin of 

the species' presented by Darwin, Marie Curie's investigation into 

radioactivity, and James Watson's idea of the Double Helix. These would be 

episodes from which it should possible for students to gain (Ziman, 1994). In 

addition to those ideas mentioned above Boeha (1990), uses Aristotie to 

present science ideas to students in Papua New Guinea. 

Ziman suggests two major reasons why science lessons do not exploit these 

links more fuUy. They are that science history is extremely complex and that 

secondly elementary science history is not complete in that it is impossible to 

present outmoded ideas and failures in science to the student. This is due to 

the overly optimistic stance taken with this type of historj^ 

Much of science involves the use of language in a specific and unusual 

manner. For example the use of the word 'element' is specific in chemistrj^ 

and does not relate to Hght bulbs. Further, the idea of a living organism is 

highly defined in science whereas in English, flames may be said to be living. 

A second point is the strong association of science with numbers and long 

complicated formulae as opposed to written explanations. 
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In neglecting the link between English and science, students have difficulties 

relating to the complex scientific voca.hub.ry (Marshall Gilmour & Lewis, 

1991; Pickersgill & Lock, 1991; and Wellington, 2000, chapter 9, pp. 166-192). 

Wellington (Wellington, 2000, chapter 9) explores this area giving advice to 

trainee teachers with regard to students' learning in science. 

A comparison is made between entering a science laboratory and a strange 

world (see later section 2.1.5). When entering this strange world, strange 

devices such as Bunsen burners, evaporating dishes, beakers and conical 

flasks are encountered. These are all objects with strange names. Names not 

heard of before entering the science laboratory. Further, as smdents begin to 

learn science additional complexities in language occur. For example, 

Wellington (Wellington, 2000, pp. 168) describes three other categories. One 

example is that of process words (amongst the others). Examples of process 

words include 'evaporation', 'combustion', and 'evolution'. The process 

language involved is becoming more abstract. Thus with naming words the 

object can be pointed out and named. This is not so easily done with 

processes. Thus with 'evaporation', a demonstration may be performed with 

water being boiled. To fully grasp the meaning the word 'evaporation' the 

student has to grasp abstract models, an example of which is particle theory. 

It is not surprising that whilst some students wiU be curious and interested in 

this new 'science language', others will see it as a barrier (Wellington, 2000). 

Within work by Jedege (see later section 2.1.5) an example is given of an 

African farmer not knowing what the word ecology means, yet stiU have 
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knowledge and understanding of animals and plants, and relationships 

between them and the place in which they Uve. In this manner, language acts 

as a barrier in science lessons. This barrier may form some of the students' 

disKke for science. 

2.1.3 Students dislike science as it has a poor image 

One part of students' dislike of science, is the image held by themselves of 

scientists (Kahle & Meece, 1994; Kelly, 1987; and Monhardt, Tilloson & 

Veronesi, 1999). The image students have of scientists has extensively been 

explored through the 'draw - a - scientist- test' (Monhardt, Tilloson & 

Veronesi, 1999). These tests have been developed since the 1950s by such 

researchers as Mead (e.g. Mead & Metraux, 1957), Chambers (e.g. Chambers, 

1983), Mason (e.g. Mason et al., 1991), Huber (e.g. Huber & Burton, 1995), 

and Finson (e.g. Finson et al, 1995). In the draw-a-scientist-test, the students 

are requested simply to draw an image of what they think a scientist looks 

Kke. The results fcom these pieces of research are similar. The majority of 

studies can be summarised (Newton & Newton, 1998) in that students see 

scientists as being: 

Male, balding, bespectacled and with a laboratory coat, working alone in 

a chemistry laboratory environment 

The above quotation is taken from work by Newton & Newton (Newton & 

Newton, 1998). In this work they were exploring whether the National 

Curriculum had had any positive effect upon the image students had of 
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scientists. The results suggest that the National Curriculum in the U K has not 

had a positive effect upon students' images of scientists. 

Whilst the study above involved primary school students aged 6 and 11 years 

of age, similar results have been obtained with older students (Song & Ivim, 

1999). Schibeci (Schibeci, 1986) is reported by Song & Kim as having made 

the following comments about it. 

It is rather discouraging that the images of scientists are generally 

unfavourable and negative regardless of students' level of schooling 

Song & K i m (1999) in their research investigated students aged 11,13 and 15 

who came from Korea. The results from this study suggest that for the 

students investigated, similar images were held to those of comparable 

students in other countries. 

A n interesting aspect of these studies is that these studies concern students' 

perceptions. I t is interesting to look at actual scientists and see how they 

actually perceive themselves. Work by Monhardt, Tilloson & Veronesi (1999) 

involves the inter\tiewing of 18 people from both academic and industrial 

research settings. Two major factors amongst others were examined: that of 

becoming a scientist and that of living within a scientific community. 

When considering becoming a scientist many of those intentiewed did not 

study science extensively in secondary education. Further, they did not decide 

to pursue a career in science at school. Other factors that influenced their 
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choice of career were their family background. Some of the scientists 

suggested that activities undertaken as a child with the farmly did influence 

their choice. For example, one scientist says that she often went bird 

watching with her parents and that this gave her an interest in science. 

Another perhaps more stronger factor was that of mentors. This 

encouragement and support was described as being: 

Ji very positive aspect in influencing the career choices made (Monhardt, 

Tilloson (& Veronesi, 1999, pp. 539). 

This is also supported in Aikenhead (Aikenhead, 1996, pp. 12), whose work is 

later mentioned (2.1.4). 

The final aspect that was talked about was a barrier preventing people from 

becoming scientists. Within this section there were three major barriers 

mentioned. They were; the actual coursework and challenge of then finding a 

position, the balancing of family life with a career and the low pay attributed 

to being a scientist. These factors appeared to be stronger for the women 

interviewed than the men (Monhardt, Tilloson & Veronesi, 1999). 

Further when talking about Uving in a scientific communit}^, a number of 

traits were described for scientists. The main traits were objectivit)', ego, 

intuition, problem solvers, and being caring (Monhardt, Tilloson & Veronesi, 

1999). 
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Objectivity is said to be difficult to obtain with many scientists not being 

aware of their own biases. Further, the seeking of objectivity is likened to 

'religious devotion'. I t is something that is strive for and yet almost 

impossible to obtain. 

A major problem to objectivity is a person's ego. This clouds judgement and 

some scientists feel that they are able to make statements that will be accepted 

without question and the need to provide supporting evidence. 

A third trait was that of intuition. Intuition is the ability to come to a correct 

conclusion without knowing exactiy how the conclusion was reached. An 

example is given. One scientist states that she is able to identify a rock sample 

from a distance, when others require a microscope. 

Problem solving was also said to be an important trait. Scientists explore 

questions. They break questions into smaller parts. They examine these parts 

and the put the part back together to find a fimal answer. Another example is 

taking a problem trying out a number of possible answers and rejecting those 

that do not work. This work does require some patience and some dedication 

(Monhardt, Tilloson & Veronesi, 1999). 

Finally, there is the trait of being caring. Many of the scientists saw theit work 

as being a service. Much of the reward they felt was obtained from knowing 

that their work was helpful to other people. One interesting point was made 

in that one scientist who said that scientists were portrayed as being uncaring. 

A n example was made of an intervention that was to be appHed to students 
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based around being able to be scientist and stiU be caring (bibliographic 

references to the intervention were not made). The scientist, being 

interviewed, felt that this impHed the scientists were uncaring (Monhardt, 

Tilloson & Veronesi, 1999). 

A comparison made between the image presented by students and scientists is 

difficult. Perhaps to present a scientist in the form of a picture is an over 

simplification of what it is to be a scientist. When talking to scientists, science 

is more than simply working in a laboratory. Further, many of the scientists 

whilst mentioning that science is difficult and requires dedication, hold some 

positive views of science. Some of these scientists feel that students are not 

being allowed to see these positive views (Monhardt, Tilloson & Veronesi, 

1999). 

Thus, students see a poor image of science. They have a poor image in that it 

is a negative image (Newton & Newton, 1998; and Song & Kim, 1999) and an 

image of service with Httie monetary reward (Monhardt, TiUoson & Veronesi, 

1999). Further, the image is perhaps not a true reflection of what it is to be a 

scientist (Monhardt, Tilloson & Veronesi, 1999). This image relates the 

students like or dislike of science (Monhardt, Tilloson & Veronesi, 1999). 

Therefore, the poor image of scientists is part of their dislike of science. 

2.1 A Students dislike science as it is an academic subject 

Science education has been described as being academic. In other words 

people start learning science in primary school and finally become a scientist 
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after taking a degree at University. Thus, policy-makers see science education 

as a 'pipeline' through which students pass on their way to becoming 

scientists (Aikenhead, 1996; Berryman, 1983; Chubin, 1990; Costa, 1993; 

Krieger, 1990; and Lee, 1987). 

So to get a reasonable understanding of science lengthy and sustained learning 

is required, which many students may not like. Further, within the pipe there 

are stages. Thus within England and Wales there are science GCSEs followed 

by A levels, degrees and postgraduate degrees. At each stage, a refinement of 

the students takes place. Thus, students must gain acceptable GCSE results 

to progress onto A levels and so on with A levels, degrees and postgraduate 

degrees. Thus at each stage 'leakage' occurs. That is smdents are lost fcom 

the pipeline. Finally, the talent emerges at the end to become finished 

scientists (Aikenhead, 1996; Berryman, 1983; Chubin, 1990; Costa, 1993; 

Kneger, 1990; and Lee, 1987). 

To increase the talent two changes are required. The initial number of 

students entering the pipeline is increased, or the leakage fiom the pipeline is 

reduced. In England and Wales, both of these tactics have been employed by 

policy makers to increase number of scientists. For example, with the 

introduction of the National Curriculum in 1989, all students were taught 

science in aU state primary schools and secondary schools (increasing initial 

numbers). Further, the learning of science was made compulsor}^ up to the 

age of fifteen (reducing leakage). The effectiveness of these measures and of 
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the 'pipeline' model is debateable (Costa, 1993; and Aikenhead, 1996). Costa 

(Costa, 1993) points out a flaw in the pipeline model saying that: 

[T]he school science-as-a-pipeline ignores teacher and student meaning-

making. (Costa, pp. 650) 

Thus, the pipeline model is an institutional model, which does not get to the 

real problem. The real problem (at least in part) is in the classrooms. To get 

to this part of the problem there is a need to consider the perceptions of 

teachers and students. Once this is undertaken, some understanding of why 

students do not choose to or decline to learn science might be obtained. 

Further it may be that teachers are not offering students the opportunity to 

learn science. Thus, there is a need to obtain 'teacher and student meaning-

making' (Costa, 1993). 

To take into consideration the perceptions of the teacher and the student 

Costa suggests an alternative: 

One such alternative would be to characterise school science as a rite of 

passage into the scientific community. (Costa, pp. 650) 

The aim of this metaphor is two fold. Firstiy, the metaphor is to take into 

consideration the perceptions of teachers and students in the science 

classroom. Secondly, it is to shift the emphasis away from attracting and 

retaining students towards a curriculum that is progressive (Costa, 1993). 
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Costa explores this metaphor by collecting data from 300 students enrolled in 

a chemistry course in a major California Universit)^ The data is collected 

through making observations of those participating in the classroom activities. 

Using this data and the metaphor, the problems students have with science 

are noted. There are three major parts to the 'rite of passage'. They are: 

separation, transition, and reincorporation (Costa, 1993). 

Separation is where students are removed from their normal environments 

and placed into a science-based environment. In simple terms, this may mean 

going into a school science laboratory (WeUington, 2000). On a longer-term 

basis, this separation is from other occupations into the position of scientist. 

Within Costa's data, this part is shown in a difference made by Universit}'̂  

lecturers between school science and Universit}^ science (Costa, 1993). 

The transition period is when the student Hes between non-scientist and 

scientist. So this is when the student is 'learning'. Thus, it is when the student 

is performing experiments, doing homework and thinking about problems. 

Costa suggests that this stage is shown in their attitudes in science as well as 

their actual activities (Costa, 1993). 

Reincorporation is going back into a more normal environment. That is 

leaving the school science laboratory, having learnt something about science. 

Costa notes this reincorporation as being the holidays between terms, when 

students return home (Costa, 1993). 
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To present the 'rite of passage' as simply one separation, one transition, one 

reincorporation is an over simplification. It is rather a series of separations, 

transitions and reincorporations (Costa, 1993). For example in the English 

and Welsh state school system there are GCSEs, A levels and degrees in 

science. Within each of these, there are parts that might be described as being 

separations, transitions and reincorporations. Thus for example with GCSEs 

separation is going into a school science laboratory, transition is learning 

GCSE science and reincorporation is going back to interacting with other 

students after the science lesson. With A level science there are likely to be 

differences in where they learn, what they learn, and those students with 

whom they interact. Even so there are likely to be similar periods, which can 

be described as being separation, transition and reincorporation (i.e. going to 

the A level science laboratory, learning A-level science, and returning to the 

A-level students common room). 

Further there may be differences of scale. For example, Costa notes that that 

there are elements of separation, transition and reincorporation within 

specific separations transitions and reincorporations. Thus within science 

lectures (described above as a transition stage); there is separation in that the 

lecturer points out differences between science being learnt now and before 

(University science is different from school science), there is transition in that 

the lecturer is presenting scientific ideas and theories to the students (using a 

blackboard or projector), and there is reincorporation in that demonstrations 

are seen as a break by a lecturer (from science). So at any one time a number 
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of series of separations transitions and reincorporations may be occurring to 

the students (Costa, 1993). 

When students experience these parts of science, there are difficulties. These 

difficulties might explain why smdents do not choose to continue to study 

science when given the option to stay or leave. 

For example within the separation part, students may not be aware of the 

goals of the separation. In other words, students may not be aware that they 

are being developed into scientists. Further, there may be many goals to this 

separation. I.e. the goals may be to develop scientists or to develop a 

scientifically literate population amongst others. Even i f students are aware of 

the goals, they may not like them (not everyone wants to be a scientist or 

scientifically literate). Thus, these difficulties may be part of students disliking 

science. 

In the transition part students are expected to cope with dualit}^ That is being 

a scientist and a non-scientist both at once. Further, in changing from one to 

another it may be that the student Ukes being a non-scientist. So as the 

transition progresses and the student becomes less and less of a non-scientist 

the dislike increases. This dislike may or may not be outweighed by the 

students Hke of progressing towards being a scientist. 

Finally, in the reincorporation part the student has now to cope with being 

more scientific than others in the population. This coping involves the 
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dealing with popular negative attitudes towards science and scientists. Science 

students may again dislike this. 

Thus, science is seen as an academic subject. Science education is described 

as a pipeline for producing academically qualified scientists (Aikenhead, 1996; 

Berryman, 1983; Chubin, 1990; Costa, 1993; Kneger, 1990; and Lee, 1987). 

This 'model' of science education does not take into account the feelings of 

students (Costa, 1993; and Aikenhead, 1996). The 'science as a rite of 

passage' metaphor does (Costa, 1993). This metaphor identifies some of 

disHke students have of science. 

2.1.5 Students dislike science as it has a perceived cultural bias 

The U K may possibly be described as being made up of a number of groups 

of people with varying cultures. For example, there are groups of Africans, 

Indians, English, Scottish, Irish, and Welsh people amongst others. To some 

extent, these groups of people have their own cultures (Jegede, 1994). 

Jegede's work Qegede & Fraser, 1989; Jegede & Okebukola, 1989, 1990, 1991, 

and 1993; and Okebukola & Jegede, 1990) focuses upon a comparison to 

some extent between African and Western culture with respect to learning 

science in school classrooms. To some extent, the idea of a culture is 

comparable with a group of customs (Cobem, 1991; and Phelen, Davidson & 

Cao, 1991). 
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In Jedege (1994), it is stated tiiat: 

...[CJustoms that the learner brings into the classroom are in opposition 

to, or incompatible with modem science. (This leads to misconceptions, 

negative attitudes toward the study of science, and.....) . 

Jedega links these incompatibilities in customs to negative attitudes. So to 

some extent these incompatibilities may be part of students' dislike of science. 

Within his work, a number of major African customs that are incompatible 

with modern science are noted. They are: 'authoritarianism', 'goal structure', 

'traditional worldview', and 'sacredness of science'. 

'Authoritarianism' is the custom of seeing older people as being more 

knowledgeable than younger. This is because they have more experience of 

life. Younger people do not question an elder's point of view, but rather 

accept it. Within the science classroom, this would translate to a dominant 

teacher who knew everything about science. This may be part of the dislike 

of science in that students may be expected to question commonly held 

views. 

'Goal structure' is a custom of cooperating with other members towards a 

major goal accepted by all. In the science classroom, students may be 

required to be individualistic and competitive. Therefore, students may dislike 

science. 
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'Traditional worldview' is a custom that relates to superstitions and an 

interpretation of occurrences in terms of these superstitions. Thus, a younger 

person may believe in these superstitions, which are in opposition to scientific 

knowledge and the scientific point of view. So again, students may dislike 

science. 

'Sacredness of science' is the custom that science is special, almost magical, in 

nature. Thus to study science and school, there is a need to produce magical 

explanations that cannot be produced by the vast ma.]ohty of students. Thus 

again students dislike science. 

Aikenhead (Aikenhead, 1996) takes this idea that western science is part of a 

culture and as such is different from African culture and other cultures 

(Maddock, 1981; KnamiUer, 1984; George & Glasgow, 1988; Swift 1992; 

Hodson, 1993; and Jegede, 1994). Further, the idea is added to, by 

considering school science as being a type of culture. Moreover, it is applied 

to school science and students with differing backgrounds (i.e. coming from 

different cultures). To do this there is a need to understand that school 

science has customs that make it a type of culture. Already within the 

previous sections, some of these customs have been noted. They are that 

science is: masculine, irrelevant, and has a poor image (2.1.1, 2.1.2, 2.1.3.). 

Aikenhead (Aikenhead, 1996) describes this type of culture as being a 

subculture as it is a culture within a culture (i.e. school science is part of 

western culture). 
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Cultural backgrounds are seen as being of importance within the science 

classroom as they explain 'how smdents make sense of their natural world' 

(Aikenhead, 1996, pp. 3). This is also to some extent an aim of school 

science, (i.e. to make sense of the natural world). Thus, school science is seen 

as being a transmission of a culture to a student. This transmission is either 

'supportive or disruptive' (Aikenhead, 1996, pp. 5; Baker & Taylor, 1995; and 

Urevbu, 1987). In other words, students like or dislike this transmission. 

Aikenhead reports on this Hke or dislike of science in terms of five main 

groups developed by Costa (Costa, 1995). Costa (Costa, 1995) developed 

groups using qualitative intentiews with secondary school students. The 

students numbered 43 and came from two culturally diverse schools. Further, 

the students were aU taking science subjects at school. The groups will briefly 

be described in appropriate terms related to those used in this thesis. The five 

groups are named: 'Potential Scientists', 'Other Smart kids', " I don't know' 

students', 'Outsiders', and 'Inside Outsiders'. For this thesis, as will be seen 

later (section 4.1), the two major groups of interest are those of Totential 

Scientists' and 'Other Smart Kids'. 

Potential Scientists like science. They do not mind the stereot)^ical image of 

science presented of those who study science. Further, they have family and 

friends who hold positions within science or study science. These people act 

as role models for them (see 2.1.3). They overlook poor experiences of 

science experienced in school science lessons. They consider science to be an 

important part of their life and wish to take science 'A' levels. Further, they 
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are likely to have science career aspirations and are likely to be white males. 

There are relatively few students found to fit into this group. 

'Other Smart kids' Uke school. They may also feel fine about the image of 

those who study science. They do not like the actual science. They study 

science as a means to an end. It may be that to progress onto further 

education they have to pass science examinations. Thus, they will attend and 

pass compulsory science classes to achieve this progression. This may be 

achieved through memorizing important science facts. They see themselves 

as being creative and artistic, which is not how they perceive science. They 

escape from science as soon as possible preferring those subjects they feel to 

be more artistic in nature. Their friends and family may be educated to a high 

level and want to progress within education. They are probably not directiy 

involved with science. More students fit into this group than Totential 

scientists'. 

" I don't know' Students' are students who fiequentiy give ubiquitous 

responses to questions related to science. They are noncommittal. In many 

ways, they see school science lessons as being a game. Rather than learning 

about science, they learn how to successfully pass examinations. They feel 

good about science lessons and continue to do so as long as they are not 

expected to replace their thoughts with those expressed by the teacher and 

materials presented within the classroom. These students know littie of what 

science is and see teachers as being all-knowing. 
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'Outsiders' are students who don't feel part of school or science lessons. 

They feel alienated and incompetent. Science and school is not part of their 

family life and they do not have friends within school. They have Httie 

contact with the other people in their science lessons. Further, they have no 

understanding of science and what it is to be learn science and they do not 

care. They see the teacher as being an expert and authoritarian figure. 

'Inside Outsiders' are students who have some idea of what science is. They 

are interested in science. They do not though take an active role within 

lessons at school. They raise science related questions. They do not raise 

these questions within school science lessons. 

In considering these groups, four out of five of the groups experience some 

difficulty with the subculture of school science. Thus for many students the 

transmission of this culture is not smooth. Aikenhead (Aikenhead, 1996) 

describes 'assimilation' as a common way in which these students are 

expected to come to terms with this culture. For many students this is neither 

effective nor acceptable. I t is disruptive. Thus, many students wiU probably 

dislike science. 

2.1.6 Students dislike science due to pressures not to learn science applied bj peers, 

and teachers 

As well as the reasons given above for students disliking science, there is a 

need to consider more direct methods through which students are turned off 

science. In simple terms, this involves a person in authority telling the 

student not to learn science. In more complex terms less direct peer 
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pressures, such as teacher and expectations are placed upon many students 

not to learn science. 

Cullingford and Morrison investigate peer pressure (Cullingford & Mornson, 

1997). The study focuses upon interviewing 25 students who have been 

excluded from school. Cullingford and Morrison say that: 

Peer groups, then, are an inevitable and significant influence in attitudes 

(Cullin^ord <& Morrison, pp. 63) 

Peer groups are defined in terms of perceptions of their own identities. The 

groups are formed to resolve potential problems and actual conflicts that anse 

in school playgrounds. 

Winiarski-Jones (Winiarski-Jones, 1988) explores peer groups within the 

school classroom. The peer groups are said to form as a result of students 

wanting to find similar persons that they 'like' and to whom they are able to 

justify their actions. Further once groups are formed changes in attitude 

occur. Thus i f a student joins a peer group that dislikes science then the 

joining student may also begin to dislike science too. Winiarski-Jones uses the 

example of academic performance. The suggestion made is that peer pressure 

effects students learning. So i f a goal for a peer group is to learn (or not to 

learn it), then each member of the group will try to learn to justify continued 

participation in the peer group. 
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Byrne (Byrne, 1993) looks at peer pressure within school science. An idea 

called the 'Snark syndrome' is developed. The 'Snark Syndrome' is the saying 

of the same thing repeatedly. I f this is said to by influential people to other 

people in a group then those other people may believe what is being said 

whether there is any evidence to support it or not. In science, one example is 

that students are told not to study science (Byrne, 1993). Many people teU 

them this and so students hear it many times. Thus, students choose not to 

study science. This to some extent occurs within peer groups, so peer 

pressure exists to prevent students from studying science. 

Byrne (Byrne, 1993) develops this peer pressure in terms of what she 

describes as 'critical mass'. The mass is described in terms of numbers taking 

science. I f these numbers are low (comparatively to other subjects) then the 

peer pressure will be towards not choosing to take science. These pressures 

will result in a decrease in numbers taking science. It can be seen that this is a 

downward spiral. As numbers of students taking science are low, a negative 

pressure exists to reduce the numbers further. So numbers of students taking 

science are now lower and so the downward spiral continues. I f by some 

means, the number of students taking science is increased to a specific 

number (i.e. critical), then the pressure to study science is neither negative nor 

positive. That is students are told both to take science and not take science in 

such a way so as to not create any pressure. This results in the numbers of 

students taking science remaining static (at least in an idea system, which this 

is not). 
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Finally, there are specific examples of negative peer pressure taking place 

within a school science classroom. Two of these examples are given below. 

Kahle (1990) and Guzetti & Williams (1996a, b) report on students 

pressurising other smdents in science practical classes and discussions. 

Kahle points out the following example. The example is taken from 

"Windows into science classrooms', in which two teachers and classes are 

observed over several weeks. During these weeks, two topics were obsen'̂ ed. 

They were ^Vertebrates' and 'Nuclear Fuels'. In both these units, it was 

observed that groups of students 'monopolised' school science equipment 

and further actively prevented other groups from participating in the science 

activities. In the nuclear fuel unit, students achieved this by destroying and 

contaminating experimental materials. 

Guzzetti & Williams (Guzetti & Williams, 1996a, and b) undertook research 

into discussions taking place in physics classrooms over a period of two years. 

The research involved obsen'̂ ing, applying a questionnaire and intentiewing a 

number of students. One finding pointed to peer groups applying pressures 

on other peer groups to act in a certain way. For example, within discussions 

when students were divided into small groups (typically around 5 people) 

certain students were pressured into presenting the findings of the whole 

group rather than others. In Guzzetti and William's research, females were 

pressuring males to do this. 
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As well as pressures within peer groups and between peer groups, there are 

also teacher expectations. Teachers are said (Boyes, Chambers & Stainistreet, 

1995) to affect how students learn science. For example, Boyes, Chambers 

and Stainistreet look into the ideas that trainee students hold about the Ozone 

layer. The findings are that many of the trainee teachers hold limited 

knowledge and erroneous knowledge in this area. With regard to these 

findings Boyes, Chambers and Stainistreet say that: 

These findings have particular relevance in the case of trainee teachers who 

will be in a position to influence the ideas and attitudes of many 

generations of children. (Boyes, Chambers and Stainistreet, 1995, pp. 

144) 

Thus, the trainee students wiU become active teachers. As active teachers, 

they win iafluence whether students Kke or disHke science. 

This idea of influence by teachers is taken further to expectations. In the 

classroom, teachers have expectations (Eccles & Wigfield, 1985; and Kahle 

1990). These expectations concern how the teacher sees students' learning 

developing. These expectations are said to effect how students develop 

academicaUy (Eccles & Wigfield, 1985; I^ahle, 1990; and Kenealy et al., 1991). 

Thus to some extent i f a teacher sees a student as not being good at science, 

then that student is to some extent likely to become not good at science 

(Kenealy et al., 1991). 
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Teachers expectations were also observed by Kahle (Kahle, 1990) in an 

investigation of two teachers and their interactions with students in the 

classroom. One teacher is named 'Peter'. One way that Peter teaches is by 

asking the whole class questions and responding to students who raise their 

hands. In these whole class discussions, certain students tend to be chosen to 

answer questions more than others. Further, certain students also tend to put 

up their hands more than others (Kahle, 1990, pp. 126). The implication is 

that Peter is expecting certain students to put up their hands, and to some 

extent this is what is occurring. Further, on a secondary level in personal one-

on-one interactions occurring between the teacher and students were not 

expected to respond in an 'academic or scientific' manner. This was shown in 

the questions asked by Peter to the students in these situations and his 

response to questions asked by researchers (Kahle, pp. 126). 

Whether teachers are aware of these expectations being put across in the 

classroom or not, is not clear. The researchers suggest that students to some 

extent are aware of them and respond to them (Kenealy et al., 1991). Further, 

these expectations are that only certain students should participate in science 

lessons and that others should not. In case of Peter, those that participated 

actively in science lessons were few. 

I t is therefore possible that many students in Peter's class feel that they should 

not participate in science lessons. Problems may occur with students who 

want to actively participate in science lessons but are not expected to. These 
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smdents may dislike science. I f this situation is applicable to school science 

classrooms in general it may be part of some students dislike of science. 

The above work by Kahle (1990) has similarities to that presented by Jones & 

Wheatiey (1990). Jones & Wheatiey investigated the way that teachers 

expressed theit expectations to students. Observations were made of 60 

classes and some 50 teachers. The expression is defined in terms of: praise 

given to students, teacher response to call outs by students, warnings given by 

teachers, and procedural and direct questions given by teachers. Jones & 

Wheatiey conclude that these expressions may detrimentally effect course 

enrolment and motivation for certain smdents. In other words, these 

expressions may be part of students' dislike of science. This second research 

involved many more teachers than that of Kahle (1990). Thus, it suggests 

that this situation is applicable to science classrooms on a more general level. 

In interesting point is made by Jones and Wheady (1990) in theit: research. 

From the findings, it was not certain the expressions mentioned above were 

acmal expressions of teacher expectations, or of peer pressures. The peer 

pressures of students as commented upon by CuUingford & Morrison (1997) 

point to these pressures being separate from the adult world. Thus, it is 

difficult to say i f peer pressures result (to some extent) in teacher expectations 

or teacher expectations result in peer pressures, or i f both these situations 

occur, or i f neither of these situations occur. Jones & Wheatiy suggest that 

students come to the classroom with experiences from outside the classroom 

and that these experiences affect the way that they act in the classroom. 
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2.2 Evidence to support science not being understood by students 

During this section the aim is to review specific areas of science and examine 

what research has to say about the understanding in these areas by students. 

Those to be noted are understanding of gravity, understanding of forces, 

understanding of particle theory, understanding of combustion, 

understanding of the skeleton and understanding of animals. These are not 

the only areas in which understanding by students has been investigated. A 

starting point for other areas is work by Driver, Squires, Rushworth & Wood-

Robinson (1994); Osboume & Freyburg (1983); Driver, Guesne & Tiberghien 

(1985); and Garnett, Gamett & Hackling (1995). For example in Dnver, 

Squires, Rushworth & Wood-Robinson (1994) a large number of references 

concerning students' understanding over a range of topics is included (pp. 

176-208). Such topics and references include (amongst others): Nutrition 

(Barker & Carr, 1989; and Simpson & Arnold, 1982), Reproduction & 

Inheritance (Bernstein & Cowen, 1975; and Brumby 1984), Ecosystems 

(Piaget, 1929; and Webb & Boltt, 1990), Materials (Laverty & Mcgan^ey, 1991; 

and Ben-Zvi, Eylon, & Silberstein, 1988), Chemical Change (De Vos & 

Verdonk, 1987; and Kruger & Summers, 1989), Electncity (Arnold & MiUar, 

1988; and Solomon, Black, Oldham & Stuart, 1985), and Heating (Tiberghien, 

1983; and Engel Clough & Driver, 1985). Whilst many of these references 

are not recent, more recent references may be found by looking in current 

Journals. 
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2.2.1 Gravity is not understood 

There are a number of studies in this area (Nussbaum, 1985; Baxter, 1989; 

Mall & Howe, 1979; Sneider et al., 1983; and Stead and Osborne, 1980). 

Many are based upon the special case of the gravity of the earth. In this case, 

a number of ideas are present when dealing with these frames of reference in 

schools. O f particular interest are the following ideas: 

^ The earth is surrounded by air, which keeps things from escaping. 

Confusion is occurring between pressure and gravity. 

^ Spinning can create gravity. Confusion is occurring between gravit)' 

and other t)^es of forces. 

^ Gravity is linked to magnetism. The effects of gravit}^ are being 

compared with the effects of a magnet on another magnetic material. 

With these examples, the unseen force of gravity is related to objects that can 

be better seen. No attempt is made to define what gravity actually is. 

Further to these ideas there exist a number of ideas associated with the earth 

itself, or the way that gravity works on this planet. Thus, the following ideas 

exist about what is 'down'. For students there appears to be development 

from a flat world to a spherical world. Thus, 'down' develops from a surface 

phenomenon to one of the centre of the earth (Nussbaum, 1985; and Baxter, 

1989). Within Driver et al (1994), this development is represented as a series 

of pictures (pp. 3). The first picture is of the sky and the ground with arrows 
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leading from the sky to the ground. The final picture is of a round circular 

planet with down arrows leading to the centre of the planet. 

Students are not gaining a basic understanding of science. Here the ideas do 

not approach close to understanding that gravit)^ is an attractive force 

between two masses (Nussbaum, 1985; and Baxter, 1989). Further the 

students in not understanding this specific idea about masses on planet earth 

are missing out on the power of the theory of gravit)^ in dealing with more 

general cases, e.g. two masses whose magnitude is relatively close. 

2.2.2 Forces are not understood 

Gravity is of course a force and as such, there are a number of studies on the 

more general topic of forces (Osborne, 1980; Osborne, 1985; Watts, 1983; 

Osborne et al., 1981; Gunstone and Watts, 1985; and Watts and Gilbert, 

1985). They suggest a number of ideas associated with force. Initially there 

are a number of meanings for the word force. 

> It is associated with coercion or opposing resistance (As in, the 

teacher forced me to learn my times tables). 

^ I t is a personal quality associated with animals (As in, the cat looked 

so cute that I was forced to stroke him). 

Within a closer frame of reference to that of the scientist, there exist a 

number of other ideas. 

> I f there is motion then a force is acting. 
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> I f there is no motion acting then there is no force acting. 

^ There cannot be a force without motion. 

^ When there is motion then there is a force in the direction of the 

motion. 

^ A moving object stops when a force is used up. 

^ A moving object has a force within it that keeps it moving. 

^ Motion is proportional to the force acting. 

^ A constant speed results from a constant force. 

Further to this is the idea that a force is, is generally only be attributed to a 

single object rather than many objects. Further, the force appears mistakenly 

to be connected always with motion. Forces on static objects are not taken 

into consideration (Sjoberg and Lie, 1981; and Simon, Black and Brown, 

1996). There are also a number of research projects that explore the 

persistence of these ideas (e.g. Finegold and Gorskey, 1991). Sjoberg and Lie 

(1981) undertook research into the understanding of 1000 upper secondarj^ 

school students' understanding of forces and describes 50% of them as being 

unable to accept forces acting on a static body. In more recent research 

Simon, Black and Brown (1996) investigate a number of students' (aged 6 to 

12) understandings concerning forces acting on a static body. They used two 

examples of equilibrium that of a weight on a rubber band and a heavy object 
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balanced on a thick piece of card between two bricks. These examples were 

used to interview students about their understanding of forces on a static 

object. They conclude that students do have problems understanding the 

forces acting in this simation. Further, these problems are not currentiy being 

addressed within the U K educational system (National Curriculum). 

In summary the understanding of forces by students is different fiom that 

accepted by scientists (Osborne, 1980; Osborne, 1985; Watts, 1983; Osborne 

et al., 1981; Gunstone and Watts, 1985; Watts and Gilbert, 1985; Sjoberg and 

Lie, 1981; and Simon, Black and Brown, 1996). For example, it is not 

understood that forces can act not only when an object is moving but also 

when it is static (Sjoberg and Lie, 1981; and Simon, Black and Brown, 1996). 

Thus from a science teachers point of view forces are not understood by 

students. 

2.2.3 Particle theory is not understood 

The understanding of particle theorj^ by students is interesting, as the theorj' is 

a basic requisite to understanding so many physical phenomena (Driver et al., 

1994). For example, it is used to explain how changes fiom a solid to a liquid 

and then to a gas occur. Other uses include an explanation of diffusion, and 

rates of reactions and the properties of solids, liquids and gases. Thus, it is 

something that should be of great help to students. It should be emphasised 

that this basic model of particles does not include the ideas of atoms, 

compounds or ions. 

59 



When probing students understanding of particle theory a number of ideas 

become present. 

^ Solids are continuous stuff .The student simply fails to recognise that 

particle theory is applicable to solids (Holding, 1987). 

^ Solids are continuous bits of smff The student recognises that solids 

are made up of bits but fails to describe these bits as particles (Pfundt, 

1981; Holding, 1987; and Ben-Zvi et al., 1986). 

^ Liquids are continuous and static. The student simply fails to 

recognise that particle theory is applicable to liquids and that liquids 

can flow (Novick and Nussbaum, 1981). 

^ Liquids contain particles that are widely spaced. Student sees liquid 

particle model as being halfway between that of a solid and a gas 

(Dow et al, 1978). 

^ Gases are not substances. Student fails to see a gas as something that 

may have comparable properties to that of a liquid or a solid 

(Johnson, 1998). 

The results from investigating students' understanding of particle theory show 

that many students do not understand that solids or liquids are described in 

terms of particles. Further, they have problems coming to terms with the 

existence of gases. Driver et al. (1994) reporting of Holding's work (Holding, 
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1987) is interesting in that Holding investigated 600 students whose age 

ranged fiom 8 to 17. A progression was seen in particle theory (when applied 

to solids) o f continuous, continuous bits and then finally taught 

representations. A t the age of 17, 20% were still said to have continuous 

descriptions of solids. Further, the use of the words 'taught representations' 

might indicate that through they draw the particle pictures they may not 

understand them. 

Recent work by Johnson adds to the above ideas. A slightiy different 

approach is taken to that outlined above. In the above students' attempts to 

explain solids, liquids and gases are noted in terms of the particle theor}'. 

Johnson's approach is to focus upon the particles and the students' use of 

particles to describe a substance (a solid, liquid and a gas). Johnson uses a 

series of 'clinical' interviews upon a cohort of students in a secondar}^ 

comprehensive school. The students are aged 11-14 and the series of 

interviews lasted three consecutive years. 

The results from these interviews suggest to Johnson that students hold four 

major models for basic particle theory. In simplified terms they are as 

foUows: 

^ Particles do not exist as an idea to illustrate a substance. The 

substance is continuous. 

^ Particles exist in the continuous substance. Thus, the substance 

surrounds the particles. 
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^ Particles are the substance, but take on the same properties as the 

substance itself Thus, they are smaller 'bits' of the substance. 

> Finally, the particles are seen to have properties of their own, which 

collectively describe that of the substance. 

Whilst Johnson suggests why students are not progressing towards an 

adequate particle model that enables them to explain what a substance is, the 

fact still remains that most students do not progress and have littie 

understanding (if any) of basic particle theory. 

2.2.4 The process of combustion is not understood 

The understanding of combustion by students has been extensively 

researched. The number of references given below shows this. For example, 

Andersson (1990) gives a number of references in this field. These references 

include: Andersson & Renstrdm (1981, 1983a, and 1983b); Pfiindt (1982); 

ShoUum (1982); Andersson (1984, and 1986); Mehuet, Saltiel & Tiberghien 

(1985); and de Vos & Verdonk (1985a, b, 1986, and 1987a, b). Through a 

careful consideration of the materials, five major categories of models for 

combustion are obtained. When looking at these categories of responses, 

there is a need first to consider examples of questions that are being asked to 

the student. 

One major question that has been asked concerns petrol in a car. In simple 

terms, a car is filled with petrol and driven until the petrol tank is empty. 

What has happened to the petrol? 
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A second question commonly involves a lit candle. Typical questions are: 

'what is happening at the flame?' and 'What is happening to the wax?' 

^ Disappearance- the substance being burned simply disappears. 

Andersson gives the example of petrol in a car. The car uses up the 

petrol. The petrol disappears. Littie i f any of it turns into the 

exhaust. 

^ Displacement- the resulting substances after the combustion were 

originally held in the substance being burned. Thus, for example 

when a wax candle bums and a cold beaker is held over the top of it, 

the resulting water was ficst locked up in the wax and has now been 

released. 

^ Modification- The new substance is seen as being the same substance 

but in a different form. Thus with a candle the liquid being formed 

on the cold beaker is liquid wax. Thus the wax has changed fiom a 

soHd into a liquid. 

^ Transmutation- one chemical substance 'magically' changes into 

something else. Thus in the car bum petrol case, some of the petrol 

turns into heat. A second change is from energy into a chemical 

substance. Thus, the heat from a candle changes into the water 

formed when placing a cold beaker above it. Finally, a third change is 
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that of one chemical substance changing into another. Thus, the wax 

from the candle changes into the water formed on the cold beaker. 

^ Chemical interaction- this is the acceptable explanation of how the 

chemical reaction occurs. Thus for the petrol problem the petrol 

combines with the oxygen to form amongst other products water and 

carbon dioxide. Thus, the exhaust gases weigh more than the petrol. 

The categories of students are interesting in themselves. The interest for this 

study lies in the fact that very few students are actually able to give a 

satisfactory answer to problems such as the car problem or the candle 

problem (Andersson, 1990). Andersson reports only 2% of students being 

able to give an answer that fitted into the category of 'chemical interaction' to 

this problem (Andersson & Restrom, 1981, and 1983 a, b). Further, this was 

after being given instruction. With the candle, only one out of 150 students 

were able to give an answer that was placed into the same, chemical 

interaction category (Watson, Prieto and Dillon, 1997). Thus, in short, for the 

examples given combustion is not understood by students. 

2.2.5 Skeletons are not understood 

So far, the concepts mentioned have been from what may be described within 

schools as being physics and chemistry. Students' understanding in other 

biological areas is just as poor. A recent study undertaken by Tunnicliffe and 

Reiss (Tunnicliffe & Reiss, 1999a) looks at students understanding of animal 

skeletons. There have not been large amounts of research in this area 
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(Tunnicliffe & Reiss, 1999a; and Driver et al., 1994). Examples exist for 

mostly human skeletons and include: Gellert (1962); Williams et al. (1989); 

Osboume et al. (1992); Guichard (1995); and Cox (1997). 

In Guichard's research (Guichard, 1995) only three percent (92 students were 

used in total) were able to draw a basic outline of the human skeleton. 

Guichard performed another test on the same students six months after the 

initial test and after the students had received some further basic tuition on 

human skeletons. After the second test only eighteen percent (92 students 

were used in total) of the students were able to draw basic human skeletons. 

Further additional confusions in terminology and the nature of the rib cage 

occurred (i.e. rib cages were drawn as 'fish bones'). Further, no student was 

able to attach muscles to the bones in a manner to indicate some 

understanding of the working of muscles in skeletons. Even when trainee 

teachers and primary school teachers were asked to draw 'a functional 

diagram of the arm to show how it is used in movement' only 12% of trainee 

teachers (total of 115) and 28% of primary school teachers (total of 78) were 

able to draw a diagram approaching that to be considered correct. From this 

Guichard concludes that students have little i f any understanding of human 

skeletons and further traditional school does little to change this. 

Tinnucliffe & Reiss take a different approach to looking at students 

understanding to those mentioned in previous sections (2.2.1, 2.2.2, 2.2.3), 

which is similar to Guichard's outlined above. Rather than interviewing 

students using a clinical interview approach or using drawing and inter\dews, 
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they showed students stuffed animals (a rat, starling, herring and crab). With 

each stuffed animal the students were requested to draw what they thought 

was inside the animal when it was aHve. One advantage that this held over 

interviewing students is that there are no language barriers to overcome. 

These drawings were requested fcom a number of students during various 

stages of their education. For example, some students were primary school 

students. Others were secondary school students and finally some were 

taking a Bachelor of Education course. The results were analysed by the two 

researchers individually and then comparisons made between each individual's 

analyses. For the majority of the pictures the scoring was similar. 

From the analyses, an illustrated level guide is provided. A brief summarj' of 

these levels is provided below. 

I . No bones 

I I . Bones as simple lines, and eUiptical shapes. 

I I I . Bones of 'dog bone' shape and randomly distributed within body 

shape. 

IV. One bone correct shape and in correct position. 

V. A t least two bones correct shape and correct position. 

V I . Bones organised in a definite vertebrate skeleton (though not 

necessarily the correct organisation). 

V I I . Bones organised to show a comprehensive skeleton. 
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There are differences here between those obtained by Guichard. Guichards 

levels are given below. In addition to the word descriptions given Guichard 

also provides illustrations. 

i . Bag of bones 

ii . Fish-Knuckle-bones 

iii . Stick members 

iv. Chain of Knuckle bones 

V. Correct diagram 

For example, Guichard only uses five levels as opposed to seven. Further 

Guichard's system highlights confiasions (drawing rib cage as a fishbone) 

whilst the levels Tunnicliffe & Reiss use illustrate a positive progression (i.e. 

level 2 shows more correct features than level). I t does not try to measure 

additional features that may be incorrect. 

What is disturbing with the research of Tunnicliffe & Reiss is that whilst the 

students' drawings of human skeletons showed Httie understanding of the 

skeleton, those of the other animals showed less understanding (Tunnicliffe & 

Reiss, pp. 1198). This lack of understanding was particularly prominent in the 

drawing of the starling (Tunnicliffe & Reiss, pp. 1198). SHghtiy higher levels 

of understanding were seen for those skeletons of the rat, and fish 

fTunnicliffe & Reiss, 1999a). Suggestions as to a possible reason for this are 

that this is due to experiences of these skeletons outside school settings and 

not due to teachings in this area (Tunnicliffe & Reiss, pp. 1198). Further 
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problems with understanding the skeleton were still seen in those drawings 

made by undergraduates. Tunnicliffe & Reiss conclude that: 

Our belief is that too few of the students, whatever their age, had any 

genuine understanding of skeletons, even their own. There are a range of 

teaching approaches which would facilitate such a holistic overview 

(Tunnicliffe (& Keiss, pp. 1199). 

With regard to the data collected and the subject matter of the topic. 

Tunnicliffe & Reiss expressed an interest in exploring further students' ideas 

and understandings using interviews and animals as a basis. They found that 

when asking students to draw they had problems understanding what the 

students had drawn and interviews with the students after having drawn the 

pictures may have been useful. Further to them, a logical progression from 

looking at pictures of animals' skeletons was that of talking about the animals. 

2.2.6 Animals are not understood 

Students' understanding of animals is an area that has been extensively 

explored. This statement is supported by the many references (totally 36) 

available within Driver, Squires, Rushworth & Wood-Robinson (1994). With 

regard to the classification of animals a consistent finding is that students 

classify animals not in accord to a biological classification, but rather 

according to personal intuitive reasoning. Thus, Trowbridge and Mintzes 

(1985) report jellyfish and starfish being classified as fishes and turties being 

classified as amphibians. These findings are similar to those found by Ryman 

(1974) and Braund (1991) (Driver, Squires, Rushwortii & Wood-Robinson, 
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1994). More recent studies include those of Tunnicliffe & Reiss (1999b), 

Strommen (1995) and Brody (1994). 

Tunnicliffe & Reiss (1999b) interviewed students fiom two state schools. 

The students' ages ranged from five through to fourteen years of age. The 

students were presented with six stuffed animals. They were asked: to name 

and put the animals into groups, and to explain how they had done these 

things. The main way that students grouped the animals was through the 

actual physical features (anatomical) of the animals, rather than with regard to 

the places the animals lived (habitat). Part of the table presented by 

Tunnicliffe & Reiss (1999b) is given below. 

Table 3 Students' animal groupings 

Reason for 

grouping 

Syears Syears 10 years 14 years total 

Anatomical 4 4 6 4 18 

Habitat 0 0 3 2 5 

Other 6 9 9 9 33 

WTiilst it is possible to say that students chose to group the animals in this 

manner as the anatomical features were placed in firont of them and their 
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habitats were not, Tunnicliffe & Reiss suggest that there may be other reasons 

for the students grouping them in this manner. One thought is that this is 

due to teachers over emphasising naming animal parts rather than developing 

smdents ideas about where the animals Hve. Tunnicliffe & Reiss concur with 

Brody (1994) and Strommen (1995) in suggesting that 'few students have an 

integrated understanding of environments' (Tunnicliffe & Reiss, pp. 146). 

Work by Strommen (Strommen, 1995) focuses more upon the habitat of a 

forest and what animals live in a forest. The twenty secondar}^ school 

students (first year) were asked to draw a forest with as many things as you 

can in it. The students were then interviewed a few days later. In the 

interview the students were asked about the drawings, what a forest is? And 

what things are in a forest? Stommen discusses ftrom the results of these 

pictures and interviews three findings with regard to the students' knowledge. 

^ Students overestimate the number of large carnivores in forests. 

^ Students do not distinguish between sea and fresh water 

environments. 

^ Students placed animals not normally associated with forest 

environments into forests (e.g. Lions, and elephants). 

In conclusion, Stommen suggests that students' ideas are 'imprecise' and very 

'global'. 
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Brody (1994) rather than using a forest environment uses an ecological crisis. 

A real life example of the gulf of Maine between Canada and USA where acid 

deposition and pollution is occurring is used. Researchers develop a complex 

concept map (see Brody, pp. 425). Work by Novak and others give a fiiU 

description of a concept map and its uses in science education (see Novak 

and Gowin, 1984; and Novak, 1990). In simplistic terms, a concept map is a 

diagram containing key ideas and their relationships for a specific (scientific) 

topic. From his map focus-questions are developed to ask in intentiews. 

Some 467 students fi:om lower middle and upper secondary school ages are 

interviewed. 

After the analysis of the interviews, Brody concludes that: 

It seems that many students do not understand or appreciate the 

significant role of the environment 

The basis of this statement is that students in lower school years appear to 

have very basic views of the environment. Further, in higher year groups Httie 

difference was found between those in the lower years. In other words, it is 

likely that as students progress through school their understanding of the 

environment remains low and they do not learn much more about it. 

2.3 Summary 

During this section evidence has been presented to support the idea the 

students dislike science and that science is not understood by them. 
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The majority of smdents do not like science and hold negative attimdes about 

it. These attitudes create peer pressures and expectations, which in turn 

create more students with poor attitudes. Thus, a vicious circle needs to be 

broken in order to overcome the problem. 

Evidence has been presented to support the idea that many topics of science 

are not understood by students. This has been achieved by giving a number 

of examples where previous research has probed students' understanding. 

This probing has pointed conclusively towards students' having littie or no 

understanding of the topics explored. Further examples are available to 

illustrate students' lack of understanding. References have been presented, so 

that should further evidence be required it is at hand. 

What is now required is a consideration of the possible relationship between 

these two areas. The main line presented within the literature is that a way of 

breaking the vicious circle of dislike for science is to change the context of the 

learning to a more appropriate one (Solomon and Aikenhead, 1994). Not 

only will this effect students' dislike of science, it will allow them to 

understand science (White & Gunstone, 1992). Thus, what we have is a 

relationship between students disHking science and not understanding it (in 

one direction, from students disliking science to them not understanding it). 

This is supported within the literature reviewed (Solomon and Aikenhead, 

1994; and White & Gunstone, 1992). 
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However, the reverse relationship that students don't understand science and 

so do not like it is not supported. This area requires further attention. Thus, 

the intention of this research is to assess a sample of students to find out i f 

they dislike and lack understanding of science. After this and at this point it 

was decided to then apply an intervention based not upon changing the 

context of the science, but rather by tackling the lack of understanding by 

carefully considering what smdents should leam to understand it. This 

process involved trying to produce a science curriculum that would allow, 

when presented appropriately, students to understand science (Johnson, 

1995). Finally, the students will be reassessed to find out i f the situation has 

improved or not. There are three possible results. They are that; the 

intervention wiU improve their understanding and the students still disliked 

science, that the intervention will improve the students' understanding and 

the students now like science, and finally the intervention wiU not change 

students' lack of understanding or dislike of science. 
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Chapter 3 

M E T H O D O L O G Y OF T H E RESEARCH 

The assessment of the sample 

3 Imroduction to the methodology 

The intention of this chapter is to describe and justify the methodology used 

in this research to assess the sample's dislike and understanding of their 

experiences of secondary school science. The description of the procedure 

followed will occur in terms of: the type of sample, the methods and the 

design used. This description wiU then be justified by a detailed comparison 

with a similar piece of research. 

3.1 The Sample 

To initially assess the sample a brief educational background was obtained 

from those students to be the main focus of the research. This background 

was to be obtained by requesting that the students complete a 'Questionnaire 

on school History'. The aim was to assess quickly, the type of students that 

were present. Initially it was known that these students were Bachelor of 

Education (B.ED.) students and that they numbered 74. Further, the 

majority of these students were female and had recentiy left secondar)^ school 

education. Previous research into B.Ed, students (e.g. Coates & RusseU, 

1995) also suggested that it was likely that these students had studied non-

scientific 'A' levels, disliked science and did not understand it. 
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Whilst, it is possible to argue that the main property of this sample is 

convenience, it is difficult to see how a more applicable sample was to be 

found. The smdents in the sample were articulate in that they were mature 

and so able to express themselves. They had recentiy left secondary school, 

so their experiences of secondary school science were fresh in their minds. 

They probably did not like or understand science. Further, they were not in a 

simation where their former secondary school peers or teachers might 

influence their expression of their feelings. Thus, aU that would be required 

would be to allow these students to express these feelings in an appropriate 

manner. 

3.2 Methods used 

So starting with this basic knowledge of nature of the sample, the intention 

was to delve into their perceptions of science and understanding of it. The 

smdents were considered initially at the beginning of the second term of their 

University course. The consideration was of their past experiences of 

secondary school science not the science that they had just begun to learn. 

The University Science course was an intervention, which aimed to expose 

the students to an improved science curriculum that would aid them in their 

understanding of science. The intervention was not aimed intentionally at 

making science more likable. After analysing the initial consideration, it was 

decided to reconsider the sample by reflecting their current science 

experiences upon those of their past (secondary school science). Thus, a new 

set of questions were developed and asked to the students. With both 
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considerations trials were first undertaken, followed by refinements and then 

a full application. 

During the first consideration, I the assessor was introduced to the students. 

I requested to speak to the students about their past experiences of secondarj^ 

school science, emphasising that this was confidential research and was not 

part of their University course. A number of volunteers came forward. 

A t the beginning of the initial consideration, the students were asked to 

complete a questionnaire on their school historj^ The questionnaire asked 

questions about the schools they attended and the type of examinations that 

they took. Following this a structured formal interview took place in which a 

number of information gathering questions were asked about the students 

past experiences. Due to the use of the interview as the main method used to 

gather information, additional questions were enabled, as was the possibility 

of expansions upon questions. These additional and expansion questions 

allowed students to give full and well thought out answers. 

The initial consideration was then followed by a re-consideration of the 

sample in the form of a shorter but more structured interview. The re­

consideration was supplemented by other additional information where 

available and relevant. It must be emphasised here, that this re-consideration 

was not originally planned. However, it seemed too good an opportunity to 

miss. The students had experienced what was thought to be an improved 

science (Gott and Johnson). It would therefore be an opportunity to try to 
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consider i f the smdents' perceptions of science had changed as a result of this 

experience. 

3.3 The questionnaires used and the questions asked in the 

interviews 

The questionnaire used to establish the background of the smdents is given 

below. 
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Table 4 Questionnaire used in main 
assessment 

Questionnaire on school History 

NAME 

COURSE 

.COLLEGE 

SEX M/F 

INAME OF SECONDARY SCHOOL ATTENDED: 

LOCATION TOWN AND COUNTY 

TYPE OF SCHOOL ATTENDED DURING SECONDARY EDUCATION 
(PLEASE TICK) 

COMPREHENSIVE H 

CO-EDUCATIONAL H 
PRIVATE m 

SINGLE SEX H 

'GRAMMAR' M 

OTHER 

GCSEs and A levels studied whilst at secondary school (please mark GCSEs in the left column 
with the appropriate grade and A levels with an appropriate grade in the right column) 

ART 

BIOLOGY 

CHEMISTRY 

CRAFT, DESIGN AND TECHNOLOGY 

DRAMA 

ENGLISH LANGUAGE 

ENGLISH LITERATURE 

GEOGRAPHY 

FOOD SCIENCE 

FRENCH 

GERMAN 

HISTORY 

MATHEMATICS 

MUSIC 

PHYSICAL EDUCATION 

PHYSICS 

RELIGIOUS EDUCATION 

SCIENCE (GENERAL) 

OTHER 

What years did you attend secondary school: 

A L L DATA PROVIDED IS FOR R E S E A R C H USE ONLY AND W E . L B E T R E A T E D AS C O N F I D B m A L 

The subjects mentioned cover a broad range and it is hoped that the majonty 

of the students wiU be able to simply fill in the appropriate boxes rather than 
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having to write in the subjects that they studied. Further, the final question 

(What years did you attend secondary school?) also gives the age of the 

students. A questionnaire was used to get this information, as it seemed a 

quick and efficient method. For example, to collect this information using an 

interview method would become repetitive and would likely take much 

longer. 

Following the questionnaire, the students were individually intentiewed. The 

interview schedule used is included along with the additional materials in the 

appendices (see section 7.1). These materials include t}^ical secondarj' school 

science equipment (e.g. Bunsen burner), worksheets and teaching materials. 

The interview was tri-partite; the first section explored their experiences of 

secondary school with regard to school subjects; the second focused upon 

secondary school science, and finally the last acted as a summar)^ Whilst the 

questions featured in the schedule were asked to all interviewees, additional 

questions not listed in the schedule were asked as and when required. 

The questions asked during this the first consideration of the B.Ed, students 

may be summarised in terms of the following six questions: 
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Table 5 Key questions used in main 
assessment 

1. What subjects did you study at school and what grades did you achieve? 
2. Did you have any difficulties choosing? 
3. What sort of pressures were you under when taking these examinations? 
4. How did you learn science at school? 
5. What do you think would be occurring in the classroom given this 

equipment? 
6. Given these worksheets, what would be occurring in the classroom? 

The first question was covered in the questionnaire and the remaining 

questions were covered in the interview. The questions related closely to the 

sections covered in the Hterature review; Questions 2 and 3 are the students' 

attitudes, question 4 is their understanding, and finally question questions 5 

and 6 give the interviewee the opportunity to support their statements using 

examples from secondary school science lessons. 

The students were interviewed again following their first year. These 

questions will not be presented to the reader at this point, as they were 

developed from the answers given by the students to the first interview and 

thus form part of the results to the first interview. They will be presented to 

the reader in the results chapter (chapter 4). 

3.4 The application of these instruments 

In applying these instruments (questionnaire and interview) to the sample, a 

number of steps were taken to ensure that any data collected was usable as 

evidence to make comments about these B.Ed, students' past liking (did they, 

or didn't they hke it), and understanding of science (did they or didn't they 

understand it). Initially I was introduced to the students. I asked for 
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volunteers to interview about their past experiences of secondary school 

science education, saying that I had a set of questions to ask them. From this 

convenient times were arranged to interview the volunteer students. To 

ensure that the data collected was vaHd and reliable and number of steps 

occurred. 

3.4.1 Step one 

One of these steps was a validation of the data through the careful 

consideration of the questions, words and manner used to apply the 

instruments. The intention was to enable: the students to understand the 

questions being asked; the collection of much relevant data as possible; and 

the students to feel uninhibited. 

The questions and words used were considered through the use of trials and 

to a certain extent from a development of the instruments throughout the 

assessments. I f students were asked a question and did not answer it, then a 

possible explanation is that either they do not understand it or do not have an 

answer to it. In the former case then attempts were made to make the 

language used as simple and free fcom 'jargon' as possible. In the latter case, 

i f the question was considered to be relevant to the research it was stiU 

included. 

The manner was considered to collect as much relevant data as possible. To 

do this, students were often asked encouragement questions. It ought to be 

mentioned that these questions were aimed at encouraging the students to 
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answer rather than trying 'to put words into their mouths'. So these questions 

were kept short so that few new words were used and detraction from the 

original question did not occur. 

I t was hoped that the students would be uninhibited in their response. In 

being free to talk the intention was to get at what they reaUy felt about their 

past experiences of secondary school science. The students' inhibitions were 

lessened, by applying the instruments in surroundings with which these 

students were familiar. The atmosphere that was encouraged within the 

assessments was one of a 'formal chat'. I t was formal in that the inter\dews 

were being recorded (with the students' consent) and it was hoped that the 

students would actively try to give truthful answers to the questions asked. 

Additionally there was a problem here that needed to be solved and with 

which they might be able to help. It was a chat in that students were told that 

it did not relate to their courses and their answers were not being considered 

to be right or wrong. Thus, the intention was that individuals expressed their 

personal opinions rather than those of others. 

3.4.2 Step two 

A second step was a validation of the data through a careful consideration of 

the type of the sample used. The main point being that the members of the 

sample are not presendy at secondary school. Thus, the intention is to deal 

with past events rather than present events. 
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A problem that would arise i f the instruments were appHed to secondar}^ 

school students (i.e. present events) would be that they would feel inhibited 

by pressures and expectations placed upon them by their peers and teachers. 

They would likely not feel comfortable in talking about these pressures and 

expectations, which is something that is required. The fact that the materials 

collected are confidential would not totally quakn these inhibitions. This is as 

whilst it can be expected that the intendewer will not divulge information to 

third parties, those interviewed will most likely be questioned afterwards by 

their peers and teachers. Further the secondary school students would also 

feel inhibited knowing that they were talking about their peers and teachers 

'behind their backs'. 

To overcome this problem, one solution is to have group interviews. This 

then presents the problem of how to measure the expectation and peer 

pressures actually occurring in the interviews. Further problems arise in that 

recording what is being said in the interviews becomes much more complex. 

Thus, a good solution to these problems appears to be to talk about past 

events on an individual basis. The students would not then be talking 'behind 

peoples backs' and would not fear being 'cross-examined' by those peers and 

teachers concerned after the interviews. 

3.4.3 Step three 

One further step for the validation of the data is the ability to 'probe' students' 

answers. Thus, once a student has given an answer to a question and 

interviewer wiU use further questions to ascertain exactiy what the student 
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means. Without this ability, students say things that they do not mean and 

make ambiguous statements. By using probing questions these and 

meaningless statements are reduced. Such probing questions might be 'So 

what do you mean by...' or 'can you explain that further?' 

There is a certain amount of skill needed on the intendewer's part in order to 

spot possible ambigualities and meaningless statements. The intendewer has 

to think quickly and be prepared appropriately. Further, the interviewer must 

realise that in probing the student's answers, the student is being put under 

some stress. Thus, it is a balancing act. The answers given by students need 

to have meaning and relevance, but the student needs to feel relaxed (not 

overly stressed). To help me make these judgements within interviews, I saw 

the trial interviews not only as an opportunity to develop the questions asked, 

but also for me to gain the knowledge of how to 'probe' student's answers. 

Further, I read various guides on how to interview students (e.g. Brenner, 

Brown & Canter, 1985; Foddy, 1993; Hitchcock & Hughes, 1995; Maykut & 

Morehouse, 1994; Oppenheim, 1992; and Osboume & Freyburg, 1985). 

3.4.4 Step four 

When collecting data there is uncertainty in that the quality and amount of 

data to be collected is not known until after the collection has taken place. 

Thus opportunities and thoughts as how to get alternative and additional data 

have to be considered. For this research, it was decided to collect additional 

data to explore further changes in students* perceptions of science. This 

additional data collection was only a possibility due to this awareness. 
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Further, it also has to be considered that it is always useful to collect data in a 

number of different ways. For example in this research, data is collected in a 

literature review, through a questionnaire and through structured intentiews. 

The use of additional ways may give insights into areas not covered by the 

original sources. Thus, a much fuller picture wiU be obtained. However, 

there is a need to consider i f these different methods are going to fit together 

and supplement each other. One way of doing this is to consider the ways 

used in other similar research literature and then compare them to those used 

here. I f similarities are found then the use of these methods here is justified. 

3.5 A Comparison of these methods to those used in similar research 

None of what has been said in the former section is particularly new and 

many examples are available to confirm that intentiews and questionnaires 

have been applied in other studies, (see Driver, Squires, Rushworth, & Wood-

Robinson, 1994; Osborne & Freyberg, 1985; and White & Gunstone, 1992 

for examples). The aim now is to justify the use of these methods in this 

situation by referencing them with similar studies. Essentially, the intention 

of this research, as described in methodological literature, is probing students' 

perceptions in science. 

3.5.1 Students' Perceptions 

In the research of students' perceptions in science, much work has developed 

through the Piagetian clinical interview approach of the 1920s (see Piaget, 

1929). These interviews in a modified approach are commonly used to 

consider students understanding of specific scientific concepts such as 
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combustion, gravity and electricity. With these intentiews, two types of 

questions are described. They are questions concerning instances and those 

concerning events (Osborne, & Freyburg, 1985). The instance questions 

focus upon specific words and what the students mean when they use them. 

So for example students might be asked about what they mean by the word 

'burning', 'current' or 'gravity'. The events deal with science situations that 

may actually be occurring in the interview or have occurred in the student's 

past experiences. These events are normally described using intendew props 

such as drawings and pieces of equipment. An example of this might be a 

candle placed in a jar or a picture of an apple faUing onto a person's head. 

The former may be a context for combustion and the latter for gravit)'. As 

well as dealing with science concepts, literature on this topic is present saying 

that interviews may be applied to past situations that do not necessarily 

involve science concepts (Osborne & Freyberg, 1985). It should therefore be 

possible to find examples of similar research in this area (see section 3.6). 

3.3.2 what is 'probing? 

Probing means that we are trying to explore what the students are saying. In 

this case and many others, this exploration involves the construction of 

meaning. Usually in major studies, this construction involves the students' 

understanding of a concept. This research does not go this far and is more 

specific. Here the intention is to bring a construct in meaning to students' 

perceptions of a past situation (a concept). The students' perceptions are 

described by most literature (White & Gunstone, 1992), as being part of their 
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understanding and past situations may be the learning of such concepts as 

combustion or gravity in school. Thus, the approaches used in this research 

can be considered as being similar to those used in other larger scale studies. 

So when considering the types of sample, design and methods used, in this 

research, similarities should be seen between those of this research and the 

larger scale studies. Therefore, these types (of methods, sample and design) in 

larger scale studies could be used to compare with those used in this. 

3,6 A Comparison between the research methods presented above 

that those reported in Orion & Thompson (1999) 

Orion and Thompson's paper is entitied 'Changes in perceptions and attitudes 

of pre-service Postgraduate Secondary Science teachers: A comparative study 

of Programmes in Israel, England and Wales'. In the abstract of the paper the 

following two sentences give some insight into the nature of the paper. 

'This study dealt with the development of English-Welsh and Israeli pre-

semce secondary science teachers immediately before and after their initial 

teaching education (ITE) courses. Data mre collected through a 

questionnaire and interviews conducted during and at the end of courses' 

(Orion (& Thompson, pp. 163) 

There are some similarities and differences here between Orion & 

Thompson's' study and the research undertaken here. 

3.6.1 Similarities 

The main similarities are: the samples for both are pre-service teachers who 

are being taught how to teacher science to school students; and in both data 
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are being collected to find out about their perceptions of secondarj'̂  school 

science. 

The first similarity suggests that to collect data from pre-service is a viable 

option. In Orion & Thompson (1999) and other references (Gustafson & 

RoweU, 1995; and Orion & Thompson, 1996) conclusions are drawn based 

almost solely upon this data (some literature references are also included). 

Further, in these cases the data collected was able to uncover some of the 

students' perceptions of school science. So there should a real opportunit}'^ to 

obtain the perceptions of the B.Ed, students interviewed in this research. 

3.6.2 Differences 

Two differences are that: In this research the pre-sendce students are going to 

teach primary school students, whilst Orion and Thompson's are going to 

teach secondary; and secondly that in this research volunteers were used 

whereas Orion & Thompson (1999) chose students based upon the advice of 

lecturers. 

Because the students in Orion and Thompson's paper were trainee secondar}'̂  

school science teachers, many of the questions asked in the questionnaires 

and interviews evolved around the actual course they were taking rather than 

past experiences. This did cause some problems in that students felt 

apologetic when being critical of secondary school science. This is seen in the 

following quotation: 



I apologi^ for being so outspoken and straightforward, maybe even 

rude page 187 

This particular student clearly felt restricted in what could be said during the 

intendew. This restriction was also found in Gustafson & Rowell (1995), 

which was reported within Orion & Thompson (1999). Here Elemental}' 

school science students were used and they were inter\dewed about a number 

of topics including the role of science in the elementary curriculum and the 

nature of science. Within these interviews Gustafson & Rowell suspect that 

the students may be... 

'..reluctant to espouse them [beliefs]publicly.' 

Hopefully in talking about past events rather than present ones students wiU 

feel more open and less reluctant about talking about their beliefs. 

On the other hand there are possible difficulties as well that will arise from 

discussing past events rather than present ones. For example, students are 

likely not to remember as much about past events as present ones. Driver et 

al. (1998) and King (1990) suggest that smdents do have some strong 

recollections of certain school experiences and of these, perception of science 

is said to be one. 

With regard to the difference of sampling methods, there is a problem of how 

representative those assessed are of the whole sample. Perhaps a true 

representation would have to be vet)' random. However, i f those assessed 
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were chosen totally randomly perhaps some of those chosen would not want 

to talk to an interviewer about their science perceptions. 

Orion & Thompson (1999) take the advice of the students' lecturers as to 

who are representative of the whole sample. So one question that might be 

asked here is; how do the lecturers know who are representative of the whole 

sample? I guess that to some extent the question of how representative those 

assessed are of the whole sample is a matter of judgement. Those assessed in 

my sample were aU volunteers and as such all wanted to talk to me about their 

experiences of secondary school science. This causes me very few ethical 

difficulties. However, they may not be truly representative of the whole 

sample. 
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Chapter 4 

T H E RESULTS 

The Students' perceptions of secondary school science 

4 Introduction to the results 

The aim during this section is to explore the students' and their perceptions 

of secondary school science. The students wiU first be described in terms of 

the results obtained from the educational history questionnaire. This wiU give 

an indication of the variation of the type of student present and the subjects 

that these students studied at secondary school. 

Their perceptions will be explored in terms of whether they felt able to do 

science (i.e. did they not understand science or understand it.) and whether 

they wanted to do it (i.e. did they dislike it or like it). This should add to or 

subtract from the literary evidence shown that suggests students dislike and 

don't understand science. 

As a result of these findings it was decided to develop a second interview that 

would assess the students' perceptions after the first year, B.Ed, science 

course. So the questions asked in this interview will be presented to the 

reader. This involves the students placing themselves categories of dislike/ 

like science and don't understand / understand it. Further, they are given the 

opportunity to express these feelings with regard to two areas of science 
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(combustion and gravity) that have been studied in this course. Thus to some 

extent possible changes due to the intervention are assessed. 

4.1 Exploration of the students 

The intention here is to present the data collected from the school history 

questionnaire. During this section, general information is obtained about the 

schools attended by the students, and the sex and the dates of attendance of 

the students. Each member of the sample interviewed is given a code for 

ethical reasons. 

Table 6 Type of sample 

code location type of 
school 

sex years 
attended 

bb Accrington, Lancashire c,co 88-93 
X X Shildon, Co. Durham c,co 88-93 
aa Milton Keynes, Bucks c,co 90-96 
hh llford, Essex c,co 89-96 
0 0 Newtownords, Co. Down g,co 89-96 
gg Sunderland, Tyne & Wear c,co 89-94 
tt Norton, Cleveland c,co m 83-88 
II Lincoln, Lines c,co 89-96 
uu Calne, Wiltshire P,ss 90-95 
ec Barnard Castle, Co. Durham p,ss m 90-94 
kk Gateshead, Tyne & Wear c,co 89-96 
mm Middleton, Rochdale, Manchester c,co 89-96 
W W Edinburgh, Scotland p,ss 89-95 
jj Ardingly, West Sussex P.co m 90-95 
PP Berkhamsted, Herts p,ss 89-96 
ff Scunthorpe, N. Lines c,co 89-94 
rr Billimgham c,co 89-94 
dd Branston, Lines c,co 89-96 
w Solihull, West Midlands c,co 86-91 
ee Washington, Tyne & Wear c,co 87-92 
ss Banbury, Oxfordshire c,co 87-96 
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m—male, f—female 

p= private, g= grammar, c= comprehensive, co= co-educational, ss= single 

sex 

With respect to where the students studied, a broad area covering many of the 

areas of the U K is present. There are students fiom Scodand, Northern and 

Southern England, and Ireland present. There is a slight bias towards 

Northern England. The majority of students attended comprehensive co­

educational schools. There are in addition students who attended private, 

grammar and single sex schools. Twenty of the twenty-three students were 

female. The majority of those interviewed had recentiy left secondary school 

or Sixth-form College. 

In addition, there is information about the subjects that these students studied 

and the grades that they obtained in these subjects. 

Table 7 Subjects studied by students at A-level 

A-Levels 
English History Geography Modern Science Maths 
Subject Lang subject 

entries 16 8 8 6 3 2 
grade a 4 0 2 0 0 0 
grade b 7 3 3 2 1 0 
grade c 4 3 1 3 1 2 
grade d 1 2 1 0 1 0 
grade e 0 0 1 1 0 0 
other 0 0 0 0 0 0 
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The table includes the main subjects of interest to this study. A complete 

table is included in appendices (section 7.2). From the table it is noticeable 

that not many students chose to study science. Further, when a comparison 

between science and EngHsh is made, the science grades appear to be lower 

than those in Enghsh. 

4.2 The B .Ed, students' perceptions of secondary school science 

In this section, the B.Ed students' perceptions of secondary school science 

will be illustrated and interpreted. This wiU be achieved using selected 

quotations from the transcriptions of the recorded interviews. These 

quotations are explained in terms of the context of the interview and the 

information already presented within the literature review. Thus, there form a 

number of categories into which the quotations are placed. These categories 

are ' I dislike science', 'science is not understandable', ' I like science', and 

'science is understandable'. 

4.2.1 T dislike science' 

The first category to describe is that of dislike of science. The intention is to 

try and illustrate some of their dislike for the subject and to find out exactiy 

what the students mean by ' I dislike science'. Major themes that appeared 

within this section were that science was disliked because of it having a bad 

image, and the way it was taught. 
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4.2.1.1 Sciences had a 

pp: Erm I don't think it really did, at one point when I was thinking 

about psychology, you can either go in to it arts based or science based 

...erm so that may have influenced it. I think it was importantfor me to 

do the subjects I enjoyed and that I was generally a bit better at than 

struggling at something I didn't enjoy doing. 

This quotation is from a student, who had a number of siblings that studied 

science. In spite of this or perhaps because of this she did not want to study 

science. Further, the student expresses the idea that all subjects are divided 

into two areas (science and arts). The sciences are subjects that are not 

enjoyed. 

ss: ...I think that maybe ....kids build up an idea of what science is 

supposed to be like , well particularly with girls I used to have a lot of 

friends say oh I hate science just probably because of the image in their 

head that they had of it, which oh no not another science lesson, oh god 

we have got to do whatever with Tt..... I think that it affected it in that 

way. It didn't in my case, but I saw a lot of my friends had a bad image 

of it 

ss in this case points to science having an image. Further, this image was held 

by a number of her friends. Further, this image is a negative image and it may 
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be that, in this case, peer pressure is being exerted on students not to study 

science. 

vv: definitely didn't want to take science mainly because it has got. I 

don't know. People seem to presume that it is going to be very hard to do. 

And there was the idea given that if you weren't very good at it, A s and 

sort of things at GCSE, then it was probably not a good idea to do it. 

This student chose not to do it because of the image that science was an 

academic subject. In other words, to continue to study science, there was a 

need to achieve high grades in science examinations. Further, on in the 

interview, the interviewee also mentions the male image of science. 

W.-/T7 he media's main view of science is that it is a male subject. I 

think that that is half the problem. Girls are conditioned to think that it 

is not the subject for them. It has changed slightly since I was at school 

This quotation is of note in that the interviewee acknowledges that science 

does have a male image. However, she does make the point that this is 

changing and she does not express this image as one that she upholds. 

kk: we did just science all together. So it was obvious that it was split up 

into chemistry, biology and physics, but it wasjust like called science... I 

don't know. I was never fussed with it really. It didn't appeal to us. It 

didn't interest us. I didn't enjoy it at all 
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This quotation is of note in tiiat some of the students mentioned a particular 

Hke or dislike of certain types of science. This student blankets them together 

and simply dislikes all the sciences. When pushed further, later on in the 

interview, this student said that science was boring because they never reaUy 

did anything in the lessons. They just sat and watched. Thus, the subject 

reaUy didn't have any impact on the student, so it was irrelevant. 

Another student further highlights this irrelevance, by saying: 

cr: I think that things like GCSEs the A. levels should be move with the 

times. I.e. some of the things that the teachers say are so out of date. I 

can't think of an example. It is so totally what is the point of learning it 

You will never ever use it. 

A t this point in the interview, we were talking about what happens outside 

school and how the science taught relates to this. This student feels that the 

science learnt in school does not relate to the outside school environment and 

so it is useless (irrelevant). 

The bad image presented by these quotations, is similar to that presented 

within the literature review, i.e. science is male, academic and irrelevant 

(sections 2.1.2, 2.1.1, 2.1.3, 2.1.4). Thus, this bad image is part of their dislike 

for science. I t is not the only part. This is seen in the quotation given by 

about science's male image in that she describes it as being an image, but not 

one that she upholds. Yet still, she dislikes science. Further, the last 

quotation given was by a one of the few students who did take a science 
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related 'A' level (Computer science). Another form of the students' disUke 

was that of the way it was taught. 

4.2.1.2 The way science was taught 

kk: It was more a case of us sitting and watching and I didn't like that it 

was too it was too boring 

This student dislikes the way that it was taught. The student sat and watched 

the teacher perform practical demonstrations of science experiments and 

videos on the topic of science documentaries. 

m science at school it was extremely boring....! was supposed to be going 

into a science lab for a science lesson, but we may have gone into a normal 

classroom really and copy what was in a book and I think that that was 

why I didn't like it so much. 

This quotation suggests that secondary school science was disHked due to the 

way that it was taught and what they were expected to learn. The science was 

irrelevant. The expectation was that you copied out the science from books, 

memorized the facts and simply used them to pass the examinations. 

aa: I didn't like it. . I think that it might have something to do with the 

fact that we weren't actually taught it. 

This particular student, states that she did not like science. Further, she goes 

onto explain that it was the way she was expected to learn the science. This is 
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what made her disHke science. She describes the way she was expected to 

learn it in the following quotation. 

aa: It was a bit bizarre. There were some cards at the front of the 

classroom which when you finished one you went and got another and if 

you were lucky about once a term the teacher would stand at the front of 

the class and tell you something [.] 

This is what the interviewee meant by not being taught the subject 

(mentioned in the first quotation). The students did not have much contact 

with the teacher. Further, the teacher did not take an active role in their class. 

The student did not like this. 

kk: I hate Bunsen burners... I could never light a Bunsen burner. I'd 

watch from here, but Fd have to find someone who could ...who I know 

isn't afraid of things like that... (Response to question 5) 

This smdent expressed a particular strong negative response merely to seeing 

a piece of equipment associated with the science lessons. Not only was this 

hate of the Bunsen burner evident in what she said, but also in her body 

language. She backed away from the equipment. 

The first and second quotations are concurrent with research thoughts on this 

topic. That is, science is memorized through repetition without trying to learn 

it (Meece & Jones, 1996). The third and forth quotations are iateresting 

comments about the way science is taught in secondary school. Student 
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centred learning and practical work in science lessons is said to be an 

improved way of teaching science. These ways are said to make students like 

science (Woolnough, 1991), but in this case, the students still dislike it. 

As well as students' dislike of science, students also perceived a lack of 

understanding of it. Thus, these perceptions of lack of understanding of 

science will now be explored. 

4.2.2 'Science is not understandable' 

Initially the thought that the students did not like science, due to not 

understanding it, appeared when they were presented with pieces of science 

practical equipment. In many, the dislike for the equipment was obvious 

from their initial response. They often drew back from the equipment and 

pulled faces indicating this. Further, when they talked about the equipment it 

became clearer stiU. They had all used this equipment in their lessons in 

secondary schools. They did not know any science experiment in which the 

equipment could be used. Further, many students simply stated that they did 

not like science in secondary school because they had not understood it. 

WW. I always found I never understood them at school I was always just 

presumed. A lot of things we were just presumed to know. I didn't 

know them and I didn't understand them. I don't understand them if 

I'm told to learn them I have to understand where they come from, and so 

in these two subjects it was very much so we just understand this and 

learn this to go onto the next stage. 
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This student was explaining why she did not take science A ' levels. She 

disliked science and she disliked science because she did not understand it. 

When this was developed further using secondary school science practical 

equipment she said the following: 

ww: Science was very it was very ok so you learn your table. What was 

that table... well it was learn that and do your experiment well write out 

your method of your experiment, your results and your conclusion. It was 

basically learn, learn, learn and I never really understood to be quite 

honest 

She describes her science experimentation as basically following set 

procedures. These procedures had not meaning and she didn't understand 

why she was following these procedures or what science they were illustrating. 

Thus, it is not really surprising that when a rubber band with a weight 

attached is placed in front of her, she describes an experiment, but does not 

know that the experiment may be used to illustrate the forces on the rubber 

band. 

Further this is not the only student interviewed that had some concerns about 

their understanding in science. 

f f : I went to biolo^ and she said Charlotte don't do it you just wouldn't 

cope and I was like OK Miss I won't do it then. She sort of influenced 

me more.. I don't know., whether I should or shouldn't have done it 
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In this quotation the key words are you 'just wouldn't cope'. This might 

suggest that this smdent may have difficulties understanding science. This 

point is brought out further in other parts of the interview. For example, later 

the interviewee states that: 

ff: .... you ended up with loads and loads of pieces of paper and you 

shoved them in your bag... it was OK but you didn't really understand 

what you were supposed to be doing. 

This particular student was one of the few from those interviewed that 

actually did take science 'A' levels. Even so she stiU felt insecure in her 

understanding and abilities in science. 

The following student states early on in the interview that there was a lack of 

understanding in science. The student further goes on to describe how this 

lack of understanding negatively effected the proceedings in practical science 

lessons where the students are working in groups. 

ii: There is going to be someone who is going to take over the experiment 

and there is likely to be someone who doesn't know what is going on at all 

and sits on the edge. So I think that some people can end up being 

completely flunked.. 

4.2.2.1 Feeling unable to do science 

Further, other students whilst not mentioning not understanding directiy did 

mention that they felt unable to do science. These lack of abilities are related 

to the actual science itself in many cases and may support the idea that these 
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smdents did not understand science. For example, interviewee kk said the 

following: 

kk: no I never even thought that I'd pass GCSE then.. So I was at one 

point contemplating doing biology and I was told that it had a lot of 

chemistry in it and that put us straight o f f . 

For this interviewee, a major aim as to achieve reasonable results in her 

examinations. As she didn't feel confident in her abilities to do this, she felt 

unable to take science at A level. 

Jj: That was physics I was very weak at. I thought that I'd drop that a 

very low mark in the first two physics. 

Similarly to the above interviewee, jj measured her ability based upon the 

marks she achieved in tests. These were low so she felt unable to do science. 

oo:.., because chemistry I had to work very hard at to... Basically I learnt 

my GCSE chemistry off like a parrot... Parrotfashion... 

This student felt obligated to learn science Hke a parrot. That is she had to 

repeat things over and over in order to learn it. She felt she had to do this 

because she was unable to learn it any other way. Thus, she felt unable to 

learn science in a reasonable way. 
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tt: It was very much as it has been mentioned have a set experiment 

dissolving or heating water and it would be a get the results and then you 

get something drawn on the board and then this is how it should look if it 

agreed it did and if it didn't then you'd done it wrong. The result was 

that you wrote down what was on the board. 

This quotation is interesting in that this student was expected to do science 

experiments. When she did these experiments, her results were always 

considered incorrect. Thus rather than writing down the experiment and 

doing the experiment to the best of her ability, this student simply waited for 

the teacher to write down the 'correct' results and then copied. 

4.2.2.2 There was something wrong with the science 

vv: ..in secondary school yeah . Mainly because they made it very 

interesting we weren't ever in science classes. I think it was maybe because 

it was that bit different. We weren't ever sat in rows, reading or listening 

or dictation.. It was all sorts of things going on, and I think that the 

teachers for the two subjects that I chose especially. The teachers stopped 

it from being monotonous. 

This student was asked about whether she felt science was taught well or not. 

She repHes that she did and further adds that i f it had not been taught well it 

would have been monotonous. Whether she means that science is 

monotonous or just any subject is not clear from this quotation along. When 

the background of the student is taken into account (someone who enjoys 

education), it is likely that she is talking about the science. 
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//• A. lot of it is this is this and you are not really told why and you are 

not told to question it. 

This student felt she didn't understand science, as there is something wrong 

with the science. The student feels that they ought to have been told why 

things occur and been allowed to raise questions about the science that was 

being presented to them. Instead, they were expected to accept what they 

were told without understanding it. 

Whilst the main response from those interviewed about their feelings about 

science was one of dislike and lack of understanding, some students in parts 

of their interviews did express a liking and understanding of science. Some 

examples of these wiU now be presented to the reader. 

4.2.3 1 like science' 

O f those interviewed, some students interviewed did express a liking of 

science. Five of those interviewed showed aspects of a liking of science to 

some extent. 

The next quotation was taken from a student who felt that she was in general 

an 'arty person' and that was generally why she chose to study the arts rather 

than science subjects. However, she did express some liking for sciences. 

uu: GCSE was quite interesting. Biologji was qidte interesting. One 

stage I thought that perhaps I'd like to do itforA-level Physics we had 

one ama:qng teacher and one bad teacher and chemistry was quite boring. 
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There are some positive aspects mentioned here about her science lessons. 

So perhaps for this smdent it was not that she disliked science as such, rather 

that she Hked other subjects more. 

The following quotation is taken from a student, who felt very pressured in 

examinations. 

ss:... I did a combined science and I really enjoyed that because we did 

sort of do separate physics, biology and chemistry of modules that was 

quite good. 

The student feels happier with the science as it is modular. She means that 

rather than one big test at the end, there are many smaller tests given 

throughout the course. Thus, this particular student felt less pressured, so she 

enjoyed the science more. 

4.2.4 'Science is 

O f all the possible categories into which to place quotations within intentiews, 

this was probably the most difficult to define. Not aU students mentioned 

understanding in the interviews. Further, those that did tended to state that 

they didn't understand school science. O f those interviewed, I felt that there 

were only really two students who felt confident in what they knew in science. 

The following quotation is taken from a student who had returned to 

education after a break and had done this through an 'ACCESS' course. 
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tt: The ACCESS course is basically condensed A level I suppose so it 

was a lot of theory and practical work. So it was basically what 

equations are for and how to use the equations. Basically it is showing 

you how to do something and then giving you some questions out of a 

book. So there was basically a lot of maths even in physics. That is 

much how it is here where you are doing a lot of experiments and you 

startfrom the real basics., so in a way from what I remember it is pretty 

similar to school I did a few experiments but not a great deal It was 

mainly just the blackboard. 

The student describes the course and even mentions the condensed nature of 

the course, in spite of this; the smdent does not mention that there was any 

lack of understanding. Further when it talking about examinations in science, 

the student says that: 

tt: The exams on the ACCESS course ...I enjoyed the physics and I was 

quite confident in physics, and computing I was quite confident at passing 

that 

So this student does not appear worried about a lack of understanding in 

science that might negatively effect examination results. 

The second student did acknowledge that science is a difficult subject to 

understand. However, the student says that: 
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cc: I always found science was easier than English so I prefer maths 

whereas English is a bit arty. Whereas, with science well maths you 

could always come up with an answer. 

The smdent also had extra science lessons to overcome these difficulties. 

Further, at times the student found the lessons 'pointiess' and 'dictatorial' in 

nature, which did not help in understanding. Thus on balance there is a 

feeling that this students feels that science is understandable. 

4.3 So are students' perceptions of dislike for science and lack of 

understanding in it related? 

Within the interviews, the students do to a Limited extent relate these 

perceptions. For example, in the quotation below the student was asked the 

general question 'what about science?' This was during the first section of the 

interview where we were discussing choices for 'A' level. This was the 

response: 

ii: I never liked physics. I think that that was partly to do with the 

teacher who wasn't very understanding. If she explained something then 

you didn't understand it 

The student relates disliking science to the physics teacher who was unable to 

explain the science in an understandable manner. 

Further, this is not the only quotation that relates dislike of science to lack of 

understanding. The next quotation is taken from a student who was 

discussing the science practical equipment presented. 
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kk: I've always been a bit nervous, especially with science, as I've always 

found it difficult to understand. 

The smdent expresses dislike of science in terms of being nervous of it and 

relates this to not understanding science. 

As well as these straightforward suggestions that dislike is related to not 

understanding, there are some less obvious quotations in which students 

possibly suggest a relationship between dislike and lack of understanding. For 

example the next quotation the student was talking about subjects that were 

definitely not going to be taken. 

vv: definitely didn't want to take science mainly because people seem 

to presume that it is going to be very hard to do . 

This quotation may be interpreted as a relationship between dislike and lack 

of understanding, i f it is acceptable that 'definitely didn't want to take science' 

equates to disliking science and 'it is going to be very hard to do' equates to 

very hard to understand. 

Other possible suggestions of a relationship include this quotation taken from 

a student discussing possible career choices. The student is talking about not 

following a science career path. The student states: 

pp: I think it was important for me to do the subjects I enjoyed and that I 

was generally a bit better at than struggling at something I didn't enjoy 

doing. 
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This may possibly relate dislike with lack of understanding i f 'didn't enjoy' 

indicates dislike and 'struggling at' indicates lack of understanding. 

It must be mentioned that these quotations do not show a relationship 

between dislike and lack of understanding, as the quotations are only 

individual cases. However, it is interesting that in some of these quotations 

the students suggest that they dislike science because they don't understand it. 

Further, it is interesting to raise the question of a possible relationship and 

explore i f possible the type of relationship. Moreover i f the quotations are 

considered with the Literature a discrepancy arises. The literature suggests that 

students don't understand science because they disHke it. 

4.4 Summary for the first set of interviews 

The results from the first set of interviews are open to personal interpretation. 

The hope is that some flavour of the interviews has been presented to the 

reader. That flavour being that these B.Ed, students are reasonably 

representative of a group of students in the U K who have perceptions of 

secondary school science. Further of those interviewed, most expressed a 

dislike and a lack of understanding of secondary school science. The 

students' dishke of science appears complex in that a number of interrelated 

factors are apparent. Thus, students express their dislike in terms of the 

science teachers, science's bad image, and the way that science is taught. 

When exploring the students' lack of understanding they said that they did 

not understand science and had concerns about their abilities in this subject 

and that something was wrong with the science itself. 
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When referring back to the literature review it is seen that these are all areas 

that were described there. So these intentiews provide support for the idea 

that students disHke and don't understand science. Further, they support the 

raising of the question 'Are students' dislike of science and lack of 

Understanding related?' 

Having said this, there were some limitations that did appear in the data. 

Firsdy, some of the smdents did have problems remembering their secondar}' 

school science. Two of those interviewed mentioned that they had difficulties 

remembering it. Thus, the data provided does have limits as to its detail. 

There is not much information about the possible relationship between 

students' dislike of science and their lack of understanding of it. 

Further, those interviewed did not truly represent the whole of the B.Ed, 

group, as they were volunteers rather than random choices. Those who did 

volunteer were those who wanted to talk about their past expenences of 

secondary school science. Thus, one could argue that a more positive view of 

it is being presented. The literature suggests that it is likely that almost no 

smdents understand science, whereas two were found that feel themselves to 

have an understanding of it. 

Finally, even with the emphasis placed upon secondary school science, some 

students still wanted to talk about primar)^ school science and their recent 

experiences of science at University occasionally. Thus, there is a risk with 
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some students, that they may occasionally have been expressing negative 

perceptions of their university science rather than their secondary science. 

4.4.1 The results from the second set of interviews 

As a result of the first set of interviews it was decided to implement a second 

set of interviews. These interviews were to be implemented after the first year 

of the students' science University course. The idea was to explore the 

relationship between the students' disHke of science and lack of understanding 

of it. During their first year at University the students' experienced a science 

course based upon an improved science curriculum. This improved 

curriculum presented a science that was thought to be more understandable 

to the students. I t was not aimed at making it more likeable by them (at least 

not intentionally). Two lecturers Dr P. M. Johnson and Prof R. Gott 

implemented the intervention. 

The questions asked in the second interview, were developed with regard to 

the data collected from the first set. This is why the questions asked for this 

interview are presented here, rather than with those asked in the first 

interview. The questions asked were the following: 
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Table 8 Key questions from the second 
interview 

a) How do you feel about science? 
b) Do you think that you could do /could not do science? 
c) Is there one bit of science that you are particularly happy/sad about? 
d) Do you think that you feel positive or negative about this? (Gravit)^, 

combustion) 
e) Why didn't you understand these ideas before, do you think? 
f) Would you want to do more science now, i f you could? 

The questions were asked in a similar manner to those asked in the first set of 

interviews and to the same students. Thus, there was a trial before the major 

implementation, the interviews were recorded with the students' consent and 

transcribed, and those who volunteered were re-invited for a second 

interview. 

A difference was apparent in the length of the interviews. Those in the first 

interview lasted approximately one hour whilst those in the second interview 

lasted fifteen to twenty minutes. Thus, the first interviews were more open 

than the second highly-focused interviews. Another difference is that in the 

first interviews the students were placed into categories by analysing what 

students said, whilst in the second interview the aim is more to allow the 

students to choose an appropriate category for themselves. Before presenting 

the results firom the categorization of the students, an illustration of the types 

of answers given by the students will be presented. 
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4.4.2 How do you feel about science now'? 

For many of the students the answer to this question was positive. For 

example, hh says the following: 

hh: yeah I like it. I think I prefer biology more than chemistry and 

physics if you split it up into subjects. 

She clearly states that she Hkes science. Further, she clarifies this by dividing 

the subjects into biology, chemistry and physics and placing these subjects in 

order. 

She does not say i f this is any different from secondary school science. There 

are examples of this from other transcriptions, ss gives the following answer 

to this question: 

ss: well its different here from what I did at school I think that I really 

wanted to do it because I didn't do it atA-level 

The student says it is different from when she was at school. She felt that it 

was something that she missed out on at school. So she is studying it now. 

Having established that it was different for this student, it would be an idea to 

see i f they any student is able to elaborate further on possible differences. 

Student rr elaborates on this difference in the following quotation: 
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rr: I feel better than I did at school because I now know how to think 

rather than just giving a set answer or rather than being asked to copy out 

of a book and being asked to revise it for an exam whereas here. 

Whereas now here we are asked to think about things that have 

happened and we can carry out experiments by ourselves where as in 

school it consisted more of the teacher showing us the experiment and we 

just watching it and taking down notes. 

The student first states that she has more positive feelings about science than 

at school. She says that she is more positive about science as she feels that 

she has a much more active role to play in the University science. An 

alternative difference is mentioned by w , who states that: 

vv: From the last time very different it feels like what I should have learnt 

at school 

Whilst it is not clear exactiy what this means, it does raise some questions. 

For example, Was there something wrong with the secondarj^ school 

science?' 

I f must not be forgotten that so far, the positive answers have been explored. 

The less positive and negative answers have not been explored. Some 

students felt no change had taken place. For example, BB states: 

bb: The same as I did before. I'm a very arty person so... 
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This student just feels that there are science people and arts people and that 

she is an arts person. Further, this has not changed. 

There was only one other student that felt her feelings had not changed, and 

no student stated that her feelings were worse than at school. So there is a 

need now to explore these differences further. The next question explores 

the students' perceptions of theit abilities in science. 

4.4.3 Do you think that you could do / could not do science! 

Many of the students gave positive answers to this question. In the interview 

with w the following response was given very quickly: 

vv.yes definitely. 

Other students qualified their answers. For example, 11 says: 

//• / could say I could do parts of it I'm more confident 

Further, this smdent equated this limited ability with an improved confidence. 

There were similar comments made about abiHty to do science. In one 

transcription the student said that she felt that she could do science, but she 

didn't do want to do science simply because she was not interested in it. To 

find out i f this feeling was always the same for the students, a follow up 

question was asked. I asked, 'Have you ever thought that you could not do 

science?' When this question was asked to w , w gave the following 

response: 
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vv: I did when I was much younger when I was doing GCSEs. I 

dropped, I had to do two sciences and dropped biologji and thought it was 

totally impossible and couldn't do it at all 

Moreover not only does the student state that she could not do science, she 

goes further. She says that it is an impossible subject. The time when she felt 

this was when she was in secondary school. For the majorit)^ of students 

there was a time when they felt that they couldn't do science and this time 

was before they had come to University, kk in her intentiew made a further 

point that was interesting. She stated that she could not do it before because: 

kk: Nothing seemed to fit together properly it all seemed to be just a 

different language. 

This student does not point to problems with teachers or the way that science 

was taught, rather it was the science itself In this situation, the student 

mentions that the science does not seem to fit together. This is almost as i f 

she is describing trying to solve a difficult jigsaw puzzle, with there being bits 

of science that have to be fitted together, dd also mentioned 'bits of science'. 

She said: 

dd: Lots of times. When I've thought well there has just been a concept 

introduced and I just thought that I'd never have got the hang of it. It 

has been broken down into bits and this works. 

I was actually asking her i f she had ever felt science was an impossible subject. 

In this quotation, she goes further and describes these bits as being too big. 
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Thus to make the science less impossible the bits must be broken down into 

smaller bits. To add to this idea of science coming in bits, dd mentioned that 

she felt that science alternated between the two for her. Thus there were 

times when she was asked questions in science, which she felt were 

impossible to answer and time when she felt she knew the answer. 

As well as students who felt the science was a subject that couldn't be done, 

there were those who felt that they always could do science or that this was 

not part of a change in feeling towards science. For example, AA stated that: 

aa: I'm not sure that it was that I couldn't do science or I just didn't 

want to do it before. I don't think that you can't do it at A-level 

anyway. 

Thus, you could take science for A-levels, i f that was what you wanted. 

However, when she was asked whether she had felt science was an impossible 

subject, she stated that it was when she was at school. It was impossible in 

that she was not given the opportunity to learn it. Thus, there are perhaps 

two levels of thinking: a personal level and a more general level. There was 

only one other instance in which the student disagreed with finding science 

impossible. The student said that rather than it being impossible, it was 

difficult. 
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4.4.4 Is there one bit of science that you are particularly happy about? 

During this section of the interview, the students were asked about particular 

bits that they found enjoyable. There were a number of views presented 

about the science and what made it particularly enjoyable for the student. 

One answer was that there was happiness about all the science. For example, 

w says the following: 

vv: I'm happy about anything that seems to make sense to me. Anything 

that I can see and link to the everyday world to me. That is something 

that I'm very happy with the science course. 

Some students similarly to the fijrst interview split science up into biolog}', 

chemistry, and physics. Those that did this, tended to be happier with biolog)^ 

than chemistry and physics. This again is similar to the finding in the first 

interview. For example, f f said this: 

f f : I'm not sure I've always been happy about biology. I think the 

physics, I'm more happy of because of doing this. This makes it more 

complicated than you think because at college it is more it isjust that now 

it is why does it happen. 

Other students expressed a liking for courses of the science that they had 

experienced at University. For example, oo mentions the matter and 

interactions course: 
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oo: yes the course last year the matter and interactions course kind of 

helped a lot. I mean there were things where... Phil was telling us things 

where opposite to what I was being taught kind of thing. They made 

things look a lot clearer, much. 

Finally, some students pointed to particular aspects with their Universit}'̂  

course that they were happy about. For example, one student mentioned 

being happy about 'atoms and molecules'. 

In looking back upon the quotations mentioned it is worthwhile considering 

the reasons stated by the students as to why they felt happier about the 

science that they mentioned, w feels the science relates more to everj^day life 

and that it makes sense, f f mentions that it is because of considering 'why'. 

Finally, oo says that is because of the lecturer making the science clearer. 

As well as those who did express happiness for certain aspects of science, 

there were a few who were not happy about any part of science, and a few 

who simply had not thought about it before and so did not have an answer. 

Thus, it was useful to give the smdents specific areas to talk about to help 

them think about their science and experiences and as a memory aid. Further, 

those students that had the answers, mentioned above, interpreted the 

question in different ways. So by being more specific more comparisons 

should be made between students. 

120 



4.4.5 Doyou think that you feel positive or negative about this? (Gravity, 

combustion) 

During this section, the focus is upon the ideas of gravit)^ and combustion 

presented to the students within their lectures. Gravity was illustrated using a 

rubber band and a weight, and combustion using a lit candle. 

Further, their understanding is being considered. Thus, what is occurring is 

an exploration of the possibility of a relationship between feeling happy and 

understanding. It has to be emphasised at this point that it is the perceptions 

of their understanding that is being considered rather than their actual 

understanding. 

The vast majority of the students were happy to talk about the apparatus. 

They talked keenly about the apparatus. The following quotations are 

examples of some of the ideas mentioned when talking about the rubber band 

and the weight. 

aa: about the forces and the gravity and the electric forces inside the elastic 

band, the attractions and repulsions. 

What exactiy the student means by electric forces within the band is not 

mentioned. She feels confident that she has some understanding of this topic 

and uses both attraction and repulsion to describe forces. 

In the interview with bb, the student felt 'indifferent' about the equipment. 

In spite of this she still described in reasonable detail what was occurring with 

the rubber band. She said: 
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bb: yes I do I just remember what is going on here. It is about the 

particles that are attracting one another in the elastic band. 

She is using the idea of particles and attraction to explain the rubber band. 

These are both complex issues, so she is displaying some confidence in her 

abilities to understand science ideas. 

Similar results were obtained when the students talked about the lit candle. 

Here agaia students talked keenly about some complex scientific ideas. For 

example, gg says the following: 

gg: .... I think like we did last year two gases brought together and a 

reaction because there is a flame and what happens when the flame goes 

out. 

To some extent with this one, it may be said that she is hesitant in that she 

pauses and then states that she is thinking. An alternative possibility is that 

she realises that this situation is far from being simple and straightforward and 

does require some thought to understand. 

Whilst the students responses would in no way be construed as an 

explanation for the ideas raised within the lit candle it was possible to say that 

the students did appear confident that they were progressing in their learning 

and were themselves developing ways to tackling the ideas. In the following 

quotation the student does not attempt to mention any science ideas, rather 

she suggests appropriate questions to ask: 
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Jf: when you start to think of how does it bum., you light it and supply 

heat to the wick then it is like well how does it keep burning ? Why does 

the wax disappear? And what's formed? As you bring together the ideas 

it was all a bit complicated. How it actually starts. Once the reaction is 

going then you can understand it How it goes. 

The student says that the ideas are complicated and then begins to outline a 

process to start to understand it. 

In addition to mentioning, the sort of ideas illustrated students were also 

prepared to talk about some of the difficulties they felt had been encountered. 

The following examples concern the elastic band and the weight. Pre\'iously 

this student mentioned that the rubber band bounced around and then 

eventually came to a stop. The student also mentioned molecules. With 

reference to these ideas, U says that: 

//; they were difficult I understood the molecules inside the elastic band 

stretching and pulling together and pulled apart. But I didn't really 

understand why it came to a stand still eventually. Why is eventually 

arrives at there. 

Essentially the student had problems answering the question 'Why does this 

occur?' 
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Similarly, kk is making a comment about the same set of equipment. The 

student is comparing what was known before coming to Universit)^ with what 

is known now. The students mentions that: 

kk: before hand youjust knew that the elastic band stretched and... but 

you didn't know why... I knew that it stretched because there was extra 

weight on the end, but not what was actually happening I don't think. 

The student mentions that again it was not known 'why'. Further, this 'why' 

is described in terms of 'what was actually happening'. It is difficult at this 

point to say what the student means. Perhaps in simple terms, the student 

was able to give an overview, but was unable to give a precise description. 

So moving now onto the second set of equipment. Some comparisons need 

to be made to see i f the students for these pieces of equipment said similar 

things. One similarity is evident in the transcription of the interview with tt. 

Tt was being asked 'What sort of areas were there that were confusing for 

you?' This was the response: 

tt: What is actually happening. It is easy to say that there are lights and things and that 

you need a heat source to actually get it lit Something along the lines that when the candle 

was blown out and placed near the wick and not touching it then the flame started again. 

Some of us... none of us had ever realised that you didn't have to touch the wick with the 

flames to get it a light again and what was going on there. The fact that things are being 

given o f f . 
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Similarly the student mentions that the confiasing part is 'What is acmaUy 

happening', tt then expands upon this by giving and overview of a candle 

being Ht and then goes into a fuller description. When listening to the student 

speak about this topic, the enthusiasm was really self-evident not only in what 

was said but the way it was said as well. 

On the same topic of lighting a candle, dd says that there was a problem with 

'why'. She said: 

dd: We just took it for granted that when you put a match to a candle 

then it bums. And that is it. They never explained why. 

From the examples, given above an illustration has been made of the 

similarities of the things said by students about these two pieces of 

equipment. For some students there were also differences. One difference 

that did occur was that students felt that there were more problems learning 

the ideas concerned with the lit candle than those with the weights and elastic 

bands. 

Comments are only possible with regard to the individual student's 

perceptions. The perceptions are more positive and students appear to think 

that they now understand or are getting to grips with science ideas. This was 

not occurring in secondary school. Having said this there was a small 

minority who felt that their understanding was unchanged, or that there were 

differences between the science courses, which makes a comparison difficult. 
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Those that felt theit understanding had not changed felt that the Universit)' 

science course was a refresher course rather than anything new. So the 

student had learnt similar things at secondary school and universit)'̂ , but had 

forgotten it since secondary school and was now being reminded. 

Those that stated that there were differences between science experienced at 

secondary school and University simply stated that they leamt science at 

school to pass GCSEs and other similar examinations. At Universit}^, they are 

learning science to pass a degree and to be able to teach it. So it is different, 

which makes comparisons difficult. 

4.4.6 Why didn't you understand these ideas before do you think? 

In this question, the students made comparisons between their experiences at 

secondary school and at University. Three major themes appeared in this 

section. They were that they did not understand science before in secondar}'̂  

school because: they did not have it explained to them, they were not 

encouraged to ask questions, and finally they memorized the science to pass 

exams. 

For the first of these, i i says the following: 

ii: no one even tried to explain that to me 

This says more than not having things explained. It seems almost to this 

student that people such as teachers had given up tr)^ing to teach science to 

students. Science was impossible to explain to secondary school students and 

it was not worth trying. There is a feeling of anger fi:om the student as well. 

126 



Perhaps the student feels angry because now some science has been explained 

and the student feels that this should have taken place in school as well. 

Further, there was not just one student who felt like this, but also a number of 

students. For example, uu similarly states: 

uu: because they were never taught before, or I wasn't listening. 

She does also add an alternative. She might have not been listening. In 

thinking about why a student might not listen, one possible reason for not 

listening is that what is being said does not make sense. Thus a circle is being 

formed. The teacher does not explain the science to the students, so the 

students do not listen. Secondly, the teachers do not bother to explain the 

science because the smdents are not listening. 

The second theme was that the students were not given the opportunity' to 

ask questions, oo says this about the topic: 

oo:.... because you were not taught to ask questions. 

This is a strong statement in that not only did students not ask questions; they 

were not taught how to ask questions. One interpretation of this is that not 

only must students be allowed to ask question they must also be taught what 

questions are appropriate. Along similar Unes dd says: 

dd: Well I suppose that the teachers didn't exactly teach you to question 

things. I just accepted that I never questioned that I never wanted to 

know anymore about it. So that is why I didn't understand it. 
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For dd, the smdent also 'just accepted' what was being said. They did not try 

to understand the science by questioning what was being said. In many ways, 

what the students are suggesting is a break down of communication between 

students and teachers. Thus, the smdents are not questioning and the 

teachers are not encouraging them to question. 

The final theme is that students are not learning. They are memorising to 

pass exams, ss says as much: 

ss: You just really memorised things for the exam. 

This particular student went on to suggest that students did this, as they did 

not have time to fully look into what was being presented to them, rr 

suggested another alternative: 

m... the lessons didn't follow on from one another and it was just one 

random thing after another so it wasn't a case of whether we understood it 

or not Rather having to do it and that's it now. And then we get 

through the exams at the end of the year. 

rr suggests simply that the science did not fit together. Thus, it was 

impossible to understand and understanding science was not an option. It 

was just a matter of going through the motions and passing the exams. 

As well as these three major themes, students did mention other ideas. One 

of these was simply that they did not understand the science, as they did not 

want to understand it. For example, ww says that: 
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n>w: I had a real negative view about it. 

The student had no interest in science. She disliked science, so she didn't 

want to understand science. 

The results from the asking of this particular question do not suggest any real 

reasons for not understanding science, nor do they suggest that they 

understand science now. What they do suggest is that when at school they 

felt that they didn't understand it. They express this lack of understanding in 

terms o f not having it explained, not questioning and the science not making 

sense. Whilst it is not possible to suggest that these students understand 

science now, it is possible to suggest that they feel that they understand it 

better. Finally, a relationship is being suggested between allowing students to 

learn science, and students wanting to learn science. 

4.5 Allowing the students to be placed into categories 

By considering specific quotations from specific transcriptions it is possible to 

build up a an idea as to whether the student perceives themselves as disliking 

or liking science, and whether the student perceives the science as being 

understandable or not understandable. Thus, each student's transcript may be 

placed into four major possible categories. They are: dislike / don't 

understand, dislike / understand, Hke / don't understand, and finally like / 

understand. In addition to this is the possibility that a transcript may not fit 

into any of these categories. 
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4.3.1 An example of the ̂  transcription being placed into the category of dislike / 

understand 

The placing of transcriptions into this category was a little more difficult. The 

students were open about whether they felt an understanding or lack or 

understanding, but were not so willing to discuss whether they liked science 

or not. One possible reason for this might be that the course was 

compulsory. Thus it did not really matter whether a subject was liked or 

disliked, it was just a matter of getting on with it. One indication as to the 

students' dislike was found when they were asked i f they wanted to do more 

science. For once the compulsory science is completed, the students do have 

the opportunity to do additional science or not. 

The gg transcription was placed in this category due to the interpretation of 

the following quotations: 

Dislike: 

1: Would you want to do more science now, if you could? 

gg: I don't think so. 

Understand: 

I ; OK Didjou have any problems understanding these ideas? 

gg: I don't think so theji were sometimes complicated to understand but I 

never really had any problems with them. 
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In addition to the quotation concerning dislike, there were extra indications as 

to the student's disHke of science. She was presented with two pieces of 

equipment. The responses to questions about the scientific ideas were short 

and precise. For example, the smdent at this stage was presented with a 

rubber band with a weight attached to it. This is what was said, 

J; What sort of ideas wouldjou use this to illustrate? 

^: the forces in the elastic band that is what we did last year. 

I: anything else? 

gg: no that is all 

When talking to other students about this equipment, responses tended to be 

much more open and longer. It might have been that she simply was not 

enjoying the interview. I f this was the case through, then why did she 

volunteer to talk to me again? 

The quotation Hsted above as an example of the student understanding 

science is supported by a number of other quotations within the interview. 

This is illustrated in the following extract: 

I: Didyou have any difficulties understanding these ideas? 

^: No I don't think so. 

The student was talking about candles. 
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4.5.2 An example of a transcription ww being placed into the category of like / 

understand 

The placing of this class into that of like / understand is straightforward. 

There are many examples within the transcript of the student indicating that 

she perceives herself as being able and interested in science. Some of the 

many are given below: 

Like: 

ww: It is brilliant this subject Even at the beginning of last year I 

thought I'm not going to be able to cope with this subject But then you 

realise that you can. You think this is quite difficult and then you work 

through it. It does come out OK in the end. 

WW I'm just more happy about the basic principles of atoms and 

molecules, just the basics of everything (attractions and repulsions). I 

mean I just didn't know anything about that before. So everythingyou 

can build on from those principles. 

ww: It is interesting because you can apply science to things that you know 

and understand what is going on. So that you can actually relate to stuff 

Understand: 

ww: I understand it much better since the matter and interactions course. 

132 



WW straight away I wouldn't actually think of the actual make up of the 

rubber band. I would think of gravity and that was it. I would Just 

think of the gravity and that was it. I would just think that the band 

holds it back and that is it (reference to secondary school science). 

The student expresses her Hke for science in the above quotations in terms of 

brilliance, happiness and interest in the subject. Further, some of this like of 

science comes from actually being able to do the science. That is, understand 

it. 

In the understanding section, she attributes this understanding direcdy to the 

matter and interactions course. Further, she goes onto to express this 

understanding of science by explaining some of the principles she has learnt 

with reference to the rubber band and weight equipment. 

When comparing this interview with the previous interview, one obvious 

difference is the whole way the student talks about the science. In the second 

interview, the student talks at greater length and with much more enthusiasm. 

4.6 Conclusion to the second set of interviews 

When aU the transcripts were placed into categories, the following results 

were obtained: 
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Table 9 Categories of students found in the 
second interview 

Category Number of students placed in category 
dislike / don't understand 0 
like / don't understand 0 
dislike / understand 9 
like / understand 12 
other 0 

In placing the students' transcripts into categories, a number of issues arise. 

They are that: 

^ No students were placed into the category of dislike / don't 

understand. 

^ No students were placed into the category of like / don't understand, 

^ The students now appear much more positive about science. 

4.7 Discussion of the results 

When a comparison between the first set of interviews is made and the 

second set of interviews. It may be said that the students in the first set of 

interviews, with very few exceptions, expressed a dislike of science, and a 

perception that science was not understandable. In the second set of 

interviews, students were categorised into two major categories. They are like 

/ understand, and dislike / understand. Thus, two major changes have 

occurred from the first to second interviews. They are a change fiom dislike 

/ don't understand to like / understand and a change from dislike / don't 

understand to dislike / understand. 
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4.7.1 Possible Problems with the results 

Further a number of question also arise: 

^ To what extent is the comparison, made between the two sets of 

interview, vaHd? 

^ Is there any evidence to support the idea that this change may be due 

to the intervention that was experienced? 

4.7.2 To what extent is the comparison, made between the two sets of interview, valid? 

In considering the validity of a comparison between the two sets of 

interviews, some limitations do become obvious. 

Firsdy, the conditions between the first and second interviews are different. 

The most obvious difference is that the questions asked in the first set of 

interviews were different from the second set. Another difference is in the 

length of time spent on the interviews. The first set of interviews lasted an 

hour whilst the second set lasted approximately a quarter of an hour. 

A second problem is that the analysis of the two sets of data was not 

undertaken independentiy. Thus the first set of data was analysed then the 

second, but by the same person. This being the case, the first set of results 

may have effected to some extent the second set. 

My personal feeling with this is that the second set of analysis was definitely 

effected by the first. However, the effect was a positive one rather than a 

negative one. This is as during the first set of interviews, I felt somewhat 
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overwhelmed. I had so much data to look at and much of the data was not 

relevant to the research being undertaken. There was also the feeling that 

there was some relevant data there i f only I could get at it. In the analysis of 

the second set of interviews the process was much more refined. I felt that 

much more of the data was more relevant and the analysis was much more 

focused. 

4.7.3 Is there any evidence to support the idea that this change may be due to the 

intervention that was experienced'? 

A stated aim of the intervention was to improve the students' understanding 

of science. The results from the second set of interviews suggest that 

students perceive themselves as having more understanding of it. Further, 

many of the smdents suggest that the science experienced whilst at Universit}^ 

was not the same as the science experienced whilst at secondar)^ school. 

Exact differences are not expressed. However, students do say that they now 

know 'why' things happen rather than having an inadequate description of 

what was occurring. 

I f it is acceptable to suggest that the students' perceptions reflect an actual 

improved understanding then it is possible that this improved understanding 

is a result of the intervention (whose aim was to improve students' 

understanding of science). 
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Chapter 5 

DISCUSSION A N D CONCLUSIONS 

Does the Nature o f science education cause female students' disaffection 
with science? 

5 Introduction to the discussion 

The intention of this section is to draw together all the major points made 

within the previous sections. To do this a brief summar)'̂  will be given 

outlining the main points of each section of the thesis. Thus, the points 

raised within the introduction wiU be raised followed by those in the literature 

review and so on. The reason for this is to remind the reader of the points 

without having to refer back to individual paragraphs from previous pages. 

Further there is a need to discuss the strengths and weakness of the materials 

presented. 

Following this stage, the possible causes for students' disaffection with 

science (they dislike it) will be investigated. What is being looked into is the 

possibility that the nature of science education (a major part of which is lack 

of understanding) causes this disaffection with it. 

5.1 Summary of what has been said so far and some reflections 

During the introduction of the thesis, two major ideas are presented to the 

reader. Firstiy students do not like science and secondly that they do not 

understand it. The dislike for science is initially presented in the form of 
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figures of student enrolment in science A-levels. The fact that smdents don't 

understand science is presented with reference to key pieces of research into 

students understanding of science whilst at secondan^ school. 

What the enrolment figures show, is to some extent open to debate. Certain 

parts of science (physics and chemistr)^) do appear to be unpopular when 

compared to other subjects. Further physics unpopularity seems to be 

increasing. Another concern is that smdents taking all science and maths 

subjects are decreasing. This is of concern, as students who study only 

science and math tend to become scientists. A need is present for scientists 

within the UK's work force. With regard to smdents understanding, a 

number of pieces of research highlight the need for students to understand 

science. The understanding is not of highly complex scientific theories, but 

for basic scientific ideas that constitute a reasonable grasp of science. Further 

these ideas should be useful to students after they leave school in their 

everyday lives. 

In the literature review, the major aim is to provide support for the idea that 

secondary school students dishke science and don't understand it. Students' 

dislike of science is supported by carefial examination of a number of pieces 

of research in certain areas. The main areas that have been covered are those 

of secondary school science; being sex biased, being irrelevant, having a poor 

image, being an academic subject, being culturally biased and involving 

pressure from peers and teacher not to learn it. Students' lack of 

understanding for science is described in terms of six science areas. The areas 
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are for physics gravity and forces, for chemistry particle theor)^ and the 

process of combustion, and for biology skeletons and animals. 

The lines of thought presented for students disHldng science are briefly given 

below. Science is sex biased, as school science lessons are masculine and 

authoritarian. This leads to female students disliking science. These biases 

are irrelevant to many students, as school science does not adapt to the needs 

of individual students. So many students dislike science, as it is irrelevant to 

them. Science has a poor image as scientists are seen as unpopular, earning 

Httie money and being misrepresented. Many students do not want to be 

unpopular, earn littie money and be misrepresented. So again, they dislike 

science. Science is academic in that a major aim of much school science is to 

produce research scientists. Many students do not want to be research 

scientists. Thus, they dislike it. Science is culturally biased; as those who 

study it tend to come from cultures, where science is part not only of their 

school Hves but also of their home lives as well. People who are not part of 

the scientific culture have difficulty adapting to it. Thus, they dislike science. 

Finally there are pressure placed upon students not learn science by thek 

peers and teachers. Many students prefer to conform to these pressures 

rather than rebel. Therefore, they dislike science too. 

In effect, there is a web of various pieces of literature that talks about various 

aspects of the students' dislike of science. These parts are all interconnected 

to some extent. For example, many female students find science irrelevant as 

well as being sex biased. The parts presented are not all those found in 
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research literature to suggest that science is disliked. They are however major 

parts. Further some of the other parts are referenced (parental influences and 

media effects), so that should the reader require fiorther investigation into 

these then there is a starting point. 

For each area of students' lack of understanding a brief description of the 

findings are given for those pieces of research being reviewed. The results 

make for a depressing picture of students understanding. With papers 

suggesting that, students have Httie or no understanding of these topics. 

Further, Httie or no improvement is seen in the smdents' progress through 

secondary school. I t must be mentioned that this is not an attempt to blame 

students. It rather seems that school science lessons in the topics concemed 

are ineffective at allowing students to understand basic scientific ideas. The 

literature presented ranges from recent research to that from the 1980's. 

During that time, littie seems to have changed in the fact that students did not 

understand it then and they do not understand it now. Perhaps through there 

is more awareness of students' own ideas about science. These ideas in 

themselves though are not the same as those in held by scientists. Those 

areas reviewed cover a range of basic science ideas and whilst they do not 

cover all common science ideas, many references are made to many other 

areas not covered in the literature review. Thus, the literature does tend to 

suggest that students have littie understanding of much of the science 

presented at secondary school. Further, that which they do understand may 

come from their own personal experiences outside school. 
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So at this point, there is the fact that students possibly dislike secondary 

school science and they don't understand it. The aim of the thesis now 

changes to investigating dislike and lack of understanding in a suitable sample. 

The sample was a group of first year Bachelor of Education students. The 

sample was to be investigated using a questionnaire and an inter\tiew. Both of 

these instruments were trialled before being applied. The questionnaire 

considered the students' educational history and the intendew looked at their 

perceptions of secondary school science. As well as the actual questions 

asked in the interviews a number of props were used. One major reason that 

interviews were used was that the sample was articulate and thus expression 

of feelings and information through language was not likely to be a problem. 

Those interviewed were volunteers, so few ethical problems arose. However, 

some problems may have occurred in how representative those interviewed 

were of the whole group. I t may be that a sHghtiy more positive view of 

science was presented by those intendewed than of the whole group. 

After the application of the intendew, the data was analysed. This occurred 

by cross-referencing what the students said with the topics raised in the 

literature review (dislike, and lack of understanding). In addition to this, more 

positive views of secondary school science were not totally overlooked. On a 

personal note, I felt quite disheartened by the consistentiy negative 

perceptions that these students expressed. Further, it was decided that there 

was an oppormnity to interview these students again to find out i f the 

perceptions of science had changed as a result of their first year at University'. 
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Thus, a new interview schedule was triaUed and developed based upon 

obtaining smdents current perceptions of science. 

This new interview focussed students' perceptions of dislike / like of science 

and lack of understanding / understanding of it. Further at this point some 

attention was paid to what might have caused any changes seen and i f the was 

a relationship between lack of understanding and disUke for science. It has 

also to be taken into consideration that much of the University science course 

was aimed at allowing students to understand science. From the results 

obtained the students were categorised into four major groups. They were 

dislike / don't understand, like / don't understand, dislike / understand, and 

like / understand. The main findings of the second interview were that 

students fitted into the categories of dislike / understand and like / 

understand. None fitted into the categories of like / don't understand and 

dislike / don't understand. Thus a positive change had occurred. 

/. Some reflections on possible strength and weaknesses of the research 

The literature used within the literature review is of a reasonable quality in 

that the references used are from published authors, and come from journals, 

books, international conferences and institutions that are well established and 

use established procedures to ensure the quality of published materials. The 

pieces of literature were found by exploring recentiy published journals held 

within the Durham University, considering references found in individual 

pieces of literature, and examining computerised data bases of research 

literature. 
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A major problem with the research on students' dislike of science was the vast 

quantities of materials and the interconnectedness of these materials. Within 

the literature itself, the topics covered in this section are often described as 

being a web. This being so, I often felt Kke a fly trapped within a web rather 

than the spider organizing the web. The topics covered in the students' 

disliking of science do not include aU parts, but they do cover the main parts 

and those of major interest to this thesis. For example, one area that was not 

fijJly explored was that of the media. However, references are given that 

should give the enthusiastic reader and start on further investigations. 

In many ways due to the vast nature of the topic of students' dislike of 

science, decisions had to be made as to how much to include so that each part 

of their dislike can be covered in a satisfactory manner and which parts to 

leave out. To try and cover all the parts would have meant that each part 

could not have been covered to a reasonable amount of depth. 

With regard to the methods used to obtain data from the students, littie more 

is given to the reader other than a description of how data was collected. 

Litde comment is made to try and improve upon research methodologies 

presented within similar pieces of research. Thus rather than creating a totally 

new methodology, the aim was simply to use the best methods available to 

collect the required data. To be quite honest there was no real need to 

improve the methods, as they proved satisfactor)' in providing a wealth of 

valid data. I t is difficult to see how the validity of the data could be improved. 

Those interviewed, were interviewed with respect to secondary school 
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science, were volunteers and were no longer part of the secondarj'̂  school 

culture, peer pressures or teacher expectations, having recentiy left. 

The results from the first interview show many examples of smdents' 

perceptions of disliking secondary school science and not understanding it. 

This provides support to the literature review in saying that many students 

dislike and don't understand science. 

With respect to the second intentiew and the inten^^ention, there are 

limitations. These results are not generalisable. Simply because a inten^ention 

may possibly have attributed to a positive change in smdents' perceptions of 

science whilst undergoing a B.Ed, course does not mean that a similar attempt 

would work when applied to secondary school smdents. However, it does 

offer some hope that a similar inten^ention developed from that applied here 

might. Further, it does not suggest that such an intervention would not alter 

secondary students' perceptions. 

5.2 The change within the B . E d students* Perceptions 

This section is really the main focus of the discussion chapter. The aim is to 

discuss and raise the following questions with regard to the change that took 

place within the B.Ed, students. 

I . What changes occurred to the B.Ed smdents' perceptions? 

I I . What possibly caused these changes in perception? 
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The raising of the first question invoh^es the considering of the groups that 

the students were likely to have been in when originally interviewed and the 

groups that the students were categorised into after the second inter\dew. 

The second question is raised and considered by reflecting on the changes 

that have taken place to students since leaving secondary school and going to 

University with regard to the issues mentioned earlier in the thesis. 

5.2,1 What changes do the interview results surest to the B.Ed students' perceptions? 

The changes in B.Ed students' perceptions can be shown with the aid of a 

diagram. In the diagram there are two possible routes of going firom Dislike / 

don't understand to like / understand. 

Like / don't understand 

l b 

Dislike / don't understand Like / understand 

Understand / dislike 

2a 

Route 1-dislike changes to like fa") then don't understand to understand OS) 

Route 2-don't understand changes to understand OS) then dislike to like fa) 

Figure 1 Changes of students' perceptions 

They are using route 1 and route 2. 
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From the first set of interviews, students expressed a dislike for secondarj' 

school science and the perception that they didn't understand it. With the 

results from the groupings from the second set of interviews students appear 

in the dislike / understand and the like / understand groups. They do not 

appear in the like / don't understand and dislike / don't understand group. 

In other words, the students expressed a perception of understanding. 

Further, some students liked science and some disliked it. 

A n assumption made so far is that secondary school science and the science 

experienced at University would be comparable. To some extent, they are 

comparable. Both are forms of science and similarities are seen in the topics. 

Thus in the science students experienced at University, two of the topics 

covered were forces and combustion. These are both topics that appear in 

the National Curriculum for England and Wales, so it would be expected that 

these topics would have appeared in the science that the students experienced 

whilst at secondary school. This being the situation then two changes in 

students' perceptions of science have been seen after having been at 

University for one year. They are; the change from disliking and not 

understanding science to understanding and disliking science, and the change 

from disliking and not understanding science to liking and understanding 

science. These changes are represented in the diagram above by change 2b, 

and 2b + 2a or la + l b respectively. 

For the change of 2b it has to be emphasised that these are the students 

perceptions of whether they don't understand or understand science. So it is 
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not possible to say that these students now understand parts of science. It is 

however possible to say that they perceive themselves as having more of an 

understanding in certain aspects of science. Further, it might be that the 

students feel more confident about their abilities in science. 

For the change 2b + 2a or la + lb , one consideration is which change is 

occurring or are both changes occurring. Now i f only one change was 

occurring and the routes 1 and 2 took approximately the same time then the 

expectation would be that either an intermediate change of la or 2b would be 

seen. In this situation, an intermediate change of 2b is seen. So i f the routes 

take the same time then this change is 2b + 2a and not la + lb. I f both 

routes are occurring then there must be differences in time for routes 1 and 2. 

To distinguish between these changes it would be necessary to perform a 

longitudinal study based around a series of interventions and assessments. 

5.2.2 What possibly caused these changes in perception? 

There are three major explanations for the changes in students' perceptions. 

Firstiy that it is something to do with the students, secondly that it is 

something to do the change in conditions in which the learning is taking 

place, and thirdly that there has been a change in the learning of the science. 

The only other possibility is that the change in perceptions did not occur, as 

the interviews did not correctiy assess the students' perceptions of science. 

Whilst this is a possibility, a number of steps were taken to validate the data 

collected. There seems Httie likelihood that the data is invalid. The major 

criticism of the methods used to collect the data might be that those 
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interviewed were not representative of the whole group. This was something 

about which I was concerned. In examining further additional evidence from 

end of course anonymous questionnaires, similar data was obtained to my 

own albeit in less depth and detail. Further a high proportion of the year-

group that was my sample, volunteered to take the second year science 

classes. Thus, it is Hkely that to some extent the findings from those 

interviewed, whose perceptions towards science had changed, were 

representative. 

So what possibly caused students' perception of science to change? One 

possibility is that the students were being reminded of the science that they 

had learnt at school. Thus, they were being 'refreshed'. Thus, they were 

given a second oppormnity to learn and understand school science. They 

took on more of the science that they had not learnt in school, so gained a 

better understanding, which is why their perceptions of their understanding 

improved. Additionally it could be that students are now more mature. As 

the students have grown older, the students' thought processes have 

developed in ways that allow them to cope with larger amounts of possibly 

more complex information. So whilst at school they might not have been 

able to learn science due to inabilities that result from being immature. Now 

whilst at University they are mature and so more able to do so. Thus, they 

perceive themselves as having more understanding. This possibility was 

explored by Adey and Shayer (1994). Adey and Shayer attempted to increase 

secondary school students' thought processes to allow them to understand 
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more of the science being presented to them. The results ftrom this 

intervention are inconclusive. None-the-less it is a possibility. 

The second possibility is that something in the conditions in which the 

learning has taken place has changed. This change has caused their 

perceptions to improve. By looking at the reasons given in the Literature for 

student disliking science at school, it may be that these reasons are not 

applicable to the conditions the students now find at University. The reasons 

given for students disUking science at school were sex bias, irrelevance, poor 

image, an academic subject, cultural bias, and negative peer pressures and 

teacher expectations. With regard to sex bias, the majority of smdents 

studying science as part of their B.Ed, courses are female so there is no bias. 

Further students may now see the science they are learning as being more 

relevant as it is part of their professional training to become primary school 

teachers. Whilst scientists and those who study science may have a poor 

image, this may not apply to these students, as they are to be primary school 

teachers. Thus, they may not mind this poor image that scientists have. The 

culmre may also be one that is more in line with a learning science 

environment than that they experienced at school. For example, the facilities 

that Durham University has may be more extensive than those in their 

schools. For example, they may not have had such a range of books and 

reading materials. They may not have had access to computer systems and 

the worldwide web that are available to all Durham University students. 

Further Durham University is a long well established University founded 
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upon the traditional collegiate system similar to those of Oxford and 

Cambridge University. Thus the traditions and culture of the Universit}? are 

that of a community where the learning of science is acceptable. This 

acceptability of the learning of science may be reflected in the peer pressures 

and teachers expectations that smdents experience. Thus rather than negative 

pressures and expectations students may experience positive ones. Thus 

rather than disliking science as occurred in secondary school, students may 

actually experience a Hking for science. This improved liking of science may 

lead to students learning science, which would mean more understanding of 

science and hence more positive perceptions of it. 

The third and final possibility is that there is something within the lessons 

themselves that is effecting the students' perceptions. There seems to be two 

things within the lessons that could effect students' perceptions of science. 

These are; firsdy the teachers themselves, and secondly the science that they 

are experiencing. It could be that the teachers are simply excellent teachers, 

adept at motivating and communicating science to their students. Certainly 

those teachers that do teach at Durham University could be considered as 

being well established and experienced in nature. Further OFSTED reports 

on teachers in the Education Department of Durham University suggest that 

the teaching students receive is of a high quality. The second point is that the 

science that students are experiencing is an improvement upon that 

experienced within secondary schools. This is in line with the aims of the 

curricula of the science courses at Durham University, science education 

150 



department. Further, much research has been undertaken into presenting a 

science that allows students to understand it. For example recent research 

undertaken by researchers at Durham University in this field includes; Gott & 

Johnson (1999), Johnson (1997 a, b), and Johnson (1998 a, b, c). 

5.3 The Nature of Science Education: Does it cause female students' 

disaffection with science? 

In the raising of this question, there are two firames of reference. They are the 

Bachelor of Education students and secondary school students. With regard 

to secondary school students care has to be taken. The students on whom 

the intervention was applied were not secondary school students. Thus 

comments upon this second frame of reference are limited. 

I t is required here that some assessment be made as to the probable 

contribution of the above-mentioned reasons to the change in the students' 

perceptions of science. There are three major probabilities with regard to the 

nature of science causing these female students disaffection with science. 

They are that: 

1) The science is impossible to understand. 

2) The science is very difficult to understand (some thought is required). 

3) And the science is difficult to understand (a need to Hke science is 

required). 
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For each of these, there is some support held within this thesis. For the first 

there are comments made by the students in the first intentiew, the change in 

the students' perceptions as a result of the inter\^ention, and finally the way 

that their perceptions changed (no students were found to kke science and 

not understand it). For the second, the students' circumstances have 

changed. The smdents are now more mature and able to cope with the very 

difficult to understand science that they are now experiencing for the second 

time. Thus, students are able to think more about science and so understand 

it. Further the whole environment, within which the students are learning, is 

more conducive to learning science and the students now like science more. 

Finally, for the third there is again the fact that the science-learning 

environment is conducive to learning science, which makes science more 

likeable. On top of this is the possibility that the teachers are more proficient 

than those experienced by students at school and these teachers are able to 

make science lessons more likeable. To a greater or lesser extent, improving 

the nature of science would help these situations. 

5.3.1 Science is impossible 

I t follows logically that i f what occurs in the science classroom does not allow 

students to learn science (science is impossible) then students wiU not be 

gaining from a major part of their education. Thus i f there is a problem with 

this aspect of science, then it is of importance. Further, i f what students are 

learning is not correct, then even with the best teachers, all the students can 

expect to achieve is to effectively learn incorrect science. Once what they are 
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learning is correct then at that stage it is important to consider how to get this 

across to the student (i.e. teaching). 

5.3.2 Science is very difficult 

The science experienced in education only just allows students to learn it. To 

learn it there is a requirement to think extensively and in a manner that is 

appropriate to science. This ability may to some extent be gained through 

maturity or through the student experiencing the science more than once. In 

addition, to improve the students learning it is also beneficial to consider the 

environment in which the students are learning science. With this 

improvement, the student will like science and want to learn it. The teacher is 

required to allow the students to think and to Xxy to develop this thinking. 

Further, the teacher also has to think about ways in which science lessons may 

be made more likeable. 

5.3.3 Science is difficult 

The science as is experienced by students in education allows students to 

learn it. However, to do this there is a requirement that the science lessons 

are made more likeable for the students. This likeability of science is 

improvable by considering the conditions in which the science takes place. 

Thus, for example the science needs to take place in an environment where 

peer pressure and teacher expectations promote learning rather than demote 

it. Further, the role of the teacher is important in creating science lessons that 

are likeable for the students. 
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5.4 Some personal reflections 

To lay the blame solely at the feet of students, saying that they simply are not 

able to think in a manner appropriate to science may appear too judgemental. 

The ideas in science are not easy to understand, but i f the ideas are not being 

presented to the students and they are not being given a chance to think 

about these ideas, it does not seem to be fait to judge students thus. 

Finally, with regard the conditions of smdents learning and these resulting in 

smdents disliking science: the results from the intervention suggest that trying 

to make science more likeable to students will not necessarily make it more 

understandable for them. I f there are problems with what is being learnt and 

how it is being learnt, this needs to be looked at first. I t may, after all, be 

these things that smdents dislike so much about science. 

With regard to science education, this research offers hope. The nature of 

science education as experienced by secondary'' school students (i.e. what 

science they learn, and how it is learnt) is perhaps worth investigating further. 

Once additional research in this area has been undertaken, perhaps smdents 

need not be so disaffected by science, having spent so much time in science 

classrooms, and having understood so Uttie of that extensive amount of 

'science' that has been presented to them. Thus, they may feel that they have 

gained something valuable from thek science in school. Moreover, they may 

put to use or develop that which they have learnt after completing their 

education. 

154 



155 



6 Bibliography 

Abraham, M.R. Williamson, V.M. (1994) A cross-age study of die 

understanding of five chemistry concepts. Journal of Research in Science 

Teaching 31, 2, 147-165 

Adey, P. & Shayer, M. (1994) Really raising standards. London & New York: 

Routiedge 

Adey, P. (1996) Does motivational style explain the C.A.S.E. differences? A 

reply to Leo and Galloway. International Journal of Science Education 18, 1, 

51-53 

Aikenhead, G.S. (1996) Science Education: Border Crossing into the 

Subculture of Science. Studies in Science Education 27, 1-52 

Alexopoulou, E. Driver, R. (1996) Small-Group discussion in Physics: Peer 

Interaction Modes in Pairs and Fours. Journal of Research in Science 

Teaching 33,10,1099-1114 

Alper, J. (1993) The pipeline is leaking women all the way. Science 260, 409-

411 

Anderson, B. (1984) Chemical Reactions. Report ELEVPERSPEKTR^, No. 

12, Goteburg: University of Goteborg, Department of Education. 

Anderson, B. (1986) Pupils explanations of some aspects of chemical 

reactions. Science Education 70, 549-563. 

156 



Anderson, B. (1990) Pupils' conceptions of matter and its transformations 

(age 12-16). Smdies in Science Education 18, 53-85 

Anderson, B & Remstrom, L. (1981) Oxidation of steel-wool. Report 

ELEVPERSPEKTFV^, No. 7, Goteburg: University of Goteborg, Department 

of Education. 

Anderson, B & Remstrom, L. (1983a) How Swedish pupils aged 1 2 - 1 5 

explain the 'copper-pipe' problem. Available from E K N A - group. University 

of Goteborg, Department of Education, Box 1010, S-431, 26 MOLNDAL, 

Sweden. 

Anderson, B. & Remstrom, L. (1983b) How Swedish pupils aged 1 2 - 1 5 

explain 'exhaust' problem. E K N A - group. University of Goteborg, 

Department of Education, Box 1010, S-431, 26 M O L N D A L , Sweden. 

Andre, T. Whigham, M. Hendrickson, A. & Chambers, S. (1997) Science and 

Mathematics subjects versus other school subject areas. Chicago, II : Paper 

presented to the annual meeting of the National Association for Research and 

Science Teaching 

Archenhold, W.F. Dnver, R. Orton, A. & Wood-Robinson, C. (1980) 

Cognitive Development in Science and Mathematics. Leeds: University of 

Leeds 

Arnold, M . & MiUer, R. (1988) Teaching about electric circuits: a 

constructivist approach. School Science Review 70, 251, 149-151. 

157 



Arons, A.B. (1983) Achieving wider scientific literacy. Daedalus 112, 2, 91-122 

Askew, S. Ross, C. (1988) Boys don't cry- Boys and sexism in Education. 

MUton Keynes: Open University Press 

Bagozzi, R.P. Bumkrant, R.E. (1979) Attitude organization and the attimde 

behaviour relationship. Journal of Personality and Social Psycholog}^ 37, 913-

929 

Baker, L.R. (1997) Explaining attitudes: A practical approach to the mind. 

Cambridge: Cambridge University Press 

Baker, D. & Taylor, P. C. S. (1995) The effect of culture on the learning of 

science in non-Western countries: The results of an integrated research 

review. International Journal of Science Education 17, 6, 695-704 

Barba, R. & Cardinale, L. (1991) Are females invisible students? An 

investigation of teacher-student questioning interactions. School Science and 

Matiiematics 91, 306-310 

Bar-Haim, G. Wilkes, J.M. (1998) A cognitive interpretation of the marginalit}' 

and under representation of women in science. Journal of Higher Education 

60, 371-387 

Baxter, J. (1989) Children's understanding of familiar astronomical events. 

International Journal of Science Education 11 (special issue), 502-513. 

158 



Arons, A.B. (1983) Achieving wider scientific literacy. Daedalus 112, 2, 91-122 

Askew, S. Ross, C. (1988) Boys don't crj- Boys and sexism in Education. 

Milton Keynes: Open Universit)^ Press 

Bagozzi, R.P. Bumkrant, R.E. (1979) Attimde organization and the attimde 

behaviour relationship. Journal of Personality^ and Social Psychology 37, 913-

929 

Baker, L.R. (1997) Explaining attimdes: A practical approach to the mind. 

Cambridge: Cambridge University Press 

Baker, D. & Taylor, P. C. S. (1995) The effect of culture on the learning of 

science in non-Western countries: The results of an integrated research 

review. International Journal of Science Education 17, 6, 695-704 

Barba, R. & Cardinale, L. (1991) Are females invisible smdents? An 

investigation of teacher-student questioning interactions. School Science and 

Matiiematics 91, 306-310 

Bar-Haim, G. Wilkes, J.M. (1998) A cognitive interpretation of the marginaHt)^ 

and under representation of women in science. Journal of Higher Education 

60, 371-387 

Baxter, J. (1989) Children's understanding of familiar astronomical events. 

International Journal of Science Education 11 (special issue), 502-513. 

158 



Barker, M . & Carr, M. (1989) Photosynthesis - can our pupils see the wood 

for the trees? Journal of Biological Education 23, 1, 41-44. 

Bazler, J.A., Simonis, D.A. (1991) Are high school chemistr)^ textbooks 

gender fair? Journal of Research in Science Teaching 28. 4, 353-362 

Bem, S.L. (1993) The Lenses of Gender. New Haven: Yale Universit)'^ Press 

Benbow, CP. (1988) Sex differences in mathematical reasoning ability in 

intellectually talented preadolescents: Their nature, effects and possible 

causes. Behavioral and Brain Sciences 11, 169-232 

Bentiey, D. Watts, M . (1989) Learning and teaching in School Science: 

Practical alternatives. Milton Keynes: Open University Press 

Ben-zvi, R., Eylon, B. & Silberstein, J. (1986) Is an atom of copper malleable? 

Journal of Chemical Education 63, 1, 64-66. 

Ben-zvi, R., Eylon, B. & Silberstein, J. (1988) Theories, principles and laws. 

Education in Chemistry 25, 89-92. 

Berger, P. Luckmann, T. (1967) The Social Construction of Realit}^ 

Harmondsworth: Penguin Press 

Bernstein, A.C. & Cowan, P.A. (1975) Children's concepts of how people get 

babies. Child Development 46, 1, 77-91. 

159 



Berryman, S. (1983) W h o w i l l do science: A special report. New York: 

Rockerfeller Foundation 

Birke, L . (1991) Adu l t Education and the Public Understanding o f Science. 

Journal o f Further and Higher Education 15, 15-19 

Bloom, J.W. (1990) Contexts o f meaning: young children's understanding o f 

biological phenomena. International Journal o f Science Education 12, 5, 549-

561 

Boeha, B.B. (1990) Aristotie, alive and well in Papua New Guinea science 

classrooms. Physics Education 25, 5, 280-283 

Bosch, G . M . Thijs, G .D . (1995) Cognitive effects o f science experiments 

focusing on students' perceptions o f force: a comparison o f demonstrations 

and small-group pracicals. International Journal o f Science Education 17, 3, 

311-323 

Boyes, E. Chambers, W. Stanisstreet, M . (1995) Trainee primary teachers' 

ideas about the ozone layer. Environmental Educational Research 1, 2, 133-

145 

Braund, M (1991) Children's ideas in classifying animals. Joumal o f Biological 

Education 25, 2, 103-110. 

Brenner, M . Brown, J. Canter, D . (ed.) (1985) The Research Interview- uses 

and approaches. London: Academic Press Inc. 

160 



Brody, M.J. (1994) Student science knowledge related to ecological crisis 

International Journal o f Science Education 16, 4, 421-435 

Brush S.G. (1991) Women in Science and Engineering. American Scientist 79. 

404-419 

Brumby, M . N . (1984) Misconceptions about the concept o f natural selection 

by medical Biology students. Science Education 68, 4, 493-503. 

Byrne, E . M . (1993) Women and Science: The Snark Syndrome. London: The 

Fakner Press 

Campbell, P.B. (1992) Noth ing can stop us now: Designing effective 

programs fo r girls i n math, science and engineering. Washington. D C : Us 

department o f Education, O E R I 

Campbell, P.B. (1992) What works and what doesn't? Ways to evaluate 

programs for girls i n math, science and engineering. Washington. DC: Us 

department o f Education, O E R I 

Campbell, P.B. (1992) Work ing together, making changes: working in and out 

o f school to encourage girls i n maths and science. Washington. DC: Us 

department o f Education, O E R I 

Catsambis, S. (1994) The path to math: Gender and racial-ethnic differences 

in mathematics participation f r o m middle high school. Sociology o f 

Education 67, 3,199-215 

161 



Catsambis, S. (1996) Gender, Race, Ethnicity and Science Education in the 

Middle Grades. Journal o f Research i n Science Teaching 32, 3, 243-257 

Chambers, D . W . (1983) Stereotypic images o f the Scientist: The Draw-A-

Scientist Test. Science Education 67, 2, 255-265 

Chubin, D . (1990) Elementary and secondary education for science and 

engineering: A technical memorandum. New York: Hemisphere 

Coates, D . & Russell, A . (1995) B E d students' perceptions o f science and 

their science course. Primary Science Review 37, 22-23 

Cobem, W.W. (1991) W o r l d view theory and science education research. 

N A R S T Monograph no. 3, Manhattan, K.S.: National Association for 

Research i n Science Teaching 

Colley, A . Comber, C. & Hargreaves, D J . (1994) Gender effects i n school 

subject preferences: A research note. Educational Studies 20, 1, 13-18 

Collins, J. & Smithers, A . (1984) Person orientation and science choice. 

European Journal o f Science Education 6, 1, 51-65 

Corrigan, P. (1979) Schooling for the Smash Street Kids. London: Macmillan 

L t d . 

Costa, V . B . (1993) School Science as a Rite o f Passage: A new fcame for 

familiar problems. Journal o f Research in Science Teaching 30, 7, 649-668 

162 



Costa, V . B . (1995) When science is 'another world' : relationships between the 

worlds o f family, friends school and science. Science Education 79, 3, 313-333 

Cox, M . (1997) Drawings o f people by under fives. London: Fakner Press. 

Creese, M.J. (1990) Students' attitudes to science education: a preliminar}' 

survey. Educational Research 32, 2, 218-224 

CuUingford, C. & Morrison, J. (1997) Peer group pressure wi thin and outside 

school. British Educational Research Joumal 23, 1, 61-80 

Darling, J. Glendinning, A . (1996) Gender matters i n school. London: Cassell 

Dearing, R. (1996) Review o f qualifications for 16-19 year olds. London: 

School Curriculum and Assessment Authori ty 

Delamont, S. (1994) Accentuating the positive: Refocusing the research on 

girls and science. Studies i n Science Education 23, 59-74 

D e Vos, W . & Verdonk, A . H . (1985a) A new road to reactions, part 1 . Journal 

o f Chemical Education 62, 3, 238-240. 

D e Vos, W . & Verdonk, A . H . (1985b) A new road to reactions, part 2. 

Joumal o f Chemical Education 62, 8, 648-649. 

D e Vos, W . & Verdonk, A . H . (1986) A new road to reactions, part 3. 

Teaching the heat effect o f reactions. Joumal o f Chemical Education 63, 11, 

972-974. 

163 



D e Vos, W. & Verdonk, A . H . (1987a) A new road to reactions, part 4. The 

substance and its molecules. Journal o f Chemical Education 64, 8, 692-694. 

D e Vos, W . & Verdonk, A . H . (1987b) A new road to reactions, part 5. The 

elements and its atoms. Journal o f Chemical Education 64, 12, 1010-1013. 

D f E E Government statistics (1992-1999) Statistics o f Education, Public 

examination GCSE and G C E in England. London: The Stationary Off ice 

D o w , W . M . , A u l d , J. & Wilson, D . (1978) Pupils' concepts o f gases, Hquids 

and solids. Dundee: Dundee College o f Education. 

Dreyfus, A . & Youngwir th , E. (1988) The cell concept o f 10th graders: a 

taxonomy o f dysfunctional ideas about an abstract idea. International Journal 

o f Science Education 23, 1, 221-9 

Driver, R. Leach, J. Milllar, R. Scott, P. (1996) Young People's Images o f 

Science. Bristol, Pa.: Open University Press 

Driver, R. Guesne, E. & Tiberghien, A . (1985) Children's ideas i n science. 

M i l t o n Keynes: Open University Press 

Driver, R. Squires, A . Rushwortii , P. & Wood-Robinson, V . (1994) Making 

sense o f secondary science: research into children's ideas. London & New 

York: Routiedge 

164 



Driver, R. (1978) When is a stage not a stage? Educational Research 21, 1, 54-

61 

Driver, R. (1983) The Pupil as Scientist? Mi l ton Keynes: Open Universit}^ 

Press 

Driver, R. Erickson, G. (1983) Theories-in-action: some theoretical and 

empirical issues i n the study o f students' conceptual frameworks in science. 

Studies i n Science Education 10, 37-60 

Duch , B.J. (1996) Problem based Learning in Physics: The Power o f students 

teaching students. Journal o f CoUege Science Teaching 15, 5, 326-29 

Duckwor th , D . & Entwistie, N J . (1974) Attitudes to school subjects; a 

repertory grid technique British Joumal o f Educational Psychology 44, 1, 76-

83 

Dui t , R. Jung, W . & von Rhoneck, C. (eds) 'Aspects o f Understanding 

Electricity: Proceedings o f an Intemational Workshop' Kiel : Institut fur die 

Padogogik der Naturwissenschaften an der Universitat K ie l 

Duggan, S. Johnson, P. & Gott , R (1996) A Critical Point in Investigative 

Work: Def in ing Variables. Journal o f Research in Science Teaching 33, 5, 461-

474 

Durant, J.R. Evans, G.A. Thomas, G.P. (1989) The PubHc Understanding o f 

Science. Nature 340, 11-14 

165 



Duveen, J. Scott, L . Solomon, J. (1993) Pupils' understanding o f science: 

description o f experiments or ' A passion to explain'? School Science Review 

75,271,19-27 

Eccles (1989) 'Bringing Young Women to Math and Science', in Crawford, 

M . Gentry,M.(eds) Gender and thought: Psycological Perspectives Springer-

Verlag 

Eccles, J. Wigfield, A . Harold, R.D. & Blumenfield, P. (1993) Age and 

Gender Differences i n Children's Self- and Task Perceptions during 

Elementary School. Child Development 64, 3, 830-847 

Eccles, J. Wigfie ld , A . (1985) 'Teacher Expectancies and student motivations' 

i n J.B. Dursek (ed.) Teacher expectancies Hillsdale, NJ: Erbaum, 185-226 

Engelclough, E. & Driver, R. (1985) Secondary students' conceptions o f the 

conduction o f heat: bringing together scientific and personal views. Physics 

Education 20, 4,176-182. 

Erb ,T. & Smith, W . (1984) Validation o f the attitude towards women in 

science scale for early adolescents Journal o f Research in Science Teaching, 

21,4 , 391-397 

Erikson, G. & Farkas, S. (1991) Prior experience and gender differences in 

science achievment. Alberta Journal o f Educational Research 37, 225-239 

166 



Evans, M . A . Whigham, M . & Wang, M.C.(1995) The effect o f a role-model 

Project upon the attitudes o f ninth-grade science smdents Joumal o f Research 

i n Science Teaching 32, 2, 195-204 

Fear-Fenn, M . Kapostasy, K . K . (1992) Math + science+ technology = 

vocational preparation for girls: A diff icul t equation to balance. Monograph 7, 

1 

Fennema, E. & Sherman, J. (1976) Fennema-Sherman Mathematics attitude 

scales Psychological Documents 6, 31 

Fensham, P. Gunstone, R. & White, R. (1994) The content o f science. 

London: Fakner Press 

Finegold, M . & Gorsky, P. (1991) Students' concepts o f force as applied to 

related physical systems: search for consistency. Intemational Joumal o f 

Science Education 13, 1, 97-113. 

Finson, K . D . Beaver, J. B. & Cramond, B. L . (1995) Development and field 

test o f a checklist for the draw-a-scientist test. School Science and Math 95, 

195-205 

Fishbein, M . Ajzen, I . (1974) Attitudes towards objects as predictors o f single 

and multiple behavioral criterial. Psychological Review 81, 59-74 

Fi tz-Gibbon C.T. (1985) A-level Results in Comprehensive Schools: the 

C O M B S E project, year 1 O x f o r d Review o f Education 11 ,1 , 43-58 

167 



Fitz-Gibbon, C.T. & Tymms, P.B. (1991) A comparison o f Examination 

Boards: A-levels. O x f o r d Review o f Education 17, 1, 17-32 

Fitz-Gibbon, C.T. Morris, L . L . (1987) H o w to Analyse Data. London:Sage 

Fitz-Gibbon, C.T. Tymms, P.B. (1991) A comparison o f Examination 

Boards: A-levels. O x f o r d Review o f Education 17, 1, 17-32 

Fitz-Gibbon, C.T. Vincent, L . (1994) Candidates' Performance i n public 

Examinations i n Mathematics and science. London: SCAA publications 

Flick, L . (1990) Scientist i n residence program: improving children's image o f 

science and scientists. School Science and Mathematics 90, 3, 204-214 

Foddy, W. (1993) Constructing questions for interviews and questionnaires. 

Cambridge: Cambridge University Press 

Fraser, B.J. Nash, R. Fisher, D . L . (1983) Anxiety in science classrooms: its 

measurement and relationship to classroom environment Research in Science 

and Technological Education 1, 2, 201-208 

Fraser, B.J. Rennie, L.J. Tobin , K . (1990) The learning environment as a focus 

i n a study o f higher-level cognitive learning. International Journal o f Science 

Education 12, 5, 531-548 

Fumham, A . (1992) Lay Understanding o f science: Young People and Adults ' 

Ideas o f scientific concepts. Studies i n Science Education 20, 29-64 

168 



GaUiH, I . (1995) Interpretation o f the students' understanding o f the Concept 

o f weightiessness. Research in Science Education 25, 1, 51-74 

Galloway, J. (1994) A woman's place is i n the laboratory. Times Educational 

Supplement 09/09/94, 4080, pp. 16 

Gardner, P.L. (1975) Attitudes to science: a review. Studies i n Science 

Education 2, 1-41 

Garnett, P. Gamett, P. & Hackling, M . (1995) Students' altemative 

conceptions i n Chemistry: a review o f research and implications for teaching 

and learning. Studies in Science Education 25, 69-95 

Gellert, E . (1962) Children's conceptions o f the content and fiinctions o f the 

human body. Genetic Psychology Monographs 65, 293 ^ 0 5 . 

George, J & Glasgow, J. (1988) Street Science and conventional Science in the 

West Indies Studies i n Science Education 15, 109-118. 

Geschwind, N . (1974) 'The anatomical basis o f hemisphere differentiation' in 

S.J. D i m o n d & J.G. Beaumont (Eds.), Hemisphere function in the human 

brain. N e w Y o r k Wiley 

Gilbert, T . K Watts, D . M . (1983) Concepts, Misconceptions and Altemative 

Conceptions: changing perspectives in science Education. Studies in Science 

Education 10, 61-98 

169 



Gipps & Murphy, P. (1994) A fair test? Buckingham: Open Universitj^ Press 

Golombok, S. Fivush, R. (1994) Gender Development. Cambridge: 

Cambridge University Press 

Gott , R. & Duggan, S. (1996) Practical work: its role i n the understanding o f 

evidence i n science. International Journal o f Science Education 18, 7, 791-806 

Gott , R. & Johnson, P .M. (1999) 'Time for thought' A paper submitted for 

publication 

Gott , R. Duggan, S. Millar, R. Lubben, F. (1994) Evidence- A black Hole in 

the Teaching o f Science. Paper presented to the British Association for the 

Advancement o f Science, Durham: University o f Durham 

Gott , R. Duggan, S. Millar, R., & Lubben, F. (1994) Progression in 

investigative W o r k i n Science. Open University Reader, Durham: Universit}^ 

o f Durham School o f Education; York: University o f York Department o f 

Educational Studies 

Gott , R. & Duggan, S. (1995) Investigative work i n the science Curriculum. 

Buckingham: Open University Press. 

Grant, M . (1987) Changing the polarity. International Journal o f Science 

Education 9, 3, 335-342 

170 



Greenfield, T .A. (1996) Gender, ethnicity, science achievement and attitudes. 

Joumal o f Research i n Science Teaching 33, 8, 901-933 

Guichard, J. (1995) Designing tools to develop the conception o f leamers 

International Joumal o f Science Education 17, 2, 243-253. 

Gunstone, R. & Watts, D . M . (1985) 'Force and Mot ion ' in Dnver, R. et al 

(eds). Children's ideas i n science. M i l t o n Keynes: Open University Press, 85-

104. 

Gustafson, B.J. & RoweU, P.M. (1995) Elementary pre-servdce teachers: 

constmcting conceptions about learning science, teaching science and the 

nature o f science. Intemational Joumal o f Science Education 17, 5, 589-605 

Guzzetti, B J . & Williams, W . O . (1996a) Changing the Pattem o f gendered 

discussion: Lessons f r o m science classrooms. Journal o f Adolescence & Adul t 

Literacy 40. 1,38-47 

Guzzeti, B J . & Williams, W . O . (1996b) Gender, text and discussion: 

Examining intellectual safety i n the science classroom. Joumal o f Research 

into Science Teaching 33, 1, 5-20 

Hacker, R.G. (1991) Gender differences i n science lesson behaviours. 

Intemational Journal o f Science Education 13, 4, 439-446 

Haggerty, S.M. (1995) Gender and the teacher Development: Issues o f power 

and Culture. International Joumal o f Science Education 17, 1, 1-15 

171 



Haigh, G. (1997) Ennui and technicolour yawns. Times Educational 

Supplement, extra science 3 / 0 1 , 201, pp.3 

Hamil ton, R. & Brady, M.P. (1991) Individual and class wide patterns o f 

teachers' questioning in mainstreamed social studies and science classes. 

Teaching and Teachers' Education 7, 3, 253-262 

Harvey, T.J. (1984) Gender differences i n subject preference and perception 

o f subject importance among third year secondary school pupils in single sex 

and mixed comprehensive schools. Educational Studies 10, 3, 243-253 

Head, J. & Ramsden, J. (1990) Gender psychological type and science. 

International Journal o f Science Education 12, 1,115-121 

Helm, H . & Novak, J.D. (eds) (1983) Proceedings o f the Intemational 

Seminar on Misconceptions i n Science and Mathematics. Ithaca, New York: 

Cornell University 

Hitchcock, G. & Hughes, D . (1995) Research and the Teacher. 

London:Roudedge 

Hodson, D . (1993) I n search o f a rationale for multicultural science education. 

Science Education 77, 6, 685-711. 

Holding, B. (1987) 'Investigation o f school children's understandiag o f the 

process o f dissolving wi th special reference to the conservation o f matter and 

172 



the development o f atomistic ideas.' Unpublished PhD thesis, Universit}'^ o f 

Leeds. 

Howe, C.J. et al. (1990) Physics i n the Primar)^ school: Peer Interaction and 

the understanding o f floating and sinking. European Joumal o f Psychology o f 

Education 5, 4, 459-475 

Huber, R. A . & Burton, G. M . (1995) What do students tiiink scientists look 

Uke? School Science and Mathematics 95, 371-376 

Hughes, M . (Ed.) (1994) Teaching and Learning in Changing Times. 

Cambridge Mass.: Blackwell 

Inhelder, B. & Piaget, J. (1958) The Growth o f logical thinking. London: 

Routiedge & Kegan Paul 

I rwin , A . (1996) Challenging images o f science. Book review. Studies in 

Science Education 28, 167-173 

Jasanoff, S. Markel, G.E. Petersen, J.C. Piach, T. (ed.)(1994) Handbook o f 

science and technology studies. Thorsand Oaks, California: S A G E 

publications 

Jegede, O.J. (1995) Collateral Learning and the Eco-Cultural Paradigm in 

Science and Mathematics Education i n Africa. Studies i n Science Education 

25,97-137 

173 



Jegede, O.J. & Fraser, B.J. (1989) Influence o f Socio-Cultural factors on 

Secondary School Students' Atti tude towards Science. Research in Science 

Education 19,155-163 

Jegede, O J . & Okebukola, P.A.O. (1989) Some socio-cultural factors 

militating against d r i f t towards science and technology in secondarj^ schools. 

Research in Science and Technological Education 7, 2, 141-151 

Jegede, O J . & Okebukola, P.A.O. (1990) The relationship between Af i i can 

traditional cosmology and student's acquisition o f a science process skiU. 

Intemational Journal o f Science Education 12, 1, 7-47 

Jegede, O.J. & Okebukola, P.A.O. (1991) The effect o f instruction on socio-

cultural beliefs hindering the learning o f science Journal o f Research into 

Science Teaching 28, 3, 275-285 

Jegede, O J . & Okebukola, P.A.O. (1993) Measuring tiie effects o f socio-

cultural factors i n non-western Science classrooms. The H o n g K o n g Journal 

o f Educational Research 8, 40-47 

Johnson, P .M. (1995) 'The development o f children's concept o f a substance' 

Unpublished Ph.D. Thesis, University o f Durham, U K 

Johnson, P.M. (1997 a) Understanding chemical change: What does i t take? 

Paper Submitted for publication i n an Intemational Journal. 

174 



Johnson, P .M. (1997 b) 'Why combustion is one o f the last things we should 

expect children to understand.' Paper Submitted for publication in an 

International Journal. 

Johnson, P .M. (1998a) Children's Understanding o f the changes o f state 

involving the gas state: Part 1 Boiling water and the particle theory 

International Joumal o f Science Education 20, 5, 567-585 

Johnson, P .M. (1998b) Children's Understandiag o f the changes o f state 

involving the gas state: Part 2 Evaporation and condensation below boiling 

point Intemational Journal o f Science Education 20, 6, 695-711 

Johnson, P .M. (1998c) Progression in children's understanding o f 'basic' 

particle theory: A longitudinal study International Joumal o f Science 

Education 20, 4, 393-412 

Johnson, P. & Gott , R. (1997) 'Evidence f r o m 'children's ideas': implications 

for the science curriculum' unpublished 

Johnson, P.M. & Gott , R. (1996) Constmctivism and evidence Science 

Education 80, 5, 561-577 

Johnson, S. (1987) Gender differences i n science: Parallels in interest, 

experience and performance Intemational Joumal o f Science Education 9, 4, 

467-481 

175 



Jones, L.R. MulHs, I.V.S. Raizen, S.A. Weiss, I.R. & Weston, E.A. (1992) The 

1990 Science Report card: NAEP ' s assessment o f fourth, eighth & twelf th 

Graders. Washington D.C.: National Centre for Educational Statistics 

Jones, M . G . & Wheatley, J. (1990) Gender differences i n teacher-student 

Interactions i n science classrooms. Journal o f Research i n Science Teaching 

27, 9, 861-874 

Kahle, J.B. & Rennie, L J . (1993) Ameliorating Gender Differences in 

attitudes about science: A Cross-National Study. Journal o f Science Education 

and Technology 2, 1, 321-334 

Kahle, J.B &c Meece, J. (1994) 'Research on gender issues in the classroom' in 

Handbook o f research on science teaching and learning education by Gabel, 

D . L . (ed.) N e w York: Macmillen 

Kahle, J.B. (1990) 'Real students take chemistry and physics: Gender issues' in 

Windows into science classrooms, ed. by K . Tobin , J.B. Kahle, B J. Fraser. 

London: Falmer Press: 

Kargbo, D . B . Hobbs, E .D . & Enckson, G.L. (1980) Student beHefs about 

inherited characteristics. Journal o f Biological Education 14, 2, 137-46 

Kelly, A . Whyte, J. & Small, B. (1984) 'Final report f r o m die girls into science 

and technology Project.' Paper presented to the Equal Opportunities 

Commission and the social science research council. Manchester: Girls into 

Science and Technology 

176 



Kelly, A . (1981) The missing half: Gitrls and science education. Manchester: 

Manchester University Press 

Kelly, A . (1987a) Science for Girls? Mi l ton Keynes, U K : Open Universit)^ 

Press 

KeUy, A . & Smail, B. (1986) Sex stereotypes and attitudes to science among 

eleven-year-old children. British Journal o f Educational Psychology 56, 2, 

158-169 

KeUy, A . (1978) Girls and science: A n international study o f sex differences in 

school science achievement Stockholm: Almqvist and WikseU international 

Kelly, A . (1985) The Construction o f Masculine Science. British Journal o f 

Sociology o f Education 6, 2, 131-154 

Kelly, A . (1988 a) Sex Stereotypes and School Science. Educational Studies 

14, 2,151-163 

KeUy, A . (1988 b) The customer is always right Girls and boys reactions to 

science lessons. School Science Review 69, 249, 662-676 

KeUy, A.(1987) Gender differences in teacher-pupU interactions: a meta-

analytic review. Research in Education 8, 1, 1-23 

Kenealy, P. Frude, N . & Shaw, W . (1991) Teacher expectation as Predictors 

o f Academic Success. Journal o f Social Psychology 131,2, 305-306 

177 



Keys, W . Harris, S. & Fernandes, C. (1997) Th i rd international mathematics 

and science study: First national report. Part 2. Slough, Berks, Uk: The 

National Foundation for Educational Research 

Keys, W . & Ormerod, M . (1976) Some factors affecting pupUs' subject 

preferences Durham Research Review 7, 36, 1109-1115 

K i n g , K . (1989) Primary Schooling and Developmental Knowledge in Afr ica 

Studies i n Science Education. 17, 29-56 

KnamiUer, G.W. (1984) The struggle for relevance in science education in 

developing countries Studies in Science Education 11, 60-78. 

Krieger, D . (1990) Winds o f evolution sweep through science education 

Chemical and Engineering News 68, 28, 27-43 

PCruger, C. & Summers, R. (1989) A n investigation o f some primary' teachers' 

understanding o f changes in materials. School Science Review 71, 225, 17-27. 

LafoUette, M.C. (1988) Eyes on the stars: images o f women scientists in 

popular magazines. Science. Technology and Human Values 13, 262-275 

Laverty, D . T . & McGarvy, J.E.B. (1991) A 'constructivist' approach to 

learning. Education i n Chemistry 28, 4, 99-102. 

178 



Layton, D . Davey, A . Jenkins, E. (1986) Science for Specific Social Purposes 

(SSSP): Perspectives on Adu l t Scientific Literacy. Studies in Science 

Education 13, 27-52 

Lee, V . (1987) Identify potential scientists and engineers: A n analysis o f the 

high school — coUege transition Washington D.C.: Off ice o f Technology 

Assessment 

Leo, E.L. GaUoway, D . (1996) Conceptual Hnks between Cognitive 

Acceleration through Science Education and motivational stjde: A critique o f 

Adey and Shayer. International Journal o f Science Education 18 ,1 , 35-49 

Lewis, M . (1989) 'Consistency o f children's causal attributions across content 

domains' Paper presented at the annual meeting o f the American Educational 

Research Association, San Fransisco: American Educational Research 

Association 

Lewis, M . & KeUaghan, T. (1993) Exploring the Gender Gap. Dubl in: St. 

Patrick's CoUege 

Linden, K . W . Jagacinski, C M . Le Bond, W . K & SheU, K . D . (1985) 

'Predicting persistence in engineering for undergraduate women' Paper 

presented to the third G A S A T conference, London 

Lock, R. (1993) Gender and Practical Skill Performance in Science. Journal o f 

Research i n Science Teaching 29, 3, 227-241 

179 



LoveU, R. (1996) Forces a basic learning sequence for teachers. Priman^ 

Science Review 41 . 11-13 

Macfarlane, E. (1993) Double award GCSE balanced science: its contribution 

to A-level success. Physics Education 28, 362-365 

Maddock, M . N . (1981) Science education and anthropological viewpoint. 

Studies i n Science Education 8, 1-26. 

MaH, G.B. & Howe, A . (1979) Development o f Earth and gravit)^ concepts 

among NepaU children. Science Education 63, 5, 685-691. 

MarshaU, S., Gilmour, M . & Lewis, D . (1991) Words that matter in science 

and technology. Research in Science and Technological Education 9, 1,5-16 

Mason, C. L . I<:ahle, J. B. & Gardener, A . L . (1991) Draw-A-Scientist Test: 

future impUcations. School Science and Mathematics 91, 193-197 

Massey, A . EUiott, G. & Ross, E. (1996) Season o f Birth, Sex and Success in 

GCSE EngUsh, Mathematics and Science: some long-lasting effects f r o m the 

early years. Research Papers in Education. 11,2, 129-150 

Mattiiews, B. (1996) Drawing Scientists. Gender and Education 8, 2, 231-243 

Matyas, M . L . (1987)) 'Keeping undergraduate women in science and 

engineering: contributing factors and recommendations for action' 

Contributions to the four th G A S A T conference, V o l . 3, Michigan 

180 



Maykut, P. & Morehouse, R. (1994) Beginning Qualitative Research: a 

philosophical and practical guide. London: FaLmer Press 

Mead, M . & Metraux, R. (1957) Images o f the scientist among high school 

students Science 126, 384-390 

Meece, J.L. & Jones, M . G . (1996) Gender differences i n motivation and 

strategy use i n science: Are girls rote learners? Journal o f Research in Science 

Teaching 33, 4, 393-406 

Meece, J. Eccles, J. & Wigfield, A . (1990) Predictors o f math anxiety and its 

influence on young adolescents course enrolment intentions and performance 

in mathematics. Journal o f Educational Psychology 82, 1, 60-70 

Mickelson, R.A. (1990) The attitude- achievement paradox among black 

adolescents. Sociology o f Education 63, January, 41-61 

Mehuet, M . , Saltiel, E. & Tiberghien, A . (1985) Pupils' ( 11-12 years old) 

conceptions o f combustion. European Journal o f Science Education 7, 83-93. 

Monhardt, Til loson & Veronesi (1999) Same destination, different journeys: a 

comparison o f male and female views on becoming and being a scientist. 

International Journal o f Science Education 21 , 5, 533-551 

Mount , S. (1997) Y o u aren't 'alf boring. Times Educational Supplement, extra 

science, 3 /01 /4201 ,4 

181 



Murphy, P. (1988) Insights into pupU responses to practical investigations 

f r o m the A.P .U. Physics Education 23, 330-336 

Murphy, P. (1990) Gender gap i n the National Curriculum. Physics Wor ld 

January, 11-12 

Nemerow, L . G . (1996) D o classroom games improve motivation and 

learning? Teaching and Change 3, 4, 356-366 

Newton, D.P. & Newton, L . D . (1992) Young children's perceptions o f 

science and the scientist. International Journal o f Science Education 14, 3, 

331-348 

Newton, D.P., & Newton, L . D . (1998) Primary chUdren's perceptions o f 

science and the scientist: is the impact o f a National Curriculum breaking 

down the stereotype? International Journal o f Science Education 20, 9, 1137-

1149 

Novak, J.D. (1990) Concept mapping: A useful tool for science education. 

Journal o f Research i n Science Teaching 27, 10, 937-949 

Novak, J.D. & Gowin , D . B. (1984) Learning how to learn. Cambridge, uk: 

Cambridge University Press 

Novick , S. & Nussbaum, J. (1981) PupUs' understanding o f the particular 

nature o f matter : across age study. Science Education 65, 2, 187-196. 

182 



Nussbaum, J. (1985) 'The Earth as a cosmic body', in Driver, R., Guesne, E., 

& Tiberghien, A . (eds). Children's ideas in science, Mi l ton Keynes: Open 

University Press, Ch. 9. 

O F S T E D (1994) Science and Mathematics i n schools: A review. London: 

H M S O 

Okebukola, P.A.O. & Jegede, O.J. (1990) Eco-cultural influences on students' 

concept o f attainment in science. Journal o f Research i n Science Teaching 27, 

7, 661-669 

Oppenheim, A . N . (1992) Questionnaire Design, Inter\aewing and Att imde 

Measurement. London: Pinter Publishers L td . 

Or ion , N . & Thompson, D . (1999) Changes in perceptions and attitudes o f 

pre-service postgraduate secondary science teachers. A comparative study o f 

programmes i n Israel and England & Wales. Research in Science and 

Technological Education 17, 2, 165-192 

Ormerod, M . B . (1975) Subject preference and choice in co-educational and 

single-sex secondary schools. British Journal o f Educational Psychology 45, 3, 

257-267 

Osborne, J. Driver, R. & Simon, S. (1997) Attitudes to science: a review o f 

research and proposals for studies to i n f o r m policy relating to uptake o f 

science. London: King's CoUege 

183 



Osborne, J. Driver, R. & Simon, S. (1998) Attitudes to science: issues and 

concerns. School Science Review 79, 288, 27-33 

Osborne, J., Wadsworth, P. & Black, P. (1992) Processes o f Ufe: primary' 

space project research report. Liverpool: Liverpool University Press. 

Osborne, R. (1980) 'Force LISP' Working Paper 16, Science Education 

Research Uni t , HamUton, New Zealand: University o f Waikato,. 

Osborne, R. (1985) 'Building on chUdren's intuitive ideas' in Osbome,R. & 

Freyberg, P., Learning in Science. Auckland, New Zealand: Heinermann. 

Osborne, RJ . & Cosgrove, M . M . (1983) ChUdren's conceptions o f the 

changes o f states o f water. Journal o f Research in Science Teaching 20, 9, 

825-38 

Osborne, R. & Freyberg, P. (1985) Learning i n science: the implications o f 

chUdren's science. Auckland, New Zealand; Portsmouth N . H . : Heinemann 

Education: 

Osborne, RJ . GUbert, J.K. (1980) A method for investigating concept 

understanding i n Science. European Journal o f Science Education 2, 311-321 

Osborne, R., SchoUum, B. & HUl, G. (1981) 'Force, fr ict ion, gravity: Notes 

for teachers' LISP Work ing Paper 33, Science Education Research Unit , 

Hamil ton, N e w Zealand: University o f Waikato, 

184 



Otto , P.B. (1991) One science, one sex? School Science and Mathematics 91, 

367-372 

Palacio, D . Summers, M . & Kruger, C. (1990) Adding forces: a target for 

primary science I N S E T . British Journal o f In-Service Education 16, 1, 45-52 

Parker, L . H . Rennie, L J . & Fraser, B J . (1996) Gender, Science & 

Mathematics: Shortening the shadow. London: Kluwer Academic: 

Parsons, J.E. Adler, T.F. Kaizala, C M . (1982) Socialization o f achievement 

Attitudes and beliefs: Parental Influences. Child Development 53, 2, 310-321 

Peltz, W . H . (1990) Can girls + science - stereotypes = success? Science 

Teacher 57, 9, 44-49 

Pfundt, H . (1981) The atom - the final Unk in the division process or the first 

building block? Pre — instructional conceptions about the structure o f 

substances. Chemica Dictatica 7, 75-94. 

Pfundt, H . (1982) 'Pre - instructional conceptions about substances and 

transformation o f substances' in Jung, W., Pfiindt, H . & Rhoneck, C V . (eds), 

Problems concerning students' representation o f Physics and Chemistry 

knowledge. Proceedings o f a workshop (pp. 320-341) Ludwigsburg, 

Padagogische, Hochschule. 

185 



Phelan, P. Davidson, A . L . & Cao, H .T . (1991) Smdents' Multiple worlds: 

Negotiating the Boundaries o f FamUy, Peer, and School cultures. 

Anthropology and Education Quarterly. 22, 2, 224-250 

Piaget, J. (1929) The chUd's conception o f the world. London: Routiedge & 

Kegan Paul, 

PickersgiU, S. & Lock, R. (1991) Student understanding o f selected non­

technical words i n science. Research i n Science and Technological Education 

75, 4,71-79 

Poole, M . (1995) BeHefs and values in science education. Buckingham: Open 

University Press 

Prewitt, K . (1983) Scientific illiteracy and democratic theory. Daedalus 112, 2, 

49-64 

Pyke, N . (1997) Science time bomb ticks on. Times Educational Supplement 

3 /1 /97 ,4201 ,1 

Ramsden, J .M. (1990) AU quiet on the gender front. School Science Review 

72, 259, 49-55 

Reiss, M J . (1993) Science Education for a PluraHst Societ}^ MUton Keynes: 

Open University 

186 



Ridley, D . & Novak, J. (1983) Sex related difference in high school science 

and mathematics enrolments. D o they give males a critical headstart toward 

science- and math- related careers? Alberta Journal o f Educational Research. 

X X I X , 308-318 

Robertson, I J. (1987) Girls and boys and practical science. Intemational 

Journal o f Science Education 9, 5, 505-518 

Robertta, B. & Cardinale, L . (1991) Are females invisible students? A n 

investigation o f teacher-student questioning interactions. School Science and 

Matiiematics 91 , 7, 306-310 

Rosenberg, M J . & Hovland, C. I . (1960) 'Cognitive, affective, and behavioral 

components o f attitudes' i n Att i tude Organisation and Change Hovland, C.I . 

Rosenberg, M.J. (eds) Yale University Press 

Rosenkrant2, P. et al. (1968) Sex-role stereotypes and self-concepts in coUege 

students. Journal o f Consulting and Clinical Psychology 32, 287-295 

Rosser, S.V. (1993) Female friendly science: Including women in curricular 

content and pedagogy in science. Journal o f General Education 42. 3,191-220 

Roychoudhury, A . Tippins D J . & Nichols S.E. (1995) Gender inclusive 

Science teaching: A Feminist-Constructivist Approach. Journal o f Research in 

Science Teaching 32, 9, 897-942 

187 



Ryman, D . (1974) ChUdren's understanding o f the classification o f living 

organisms. Journal o f Biological Education 8, 3,140-144. 

Scandebury, K . & Kahle, J.B. (1993) The implementation o f Equitable 

Teaching strategies by High School Biology Student teachers. Joumal o f 

Research i n Science Teaching 30, 6, 537-545 

Schibeci, R. (1986) Images o f science and scientists i n education. Science 

Education 70, 2,139-149 

SchoUum, B (1982) 'Reactions' in Osborne, R., Freyberg, P. & Tasker, R. 

(eds). Toward changing chUdren's ideas: selected working papers fiom the 

action - reaction phase. Section 9. Learning i n Science Project, HamUton, 

N e w Zealand: University o f Waikato. 

Sears, J. (1993) GCSE balanced science: A-level uptake and student attitudes 

Physical Education 28, 366-370 

Sharp, C. Hutchinson, D . Davis, C. & Keys, W . (1996) The take-up o f 

advanced mathematics and science courses: Summar}^ Report National 

Foundation for Educational Research; London: SCAA 

Shayer, M . & Adey, S.P. (1993) Accelerating the development o f formal 

thinking in Middle and High School students 2: Prospective Effects on 

science achievement. Joumal o f Research i n Science Teaching 29, 1, 81-92 



SUva, A . A . (1994) Overcome inertia: go to an amusement park! Physics 

Education 29, 5, 295-300 

Simon, S. Black, P. &c Brown, M . (1996) Progression in learning science: 

Balanced forces Education 3-13, 24, 6-12 

Simpson, M . & Arno ld , B. (1982) The inappropriate use o f subsumers in 

Biology learning. European Journal o f Science Education 4, 2, 173-182. 

Simpson, R.D. & OHver, J.S. (1990) A summary o f major influences on 

attitude toward and achievement in science among adolescent students 

Science Education 74, 1, 1-18 

Sjoberg, S. & Lie, S. (1981) Ideas about force and movement among 

Norwegian pupUs and students Institute o f Physics Report Series : Report 81 

— 11, Oslo: University o f Oslo. 

SmaU, Barbara (1984) Giri-Friendly Science: Avoiding Sex Bias in the 

Curriculum. Developing the Curriculum for a Changing World . Schools 

CouncU Programme 3. York: Longmann 

Sneider, C. & Pulos, S. (1983) Children's cosmographies: understanding the 

Earth's shape and gravity. Science Education 67, 2, 205—222. 

Snow, C P . (1993) The two cultures. Cambridge: Cambridge University Press 

189 



Solomon, J. & Aikenhead, G. (1994) STS education: International 

Perspectives on Reform N e w York: Teacher's CoUege Press 

Solomon, J. (1987) Social Influences on the Construction o f PupUs 

Understanding for Science. Studies in Science Education 14, 63-82 

Solomon, J. (1994) 'Learning STS and Judgements in the Classroom: D o girls 

and boys differ?' I n STS Education Solomon, J. & Aikenhead, G. pp. 141-154 

Solomon, J., Black, P., Oldham, V . & Stuart, H . (1985) The pupUs' view o f 

electricity, European Joumal o f Science Education 7, 3, 281-294. 

Solomon, J. Frost, A . FuUer, M . (1992) Science Teaching in an area 'under 

stress' Eis November 1992 

Solomon, J. Lee, J. (1992) SHIPS- using science to buUd bridges between 

home and school education. Primary school Review 21-25, 18-20 

Song, J. & K i m , K . (1999) H o w Korean smdents see scientists: the images o f 

the scientist International Joumal o f Science Education 21 , 9, 957-977 

Staberg, Else-Marie (1994) Gender and Science in the Swedish Compulsor}^ 

School Gender and Education 6 , 1 , 35-45 

Stanworth, M . (1981) Gender and schooling: a study o f sexual divisions in the 

classroom. London: Hutchinson & Co l td. 

190 



Stavy, R. (1991) Using analogy to overcome misconceptions about 

conservation o f matter. Journal o f Research i n Science Teaching 28, 4, 305-

313 

Stavy, R. (1994) 'States o f matter- Pedagogical Sequence and Teaching 

Strategies based on Cognitive Research' i n The Content o f Science: A 

constructivist approach to its teaching and learning ed Fensham, PJ. 

Gunstone, R. White, R. London: Falmer. 

Stead, M . Mcintosh , A . Caddie, D . & Hastings, G. (1993) Young People's 

attitudes towards the use o f animals i n medical research, Strathclyde: 

Strathclyde University; Centre for Social Marketing 

Stead, K & Osborne, R (1980) Gravity, LISP Working Paper 20, Science 

Education Research Uni t , HamUton, New Zealand: University o f Waikato 

Stravidou, H . & Solomonidou, C. (1989) Physical phenomena- chemical 

phenomena: do pupUs make the distinction? Intemational Journal o f Science 

Education 11,1,83-92 

Strommen, E. (1995) Lions, tigers and bears, oh my! Children's conceptions 

o f forests and their inhabitants. Journal o f Research i n Science Teaching 32, 7, 

683-698 

Swift , D . (1992) Indigenous knowledge in the service o f science and 

technology i n developing countries Studies in Science Education 20,1-27 

191 



Taber, K.S (1991) Girl-friendly Physics in the National Curriculum. Physics 

Education 26, 4, 221-226 

Taber, K.S. (1991) Gender differences in science preferences on starting 

secondary school. Research in Science and Technological Education 9, 2, 245-

52 

Talukdar, A.H.U. (1995) PupHs' Opinions About the Factors That Affect 

Teaching and Learning of Junior Science in Lesotho. School Science Review 

77, 278,107-112 

Tiberghien, A. (1983) Critical review on the research aimed at elucidating the 

sense that the motions of temperature and heat have on the students aged 10 

- 16 years. Research on Physics Education, Proceedings of the first 

international workshop, 26* June — 13* July^ La Londe les Maures, France. 

Editions du Centre National de la Researche Scientifique Pans 1984, 75-90. 

Tobias, S. (1993) Why Poets just don't get it in the physics classroom: stalking 

the second tier in the sciences. NACADA Journal 13, 2, 42-44 

Tobin, K. Kahle, J.B. & Fraser, B.J. (1990) Windows into science classrooms 

London: Fakner Press 

Tobin, K.G. (1987) Forces which shape the implemented curriculum in high 

school science and mathematics. Teaching and Teacher Education 3, 4, 287-

298 

192 



Toh, Kok-Aun (1993) Gender and Practical Tasks in Science. Educational 

Research 35, 3, 255-265 

Trowbridge, J.E. & Mint2es, J.J. (1985) Students' alternative conceptions of 

animal classification School Science and Mathematics 85, 4, 304-316. 

Tunnicliffe, S.D. & Reiss, MJ . (1999a) Students' understandings about animal 

skeletons International Journal of Science Education 21. 11, 1187-1200. 

Tunnicliffe, S.D. & Reiss, M.J. (1999b) Building a model of the environment: 

how do children see animals? Journal of Biological Education 33, 142-148. 

Turner, J. (1991) Social Influence. Milton Keynes: Open University Press 

Tymms, P.B. & Fitz-Gibbon, C.T. (1991) A Comparison of Examination 

Boards: A-levels. Oxford Review of Education 17, 1, 17-31 

Urevbu, A.O. (1987) Cross- cultural teaching of the interactions of science: 

A n African perspective In I . Lowe (ed.) Teaching and Interactions of Science, 

Technology and Society (pp. 283-293). Melbourne, Australia: Longman 

Cheshire 

Van Deelen (1990) European public perceptions of science and technology 

presented to 'Policies and PubHcs for Science and Technology', April, at the 

Science Museum, London 

193 



Van den Brul, C. (1995) Perceptions of science: How scientists and others 

view the media reporting of science Studies in Science Education 25, 211-237 

Walkerdine, V. (1990) School Girl Fiction. London: Verso 

Watson, J. McEwen, A. & Dawson, S. (1994) Sixth form A level students' 

perceptions of the difficulty, intellectual freedom, social benefit and interest of 

science and arts subjects. Research in Science and Technological Education 

12,1,43-52 

Watson, R., Prierto, T. & Dillon, J. (1997) Consistency of students' 

explanations about combustion Science Education 81, 425-444. 

Watts, D.M. (1983) A smdy of school children's alternative frameworks of the 

concept of force. European Journal of Science Education 5, 2, 217-230. 

Watts, D.M. & Gilbert, J.K. (1985) Appraising the understanding of science 

concepts: force. Guildford: Department of Educational Studies, University of 

Surrey. 

Watts, M . (1988) Six-formers' views of their science education, 11-16 

International Journal of Science Education 10, 2, 211-219 

Webb, P. & Boltt, G. (1990) Food chain to food web: a natural progression? 

Journal of Biological Education 24, 3, 187- 190. 

194 



Weinburgh, M . (1995) Gender differences in student attitudes towards 

science: A meta-analysis of the literature fcom 1970-1991. Journal of Research 

in Science Teaching, 32, 4, 387-398 

WeUington, J. (2000) Teaching and learning secondary science: Contemporar)'^ 

issues and practical approaches. London & New York: Routiedge 

West, L.H.T. & Pines, A.L. (eds)(1985) Cognitive Structure and Conceptual 

Change. Orlando, Fl: Academic Press 

White, R.T. & Gunstone, R. (1992) Probing Understanding. London: Falmer 

Press 

White, R.T. (1988, 1993) Learning Science. Oxford: BlackweU PubHshers: 

Whitehead, J.M. (1996) Sex stereot)^es, gender identity and subject choice at 

A-level. Educational Research 38, 2, summer, 147-160 

Whyte, J. (1984) Observing Sex Stereotypes and Interactions in the School 

Lab and Workshop. Educational Review 36, 1, 75-86 

Whyte, J. Deem, R. Kaut, L. Cruivkshank, M. (1985) Girl faendly schooling. 

London: Methuen & Co ltd. 

Wilkie, T. (1991) Does Science get the Press it desen^es? International Journal 

of Science Education 13, 5, 575-581 

195 



Williams, T., Wetton, N . & Moon, A.(1989) A picture of health: what do you 

do that makes you healthy and keeps you healthy? London: Health Education 

Authority. 

Wilson, M . (ed.) (1991) Girls and Young Women in Education. Oxford: 

Pergamon Press 

Winiarski-Jones, T. (1988) Adolescent peer groups: their formation and 

effects on attitudes towards education and academic performance. Research 

in Education 40. 51-58 

Wolfensperger, J. (1993) Science is a truly male world- the Interconnectedness 

of knowledge gender and power within Universit}^ Education Gender and 

Education 5, 1, 37-54 

Woolnough, B. (Ed.) (1991) Practical Science. Milton Keynes: Open 

University Press 

Woolnough, B.W. (1995) Switching students on to science education 

Newsletter, 121 August (The British Council) 

Zaller, J.R. (1992) The Nature and Origins of Mass Opinion. Cambridge: 

Cambridge University Press 

Zimbardo, P.G. Ebbesen, E.B.& Maslach, C. (1977) Influencing attitudes and 

changing behaviour. London: Addison-Wesley Publishing Company 

196 



Ziman, J. (1980) Teaching and Learning about Science and Societ)^ 

Cambridge: Cambridge University Press 

Ziman, J. (1994) 'The Rationale for STS Education is in the Approach' 

Chapter 3 in STS Education: Intemational Perspectives on Reform, ed. by 

Solomon, J. & Aikenhead, G. New York: Teachers' College Press 

197 



7 Appendices 

7.1 Appendix 1 -materials used in assessments 

7.1.1 Appendix 1.1- Questions asked 

7.1.1.1 Pre-intervention interview schedule 

7.1.1.1.1 Questions to be asked during interviews 

So to explain how we are going to do this interview. I want to know what you think about 
school and science. I have a sheet of questions to ask you. Some of the questions may 
include other information to help you answer the questions. There are three sections to the 
interview. I will record the interview so as to speed up the interview and as a memory aid. 
This interview is for research and as such is confidential. Is that O K with you? 

I N T R O D U C T I O N - W H A T D O Y O U T H I N K OF SCHOOL? 

During this section I want to know what you think about school and in particular the subjects and peoj 
AJier the initial questionnaire 
1. I see that you chose to do si, s2, s3 at A. level Why didyou choose these subjects'? 
2. Didyou have any difficulties choosing 
3. What about the teachers of these subjects? 
4. What about the school how did that help? 
5. What did your friends take? 
6. What about science? (if not mentioned above) 
7. Were there any other subjects that you would have liked to have taken'? 
8. What subjects were you definitely not going to take'? 
9. Why were you not going to take these subjects? 
10. How did your parents help you decide what to take? (Family can be used for the more 

mature student) 
/ /. What about your career'? 
12.looking back on the choices that you made with the benefit of hindsight would you change your choices? 
13. Why or why not? 
14. Who or what do you think gave you the most help in deciding which subject to take? 
15. What about GCSEs? How was what you took chosen? 
16. Were there any changes that you would make as to how that was done? 
17. Were there any subjects that you perhaps would not have taken? 
18. How do you think this affected the way that the lessons went in the classrooms? 
19. What sort ofpressures were you under when you took these examinations? 
20. How did you overcome these pressures? 

M A I N S E C T I O N - W H A T D O Y O U T H I N K OF SCIENCE? 

During this section I want to examine the topic of science and the impression that it created in school i 

/. Changing the topic sHghdy now. ^hat import things happen outside school? 
2. How do you find out about other things that go on in the world? 
3. What things are going in on now in the outside world? 
4. (How are science and the scientist portrayed by the media?) 
5. Do you think that these things have any bearing on what happens in school? 
6. How or how not? 
7. Would you change the way the outside world relates to school? 
8. I have three newspaper articles here. I 'd like to have a look at them one at a time and 

would Hke you to comment on them. 



9. Which topic do you think is most important'? Aids, foodpoisoning, or the banning of handguns. 
10. Why do you think that the newspaper has chosen to write about these topics? 
1 l.Why do you think that people read these papers? 
12. When did you start to take more interest in the news and newspapers? 
13. Why do you think this happened? 
14.lj)oking at the aids, food poisoning handgun article when do you think that this becomes important to 

children today? 
15. How should they find out about aids, food hygiene, or handguns?(read article) 
16. How do you think the aids, food poisoning, handgun problem could be solved? 
17. How do you come to those conclusions? 
18. (Additional questions for other topics) 
19. How was science taught when you were at school? 
20. Do you think that it was taught weU? Why or why not? 
21. One method of teaching science is to do practicals. Mow were practicals done at your school? 
22. I've got three practicals that I would like you to have a look at. What do you think of the 

equipment used in p i , p2, p3 practical? 
23. (what about the science subject) 
24. With pi practical what do you think that you would do with the equipment? 
25.If you were given this sheet r1 to go with the equipment. What do you think would be occurring in the 

classroom? 
26. Would you enjoy this experiment? Why or why not? 
27.If you were given this sheet inl. What do you think would be going on in the classroom? 
28. Would you enjoy this one? Why or why not? 
29. What do you think are the differences between i n l and pi? 
30. How would the teacher/pupils behave in each? 
31. Repeat with other practicals.p2 and p3. 
32. (Additional questions to go with practicals p2 and p3) 
33. (What do you think of the layout?) 
34. (What about die tables?) 
35. (What about the picture?) 
36. How would these types of practical relate to the media problems? Or how would they help you solve the 

earlier media problems? 

S U M M A R Y - W H A T H A V E WE F O U N D OUT? 

This section wiU be the summary and I propose to clarify^ and expand upon the opinions that 
have been presented before. 

/. (What is school?) 
2. (What is science ?) 
3. If you were going to improve the image of a subject how do you think that this could be done? (Ask about 

science if this topic does not come up) 
4. In a classroom, where pupils are advancing what shotdd be happening 
5. If a school topic seems very difficult what should be done?( if the interviewee mentions the teacher or pupils 

previously (50) then this can be added in the form.....done by the teacher/pupil as could be for questions 52 
and 53. 

6. If a topic seems very boring what should be done? 
7. If a school topic seems irrelevant then what should be done? 
8. How do you think that school should relate to what is required ofpeople after they leave school? 
9. (How do you think that the confidence of the pupil could be increased?) 
(In this last section the questions make reference to what has gone on before in the interview, however, the may 
have to be changed slightly if they are inappropriate) 
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Those questions in italics are the important questions, which should appear in all intendews 
those non-itaUc questions are supplementary questions. 
7.1.1.2 The post-intervention interview schedule 

Following the talks with my supervisors the following interview was suggested. The aim of 
the discussion was to modify the interview in such a way to make it more effective at 
obtaining information on the topic in hand. This would also have to relate to the past 
interviews, the literature and the examinations in a balanced manner. 
7.1.1.2.1 Introduction 

The interview is looking at your feelings towards science. I want to find out i f they have 
remained the same or changed since before. Following this we will try to find out why it has 
changed or remained the same. 
I win record the interview, for convenience and to make things quicker. Is this OK? 
7.1.1.2.2 The Questions 

I . How do you feel about science now? 
A. Is this different from/the same as before? 
B. How is it different/ the same? 

I I . Do you now think you could do/could not do science? (Even i f it took a long time) 
A. Is i t a 'possible'/ 'impossible' subject? 

I I I . Is there one bit of science that you are particularly happy/sad about? 
A. Why do you feel happy/sad about it? (What made the difference? I f 

applicable) 
1. Tell me about your differences-
2. Which bits of this were problems? (When trying to understand this 

idea?) 
3. Were they missing before? 

IV. I have two diagrams of objects/pieces of equipment that might be used to illustrate 
scientific ideas (topics of burning candles and gravity). I will show them to you one 
at a time. 
A. Do you think that you feel positive or negative about this? 

1. Do you have a positive/negative attitude towards this idea? 
B. Why do you think that you feel positive/negative about this? 

1. Why do you have a positive/negative attitude? 
C. Which parts were problems? (When trying to understand this idea) 

1. What were the difficulties? 
D. Were there any missing parts? (That helped you understand it?) 

1. Why did you have a problem with these parts? 
V. Why didn't you understand these ideas before, do you think? 
V I . Would you want to do more science now, i f you could? 
V I I . Would you agree or disagree with the statement that 'your attitude towards science 
has changed since the beginning of the course'. 
V I I I . Would you like to make any other comments? 
Notes questions 3.1.1, 3.1.2 and 3.1.3 are included i f the topic mentioned here is different 
from the two that come afterwards. I f it isn't then there they are omitted, as they wiU be 
asked later with the cards/equipment. Question 4 is based upon questions that deal with the 
topics on the cards. With the ficst card questions 4.1, 4.2 are asked and with the second card 
questions 4.1.1 and 4.2.1 are asked. 
7.1.1.2.3 Brief explanation of questions 

The interview relates to other evidence (fiirst intentiews, research literature, and students' abilities) withi 
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The word 'attitude' is used within the interview schedule and relates back to the first 
interview in which their attitudes towards science were examined. 
The cards/ equipment, used to illustrate selected scientific ideas, relate to concepts that 
have been studied in literature before. 
One of the attitudes examined in the inter\aew is that ' I could not do science'. This 
attitude is one that relates to the pupils ideas with regard to their own abilities in the 
subject of science. 
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7.1.2 Appendix 1.2- Materials used in interviews 

7.1.2.1 Worksheets 

( 
J O i f e OGO btCk ( I n d t n ) 

Bungee 
j u m p i n g 

You are setting up a business. 

You will need to find out about how bungee ropes 
work so that you can decide what affects how far 

the jumper will fall. 

Remember - the safety of your customers is a 
significant feature of this bungee jump. Dead 

jumpers are not good for trade. 

Create a handbook for your assistant - who needs 
the information in simple terms. 
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Mouldy bread investigation 

You are a planrinis lo open up a shop in which to sell bread and cakes. To 
ti\ 10 keep the bread sjs fr(;!>li as possible aiid to pass the health and safety 
test which is appheci to <il1 sfiops ih«i you have to know how lo f̂ top your 
bread going inoiiidy. 

Ergotism-A dfoease caused by tad bread 

'lh<- IHS: i»i.tt>rr'»li occurred in Hsmi-
'>\. f-'spji: in t1ii> Eibme Valky in IfJM. and 
•Kf •ji»neHv \^ JuJy (1:u i:aic-nteH in .J<ilui Fol-
ipi"?: hook. 7'.'].' ,')n-. i./.Vf. .̂ nffroms I'lrt-. Rye 
Hour. iiileircH l\v ihc ta:ipiis ritaiVop.' (xir 

lij.xijic. «*is :iiad(- inro brtdd HJiii <:<j|d the 
viliâ iers. with the res ait that "hxindrcdj' n1' 
r(?5p<>f;l jblc tr;w:isjH.M]>le went totnliy jod on fl 
sinftk' niphi. \lor.> ifi'iJie nnsi ti^hly r*>j;ai-d<'d 
dtiaens li-iip<»d rri?:]i winiiows or juiiipc-d inlu 
the Kl:on«>, Hcrefimini- clxdf rhi-ir hendK werR 
madfi of lOpper. i heir 1>r>dits wrappeil in tnajjos-
theij- Jiinhrt sw ullc-n fr» )jî C)nt:c si«- or .̂ shnjcik to 
lijiy «piK"jaltippH; Dil'.erK rar tĥ tjugh ibc 
"trwiu. claii;uii>! t:i 1w chased (jy l>iiiidiis wjch 
d<jji!<e\- L-nrs.' V timers, lion;:, and othw 
'«»rriJVini; anp<iritif:iw. Aniniftln «<?;u bersoik. 
l>i»i;.̂  ripjjcd lv-:rk rniri: in»e.-i until th«ir teeth felJ 
nut. Cuts d:a|{i?ed iju-jiiselvEii aj-nt: liiL- lUior 
.11 i-rirte*;(.n;«' < i:rii'ij ti<mH. Daclc' .*!rj(ted like 
penjjuiiw. Vilkiuer? snd anmals oied riKhl and 

If your ;>liop is germ free aiid your bread frcfih then you will jiet lots of 
customers 
People falling il] from gcrrns in your bread is bad business.' 
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r̂ cUy'b Tcsi-rtiMrn.s. 
Parliamoin Street: 

North YoriMhirt,', 
:5lh C>Ltt)h<;r 1994 

Dcur SiT/Madam. 

1 urn wrtlirii; wtlh rekrard lo a roccnl piohlcm that arc oipcricntmij in our ica-
riunTis DuriniJ any given dav v,c serve hundreds oJ'tups of'tea and tolVtx 1v our 
cuslcjners. After eollccimfi m alt the cupb ami suittcrs, wtr then ne leqmred lo wasli them 
tor the new day So th;« (h<; next v+tt customer?, cm) once more druik from the same cups. 

1 rnrorturiatety, our washer upfcr; have reported to ub thai siyrilicam amounls tit" 
AiiuAr have hcen found in the battom of ihesc tups. They thcielbrc lake a long IIITIL» H I 

wash and also the prpcs blinked up. Thifi scciri.<; lo oixur most olten in winter. 
I would be mosi giatduL if you could invertigate it\'\% siiuation for mc and 

prujvost; any situation thai you may think appropriate. 

Youry r<ii1hlUHv. 

î ar l*robJeni 

Mnnagirtj; Direclof 

"['hingii 10 think about: 
What faetors etTcct the dissolviny of sin;ar? 
How can ii;sl Ihcsc lac lor H'.' 
What do you expeci the results lo be".' 
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1 Dissolving substances at different temperatures 

1.1 Aim of Experiment: 

To find out i f the amount of sugar dissolved goes up as the temperature goes up. 
1.2 Apparatus: 

Bunsen Burner, tripod, gauze, beaker, thermometer, water, sugar, stop clock, spatula 

1.3 Method: 

1. Add sugar until no more will dissolve 

2. Repeat at other temperatures 

3. Draw results table 

4. Measure temperature and fill in results table. 

5. Set up the apparatus with gauze on the tripod and beaker of water on top of 
this. 

Fill in results table 

Place method in the correct order as it has been muddled up. 

Draw a diagram of how you think the apparatus was set up. 

1.4 Results 
time in seconds temperature in amount of sugar 

dissolved in spatulas 
amount of water 
in cm" 

Questions: 

1 What happens as the temperature of the water increases? 

2) What happens to the particles in the water? Do they move faster or slower? 

3) Does this mean that more sugar will be dissolved or less? 

4) Plot a graph of the results- either a line graph or a bar graph. 

5) Describe the graph that you have drawn. 

6) After the experiment the sugar solution was heated until all the water 

evaporated. What was left in the bowl? 
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2 Experiment on mouldy bread 

2.1 Aim of experiment: 

To find out i f temperature affects the speed at which mould is produced on bread 

2.2 Apparatus required: 

piece of bread, knife, magna-spec, three petri dishes, sealing tape, thermometer 

2.3 Method: 

1. Acquire apparatus to begin practical 
2. Cut piece of bread into small 1 cm slices using the knife provided 
3. Place piece of bread in petri dish and seal it using the tape 
4. Place petri dish in area of classroom 
5. Using thermometer measure the temperature of the area where the petri dish is 

to be placed 
6. Leave for 1 week 
7. Repeat with two other petri dishes in different areas of the classroom 

Using magna-spec measure the amount of mould on the bread 
9. FiU in table 

2.4 Results table: 

size of bread area petri dish 
placed 

temperature amount of mould 
after 1 week 

2.5 Discussion: 

Answer the following questions: 
Which piece of bread had the most mould on it? 

2. What was the temperature of this piece of bread? 
3. How does temperature affect how mould grows? 

Give a scientific explanation of this. 
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3 Measuring and drawing line Graphs 

3.1 Aim: 

To find out what happens when weights are added to a rubber band and to plot a graph 

3.2 Apparatus required: 

Rubber band, small hook, stand, clamp and boss, G-clamp, ruler and safety goggles 

3.3 Method: 

1. Obtain apparatus above and set up as described by your teacher. 
2. Measure length of rubber band, measure thickness of rubber band 
3. Add weight (lOg) to the hook attached to the rubber band 
4. Record results in a table 
5. Repeat steps 2,3,4 
Plot a line graph of the results using the horizontal axis to record the weight added and the 
rubber band and the vertical axis to record the stretch of the rubber band. 
3.4 Results table: 

thickness / cm weights 
added/IOg 

beginning 
length /cm 

end length 
/cm 

extension 
/cm 

3.5 Discussion: 

What type of graph is produced? 
xplain the line graph you have drawn. 

What happens close to the origin and why? 
What happens when many weights are added to the rubber band and why? 
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7.1.2.2 Newspaper articles (from the world wide web) 

Scientists warn of 'super' Aids bug 
By Robert Uhlig, Technology Correspondent 
External Links 
AVERT: Aids and Education Research Trust 
New Scientist 

Medical Research Council 

A SUPER-STRAIN of the Aids virus, said to be of particular danger to heterosexuals, has 
spread ftrom Thailand and America to Britain, a report says today. 

The subtype E variant of H I V is endemic in Asia, where most HIV-positive people are 
heterosexual, leading scientists to suspect that it may be spread preferentially by 
heterosexual contact. 

In Britain, most cases of H I V to date have been caused by subt^^e B, which has 
predominantiy infected homosexual men. The report in New Scientist warns that 
researchers at the Public Health 

Laboratory Service are unable to assess the fuU extent of its spread because of a lack of 
funding. 

Since John Clewely, head of molecular biology at the laboratory, in north London, 
announced Britain's first case of subtype E on May 25, scientists there have identified a 
farther 72 cases. 

The new cases - 60 men and 12 women - are thought to have caught subtype E from sexual 
contact in Thailand, or from partners who had visited Thailand. 

Evidence supporting heterosexual spread preference includes research by Max Essex, of the 
Harvard School of Public Health. He has found that the strain is more adept at infecting 
cells lining the vagina and tip of the penis than other subtypes. 

About 19 per cent of the 25,000-plus H I V cases in Britain are thought to have been 
contracted through heterosexual contact. 

Scientists say they need to carry out large subtype tests on a random sample of H I V positive 
people to assess the true spread of subtype E, rather than the present two random 
sample tests a month. 

Dr Clewly is asking the Department of Health and the Medical Research Council for funds to 
expand the testing programme. 

2 July 1996: Aids campaigners deny exaggerating H I V threat 

Food poisoning claims sixth Hfe 
By Auslan Cramb, Scotiand Correspondent 
External Links 
The E coli 
Index 
T H E food poisoning epidemic in central Scodand claimed a sixth life yesterday as it was 

alleged that the butcher blamed for the incident sold cooked meat for a pnvate function 
the day after he was told about the outbreak. 

Lanarkshire Health Board said John Barr, whose Wishaw shop has been linked to the E coH 
epidemic, suppHed cold turkey, ham and beef on Nov 23. The meat was eaten in 
sandwiches at an 18̂  birthday party attended by 106 people in a public house at Coltness, 
Wishaw. 
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" I t has come to our attention that a range of cooked meats (turkey, boiled ham and roast 
beef) was supplied by John M Barr and Son, Wishaw, on Saturday, Nov 23, for a private 
function, an 18* birthday party at the Cascade pub, Wishaw, that evening," a statement 
from the health board said. 

PoHce are investigating the incident and the health board said it had spoken to 98 of the 
partygoers, 22 of whom had symptoms of E coH 0157 poisoning. One youth is being 
treated in hospital. Last night envitonmental health officials had made "some form of 
contact" with another five people at the party and were trying "urgendy" to contact one 
other person. 

The sixth person to die was a 72-year-old woman who was being treated in Monklands 
Hospital, Airdrie. She had been in hospital for eight days. 

Another 25 suspected cases were announced yesterday, bringing the number affected to 307, 
with 168 confirmed cases and 51 receiving hospital treatment. 

Seven children who contracted E coH virus were granted legal aid yesterday to sue two 
Whitehall departments, the Ministry of Agriculture and the Department of Health, for 
negHgence. Action could also be taken against three private companies, including 
McDonald's Restaurants and McKey Foods, of Milton Keynes, which supplies the 
hamburger chain. 

1 December 1996: Scared shoppers avoid meat shelves 

Next Story: Pc 'shot man who posed no threat' 

Major set to back ban on handguns 
By George Jones, Political Editor 
J O H N MAJOR is ready to overrule Tory MPs and legislate for tougher laws on gun 

ownership. 
A ban on keeping handguns at home is not ruled out by ministers, i f it is recommended by 

the Cullen inquiry into the Dunblane massacre. Ministers made clear last night that they 
would be guided by the outcome of Lord Cullen's inquir)' rather than by the Commons 
home affairs committee report. 

The six Conservative MPs on the committee voted against outiawing the private ownership 
of guns, as disclosed by The Daily Telegraph on Tuesday. The Cullen report is expected 
to be published next month. Yesterday Downing Street promised a "quick and positive" 
response to it. 

Mr Major has said the Government is keeping room in the autumn's legislative programme 
for a Bill to implement its recommendations. Around 57,000 people hold certificates for 
handguns and 45,000 have permission to own more than one. 

Michael Forsyth, the Scottish Secretary, whose StirUng constituency includes Dunblane, 
favours a ban. 

Yesterday, he criticised the select committee for coming to a conclusion before Lord CuUen's 
report. 

"The select committee would have been better to have drawn their own conclusions in the 
light of the Cullen report. That is what the Government intends to do," said Mr Forsyth. 

Mr Major also believes action is needed to prevent a repetition of the Dunblane and 
Hungerford massacres, but wants to see what Lord CuUen recommends. Ministers are 
also attempting to defuse a row over reports that Tories on the committee used their 
majority to out-vote the five Labour MPs, who supported calls for private ownership of 
handguns to be made illegal. 

The Government sought to distance itself from its MPs after parents of children killed and 
injured at Dunblane reacted angrily to the disclosure that the committee had spHt on 
party lines. Anne Pearston, one of the organisers of the Snowdrop petition, which has 

209 



gathered 750,000 signatures in favour of stricter gun laws, said she hoped the CuUen 
report would recommend a ban. "We have had two massacres by people holding 
handguns legally and it is unacceptable for people to live with that risk," she said. 

The six Tories - Sir Ivan Lawrence (Burton), the committee chairman, David Ashby (Leics 
NW), John Greenway (Ryedale), Warren Hawksley (Halesowen and Stourbridge), Dame 
JiU Knight (Edgbaston) and Walter Sweeney (Vale of Glamorgan) - were also criticised by 
a fellow Conservative, David MeUor, a former Home Office minister. 

He said on BBC Radio 4: " I think they are mistaken, and there is a serious danger of the 
Conservative Party at aU levels losing the plot on this very serious matter. There is no 
doubt the public wants a ban on handguns." 

John Prescott, Labour's deputy leader, said he was "absolutely staggered" that MPs should 
have voted against banning handguns at home. "The pubHc want it. It's common sense. 
The evidence is overwhelming." The Labour MPs on the committee are expected to 
produce a minority report calling for a ban on handguns when the main report is 
published on August 13. 

Mr Greenway said of his colleagues: "We have concluded that a ban on handguns would be 
impractical." They understood the demands for a ban after Dunblane, but had looked at 
the issue dispassionately and decided that it would not prevent such incidents. "I t is the 
way that firearms certificates are issued where the law needs to be strengthened," Mr 
Greenway said on BBC Radio. 

Next Story: Strikes planned by rail unions 
7.1.2.3 School science equipment used 

7.1.2.3.1 First interview 

Bunsen burner, tripod, gauze, beaker, thermometer, water, sugar, stop clock and spatula 

piece of bread, knife, magna-spec, petri dishes, sealing tape, and thermometer 

rubber band , small hook, stand , clamp and boss, G-clamp, ruler, weights, and safet)' 

goggles 

7.1.2.3.2 Second interview 

Wax candle, matches 

Rubber band and a set of weights 

7.2 Appendix 2- some examples of the results obtained 

210 



7.2.1 Appendix 2.1- the education questionnaire 

7.2.1.1 Examinations taken (part 1) 

code add 
ma 

art biolog 
y 

bus 
St 

che 
m 

cdt ch 
dev 

da 
civ 

comp 
u 

dram 
a 

Eng 
Ian 

Eng 
lit 

exp 
ar 

geo fo 
sci 

Frenc 
h 

Germa 
n 

gen 
St 

Histor 
y 

huma 
n 

bb b b b,D d c,C 
XX a,C c c b a a,B d b,E 
aa a c b c,A a b b,C b,B b 
hh b b b b,C d c,C b c,D 
0 0 c b b b b,A b,B a 
gg b a c b,B a,B b,B 
tt 1 1 2 1 3 3 
II a* a,B a,C A a,C 
uu b b c b,B b a,C 
cc b a a A b,B b 
kk e a.C b a,A b b,D 
mm a B a*,A a* b a 
WW a,B b b,B b,B a,A b c,C C 
jj b b B a a a,E a 
PP A a b a,B c a,C 
ff D C C a a b a b b 
rr b a b a,C b,D a 
dd c b b b,B b a a,B 
vv c C b b,C c,C b b b 
ee c c b c c c 
ss a,A c a*,A a* a*, 

B 
b a* 

I Small letters represent grades obtained in GCSl^s. Capital letters represent those obtain in A-levels 
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7.2.1.2 Examinations taken (part 2) 

code Latin maths music phy ed physics Politics psych rel ed sci gen Span socio 
bb c d b 
XX c c 
aa b cc a,D b 
hh b b 
00 0 a,C b 
gg a,C a bb 
tt 3, ACCESS"^ ACCESS 
II b a bb 
uu b b b b,D 
cc a b b 
kk c b 
mm b B a* bb 
WW c B 
jj c a,A b 
PP b bb b 
ff c a b 
rr b B bb 
dd c a* B 
vv b c 
ee c c b BTEC 

3 
ss b aa 

2 Student undertook A C C E S S course 

^ Student undertook B.Tech award 
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7.2.1.3 ^Abbreviations usedfor subjects studied 

Additional Maths add ma 
Business Studies bus St 
chemistry chem 
Child ch dev 
Development 
Classic cla civ 
Civilisation 
Computing compu 
English language Eng Ian 
English Literature Eng lit 
Expressive Arts exp ar 
Geography geo 
Food science fo sci 
General Studies gen st 
Humanities human 
mathematics maths 
physical 
education 

phy ed 

Psychology psych 
religious 
Education 

rel ed 

science (general) sci gen 
Spanish Span 
Sociology socio 
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7.2.2 Appendix 2.2- example one - code kk- first assessment transcription 

7.2.2.1 Interview with KK 

I : So to explain how we are going to do this interview. I want to know what 
you think about school and science. I have a sheet of questions to ask you. 
Some of the questions may include other information to help you answer the 
questions. There are three sections to the interview. I wiU record the 
interview so as to speed up the interview and as a memory aid. This intentiew 
is for research and as such is confidential. Is that O K with you? 

I N T R O D U C T I O N - W H A T D O Y O U T H I N K O F S C H O O L ? 

I : During this section I want to know what you think about school and in 
particular the subjects and people who were there. 
/; I see that you chose to do History, English literature and English language for your A 
levels. Why didyou choose these subjects'? 
KK: Well I've always enjoyed Geography and the subjects it was the ones that I did best at 
GCSE. 
I: Didyou have any difficulties choosing the subjects? 
KK: I new that it was definitely geography and then it was going to be like it was between 
history, English and environmental science which of the two I took. So I was all right when 
I got my results through I new straight away what I was going to do 
I: oh great.. 
I ; What about the teachers of these subjects? What were they Hke? 
K K : It was one of the major decisions, like a major part of which A levels I 
decided to do. So they were really good teachers. The best department in the 
school really. 
I : What made them good teachers for you? 
K K : well my geography teacher it was the way that we had a few jokes and 
that and then we got something back into work. I t was just the way that we 
like respected him and Hke new when to switch and things Hke that. With my 
English teacher she always made it interesting I Hked the choice of book. In 
History I've always really been interested in History 
I : What about the school what other things apart from the teachers helped 
you decide? 
K K : well I've always enjoyed school so I knew that I 'd stay on at sixth form at 
school rather than go onto Hke college or somewhere...I've been with most of 
my friends since infants school and then made a lot more when I went to 
Brighten Beds and just went nearest to home and things like that. It wasn't 
too far only a bus journey things like that.. 
I : What about your friends? What did your friends take? 
K K : A lot of my friends did Geography and histor)^ there wasn't many of my 
friends who actually did English.. So I've made new friends doing that as well 
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I : What about science? You didn't take any science. 
K K : no I never even thought that I 'd pass GCSE then.. So I was at one point 
contemplating doing biology and I was told that it had a lot of chemistr)^ in it 
and that put us straight off.. 
/; Were there any other subjects thatjou would have liked to have taken? 
KK' I don't know I was fine with my choice because we had a lot of reading and things 
involved and I didn't think I could do anymore. I also did one year AS level in general 
studies in the lower sixth which was interesting. But I was fine with the ones that I did I 
don't think that I could have coped with any more.. 
I: What subjects were you definitely not going to take? 
KK: maths physics, chemistry and French I didn't like French very much 
I: Why didn 'tjou like maths? 
KK: I'd always managed all right with it until I came to do my GCSEs. I did get entered 
for the higher paper which there was only about half a do^en of us in the whole year got 
enteredfor the whole paper. So but I always I don't know I'd get it but itjust took a while 
but I don't know but I'm all right with maths basic mathsjust GCSEs started going a bit 
over my head. I canjust imagine what A-level would be like. 
I: What was the other one chemistry? 
KK: we did just science all together so it was obvious that it was split up into chemistry, 
biology and physics but it wasjust like called science... I don't know I was neverfussed with 
it really. It didn't appeal to us. It didn't interest us. I didn't enjoy it at all 
I: And physics? 
KK' oh I could never do physics. No I didn't have a very nice teacher either 
I : How did your parents help you decide what to take? Did you talk to them 
about it or not? 
K K : I probably did at the time I can't remember you doing it but ... I don't 
know me mam I was Hke.. She knew what I Kked so I said mam I want to 
wait until my results come out because we like had sixth form induction 
before the summer holidays that's after my GCSEs you could go then and like 
sit in lessons of sixth form to see what it was about so I had a few that I knew 
that I could like pick. I could pick three fun type things so... They gave me 
support aU the way though secondary school me mam and dad. 
I: What about your career? Did that come into it? 
KK: I always knew that I wanted to become a teacher. I had to because that is what I 
wanted to do, but at A level I didn't think much. I wanted to find out if you had to have a 
science at A' level as I wanted to .. If there was any specific requirements to become a 
teacher at A level and if there had been then I would have maybe rethought my choices, but 
asking about. There didn't seem to be that much so I wentfor what I liked. 
I: hooking back on the choices that you made with the benefit of hindsight would you change 

your choices? Would you have done anything different? 
KK: I wouldn't have done History well I don't know what I would have done. I was always 
good at History until A level and it was just getting used to doing essay like questions and I 
just couldn'tgrasp that idea. So I don't like when I can't do things. 

I : Who or what do you think gave you the most help in deciding which 
subject to take? 
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K K : ... I don't know I think that it has got to be looking back a lot of it was 
based on GCSE and how I enjoyed there and how I enjoyed the teachers the 
amount of work and things like that. Like a lot of my friends chose work that 
didn't have any course work that well it happened that two of mine did, but 
I 'd prefer doing course work. I 'd rather know that I've done aU right when I 
go into an exam and things Hke that so... That helps I did talk to friends and 
teachers about what it would be like so.... There wasn't anything major that 
stuck out 

What about GCSEs? How was what you took chosen? 
KK:you had to there was like a list of like there was a, b, c, d and you had to choose an 
option out of everything. You'd do English, maths and science, well I liked geography, well I 
never liked geography at Brecken Wedborough where I went until I was fourteen, but I was 
talking to some of my friends who were a year older than me and they said do geography 
because the teachers are really good so I knew that I definitely wanted to do that Fd always 
like History.. Oh I did French because I never did a language before and then I did 
computer studies...it is not hard to arrive all that down it is down there. 
F. oh you put it down there 
KK: I got an A unbelievably. So there wasn't much choice History and French were in 
most columns so there was only really the last one where it was a choice of whether I went 
into computers or cookery or something like that So there wasn't much choice. 
F Do you think that that is a good system 
K K : yes cause I was .. I think at GCSE you've got to have a broad range and 
with the likes of geography and history and French being like there was a 
chance that you could do it a lot of the times I think that you need subjects 
like that but I didn't think much about it at the time really. I was just 
fourteen and I 'd started a new school. I can't remember thinking about it. 
I : Was there anything that springs to mind that you would have changed i f 
you had a choice? 
KK: well I liked all of what I did. GCSE subjects. 
I : How do you think this affected the way that the lessons went in the 
classrooms? 
K K : .. Well in the subjects that were chosen to do the lids had the 
enthusiasm, but maths and science I was a bit ohh and drag a long tj'pe thing.. 
So because I had the choice and I 'd chosen them and it wasn't the case that I 
was being forced to do these subjects. Well I've got to get on with it t)^e 
thing so that is how things went I think. 

What sort of pressures were you under when you took these examinations? Fhinking 
about your GCSEs and A level 
KK: personally Fve always been wanting to do the best that I can do things and I can do me 
best Me mam and dad have like helped me and realise that I can do things and do me best 
and liked it when me mam and dad said have you done your homework type of thing which 
I was well shut up type of thing but now Fm pleased that they did make sure that I had all 
my work done because Fm not sure that I would have been all that conscientious. My 
GCSEs would have been the first major exams that I had done they were temfiing and I 

just workedJust non-stop. Fjust overtook my life for about three month. With A Fevel to 
come here there was a lot of pressure on us both times. 
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/; What or whom made it terrifying for you? 
KK: not I.. Personally I wanted to do well and I would have been very disappointed if I 
hadn't like if I hadn't passed all me GCSEs or anything like that because my teachers said 
I had the ability oh they said you will get this you will get that and all of that type of thing 
In a way I wanted to do well for my mam and dad for my teachers and things like that but 
more for myself 
I : How did you overcome these pressures that you were under? 
K K : I worked ...looking back on myself now I just took GCSEs and I worked 
for three months. At times I probably did too much because 1 started to 
panic. I was all right when I was working otherwise being terrified of exams 
and things so.. 
I : O K that is the bit about school over with 

M A I N S E C T I O N - W H A T D O Y O U T H I N K O F S C I E N C E ? 

I : During this section I want to examine the topic of science and the 
impression that it created in school upon you. I would also Hke to look at the 
media and compare the impression that is portrayed by the media to that in 
school 

I : . ^hat import things happen outside school? 
KK: Forme what did I do outside school?..... 
I: well sure tell me whatever you like.... 
KK: I can't think to do with science? 
I: anything 
KK: during my secondary school I always had involvement with children.. So I helped at 
any local youth club I worked behind the tuck shop , I've helped at Brownies for the lastfive 

years , things like that. I've always done loads of baby sitting and at school I was always 
doing homework . Sometimes I wish that I hadn't been .. But more recently that has gone 
a bit down the drain I was out a lot more... 
I: How do you find out about other things that go on in the world? 
KK-1 try and watch the news once a day. I hate it when I haven't seen the news for a few 
days . I think what is going on in the world type of thing. We have never really been ones 
in our house to get a paper everyday, but we do get one on a weekend so I've always read 
them things 
I : What things are going in on now in the outside world, that you think are 
important? 
K K : well doing an education degree I 'm always interested in the news and 
what things are going on and I do buy the Times Ed once a week. That's 
what I read. I don't know what interests us . I 'm into Hke things.. I don't 
know things that are like happening to people... I f there is something 
happening on the news like ... World-wide human issues type of thing . They 
interest us more. I think.... 
I: Do you think that these things have any bearing on what happens in school? 
KK: I think so to differing extents . I don't know especially if you are teaching them top 

juniors or something. I think children are more aware of what is actually going on. You've 
got to be prepared yourself so that you can answer things like that but... Things like 
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growing concern about the environment over the past couple of decades and now you've got to 
teach that in schools and things like that. Eeaming about the environment comes... Well 
when Fve been helping in schools that has come up quite a bit learning about the 
environment and things like that.. So I think they do if children ask questions and things 
like that you follow them up and maybe do an activity or something like that. 
I : Would you change the way the outside world relates to school? Would you 
bring any more things in? 
K K : I think that the subject choice is aU right especially for just... I t is better 
in primary school but the maybe in secondary schools there should be maybe 
.. I don't know .. I mean I 'd always wanted to do drama GCSE things like 
that. That wasn't available in our school. I don't know that maybe .. And a 
lot of my friends went to college rather than sixth form, because there was 
like psychology, sociology you could do. So when they are at that stage but I 
think that when they are with National Curriculum subjects that maybe there 
is not enough there 
I : I have three newspaper articles here. I 'd Like to have a look at. I don't 
know i f you've read or listened to any of this there is one about Food 
poisoning, and there is one about Handguns and there is one about AIDS. 
So starting with Food poisoning. What do you know about the topic of food 
poisoning. 
K K : I don't know we just saw that at college last week 
I : O K of these three topic which do you think is the most important? 
K K : I was watching G M tv this morning and I was getting ready and there 
was a program on whether children should learn to use guns. I think that 
AIDS like people having AIDS is growing rapidly I think that that has got to 
be an issue as well. Children should... Well maybe not so much lower 
primary but perhaps upper primary I think that that should be made... ,but 
definitely handguns I don't think kids should be taught how to use a gun . 
I : And food poisoning. I t is quite a high issue? 
K K : I don't know what's going on about that I can't remember. 
I : you mentioned television, are there any other ways that you find out about 
them? 
K K : aU sorts of forms, general reading, the newspaper the radio things like 
that and reaUy you meet people in the streets wanting you to sign petitions, 
for against the use of handguns things like that 
I : Why do you think that people read these papers? 

K K : depends a lot of them want to read the sun and the mirror for aU the 
scandal, people who read the Sunday People that is what they read it for I 
don't know i f people choose to read a newspaper because of their political 
background towards them or just that they like to know what is going on. I 
don't know i f there is something about the Royals people go out and buy. 
Most peoples want to know what is going on and these types of thing. To 
know what is going on around them 
I : When do people start to take more interest in the news and newspapers? 

K K : I think that it depends on the individual. I've always enjoyed reading as 
I've ..as I was younger i f there was a newspaper in the house I 'd always trj ' to 
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pick it up and have a read of it. I mean sometimes I just do go out and buy 
myself a newspaper to see what is going on, but I don't know really maybe it 
is because my mam and dad. I mean I've always been encouraged to read, my 
sister has never read anything. I think that it depends on the individual, but I 
think I don't know i f you could put an age on it, but senior school age I 'm 
sure 
I : You mentioned that you thought that Handguns was an important topic. 

How should they find out about handguns or not as the case maybe? 
K K : well guns in general you had Dublane about this time last year children 
pick up on things Hke that... You know what I mean... Because something 
like that was talked about everywhere. With children they hear bits of 
conversation and they pick up on that but I don't know. They catch snippets 
in the news or see something in the newspaper... But it kind of has its stops 
and starts about it. Handguns in the papers and thing like that, but I think 
that more and more children don't play cowboys and Indians and things like 
that. I know that the kids that I baby-sit for the parents are kind of . A lot of 
them are not keen on them having toyguns and that I've seen that like I don't 
know 
I : O K I'd Hke you to have a quick read of this and tell me what you think 
about it. 
K K : that is more of a labour , conservative like contradicting theit ideas and 
that it is like name dropping and things like that and they are bringing in 
Dublane and Snowdrop petition and things like that... I don't know it is kind 
of like they are trying to beat each other out in a way. John major has safe 
something so the con... So the labour have got to get back ... Argument 
I : How do you think the handgun problem could be solved? 

K K : I think that personally I think we need stricter gun laws, but when we've 
got laws for everything we still.... I don't think that it is going to be simple 
thing to solve because I mean goodness it has been around a long time , but I 
don't know I think , well Dublane was a once in a million occurrence but it 
happened and like now everj^thing about guns was it Prince Charles who like 
, well was it one of his sons that he was letting him shoot, but now as soon as 
something happens with guns it is immediately brought to the media so . 
Like the Snowdrop petition that got all the signatures.. People are obviously 
wanting things to be done , but I don't know that by bringing in the laws that 
it is going to solve aU the problems . I definitely think that they should have a 
try anyway. Especially on ownership in the home. I don't think that there is 
any need for it really 
I : How would you decide what the laws were? 
KK: well I think that I 'd see what the public are after. I think that that is 
really important. Some people I don't know i f it is getting more and more like 
America with its guns and that for personal protection and I think that it has 
come to the stage where you do need to protect yourself but I don't know i f I 
think that they vote in they could stop gun ownership at aU. Just have them 
in clubs then I t is not going to be a case of like gangs shooting each other 
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kind of thing because i f you... I mean they should but I don't know i f laws 
actually work. I 'm not sure on this one. 
I ; How was science taught when you were at school? Do you remember thatfar back? 
KKJ F was more a case of us sitting and watching and I didn't like that it was too it was 
too boring and all the GCSE science it was like physics it was like all these laws you had to 
learn . I just couldn 't be bothered with all that Biology Fve always like biology.. Ifound it 
a bit too. I mean it was easy to learn. 11 was difficult, but it wasn't. I think that it was 
more just a case of us sitting there watching that I didn't like there wasn't much that we 
could get involved in. 
F. OK how do you think that you might improve that? 
KK: I don't know just like they are doing matters and interaction courses do it the way that 
The way that it has been explained at a much easier and going right back to the beginning 
and that I just wish that the teachers at school had done that They just said it and it had 
been basic. I don't know half the time we werejust reading out of books and that We were 
taught in such scientific terms that I just switched off after five minutes because now we are 
going back to basics Fm actually understanding things that Fve done . Fike science at 
school 
F One method of teaching science is to do practicals. How were practicals done at your 
school? 
KK: Sometimes it was more a case of the teacher would stand at the front and things, but at 
GCSE we had to do , twenty five percent was based on the experiments that you did of the 
mark . Fike when I came out of junior high school I wasn't much involved in it like math, 
but German GCSE there was bit more now thinking back.. I don't know if it was a case 
of you being in groups of two or three. I mean you were shown how to do it first and then 

you had to do it and you were told the results 
I : I've got three practicals that I would Hke you to have a look at. We will 
start o f f with.. Which one shall we do first? How about this.... So say we 
come into the classroom and see this equipment, what would your reaction to 
it be? 
K K : oh at first it would be oh we are not just going to be sitting there i f it was 
out in the front type of thing, but that microscope looks a bit well not 
frightening but I 'm always wary of things that I have never ...had proper use 
of type of thing . I don't know things look at bit. I don't know may be once 
I got into it I 'd understand things but just looking at that straight away I think 
the equipment does look. I don't know a bit weitd but I've done i t . . . It was 
I 'm not used to seeing that type of thing. I am now but at first it was a case 
of oooh it is that type of thing. 
I : do you know why? 
K K : no it is just one of those things. I've never really been one for science 
really. 
I : What sort of things do you think you'd be doing with this sort of 
equipment? 
K K : I don't know it could be making slides of littie things . I don't know 
what it is... Cells or something like that 
I : O K the next lot of equipment. There is only three lots . O K so you have 
got these things what do you think ? What are your immediate impressions? 
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K K : I hate Bunsen burners... I 'm a Httie bit better now but at first I could 
never Ught a Bunsen burner. I 'd watch fiom here, but I'd have to find 
someone who could ...who I know isn't afraid of things like that, but just 
personally for me I don't like Bunsen burners, but apart fiom that now. I'd 
be all right as I know what it is like.. This stirring thing and that but at first I 
just hate Bunsen burners because I hate fire. I've always been scared of 
matches and things so doing things with Bunsen burners it was awfiil it was 
all right at a distance but i f you had to do anything by yourself I would just 
panic... I 'd have to get someone else to light it and things like that.... And sit 
next to them 
I : Why do you think that is? Do you know? 
K K : I burnt my finger on a match when I was littie. AU I was doing was 
letting the match bum too far down and I burnt my finger and since then I 
don't want anything to do with matches or flames or things like that...sigh 
I : And finally we have this. So what do you think? 
K K : that is all right ...well now it is because I know the sort of things .... I 
always knew what a clamp stand was..that doesn't bother us , but it was a case 
of oh god what am I going to get into doing some proper things today I 
suppose get involved 
I : You said it wasn't always like that what sort of changed your mind do you 
think? 
K K : I don't know I've always been scared of things, well not scared of things 
but wary of things I've never done before. I've always been a bit ner\''ous. 
Especially with science as I've always found it difficult to understand, but I 
don't know as I've done more and more science. I t has got easier and I quite 
enjoy it now because I 'm doing this double module. I only chose it because I 
thought that I couldn't do science, but 
I : What do you think has convinced you that you can do it now? 
K K : parents evening it was that... Exams....I always did aU right in biology but 
in physics and chemistry I was like just passing and then when I got my Bs in 
my GCSE I was just oh I can do science... But I didn't want to do it for A 
level. Like now things have been explained a lot more easier. I 'm beginning 
to understand it and grasp concepts ... But I think that now I maybe can. I 
can give it a go Just a few years ago I'd have never gone near science 
I : What do you think has changed.. What has made this change? It is a 
difficult question I know> 
K K : I don't ...know... When I chose to come here I was going to take 
English as my main subject and I suddenly thought.. Science has never been 
my strong subject and I can get through it i f I learn things parrot fashion but 
I've never understood them.. I just think that now science has become more 
and more important in primary school. I thought well everybody has to do 
one module in science and I thought maybe it is important i f I look at science 
a bit fiorther, because I didn't have to have any A levels in science to do it and 
with the tide principals of science that didn't sound as daunting as physics, 
biology and chemistry which I've done before and I 'd got a bit wary of and I 
knew I couldn't do it. But well now I have got a lot more confidence and I am 
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enjoying it a lot more because I 'm beginning to understand things. It is the 
way that things are explained. Maybe it is because at last I 'm a bit fiirther to 
becoming a teacher and I 'm putting all my enthusiasm into aU my lectures and 
at school science was like you had to do it type of thing but now I've chosen 
to do i t . I don't know whether that makes a difference. I 'm not sure really 
I : O K suppose the teacher came in and said well we are doing an experiment 
today and we are using this equipment and they give you this sort of sheet to 
do. What do you think? 
K K : ...well I could do things like that I 'd be all right when it is set out, but I 'm 
stiU a bit wary of being told. Like in evidence it is a bit more working off your 
own back and getting your ideas together and I 'm getting a lot more confident 
with that now but I'm, but this being set out and being told exactiy what to do 
that is fine I can coup with that ... Just read it and put it in boxes I can do 
that no problem.. No that is fine that. 
I : What would be happening in the school classroom? 
K K : I don't know just getting in groups of two or three and just getting on 
with it and because you are doing it on a more individual basis you actually 
you can.. You are having to concentrate more like i f it was a case of it's a 
school where the teacher is stood at the fiont and you watch what was 
happening you often didn't get a good enough view or it was easy for you to 
switch o f f Now that we are doing things like lab files you know that you've 
got to stay awake and do the things yourself and I think that it is a lot more 
interesting the ways that things are done. 
I : O K what do you think of the subject material? 
K K : weU doing something like mouldy bread everybody has seen mouldy 
bread you know what I mean... And you kind of know what to expect 
whereas the first time you burnt the sugar you didn't have a clue what was 
happening. I nearly died when it was a light. I was going ohhhh... I almost 
set the lab on fire. I don't know doing things with mouldy bread.... it sounds 
a bit of a weird experiment but.... Everybody has seen mouldy bread it 
doesn't bother us ... I mean I know what to expect... 
I : What do you think you'd be doing in this particular one? How would you 
do it? 
K K : I 'd just foUow the method real and make sure that I 'd done everj^thing 
right. I f I was told to find out i f temperature effects the way that bread 
moulds as it says then I think that would be a bit more daunting to do I 
probably could have come up with similar Hke things, but I don't know. Well 
when you have to think about it for yourself I haven't the confidence to think 
that I 'm doing things right. Like on an individual basis 
I : well instead of that sheet of paper perhaps the teacher might give you this 
one. What do you think of this one? 
K K : see I wouldn't have liked that one as much because you have to ... Well I 
don't know whether it is a case of well I 'm lazy I can't be bothered to think 
but it is a case of when you are just given that like not knowing anything 
about that one.... you have got to Hke read through what is happening and like 
think and here you have got an idea of yeah you are wanting to seU breads and 
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cakes, but I don't know whether I have got any confidence to think well i f I 
did that then that would be fine. WeU i f I was working in a group and 
someone else said it and thought the same thing as I thought then that would 
be all right. I just don't know I haven't got the ... I 'm still worried about that 
when I 'm thinking about science because I haven't overcome the lack of 
confidence that I had in the past. It is getting there, but I definitely prefer 
that one. 
I : What about the way that these two are set out? 
KK:....well that one is easy you've just got to read and follow where as that 
one you've got to decide what you are going to do , what equipment you are 
going to use you've got to plan tables and how you are actually going to 
display your results and work out I mean to come to some sort of conclusion 
and i f you were asked to write up about it. There is a discussion part there. ... 
You have actually got the questions, but i f you were asked to write it up as a 
lab file you are going to have to think about the questions that you are going 
to have to answer. 
I : so what do you think are the differences between the tvvo of them? 
K K : well you've got illustrations between the two of them, I don't know how 
to pronounce that, but that is not mentioned at all in here. Here it is just a 
case of doing an experiment on mouldy bread whereas with this you know 
that i f people eat mouldy bread then the disease sets in.. Which is more 
scientifically based in a way because you've only got an experiment whereas 
with this one well you get mouldy bread. And how does the speed of it effect 
it You've been given the tables and the apparatus and the method. It is just 
aU set out for you whereas that one you've got to design something like that 
I : Which one do you think that you'd enjoy the most? 
I<X: this one...(recipe one) 
I : O K so i f you were given this with the next one... So the teacher gives you 
this one to go with it. What do you think of that one? 
K K : now with this one it isn't as simple as the one before but because you 
know that this is somehow your method this is the sort of thing that you've 
got to do then I don't know a bit of common sense. Then you could 
probably put the method in the correct order and then i f you followed the 
method you could get the idea of how your apparatus was supposed to be set 
up.... And then again with given questions you have just got to answer the 
questions and then you've got your arguments and conclusions and things like 
that so that one is all right I think. 
I : so what would be happening in the classroom what would the teacher and 
pupils be doing in this? 
K K : I t would be the same as the last one working in groups and the teacher 
walking around and everything is done maybe checking after your method to 
make sure that otherwise you may not be doing a very good experiment but... 
I f you did something the wrong way round then something could happen so 
in that case she should maybe check to make sure that you'd understood the 
method, make you draw the diagram before you actually got into it. 
I : What do you think about the subject of it? 
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K K : That is all right that is you put sugar in your tea so everybody knows 
about that so that is all right 
I : O K that is quite interesting because perhaps the teacher might give you this 
one what do you think of this one? 
K K : well at least on this one you are given factors to think about , its on a 
more on a fictional idea but again like the last one I personally prefer 
something where you are told what to do , to do it and then time for the 
questions rather than thinking well how am I going to do it? . . . I think that 
that is about it. 
I : what would be happening in the classroom? 
K K : this would be more of a case of sitting around for the first ... When we 
did one in evidence we sat around and talked first and then kind of did a bit 
of trial and error. I don't know whether people want to do that and then get 
on with it type thing with the teacher walking around and viewing things 
maybe. Talking to you and giving you a few hints as you go along type of 
thing ...that is a bout it really.... 
I : and finally this one. What do you think of this first sheet? 
K K : you are told what you have got to discover and your aim, you are not just 
doing it and then writing it up i f you like read that and think about them. 
What you hopefully want to end up with . . . I don't know I 'm still keen on 
these than with your results and your method and your discussion. I just 
think that it is a lot easier at first you just do it and maybe keeping the aim in 
the back of your mind but not always and then answering the questions 
I : What do you think of the subject material of the sheet? 
K K : its .. Maybe not things that people come about much in everyday life. I 
mean you don't think about elasticity and elastic bands and things like that, 
but I don't know doing a thing like this then you can go onto gravit}^ and 
forces and things like that. Just starting with a simple idea and expanding 
upon it. , But doing the experiment especially i f you are doing it in individual 
groups.. You actually know yourself what happens to elastic bands and then 
doing your discussion later on which happens in the lessons in here. You 
kind of get more idea. 
I : would you enjoy this one? 
K K : I don't see why not it is not like really exciting but now I wouldn't be 
thrilled that we were doing something but ... I don't know it is all right. Its 
simple enough when you look into it fiarther and there is more too it and I 
just like that idea, but it does sound a litde bit boring but now 1 know that it is 
all right. 
I : so instead of that one you get this one. What do you think of this one? 
KK:....this one sounds a lot more like bungee jumping .. Seems a lot more 
exciting than that one, but.... Create a handbook for your assistant in simple 
terms again I don't know personally me I don't know about anybody else I 
prefer when set out for us and just having to do it. This one is a bit more 
thinking so I 'm a bit wary about it. But I don't know I just think that that 
sounds a lot more interesting than just dropping... I t is the same it is exactiy 
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the same experiment. I don't know looking at elastic bands something like 
that, but how.... 
I : O K how do you think the teacher and the pupils would behave in this one? 
K K : maybe the teacher would stand at the front at first and explain. It 
depends what age group you are working with not everybody knows about 
bungee jumping and how it is affected and things like that and just giving a bit 
of basic background and the things that you have got to do cause you can just 
try it with the elastic bands first and make things up. I don't.. And then it 
would be a case of getting them into groups and getting on with it. 
I : How would these types of practical relate to the media problems? Do you 
think that this type of learning could be used? 
K K : I think so doing experiments first and then talking about it is a lot easier 
because you have actually got some factual information that you've seen 
yourself. That is a problem of the media. People often believe too much of 
what they read with out having seen it for themselves, but I definitely think 
that doing an experiment especially something like elastic bands because then 
you can relate it to more complicated things like gravity and things like that it 
has been made a lot easier to understand doing practicals here 
I : O K which ones do you think are the better ones these ones or these ones? 
K K : for me these ones 

S U M M A R Y - W H A T H A V E WE F O U N D OUT? 

I : This section will be the summary and I propose to clarify and expand upon 
the opinions that have been presented before. 

/; IfjOM were going to improve the image of a subject how do you think that this could be 
done? 
KK: ...depends on the subject ...Ifyou were to say like English then you could bring in more 
interesting books, you could do all sorts of things you could with English you could watch a 
play you could like go to a theatre like go to the cinema things like that I think that you've 
got to try and sell your subject like just go back again to English people today not many are 
interested in looking back at it like the early century poets and things like that, but today 
there are so many good authors about that you can.. That are more interesting and actually 
mean something to people with a subject like geography you can always go out into the field 
and look at things yourselves so I don't know maybe it is the same with science ... Well 
explain things on a more basic level before turning complicated that is what happened at 
school it wads always the complicated stufffirst and I had to learn it parrot fashion in order 
to understand it. I don't know making the subject itself sound interesting if possible. I 
don't know how 
I: In a classroom, where pupils are advancing what should be happening You have covered 
a lot of it before 
KK: my mind has gone a blank. 
I: I think that most of it you said before. 
I: If a school topic seems very difficult what should be done? 
KK: I think that it has to be taken back to the simplest levelpossible although some kids in 
senior school might think well why are they talking to us like babies for?... But a lot of the 
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time if you've gone in and said it in the most scientific terms possible then the kids are going 
to look at you and saj what are you talking about, but going to the most basic possible 
without insulting them in your teaching I think is important and then just like building on 
that. You put in an experiment or things like that or if you are doing geography then go 
out and have a look at that type of thing first 
I: If a topic seems very boring what should be done? 
KK: I think that it has to do I don't know whether peoples involved in an experiment or 
watching a film about it or I don't know because a lot of subjects are really boringyou know 
what I mean. Unless they are thoroughly understood, but if it is a boring subject then you 
can'tjust sit there and teach it the kids have got to have something to put a bit of action into 
it. 
I: If a school topic seems irrelevant then what should be done? 
KK: well if it is on the national curriculum it is a bit difficult to completely avoid it especially 
as it could appear on the examination paper or things like that. Although it might not 
seem worthwhile doing I think it is important even if youjust like if it is possible to tie it in 
with another topic which is pupils have seemed to enjoyed or ... Some subjects that are 
interestingyou go onto a lot more detail Maybe give the pupils enough knowledge to pass an 
exam or something like that if it is not worthwhile 
I: How do you think that school should relate to what is required ofpeople after they leave 
school? 
KK: at school we had a lot of school career talks things like that. I definitely don't know 
whether.... well some things that we did in maths GCSEyou thought I'm never going to use 
this again whereas if you talk about things like money people are always going to be involved 
in money so therefore if you say well in the future when you are doing this then you know 
how to do that then it would be a lot easier. I don't know maybe and try well try to relate 
things especially if its boring to get the pupils interested. I don't think that there was much 
that did relate well with history it is difficult except if you look back on things or if its 
something like geography populations and thingsjust like how it is going to effect yourself in 
the future. I don't know people might look further ahead to.... 
I: you mentioned earlier that people have problems with confidence in science. How do you 
think that you can make those people more confidant school? 
KK: I don't know if it is to do with the teaching method. I had an awful teacher in physics 
he just no matter how much you told him you didn't understand things he thought you were 
stupid. I don't think that there is any need for that and if the people lack confidence then 
try and get them to a level where they do understand it. It is a bit difficult with big class 
si^s but if the majority of the class are lost behind and lacking in confidence then you start 
at the lowest level Even if they don't get to the top level then at least they have the lower 
levels to fall back onto. 
I: OK thank you very much. 

226 



7.2.3 Appendix 2.3- example two 

7.2.3.1 code ddfirst assessment transcription 

7.2.3.1.1 Interview with DD 

So to explain how we are going to do this interview. I want to know what 
you think about school and science. I have a sheet of questions to ask you 
some of the questions may include other information to help you answer the 
questions. There are three sections to the interview. I will record the 
interview so as to speed up the interview and as a memory aid. This interview 
is for research and as such is confidential. Is that O K with you? 

I N T R O D U C T I O N - W H A T D O Y O U T H I N K OF SCHOOL? 

During this section I want to know what you think about school and in 
particular the subjects and people who were there. 
After the initial questionnaire 
For A level I see that you chose to do sociology, History and English Literature. Why did 

you choose those subjects? 
DD: They were the ones that I enjoyed Well I enjoyed them at GCSE and I did all right 
in them. So.. I was originally going to do biology. But I decided to do sociology instead. 
I'm still not sure why but I did it anyway. 
Did you have any difficulties choosing these subjects? 
DD: not really people tried to pressure me into doing science but I just chose the ones that I 
enjoyed in the end. 
What about the teachers of these subjects? Did that effect you? 
D D : A few of them did yeah.. 
In what way? 
D D : well I had a few favourite teachers obviously.. Especially in English.. 
And in History I didn't particularly Hke him because I'd had him since the first 
year. But I still chose History anyway, and a few of my science teachers I 
didn't particularly Hke. Probably made me not choose science. 
What about the school how did that help you decide? 
D D : .. They gave us a lot of guidance sort of careers wise, tried to find out 
what we wanted to do after school. And which vocation one wants obviously 
and what grades.. I f we got good grades then they encouraged us towards 
them... 
What about your friends what did they take? 
D D : . . I think that that was one of the reasons that I went to a specimen 
sociology lesson because my friends were going to take it and I really enjoyed 
it so... Yeah that's probably why I took that... A lot of them did sciences 
instead of arts which is what I took really.... Which is quite strange but... 
Why did they take sciences? 
D D : A lot of them were very good at science and some of them just didn't 
like the other courses that were offered I suppose. 
You mentioned specimen lessons. How were they done? 
D D : Just before we went into the sixth form there was about a fortnight of 
specimen lessons where we took our final decisions on what courses we 
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wanted to do. So they just ran two lessons or so we previewed what we'd be 
learning. 
How did they help you choose? 
D D : well we got more of an insight into what the course would be because.. 
We knew the tide and we knew more or less what the exam would entail. 
You'd know whether it would be interesting or whether it... 
How did your parents help you decide what to take? 
D D : Well my dad is a science lecturer so he really did want me to do science, 
but he was quite happy with what I chose and he is happy that I 'm doing 
science now I think... 
Were there any reasons why you didn't choose to do science that you can pin 
point? 
D D : I don't know.. I just think that I enjoyed the other ones more. 
Were there any other subjects that you would have liked to have taken as well? 
DD: I did want to do psychology, because I thought that especially doing a teaching course it 
would come in handy later on. But it wasn't offered.... But apartfrom that.. 
What about your career? When did you first decide that you wanted to be a teacher? 
DD: When I was probably about three, but it sort of wavered along the way but it is still 
there... There was my dad being a lecturer. 
any other careers you thought of? 
DD: ..at one point I wanted to be an archaeologist.. Andjust I don't know things like 
that... 
hooking back on the choices that you made with the benefit of hindsight would you change 
any of your choices? 
DD: I would have liked to do a science now but I liked the course as we did it at GCSE 
with it being a general course I didn't like having to specialise at A level which is probably 
what put me off 
What about GCSEs? How was what you took chosen for them? 
DD: It was basically trying to fit them into the timetable more than anything else I got most 
of my choices but there was a few because the did offer a joint geography and history course, 
but I did them separately because I couldfit more of the subjects that I wanted to do 
What restrictions were placed upon you? What did you have to do? 
DD: we had to do a language; we had to do a humanities subject.. Like an art based 
subject and science. 
Were there any changes that you would make as to how that was done? 
D D : I would have Hked to have had more of a free hand at things... After 
we'd picked a subject Hke we had our three core subjects we picked a 
humanities and a language there was then not much choice in what was left at 
the less popular courses. 
Were there any subjects that you perhaps would not have taken? 
D D : ... We were forced to do drama and music as a whole and I would have 
Hked to have done those separately 
How do you think the way that it was chosen affected the way that the 
lessons went in the classrooms? 
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D D : ...The ones that I 'd been forced into I didn't really enjoy to start with but 
by the end of the forth year... I 'd just accepted them then and I was just 
trying to do my best.. 
What sort ofpressures were you under when you took your examinations? 
DD: ... Well I felt quite pressured by the teachers because they were predicting me good 
grades because of my parents as well I didn't want to disappoint and I suppose my friends 
as well because they all expected me to do much better than they did 
How did you overcome these pressures? 
D D : Just try to ignore them. They were not there. 
Did that work? 
D D : In some of them. In others the important ones like maths... And 
science and English I don't know how successful I 'd have been i f I didn't 
have the pressures 
How do you think that the pressures helped you? 
D D : I don't know I think that maybe they hindered me because i f I was just 
doing them for myself. I wouldn't have been as concerned about them and I 
would have been able to relax more and revise better. 
I : So that is the first section so i f I go onto the second section 

M A I N S E C T I O N - W H A T D O Y O U T H I N K OF SCIENCE? 

I : During this section I want to examine the topic of science and the 
impression that it created in school upon you. I would also like to look at the 
media and compare the impression that is portrayed by the media to that in 
school 

I : , ^hat import things happen outside school? 
DD: the main issues that effect the public and the way that they are handled like we are 
doing at the moment you sort of mean how it effects people in general. 
I: anything that comes into your head don't think too much. 
DD: I think that it bewilders most people The science things the way that they present the 
research and they have all these experts who talk about it and I think that a lot of people 
who don't have a science background. Officially like older women who were excluded from 
science in schools who don't really know much about it. It is difficult for them 
I: OK what sort of topics is mentioned? 
DD: It is the things that really effect the public like BSE crisis at the minute quite a lot of 
health things, scandalous issues and things that effect the whole of society. 
I: How do you find out about other things that go on in the world? 
DD: through newspapers, television, maga^nes 
I : What things are going in on now in the outside world? You've mentioned 
some things already BSE anything else that springs to mind 
D D : don't think that there is anything else I don't read papers 
I : (How is science and the scientist portrayed by the media?) 
D D : 
I: Do you think that these things have any bearing on what happens in school? 
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DD: I suppose with the emphasis on BSE and things like that they may use that as an 
example in schools. I suppose with the stuff in the media about the falling standards and 
stuff they might... Well you know try to raise standards really 
I : How do you think that these things effect school? 
D D : I don't know 
I : do you think that well you mentioned faUing standards do you think this 
might help schools? 
D D : weU I suppose it might they may try harder to get the stuff across, it just 
depends on the children really 
I : Would you change the way the outside world relates to school? 
D D : well its difficult because the impression they get of school as a parent is 
like they are reaUy concerned for their child so I suppose that that could cloud 
their view a bit or they see it in the media. There is the falling standards issue 
there is the fact that the teachers aren't working well and well you know there 
is not much you can do about it. 
I : I have three newspaper articles here. I 'd like to have a look at them one at a 
time and would like you to comment on them. So I've got, I've got scientists 
warn of super AIDS bug. I've got major set to back ban on Handguns, and 
I've got food poisoning claims sixth Hfe. Have a look at those i f you would 
and say what you think of the topic. 
D D : well to start with they have sort of said it as an epidemic, whereas there 
is only six people who have died from it. So it is sort of exaggerating it a bit 
and they have tried to make it a bit more serious by saying that there was over 
a hundred people at this party and could have been affected by it and the fact 
that the person who died was a seventy- two year old woman so it plays on 
the sympathies as she was elderly. There is a lot of statistics and things in it. 
You've got like the health boards and the ministry of Agriculture is in it as i f 
they are experts and they know what they are talking about Here again 
they have used scientists to make it sound as i f it is a fact. What they have 
found can't be contested. They said that they have evidence to support it, but 
whether is it reliable or not you can't really tell and they have got statistics 
again and an expert at the bottom put a doctor in and the general public think 
well they must know what they are talking about So they are going to 
trust Lord Cummings enquiry rather than the Commons report. So it would 
appear that his insight would be more valuable than the committee report 
...so yeah.... 
I : What do you think the effect of the statistics is on the actual article? 
DD:. Well i f you see the statistics in papers then usually you expect them to 
be correct it is something that has been measured and its reliable because it 
has been tested. I f it can be measure objectively then you think that it must 
be right. A t least that's what the public expects 
I : Why do you think that the newspaper has chosen to write about these 
topics? 
D D : because they are in the public eye the public are worried about them so 
that they know that they will get a response. People want to hear about it. 
I : Why do you think that people read these papers? 
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D D : because they are interested to hear what's going on and I suppose that 
they don't just buy any paper they buy the paper that reflects their own views 
I: Which topic do you think is most important? Aids, food poisoning, or the banning of 

DD: I'm not sure I think the way that it is put across in the press AIDS is the post 
important because that is the biggest threat, but the vast majority of the public they are more 
at threatfrom the foodpoisoning, although it is not given as much emphasis as AIDS. 
I: Which one would you like to talk about AIDS orfood poisoning 
DD: either 
I : When did you start to take more interest in the news and newspapers? 
D D : probably during GCSEs, when we needed examples for things and they 
encouraged us to get a better view OK.... 
J; Eooking at the aids, food poisoning handgun article when do you think that this becomes 
important to children today? 
DD: what is terms of finding out about it? 
T.yeah 
DD: I don't know because earlier and earlier they are introducing the wider view of the news 
and also awareness like everything really I suppose. ' Maybe not in primary schools, but 
certainly once they get to secondary level 
I : How should they find out about AIDS? 
D D : I 'm not sure because it is a big social issue but it is also a scientific issue 
maybe they should find out in say a sort of integrated sort of science also they 
could put in extra sort of information of a social nature. 
I : How do you think the AIDS problem could be solved? 
D D : well the thing is as soon as they find a cure for AIDS then something 
else is going to come along and this will be incurable or difficult to cure. I 
don't know maybe they should think more of prevention rather than cure 
I : How do you come to those conclusions? 
D D : . . . I suppose it is through what I have read and the news and from doing 
topics about it at school and just general information. It is difficult to 
remember where you picked it up 
J; How was science taught when you were at school? 
DD:.. Well we were given a topic, a specific question to do with it we either did a little 
experiment or did a little experiment and then we were told the right results which aren't 
always right and then we learnt our lesson and got a theory from it.. 
I : Do you think that it was taught well? 
D D : certain subjects were.. Others were a bit more dodgy, but it was OK. 
Some of the teachers we didn't like which was probably why we thought that 
certain topic weren't as good 
I : Why do you think this was? 
D D : I suppose that i f you take a disKke for a teacher then you are not going 
to hold much respect for what they say and no matter how they Wj to teach it 
i f it is not fiin then you don't pay as much attention 
I.- One method of teaching science is to do practicals. How were practicals done at your 
school? 
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DD: well we were given the equipment and how to set it up. What to do what to measure 
and how to measure it then we went on with the experiment and then we got our table of 
results and drew a graph and then we were told what was supposed to happen 
I : I've got three practicals that I would Hke you to have a look at. I ' l l start off 
with some equipment that might be used today. S what I'd like you to think 
about is what this equipment means to you and what would be going on in 
the classroom. So i f I start with this practical. I've got three lots in aU. So 
what would be going on in the classroom here? 
D D : probably biology related lesson, or where you are just looking at cell 
strucmre or development of like a plant or something also i f you were doing 
like earth materials or something you know when you do about volcanoes and 
things like that it sounds very geography related but we did it in science and .. 
Yeah things Hke that I suppose 
I : OK. I'U get this one So what would be going on in the classroom with this 
apparatus 
D D : probably like chemical changes or something.. Or maybe even just 
changing state, and soHds and liquids and gases 
I : anything else?.... Missed out this bit does that effect it? 
D D : definitely chemical changes.... 
I : O K and the e final one that we have got. 
D D : it is the physics related side, loads and rubber bands I know it well. 
I : i f you were given this sheet to go with this equipment here. What do you 
think would be going on in the classroom here? 
D D : ...well you'd be .. I 'd assume that they'd be .. Having looked to see how 
the mould develops on the bread and how it effects the structure of the can't 
think of any of the terms that we used to us there \ 
I : would you enjoy this one? 
D D : ...it might be a bit boring, watching and sort of describing what it is like 
and how it is changing 
I O K instead of this one you were given this one. What do you think of this 
one? 
D D : ...well it looks a lot less scientific but it gives you a focus on why you are 
doing the experiment and there is sort of a parallel with everyday Hfe so. It 
make is look as i f it is acmaUy a lot more worth while and its, ... 
I : How do you think the teachers and pupils would behave in each one? 
D D : ...in this one it is as i f they are leading their own investigation whereas in 
this one it is as i f it is a ritual. Where they get up the equipment and they do 
what they are told and they record their results 
I ; i f we move onto the second experiment which was that one there. What do 
you think of this? 
D D : ....again they have been given the Ust of everything that they have got to 
do it is just very scientific and sort of theory related I suppose . 
I : What about the layout of the sheet? 
D D : ...it is very organised you know and it is aU in the right order of how to 
do the experiment and there is not much that you can really do wrong, just 
foUow the instructions 
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I : O K i f you were given this one instead? 
D D : again it relates to everyday life. They are given things to think about 
rather than precise methods so that they can. So they can think of their own 
way to do it. 
I : What about the layout? 
D D : certainly looks more interesting than that one 
I : O K the thicd lot, which is this one. So i f you were given this. What do you 
think of it? 
D D : again like it has got the results table it has got exactiy how to do 
everything.. And what they need 
I : O K what about the table 
D D : well they know what to measure and which order to do it in. To record 
the variables of the experiment. They are not told exacdy that these are the 
variables in the experiment, but they don't have to really think about anything. 
I t is all there 
I : and the final one this one here. 
D D : well this one looks more exciting and its bungee jumping so it looks like 
it is more fiin and.. 
I : what about the picture there? 
D D : well it is exciting and it is fun and I think that they'd appreciate it more 
than that. It also makes them think more about what the variables are rather 
than having them written there for them. You have to think about what it is 
going to be affected by. 
I : What do you think you'd learn from this type? 
D D : This is more investigative. I mean they can make lots more mistakes but 
and I think that they find it more interesting 
I : and what do you think that they'd learn from the other one? 
D D : I mean they'd learn that this is what effects the experiment but I don't 
think that they'd remember it as much because it is written down there for 
them and all they'd have to do is get out a ruler, then rule, rule, rule and some 
weights and then record the results. 
I: How would these types ofpractical relate to the media problems? Do you think? 
DD: well what do you.. 
I: well would it be any use teaching pupils this. Would it help them with the problems 
outside school? 
DD: Those practicals are a lot more related to the outside world. I mean they will think 
more about the considerations to take into account for the bungee jumper to be safe. 
Whereas if you just gave them a rubber band and ask them well what relationship does it 
have with the outside world then I don't think that they would be able to make the link. 
They realise that science has to be applied to the outside world. 
I: well that is the main section. Now onto the summary section 

S U M M A R Y - W H A T H A V E WE F O U N D OUT? 

I : This section wiH be the summary and I propose to clarify and expand upon 
the opinions that have been presented before. 
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I; If you were going to improve the image of a subject how do you think that this could be 
done? 
DD: I'm not sure.. I think that the way that they split them up. I think before. I mean it 
is difficult too split them up because they overlap a lot but it is the fact that I had to 
specialise in one area or another. I wanted a more general picture because I didn't expect to 
be doing science as a main subject here ...so 
I: In a classroom, where pupils are advancing what should be happening 
DD: they should be given more opportunities to investigate for themselves, I think. I mean 

from a personalpoint of view I skipped a year in primary school, but when I moved they put 
me back into the year I was supposed to be in with children my own age and so I definitely 
got more la^ only if they'd given me more opportunities to expand and work on my own. 
Then it would have been better 
I: If a school topic seems very difficult what should be done? 
DD: I suppose that it all depends on the intake that you have, but maybe there could be a 
simpler explanation that could be gainedfrom it and maybe you could then build upon it 
I: what if a topic seems too easy? 
DD: I think more opportunities should be given to investigate on your own. To go off and 
explore your own ideas and if you make mistakes then you will learn from that A long as 
they are guided, as long as they are not just let loose 
I: If a topic seems very boring what should be done? 
DD: well like with the others if you link them with the real world and the problems that 

you face in the real world then they might appreciate it more. It is something that is relevant 
to them rather than just adults or for science 
I: If a school topic seems irrelevant then what should be done? 
DD: relate it to the outside world 
I: How do you think that school should relate to what is required ofpeople after they leave 
school? 
DD: I'm not sure 
I: OK well what do you get out of school? 
DD: ...you get a general understanding of what is going on ... Alot of it doesn't seem to ... 
You learn a lot of subjects and a lot of them you think that you will never need. Maths 
unless you are going to do a maths degree, even at GCSE you wont need again. I suppose 
that simpler stuff should be done and concentrated on. Even if it accountancy or something 
like that 
I: OK thank you very much. That is it 
7.2.4 Appendix 2.4- example three 

7.2.4.1 code ̂  second assessment transcription can / won't 

7.2.4.1.1 Interview with gg 

7.2.4.1.2 Introduction 

The interview is looking at your feelings towards science. I want to find out i f 
they have remained the same or changed since before. Following this we will 
try to find out why it has changed or remained the same. 
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I win record the interview, for convenience and to make things quicker. Is this 
OK? 
7.2.4.1.3 The Questions 

I : How do you feel about science now? 
GG: Not a great deal different from the last time that you asked me. I still 
struggle with the matter and interactions. Some of it is all right but some of it 
takes me ages to get grips with. 
I : Are there any differences at all that you have noticed? 
GG: not reaUy no 
I : Do you now think you could do science? (Even i f it took a long time) 
GG: to a certain degree maybe. 
I : Have you ever thought that you could not do science? 
GG: yes 
I : Why was tiiat? 
GG: because I felt that I came her with no real background in science 
I : Is it a 'possible' subject? 
GG: yeah 
I : Have you ever felt that science is an impossible subject? 
GG: never impossible, just difficult. 
I : Is there one bit of science that you are particularly happy about? 
GG: I always felt happy about biology than say physics. Chemistry? was 
always in the middle. 
I : Are there any particular difficulties that you had with biology? 
GG: not that I can think o f 
I : Are there any bits of biology that you felt you did not learn and that you 
have learnt now? 
GG: I don't think so it is rather just things that I've forgotten over the years 
and I've remembered them now when they have been brought to my 
attention. 
I : I have two diagrams of pieces of equipment that might be used to illustrate 
scientific ideas (topics of burning candles and gravity). I wiU show them to 
you one at a time. I'U start with this one. 
I : Do you think that you feel positive or negative about this? 
GG: quite positive. 
I : WTiat sort of ideas would you use this to illustrate? 
GG: the forces in the elastic band that is what we did last year. 
I : anything else? 
GG: no that is all. 
I : OK. Did you have any problems understanding these ideas? 
GG: I don't think so they were sometimes complicated to understand but I 
never really had any problems with them. 
I : Were these ideas missing from before? 
GG: yeah definitely 
I : what sort of ideas? 
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GG: all of them.. Like I said the electric force we never had any of that. A lot 
to do with bonding. We were taught sHghtiy differentiy fiom here. I don't 
think that I have the same understanding of it as I do now. 
I : What sort of differences was there in the way that you were taught? 
GG: I don't know really taught in basics terms. I think that at school it was a 
bit ambiguous in that it left you to think certain things when really. For 
example with bonding it taught you a lot about loosing electrons and then you 
find out that they don't actually loose them in the way that you were told at 
school. 
I : O K i f we go onto the second piece this. How do you feel about this? 
GG: again it is something that we used last year so it is OK. 
I : What sort of ideas would you use it to illustrate? 
GG: I don't know I think like we did last year two gases brought together and 
a reaction because there is a flame and what happens when the flame goes 
out. 
I : Did you have any difficulties understanding these ideas? 
GG: No I don't think so. 
I : Were there any missing parts fiom before? 
GG: I don't think that I really touched them at all in school. So I don't ever 
remember doing it. So no. I was only ever told that a flame needed oxygen 
and that was it. 
I : Is there anything else that you can remember? 
GG: no not really. 
I : WTiy didn't you understand these ideas before, do you think? 
GG: I don't think that it was about understanding the subject. It was more 
about learning the facts about it to pass the exams. That was it really. I don't 
really feel that it was to do with understanding so a lot of it I didn't 
understand 
I : What do you mean by understanding? 
GG: well you tended to learn that things did happen not why they happened 
or what brought them about. It was just basically learning that they did 
happen. I think. 
I : When you said that they weren't taught 'why' things happen. Why do you 
think they taught you that way? 
GG: I don't know I suppose that there was just a short space of time in which 
to to cram everything in. They just gave you what you needed to know and 
that was it. 
I : Would you want to do more science now, i f you could? 
GG: I don't think so. 
I : Why not? 
GG: I think that this is a level that I can get to grips with but any fiirther it 
would be pushing. 
I : Would you Hke to make any other comments? 
GG: no 
I : well thank you very much for your time 
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7.2.5 Appendix 2.5- example four 

7.2.5.1 Code ww second assessment transcription can / will 

7.2.5.1.1 Interview with WW 

I N T R O D U C T I O N 

The interview is looking at your feeUngs towards science. I want to find out i f 
they have remained the same or changed since before. Following this we wiU 
try to find out why it has changed or remained the same. 
I will record the interview, for convenience and to make things quicker. Is 
tills OK? 

T H E Q U E S T I O N S 

I : How do you feel about science now? 
WW: I understand it much better since the matter and interactions course. 
Because I actually understand the principles rather than just the words and 
such stuff. I t is much more interesting and less scary. 
I : Is this different from/the same as before? 
WW: I t is different from what I thought of it at school because I guess I 
wasn't taught as well at school. And so my view of science has improved. 
I : Why do you think that you weren't taught as well at school? 
WW: because it was taught through a textbook to pass an exam it wasn't 
taught for understanding. It was taught to get grades. 
I : Do you now think you could do science? (Even i f it took a long time) 
WW: yes I could do it better. Not greatiy but better. 
I : Why do you think tiiat? 
WW: because I think that it helps with me because I didn't understand it so 
well before. Now that I've been taught well I can relate to people who don't 
understand it and teach them in the ways. I deal with it much better than I 
could before. 
I : Has there ever been a time when you thought no I couldn't do this? 
WW: yeah there have been a lot of times where there have been words and 
kind letters and numbers all shoved together. I just have no idea. 
I : Is it a 'possible' subject? 
WW: yeah definitely. I think that anybody could do it i f they are taught with 
understanding and with the basics. And check that they understand it 
throughout then they wiU begin to understand it more than they used to. 
I : Have you ever thought of science as being impossible? 
WW: yes 
I : what now? 
WW: well when I was at school. I mean physics for example I never even 
touched. I was just told that I would never be able to do it. Well and 
chemistry ... Well I was all right at biology, but chemistry and physics were 
just all too intense. 
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I : Is there one bit of science that you are particularly happy about? 
WW: I 'm just more happy about the basic principles of atoms and molecules. 
Just the basics of everything. Attractions and repulsions. I mean I just didn't 
know anything about that before. So everything you can build on fiom those 
principles. 
I : Which bits of this were a problem?( when trying to understand this idea?) 
WW: I had no idea because we just weren't taught the principles. We just got 
straight into the kind of processes. Electricity and this that and the other 
thing and you never got why. It was just learn this and this is what happens. 
I : Were they missing bits before you mentioned 'why'? 
WW: Well things like the living world... We were just talking about 
homeostasis and how it refers to loads of different things, but with school it 
was kidneys, homeostasis that was it. 
I : I don't understand it, but go on. 
WW: I can't explain it very well but basically it is about bringing stuff back to 
the norm and all different cycles and stuff With kidneys bringing the body 
back to the norm. Word like that I just referred it to one set thing and it was 
in the textbook for the exam. Instead of a word commonly used for loads of 
other things. 
I : So that wasn't there before. 
I : I have two diagrams of object that might be used to illustrate scientific ideas 
(topics of burning candles and gravity). I wiU show them to you one at a time. 
I : Do you think that you feel positive or negative about this? 
WW: It relates to the weight and the band and how the band holds it up. 
I : Do you feel positive or negative towards it? 
WW: I feel positive towards it? 
I : Wliich parts of these ideas were problems when you tned to understand 
these concepts? 
WW: straight away I wouldn't actually think of the actual make up of the 
rubber band. I would thing of gravity and that was it. I would just think that 
the band holds it back. I wouldn't know why. I wouldn't know the 
equilibriums or anything like that. I would just think immediately. That's a 
weight and it puUs down. It would just stop it from falling basically. I had no 
idea why. 
I : What about gravity. 
WW: I just thought of gravity as something that pulls you down. And nuclei 
just the whole concept of gravity. I only knew it as a word. I never 
understood it. But now I do but I can't understand it very well so don't ask 
me. 
I : O K the second one I ' l l probably get wax all over the place again so... How 
do you feel about the scientific ideas that are brought into play here? 
WW: I can't remember my stuff from last year to do with it. I just would 
never have known about what a flame is. What happens with the reaction to 
the wax. The wax melts, goes runny. That is just what happens. I can now 
look at that and say oh look what is going on rather than oh look there is a 
candle burning. It is interesting because you can apply science to things that 
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you know and understand what is going on. So you can actually relate it to 
stuff. That you do know about. 
I : Which parts were problems that you haven't mentioned. 
WW: I 'm not good with candles still. When my notes aren't very good I still 
don't understand it that much. 
I : Which bits don't you understand? 
WW: I just don't understand flames basically. What flames are why they 
react? I know that it is something to do with the wax. I know that it is a 
reaction with wax and oxygen something Kke that. But I don't understand 
why this flame... What this flame is. 
I : Were there any missing parts from school that you definitely didn't learn? 
WW: I really didn't do that much science ... Chemistry and physics at school 
because I was told that I wouldn't be able to do it. I was told that it was too 
mathematical. I was always better at geography and biology that I could apply 
.. Relate it to stuff around me, which is kind of. Actually I thought of physics 
being Hke figures that I couldn't understand I didn't understand that it was 
happening all over the place that you could relate it to. 
I : Why didn't you understand these ideas before, do you think? 
WW: Just what I said before ... Just mind-boggling numbers that would shut 
my brain off . . . I just didn't understand it. I had a real negative view about it. 
I : Would you want to do more science now, i f you could? 
WW: yes I mean I love this course. I love.... I chose science as my main 
subject.. I just saw principles and thought oh that sounds good. It is brilliant 
I love this subject. Even at the beginning of last year I thought I 'm not going 
to be able to coup with this. But then you realise that you can. You think 
well this is quite difficult but then you work through it. I t does come out O K 
in the end 
I : Would you like to make any other comments? 
WW: no not reaUy apart from I feel that primary science should be based 
upon stuff that the kids can apply their brain to rather than some difficult 
subject that only the boys can do who are very very clever. 
I : Ok thank you very much for your time. 

239 



7.2.5.1.2 A-dditional information obtainedfrom end of year course assessment 

Some examples of written responses to the question What have you gained from 
this course?' 

"A deeper understanding of science + some much needed SELF-CONFIDENCE" 
"Depth in some basic scientific issues. Learning from basic levels upwards" 
"Enjoyed it- don't' usually enjoy science. Made scientific ideas a lot more simple" 
"Cleared up a lot of grey areas firom previous science education" 
"Refreshed science memories from GCSE, enabled me to continue learning + 
practising science techniques" 

The students were asked to respond to the question Would you recommend this 
course?' by placing a circle on a six-point scale ranging firom ver}'̂  strongly to not at| 
all. The frequency of each of these responses is given below. (Number of completed 
questionnaires was 48 out of a possible 74). 

scale very not at aU no 

strongly 
5 4 3 2 1 

response 

6 

fiequency of 15 5 0 0 0 3 

response 


