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Abstract


This research has investigated the gender gap in the uptake of A Level sciences, specifically the difference in the proportions of male and female students that study Physics A Level. Recent data from the UK highlights consistent gaps in the proportion of Physics A Levels being awarded to male and female candidates, with female candidates making up just 22.6% of all entries in 2019 (Wise, 2019) and 23.1% of all entries in 2021 (Joint Council for Qualifications, 2021). Four research questions were developed and addressed via questionnaires and focus groups conducted with students aged 14-18. The study found that most students believe that society values a career in science, and that students who study one science A Level are highly likely to study at least one other and are also highly likely to be considering a career in science. For the large majority of students, their experience and relationship with previous science teachers, both positive and negative, is a significant factor in their decision to study science A Levels. Both males and females perceive biology to be more recall focussed than chemistry and physics, and therefore easier, and give this as a reason for choosing to study Biology A Level. Workload and/or perceived difficulty is the biggest factor that discourages all students from taking science A Levels although males are more likely than females to be put off studying science due to workload or perceived difficulty. Males are more likely to be discouraged from taking science A Levels based on their GCSE results and/or perceived ability. All students are impacted by their previous experience with science teachers. If they have not enjoyed science with a particular teacher and/or dislike the teacher that they would have for their A Level, they are strongly deterred from choosing that A Level. Not enjoying GCSE science with a particular teacher was often attributed to the students being aware that their teacher was teaching outside of their specialism. Females are more likely than males to study Biology A Level and Chemistry A Level. Females are also more likely than males to study more than one science A Level. The degree to which participants felt they had been encouraged by parents and teachers to choose science A Levels, varied between genders and year groups and thus appeared to be dependent on an individual’s specific circumstances. Similarly, the degree to which participants’ perceived themselves to be good at science varied on an individual basis. Females are more likely to consider their ability when choosing their A Levels and are more likely to consider their career aspirations. Females consider more factors than males when choosing which A Levels to take and are more likely, than males, to consider their enjoyment when choosing their A Levels. Some females are concerned about science being a “male subject” and about misogyny in further education. Males in this study were more likely than females to study Physics A Level. Males are also more likely than females to enjoy physics, while females are more likely to find physics difficult and/or boring. 

Chapter 1.
INTRODUCTION 	


What is the issue being considered?

This research is concerned with the gender gap in the uptake of A Level sciences, specifically the difference in the proportions of male and female students that study Physics A Level. Recent UK data, that will be further scrutinised in Chapter 2, reveals consistent gaps in the proportion of Physics A Levels being awarded to male and female candidates, with female candidates making up just 22.6% of all entries in 2019 (Wise, 2019). In 2021, the picture was largely unchanged with girls accounting for 23.1% of all Physics A Level entrants. These patterns are replicated at a national level with results from Wales only showing that for both AS and A Levels, there were significantly more male candidates for Physics, with males making up 73.9% of all AS Physics entries and 76.3% of all A Level Physics entries (Joint Council for Qualifications, 2021). These findings are not novel. The 2016 Cambridge Assessment, conducted by Carroll and Gill (2017), analysed A Level uptake by males and females. The authors drew on data from nine different types of schools and found that more males progress to STEM (Science, Technology, Engineering and Mathematics) A Levels than females, with Biology A Level being the only exception to this finding.  Carroll and Gill (2017) reported that while Mathematics and Physics are the most popular post-16 subjects for males, female students were more likely to select Psychology and English Literature. These findings are  supported by the Joint Council for Qualifications (2014) who have previously reported that 57% of entries to post-16 STEM subjects are from male candidates. The term STEM can be used to describe a range of subjects (Gonzalez and Kuenzi, 2012) but for this study will refer to biology, chemistry and physics, and in some instances, mathematics. Where the author refers to “science subjects”, this will include solely biology, chemistry and physics. The technology and engineering aspects of STEM are omitted from this research as the study centers on the uptake of STEM A Levels available to the students in this study, which do not include technology and engineering A Levels. 

Why does it need to be solved? 

The government’s industrial strategy aims to maintain a competitive UK economy (Department for Business, Innovation and Skills, 2009) and this is dependent upon the recruitment of thousands more STEM graduates each year (Institute of Physics, 2018) Moreover, the Institute of Physics argues for the removal of  any barriers for potential female recruits in an effort to allow the development of a scientific community centered on fairness, equality and diversity. STEM degrees, such as Physics, Mechanical Engineering and Civil Engineering, and subsequent careers require individuals to attain Physics (and Mathematics) A Levels (UCAS, 2023). Identifying a gender disparity in the present uptake of Physics A Levels may therefore be indicative of future problems recruiting females to STEM professions. Furthermore, understanding the gender disparity in Physics offers the potential advantage of addressing the issues that cause this disparity, at the very least, within the secondary school that is the focus of this research.

What is the research issue? 

This research focuses on the uptake of A Level sciences by students in a co-educational secondary school in South Wales. The research aims to identify what motivates students to take any or all of the three sciences, what discourages students from taking any or all of the three sciences and whether these motivating and discouraging factors differ between male and female students. 


Who may benefit from this investigation and how?

There are several perceived benefactors of this research. Primarily, the research may offer the author an insight into why males are more likely to study Physics A Level than females. The author is a science teacher at the secondary school at the focus of this research. Empirical evidence available to the author, through their role as a science teacher with access to departmental data, for example AS and A Level entry numbers and assessment data, means that the research is not concerned with whether or not there is a gender gap in the uptake of A Level Physics, rather why the gap exists. If practitioners benefit from further understanding of the issue then it may result in those issues being challenged and addressed, ultimately benefiting students if males and females are equally likely to be supported and encouraged to continue to study each of the sciences. Furthermore, the process offers students an opportunity to express their viewpoint in a way that they may not have before. 


How may this research add to our current understanding?

There is much research already available into the differences in A Level uptake between male and female students and many researchers offer reasons for these differences. There are three main contributions the present research may offer to what is already known. Firstly, this is a small scale research project that aims to understand the problem within the microcosm of a single secondary school, with the possibility of addressing the issues that affect the specific students involved. Secondly, all of the research to date (to the best of knowledge to the author) explores the gender disparities between male and female students in science, with no researchers including non-binary individuals in their work. While the present research does not aim to study the uptake of A Level sciences by non-binary individuals specifically, there are individuals within the cohort being sampled that identify as non-binary, gender fluid or as a gender that is different to the gender assigned to them at birth. Thirdly, the large majority of research into gender disparities in science education was conducted prior to the Covid19 pandemic. As such, this research offers data in the light of the pandemic and the national lockdowns that subsequently impacted education. 

How has the research issue been addressed?

The aims and objectives of this research were operationalised through data collection and analysis. Data was collected via an online questionnaire, in the first instance, followed by focus groups. The finer details of the methodologies will be covered in Chapter 3 but, essentially, the questionnaire was offered to Key Stage 4 students studying Triple Science GCSEs or Science Double Award (Higher Tier) GCSE, and Key Stage 5 students studying any one or more from Biology, Chemistry and Physics A Levels. The focus groups comprised a smaller sample from the above mentioned groups. The responses to the questionnaire items generated data that were both quantitative and qualitative in nature. Quantitative data was subject to simplistic analysis involving frequencies and percentages.
Qualitative data generated from the questionnaire and focus groups were coded to allow for comparable quantitative analysis and evaluated in their raw form to provide richer, more authentic analysis. 

What are the limitations of the research? 

The limitations of this research will be discussed in greater detail in Chapter 6 but, from the outset, it is acknowledged that this is a small scale study pertaining to a relatively small number of students from one school. Broadly speaking it should be acknowledged that while the setting of this research allows for a comparatively in-depth understanding of the students’ educational and socioeconomic backgrounds, along with a detailed knowledge of the curricula studied, the data obtained may not be transferable to other settings.  


The author’s motivations for carrying out the research

In addition to the previously mentioned perceived benefits to the researcher, science teachers in the research school and participants, the author’s rationale for undertaking this research project stems, in part, from experience in teaching Key Stage 4 and 5 science. In truth, it has sometimes been disappointing to see so many high-attaining, capable female physicists not continue their studies beyond their GCSEs. It is hoped that the findings of this research will lead to a better understanding of the reasons for the gender gap in science A Level uptake and that the gap may then be better addressed. 

Aims and objectives

The overarching aim of this research is to understand why fewer female students study A Level Physics then their male counterparts. The objectives of this research can be defined as follows:
1. To identify factors that encourage students to study A Level science.
2. To identify factors that discourage students from studying A Level science.
3. To identify, where appropriate, differences between male and female students’ attitudes towards studying science. 
4. To identify, where appropriate, differences in attitudes towards Physics, between those who have chosen to, or are considering studying Physics A Level and those who have/are not.

Although the aim of this research focuses on Physics A Levels, the objectives broadly refer to science A Levels. This decision has been made in an effort to avoid being reductive in terms of the research questions posed and students included in the sample. Questions such as  “why have you chosen to study physics?” obviously generate one type of response. It is hoped that exploring why students have chosen to study biology and chemistry, but not physics, will offer further insights. 


Chapter 2.
LITERATURE REVIEW

This section will begin with an overview of recent GCSE results in the UK and, more specifically, in Wales. The results of Biology, Chemistry and Physics GCSEs, AS and A Levels will be scrutinised for differences in gender outcomes. Following this, there will be an exploration of the current theories, put forward in the literature as to reasons for gender disparities in the uptake of science subjects. 

GCSE, AS and A Level results 2019-2022
An analysis of the 2019-2022 A Level and GCSE results in the UK must be conducted alongside a discussion of the impact that the Coronavirus pandemic had on education. Most notably, during this time frame, the methods of assessment changed. The results generated in 2019 were examination results, while the results obtained in 2020 and 2021 were devised from teacher assessment. The science GCSE results, in Wales, from 2020 were partly generated from the marking of practical examinations sat in January 2020 and partly from teacher assessment, while the results from 2021 were generated wholly from teacher assessment. The data from 2020 will not be included in the present analysis. This decision was taken as it was based neither on national examinations nor on teacher assessments that had been carried out, knowingly, over a full academic year. The author has therefore deemed this data to be insufficiently reliable or valid, based on the findings of Bhopal and Myers (2020) who cite significant inaccuracies in predicted grades and teacher assessed grades. . The data from 2021, however, will be included as it was based on teacher assessments carried out over a full academic year and the nature and delivery of these assessments were directed by the examination boards. Thus, the 2021 data may be considered more valid than the 2020 data. 

We will begin our review of the data with the results from 2019. Wise (2019) provides us with an analysis of A Level results in the UK, from the viewpoint of an organisation concerned with addressing gender inequality in STEM subjects. Wise (2019) will be used frequently in this section as a source of data analysis although the reader is reminded that the figures are based on data provided by the British Government Attainments Statistics Team (explore-education-statistics.service.gov.uk, n.d.). Wise (2019) reports that of the Physics A Levels awarded in 2019, only 22.6% were awarded to female candidates. Despite this, for the first time, more science A Levels were awarded to female candidates than male candidates. In 2019, 50.3% of all science A Levels awarded (“science A Levels” here refer to Biology, Chemistry and Physics A Levels”) were to girls. Wise notes that this feat was predominantly the result of an increase in the numbers of girls achieving Biology and Chemistry A Levels. Wise (2019) reports that 2019 saw a decrease in the numbers of Maths A Levels awarded to both male and female candidates. While the present research is not primarily concerned with Maths A Level uptake, it is noteworthy as Maths and Physics A Levels are both entry requirements for many STEM degrees (UCAS, 2023). It should also be noted that there are gender disparities across subjects other than the sciences, but as the objective of Wise (2019) is to highlight and address the issues in science, the data on the gender gap in science is presented with befitting emphasis. 

The Teacher Assessed Grades (commonly referred to as TAG) awarded in 2021 saw the A Level performance gap between boys and girls widen. The percentage of female STEM candidates achieving A or A* grades increased from 45.2% in 2020 to 52.2% in 2021, compared with the percentage of male STEM candidates achieving A and A* grades increasing from 44.2% to 49.3% across the same time period (Wise, 2021).  In 2021, girls made up 23.1% of all Physics A Level entrants, increasingly slightly from the previous years. Female candidates also accounted for a smaller proportion of total Maths A Level candidates (38.9%) than male candidates although more girls took Chemistry (54.3%) than boys. Wise (2021) notes that there were far bigger gender disparities in other subjects, with girls accounting for 93% of all Health and Social Care entrants, and boys accounting for 85% of all Computing entrants. 
An interesting feature of the 2021 GCSE results is the decrease in the numbers of girls studying non-compulsory GCSEs. Between 2020 and 2021 the proportion of girls making up the total entrants for Statistics fell by 27%, by 11.4% for Engineering, 2.2% for Computing and by 7.5% for Design and Technology. Again, though this research is not focused on these other STEM subjects, it is important to note that girls are seemingly less likely to study these subjects. 

The aforementioned analysis included data from all UK GCSE and A Level candidates. The analysis that follows is concerned solely with results obtained by Welsh candidates. Table 1 has been adapted from the GCSE Summer 2021 report, published by the Joint Council for Qualifications (2021).  The Joint Council for Qualifications is a not for profit membership organisation, comprising the eight largest qualifications awarding bodies in the UK, including the Welsh Joint Education Committee (WJEC). Although other awarding bodies are available to Welsh schools, the WJEC awards more qualifications to Welsh learners than any other awarding body (WJEC, 2023.). Table 1 provides us with the cumulative percentages by grade for Biology, Chemistry, Physics and Science Double Award GCSEs, awarded in Wales in 2021. Biology, Chemistry and Physics are all worth one GCSE qualification to the learners. Science Double Award GCSE is worth two GCSE qualifications to learners. Pupils studying “Triple Science” usually gain three GCSE qualifications: one each from Biology, Chemistry and Physics. The duality of the grades represent the grading systems used by different exam boards, with Welsh exam boards issuing letter grades and English exam boards issuing numbered grades. It is notable that a higher percentage of all girls, compared with the percentage of total boys, achieved the top grades in Biology, Chemistry and Science Double Award, while a slightly higher percentage of boys achieved the top grades in Physics. 

	Subject
	Gender
	Cumulative Percentages by Grade

	
	
	7/A
	4/C
	1/G
	U

	Biology
	Male
	55.5
	94.2
	99.6
	100

	
	Female
	65.4
	96.1
	99.8
	100

	Chemistry
	Male
	55.3
	93.9
	99.5
	100

	
	Female
	59.3
	94.5
	99.5
	100

	Physics
	Male
	59.2
	94.8
	99.8
	100

	
	Female
	58.2
	94.5
	99.8
	100

	Science Double Award
	Male
	11.1
	58.6
	98.4
	100

	
	Female
	16.2
	63.6
	98.7
	100


Table 1: GCSE results in Wales 2021

Tables 2 and 3 have been adapted from the A Level and AS Level Summer 2021 report, published by the Joint Council for Qualifications (2021), and provide data for Wales only. For both AS and A Levels, there were more female candidates than male candidates for Biology and Chemistry, but significantly more male candidates for Physics, with males making up 73.9% of all AS Physics entries and 76.3% of all A Level Physics entries. 

	Subject
	Gender
	Number sat
	Cumulative Percentage by Grade

	
	
	
	A
	B
	C
	D
	E
	U

	Biology
	Male
	4316
	33.3
	54.1
	73.2
	86.7
	95.0
	100

	
	Female
	7715
	39.1
	61.4
	77.7
	88.7
	96.2
	100

	Chemistry
	Male
	4142
	37.0
	56.3
	72.5
	85.5
	94.9
	100

	
	Female
	5194
	40.6
	62.0
	77.6
	88.3
	95.9
	100

	Physics
	Male
	5002
	37.0
	57.0
	73.0
	85.8
	95.1
	100

	
	Female
	1770
	48.5
	67.8
	82.4
	91.0
	97.6
	100


Table 2: AS Level results in Wales 2021


	Subject
	Gender
	Number sat
	Cumulative Percentage by Grade

	
	
	
	A*
	A
	B
	C
	D
	E
	U

	Biology
	Male
	1284
	22.5
	49.8
	72.7
	89.1
	95.6
	99.3
	100

	
	Female
	2259
	24.9
	56.4
	76.8
	90.0
	96.1
	99.3
	100

	Chemistry
	Male
	1278
	26.8
	54.9
	73.2
	86.8
	94.3
	98.7
	100

	
	Female
	1508
	29.1
	61.7
	81.9
	92.2
	96.7
	99.3
	100

	Physics
	Male
	1545
	26.3
	52.1
	72.4
	85.8
	93.3
	98.4
	100

	
	Female
	480
	35.2
	64.8
	82.1
	91.3
	95.4
	99.8
	100


Table 3: A Level results in Wales 2021


The data analysis presented here highlights a few key features. Firstly, that more boys take Physics A Levels than girls but that the highest attaining girls outperform the highest attaining boys at Physics. Secondly, more girls take Chemistry and Biology A Levels than boys and, thirdly, there has been a small increase in the percentage of girls taking up STEM A Levels overall. The uptake of core science subjects at GCSE has not been discussed as those subjects are compulsory in the UK. The sections that follow will discuss the current theories, presented in the literature, as to why such gender disparities persist. 


Science as a masculine subject

A report from the Institute of Physics (2018, p.3) offers that the perception that science subjects, and more specifically physics, should not be pursued by girls may be, in some part, the result of “generations of throwaway comments and quips that depict physics as a masculine subject”. As previously discussed, male and female students demonstrate equal attainment in science GCSEs, but, of those students who perform well in the science GCSEs, far fewer female students progress to science AS/A Levels than males (Joint Council for Qualifications, 2014). Archer et al. (2013) conducted a study, funded by the UK Economic and Social Research Council (ESRC), in which they used a quantitative online survey to evaluate students’ and parents’ attitudes to science. The study included male and female students from a variety of school types and of various races and ethnic backgrounds. Archer and colleagues found that over 70% of girls aged 10-11 years enjoyed science lessons and partook in science activities outside of school hours. These girls also thought that their parents valued science. Despite this, just 17% of the female students surveyed said that they wanted a career in science. The subsequent interviews revealed that the female students viewed science as a “brainy” or “geeky” subject and many of the girls felt that it was a masculine subject. In one instance, female students at a particular school discouraged each other from attending the after-school science club as it was “all boys”. When asked about their preferred career choice, girls tended to select careers deemed “glamorous”, “nurturing” and “feminine” by the authors. It should be noted that this study comprised students far younger than those included in the present study, however the impacts of perceptions of science developed from primary school age may leave a lasting effect and as such were taken into consideration when designing this study. Indeed, there are further studies conducted with younger students who have reported that both male and female students harbour stereotypical views about biological sciences being “for girls” and physical sciences being “for boys” (Andre, 1999; Greenfield, 1996; Jones, Howe et al., 2000). More broadly, research conducted by Matthews (1996) and Newton and Newton (1998) found that children harbour masculine ideas about science from a young age, when they asked male and female students to draw scientists. Kleinman (1998) posits that this notion of science as a masculine subject is the result of the historical predominance of male scientists that has been subsequently reinforced through cultural messages. 
The notion that science is a masculine subject may be being reinforced in the classroom. The studies that follow illustrate some of the factors that have been documented as influencing the gender gap in science and were all cited in Brotman and Moore’s (2008) systematic review of the literature pertaining to “Girls in Science”. Elgar (2004) and Whitley (1996), report the presence of male-bias (Brunei) and gender-stereotyping (Jamaica) in science textbooks. Male-bias in textbooks is not restricted to Brunei, with a study conducted in an affluent school in south-western USA, involving physics students, finding that girls were very aware of textbook bias and the wider gender imbalance. With respect to the practical aspects of the science curriculum, studies have shown female students to engage with laboratory equipment less often that male students, even if their class teacher is experienced and conscious of gender imbalances (She, 1999; Guzzetti and Williams, 1996; Jovanovic and Steinbach King, 1998). The large majority of the research cited above was conducted prior to 2014 and so the present study aims to assess the degree to which male and female students, as suggested above, view science as a broadly masculine subject, today. Furthermore, none of the research discussed, above, was conducted with school students in Wales, and so this research aims to address this additional gap in our understanding. 

Encouragement from teachers

A study conducted by Mujtaba and Reiss (2016) involved 10,000 students in England, and researched attitudes towards maths and physics education. The students took part in a survey when they were in year 8 and then again when they were in year 10. The authors reported that girls felt there was inequality in the maths and physics education and that their class teacher had a significant impact on their feelings about the subject. The surveys also indicated that “high-aspiring girls” were less likely to receive parental and teacher encouragement to progress to post-16 maths and physics than “high-aspiring boys”. While this is a large study, it is not without its limitations in relation to the present research in that it does not consider “science” as a whole, and nor does it consider the socio-economic, ethnic or other impacts.The findings of Mujtaba and Reiss contradict the findings of Archer et al. (2013) who found that female students felt that their parents valued a science education. This being said, the study by Archer et al. involved much younger students and so the attitudes of parents towards science in compulsory education may differ to those attitudes about post-16 science education. It is hoped that this gap in knowledge may be addressed through the present research. 
The role of the science teacher in influencing the gender imbalances in the classroom has been considered by several authors. Plucker (1996) and Zohar and Bronshtein (2005) found that teachers generally have only a limited understanding of the research into gender issues and a similarly limited knowledge of and experience with gender-inclusive practices. Weinburgh (1995) earlier argued that teachers must reflect upon their own views on gender imbalances in science in order to better implement gender-inclusive practices. A key role of the teacher may be in challenging preconceived ideas about what a scientist looks like and making alternative scientist identities accessible to their students (Hatchell, 1998). The current picture in Wales aligns with the views of these authors as teachers are required to be research-informed practitioners who are highly reflective and constantly develop their professional learning (Welsh Government, 2017). Although the present research is not concerned with the views of the teacher in so much that no teacher interviews are included, the influence of the teachers’ beliefs in terms of the level of encouragement students deem them to give, may play a role. 

Encouragement from parents

It has already been noted that Archer et al, (2013) found that in a primary school where over 70% of girls aged 10-11 years enjoyed science lessons and extracurricular science activities, the girls in question felt that their parents valued science. By contrast, Mujtaba and Reiss (2016), as cited above, reported that “high-aspiring girls'' were less likely to receive parental and teacher encouragement to progress to post-16 maths and physics than “high-aspiring boys”. This is echoed by Andre et al. (2000) who posited that parents have higher expectations of boys than girls in their science education and that succeeding in science is of greater importance for boys. These findings, when taken together, are mixed and raise the question of how much value parents place on a post-16 education in biology and chemistry. Furthermore it is unclear why female primary school students may feel that their parents value a career in science but that this changes by the time they reach secondary school. The present research, in part, deals with the three science separately in an effort to close these gaps in our understanding. 

Whole school environment

Studies conducted by the Institute of Physics have concluded that gender disparities in Physics A Level uptake are significantly impacted by and can be addressed through the “whole school environment” (Institute of Physics, 2017; Institute of Physics, 2013). The whole school environment involves the input and the attitudes of class teachers, governors, school leaders, parents and students. The Drayson Girls in Physics Pilot Project, aimed at addressing the gender imbalance in A Level Physics, involved educating all of the aforementioned groups in the gender imbalance, providing training and utilising data, and found that the number of girls taking A Level Physics rose from 16 to 52 over a period of two years (Institute of Physics, 2017). The Institute of Physics (2013) had previously discussed the relevance of the whole school environment and noted that where gender imbalances in Physics were echoed by gender imbalances in other subjects, within a school, it suggested an issue with the whole school environment. Furthermore, they report that a limited number of schools have demonstrated that it is possible to tackle and improve gender imbalances in A Level uptake. Although an interesting finding, the inclusion of this theme in the present research would have required a large scale collection and analysis of data across all subjects. As such, these findings are presented here as a reminder that there may be numerous other factors at play and that themes, such as the whole school environment, may need to be considered in light of the data collected, but not investigated directly.  

Ability

The gender gap in Physics A Level uptake is perhaps most interesting when one considers that male and female students have historically performed equally well at science GCSEs (Joint Council for Qualifications, 2014). The data presented in Table 1 shows that in the most recent set of GCSE results (based on teacher assessment) boys only narrowly outperformed girls, in Wales, and a larger percentage of female Physics A Level Candidates achieved the top grade than male Physics A Level candidates. 
Studies conducted in several different countries have found sex differences in ability to answer questions, with males being more likely to correctly answer physics questions (Bell, 2001; Burkan, Lee and Smerdon, 1997) although this is a contradiction of the above findings and may be the result of the value different societies place on physics education for males and females. 
Other studies have focused not on students’ ability in science, rather their perceived ability in science. Research conducted with students ranging in age, from several different countries, came to the common conclusion that girls display an attitude towards science that is either less positive than their male counterparts or is more likely to decline significantly with age (Catsambis, 1995; Greenfield 1997; Jones, Porter and Young, 1996; Jones and Young, 1995; Lee and Burkham, 1996; Reid, 2003; Weinburgh, 1995). Furthermore, girls have been reported as perceiving science to be a difficult and/or uninteresting subject that leads to an “unattractive lifestyle” (Huffman et al., 1997; Jones, Howe and Rua, 2000; Miller, Blessing and Schwartz, 2006).  This is an echo of the previously discussed study by Archer et al. (2013). Interestingly, some authors have reported that a student’s enjoyment of science is not necessarily linked to their perceived competence, and that girls’ perceptions of their ability in science is lower than the perceptions of boys, even if those girls enjoy science (Andre et al., 1999; Jovanovic and Steinbach King, 1988). It should be noted that both male and female students may perceive science to be “too difficult” with Carlone (2004) reporting that both sexes expressed the view that only innately “smart people” would be able to excel in science. 

Is there a link to Free School Meals (FSM)?

The Institute of Physics (2013) has previously reported that there is no significant relationship between a school’s gender imbalance in STEM subjects and its number of students receiving Free School Meals. This claim is not easily verifiable as GCSE and A Level results analyses do not typically address the relationship between the two, although they do routinely cite that girls outperform boys and non-FSM students outperform FSM students (Department of Education, 2018). It is worth noting here that the aforementioned attainment gap between FSM and non-FSM students extends beyond just science subjects. There is, however, evidence in the literature that boys are more adversely affected by socioeconomic disadvantage than girls (Friedman-Soluker and Justman, 2016; Justman and Mendez, 2018). As with the impact of the whole school environment, the potential link to free school meals has not been directly investigated in the present research but may be considered as an additional factor influencing the results. 


Factors affecting males and females/type of school

A student’s decision to pursue a post-16 science education, or not, may be influenced by the type of school they attend (Institute of Physics, 2018). The Institute of Physics (2018, p14) reports that there is a gulf between co-educational maintained schools and single-sex maintained schools: “the proportion of schools sending no girls to A Level Physics is almost four times higher in co-educational maintained schools than single-sex maintained schools”. The Institute of Physics (2013) has previously found that there are significant differences in the degree of gender imbalance in schools between regions and local authorities. The present study will involve students in a co-educational maintained school in Swansea.   

Acknowledgement of how gender interacts with other factors eg. ethnicity and wealth
At this stage it is important to acknowledge that while gender is a key part to a young person’s identity, it is not the only relevant factor when considering their science education and that gender interactions with ethnicity, religion, socio-economic background and language should all be considered (Brotman and Moore, 2008). Brotman and Moore cite previous criticism that “gender issues in science” are concerned predominantly with white females and ignore other, aforementioned, aspects of a young person’s identity. This tendency to group all female students, with the same perceived feminine characteristics, was noted by Brickhouse, Lowery and Schultz (2000) who argued that if we are to make progress in understanding the gender gap in science then we need to “know more than they are girls'' and consider “what kind of girls they are”.  An anticipated feature of this research is that data will be provided, in some instances, from young people who identify with a gender that is different from the one assigned at birth, or as non-binary. With very little research available as to the academic performance of such individuals, especially in their science education, no theories or hypotheses will be postulated here. 
Chapter 3
METHODOLOGY 

Introduction
The four research objectives identified in Chapter 1 were adapted into the following research questions:
1. What factors encourage students to study science A Levels?
2. What factors discourage students from studying science A Levels?
3. Are there differences between male and female attitudes towards studying science and, if so, what are they?
4. Are there differences between male and female attitudes towards studying physics and, if so, what are they?
The research questions posed were addressed through a combination of open and closed questions asked of students via a questionnaire, followed up with a focus group involving a smaller sample of students. A questionnaire was chosen as an instrument for data collection as both quantitative and qualitative data could be collected and the participants could be offered anonymity (Kumar, 2019; Cohen et al., 2018). Any limitations imposed on the participants’ ability to express themselves fully and authentically within the constraints of a questionnaire (Cohen et al., 2018) were addressed via the offer of participation in a focus group.  The research was conducted in a maintained coeducational school in South Wales and comprised students studying science in Key Stage 4 and Key Stage 5. The remainder of this chapter will deal with the questionnaire and focus groups separately. 
Questionnaire sample
The Key Stage 4 sample comprised 36 15-16-year-old students, including a sample of 3 students who completed the pilot questionnaire, who, at the time of the research, were studying Triple Science or Science Double Award (Higher Tier) GCSEs. Only students studying these qualifications were selected to take part in this research as those students studying at foundation level typically do not meet the entry requirements for science A Levels. The Key Stage 5 sample comprised 13 16-18 year old students, including 2 students who completed the pilot questionnaire, who, at the time of completing the research, were studying at least one from Biology, Chemistry and Physics at AS or A Level. The participants were made aware of the research during their science lesson. The researcher spoke to them and the methods and purpose of the research explained. Following the gaining of informed consent (see Appendix 1 for Ethical Approval Form), the questionnaires were completed either during a morning tutorial or, where the researcher taught the student, during part of a science lesson.  The researcher was present in each case for the Key Stage 4 sample, in an effort to minimise the number of questions left blank or misunderstood. Although it is acknowledged that having the researcher present may have added undue pressure to the participants to answer in a certain way, thus potentially making the results less valid (Strange et al, 2003), the benefit of having the researcher present to clarify any misunderstanding was deemed to outweigh this risk (Krosnick and Presser, 2010). Furthermore, participants were assured of their freedom to express honest opinions, without judgment from the researcher (see Appendix 1 for Ethical Approval Form). Some Key Stage 5 students completed the questionnaire in their own time, in the absence of the researcher, as this was more appropriate for their schedules. 
Operationalising the questionnaire
In this section, the Key Stage 4 and 5 questionnaires will be discussed together, owing to their similarities (Appendices 4 & 5). The Key Stage 4 questionnaire comprised 19 questions and the Key Stage 5 questionnaire comprised 12 questions. Questions 1-3 are the same in both questionnaires. Questions 4-10 are unique to the Key Stage 4 questionnaire as they discuss the respondent’s likelihood of selecting science A Levels in the future. Questions 11-19 are the same in both questionnaires. 
A pilot was conducted of both the Key Stage 4 and Key Stage 5 questionnaire, in an effort to reduce any ambiguity and increase the validity and reliability of students’ responses by ensuring that questions were clear and accessible (Cohen et al., 2018). As a result of the pilot questionnaire, the following issues were identified and amended, prior to disseminating the questionnaire to the research sample. 

	Key Stage
	Question
	Issue
	Amendment

	4
	3
	Science Double Award missing from subject list *
	Science Double Award added

	4
	3
	Additional Maths missing from subject list
	Additional Maths added 

	4
	16
	A student was considering a career in psychology and wasn’t sure whether this applied to the question
	Clarification added that “Science” in this question, referred only to biology, chemistry and physics. 

	5
	3
	Modern Foreign Languages missing from subject list
	Modern Foreign Languages added


Table 4: Pilot questionnaire issues and solutions 
*At the time of producing the pilot questionnaire, the sample was planned to include Triple Science candidates only but this was altered after a Science Double Award candidate was inadvertently included in the pilot questionnaire and was deemed by the researcher to have offered valuable insights. 

Questions 1-3 pertain to the students’ gender, year group and current studies and were addressed through simple multiple choice questions. The first question asks students to select their gender. As noted in Chapter 2, an anticipated feature of this research is the involvement of students who identify as a gender that differs to the one assigned to them at birth. As such the optional responses included “male, female, other, prefer not to say”. This research is not focussed on comparing the responses of males and females with those of students who select “other” or “prefer not to say”. During the research, a discussion with a student who does not identify as their birth gender indicated that they would select the gender that they now identify as, as opposed to “other” or “prefer not to say” and so their responses would be indistinguishable in any case. This being said, there is an argument for avoiding the use of “other” as it may imply that insufficient effort has been made on the part of the researcher to present all of the available options (Champagne, 2014). This viewpoint was considered earnestly but it was decided that “other” should be included in place of an exhaustive list. This decision was taken as the reader is reminded that the questionnaires were answered predominantly during science lessons and the researcher wished to avoid generating a conversation that would detract from, and was not the point of, the research and may have been potentially uncomfortable for some students. 
Question 3 asked students to select all of the subjects that they are currently studying. A review of the literature had not led to any proposed links between the study of certain subjects and a student’s likelihood to continue studying science and so this question was included to build a picture of the students included in the sample. 
Questions 4-10 in the Key Stage 4 questionnaire include Likert scale questions (Likert, 1932) that aim to answer, in part, research questions 3 and 4: “Are there differences between male and female attitudes towards studying science and, if so, what are they?” and “Are there differences between male and female attitudes towards studying physics and, if so, what are they?”. For example, question 6 reads as follows:
How likely are you to choose to study Biology A Level?
· Very likely
· Likely
· Unsure
· Unlikely
· Very unlikely

The responses provided by students, to Likert scale questions, should generate response frequencies that may readily lend themselves to analysis (Cohen et al., 2018). This particular style of closed questioning should also produce responses which are highly comparable (Oppenheim, 1992) and therefore effectively address research questions 3 and 4, where it is necessary to compare the responses of the two groups of participants. The questions regarding likelihood of selecting A Level science subjects were deliberately not dichotomous in nature, giving students the option to answer “unsure”. While some authors advocate for using dichotomous questions (Sudman and Bradburn, 1982) as they reduce the effects of participants “guessing answers” and force participants to pick a standpoint, they may increase the levels of bias in the responses as participants may not necessarily agree with the viewpoint that they have been “forced” into choosing (Youngman, 1984). This being said, some students may have taken advantage of the “unsure” option if they wished to avoid making judgements, disclosing information or opinions, or if they did not understand the question (Krosnick and Presser, 2010). Champagne (2014) agrees and conjectures that potentially less valid data may be produced as a result. Here, the researcher deemed it reasonable to assume that some of the year 10 and 11 students in this sample would still be unsure as to which A Levels they are likely to select and so in the interest of fairness and the pursuit of potentially more valid data, “unsure” was included as an option. 
Questions 11-16 further aimed to address research questions 3 and 4 through a Likert scale and had the potential to offer insights into research questions 1 and 2: “What factors encourage students to study science A Levels?” and “What factors discourage students from studying science A Levels?” For example, question 11 reads:
Society values a career in science.
· Strongly agree
· Agree 
· Unsure
· Disagree
· Strongly disagree 
Again, these questions should be highly comparable when responses are sorted by gender during analysis, though it is acknowledged that this style of question is not without limitation. Previous research has indicated that participants are more likely to agree than disagree with statements (Youngman, 1984). Furthermore, participants may be more likely to disagree with a positive statement than agree with a negative statement (Weems et al., 2003). This may be relevant here as the statements in questions 11-16 are framed in a positive light i.e. “My science teachers encourage me to continue with science after science GCSEs” as opposed to “my science teachers do not encourage me to continue with science”.  
The Likert scale questions used in questions 4-16 offer five possible responses, ranging from a strongly positive response (“very likely” or “strongly agree”) to a strongly negative response (“very unlikely” or “strongly disagree”) with a neutral response (“unsure”) in the middle. Although some authors recommend offering between five and eleven points on a scale (Friedman and Amoo, 1999), others conclude that a seven-point scale is optimal as respondents find it easier to discriminate between points (Schwartz et al., 1991) (Krosnick and Presser, 2010) and so the responses generated may be more reliable. Wilson and McLean (1994)  agree and argue that if the list of possible answers is too long, the participants will have difficulty distinguishing between the options, thus making it a more challenging and arduous process for them. These latter mentioned authors advocate for offering no more than five optional responses.  A further feature of Likert scales is that participants may tend to avoid the first and last values/labels if they are perceived to be too extreme (Friedman and Amoo, 1999). With this in mind, the possible responses in the questionnaire avoid extreme and definitive phrasing such as “definitely” and “definitely not”. This, however, means that students who chose "very unlikely” to the question “How likely are you to choose to study Physics A Level?” may have completely ruled it out or may still be considering it as an option, and there is no way to discern between the two without further questioning. As students were given further opportunities to share their thoughts later in the questionnaire, this was accepted as a limitation of the research and definitive values were avoided.
Questions 17-19 on both questionnaires aimed to answer research questions 1 and 2: “What factors encourage students to study science A Levels?” and “What factors discourage students from studying science A Levels?”. They were open-ended in nature with a view to generating more detailed, authentic individual responses that offer a deeper insight into the students’ views and beliefs (Cohen et al., 2018). A limitation of these questions may be that students vary in their ability to convey their response, making comparisons between responses more challenging (Cohen et al., 2018). Open-ended questions were chosen here, in place of multiple choice questions so as not to limit students to selecting responses from what may not be a fully exhaustive list. It is accepted that the result may be that participants misinterpreted the questions and offered largely irrelevant responses (Redline et al., 2002) or may have been put off the idea of having to write an extended response and so left it out altogether (Krosnick and Presser, 2010). In the context of this research, it is expected that students may differ widely in their ability to articulate their opinions, despite them broadly studying the same qualifications. In an effort to minimise the effects of this, the researcher was present, during the completion of the questionnaire, to clarify any confusion over the questions.
Focus group sample
The Key Stage 4 sample comprised 6 15-16-year-old students, who, at the time of the research, were all studying Triple Science GCSEs. The Key Stage 5 sample comprised 9 16-17 year old students, who were studying at least one from Biology, Chemistry and Physics at AS Level. Both focus groups took place during a lunch break.
A focus group was employed as a research tool in order to allow participants an opportunity to express their viewpoints fully, without the potential constraints of a questionnaire. Owing to the nature of the research, and contrary to other focus groups where participants do not know each other (Hyden and Bulow, 2003), the participants were all known to each other and so it is acknowledged that group dynamics may have played a significant role (Denscombe, 2014). Some authors caution that group dynamics can play a larger role if the focus group is too small (Morgan, 1988; Gibbs, 2012) and so it is hoped that groups of 6 and 9 are sufficiently large to overcome this but not so large that participants feel unable to make their viewpoints heard. 
Operationalising the focus group
Both the Key Stage 4 and 5 focus groups comprised 7 questions. All but one of these questions addressed each of the four research questions, while one question specifically addressed research question 4: Are there differences between male and female attitudes towards studying physics and, if so, what are they?. The questions posed and research questions addressed are summarised in table 5. 

	Question
	Key Stage 4 Question
	Key Stage 5 Question
	Research question addressed

	1
	What factors (positive and negative) would you consider when choosing whether or not to study Biology A Level?
	What factors (positive and negative) did you consider when choosing whether or not to study Biology A Level?
	1,2,3,4

	2
	What factors (positive and negative) would you consider when choosing whether or not to study Chemistry A Level?
	What factors (positive and negative) did you consider when choosing whether or not to study Chemistry A Level?
	1,2,3,4

	3
	What factors (positive and negative) would you consider when choosing whether or not to study Physics A Level?
	What factors (positive and negative) did you consider when choosing whether or not to study Physics A Level?
	4

	4
	In what way, if at all, would your parents influence which A Levels you may choose?
	In what way, if at all, did your parents influence which A Levels you have chosen?
	1,2,3,4

	5
	In what way, if at all, would your teachers influence which A Levels you may choose?
	In what way, if at all, did your teachers influence which A Levels you have chosen?
	1,2,3,4

	6
	How would you rate your ability in each of the three sciences?
	How would you rate your ability in each of the three sciences?
	1,2,3,4

	7
	Is there anything else you would like to add to this discussion?
	Is there anything else you would like to add to this discussion?
	1,2,3,4


Table 5: The questions posed in the Key Stage 4 and Key Stage 5 focus groups and the research questions they were designed to address. 

The focus group questions were designed after the initial questionnaire analysis had taken place. The results of the questionnaire will be presented and discussed in more detail in Chapters 4 and 5 respectively but, in the interest of justifying the focus group questions used, they will be outlined here (table 6). 

	Key Finding
	Implication
	Where was this finding addressed?

	More females choose to study biology and chemistry but more males choose to study physics.
	The difference between genders was apparent but the reasons for this difference wasn’t.
	Questions 1, 2 and 3

	The effect of parental encouragement was unclear and responses were mixed between genders and key stages.
	This area required further exploration.
	Question 4

	The responses to whether or not students considered themselves “good at science” were very mixed.
	“Good at science” needed to be broken down so that participants considered each science separately. 
	Question 6

	Females are more likely to consider their future when choosing A Levels.
	This finding was fairly unambiguous. Confirmation was sought but without the use of leading questions.
	Questions 1, 2 and 3

	Difficulty/workload is a concern for everyone. 
	Again, the focus group may have offered confirmation of this but without the use of leading questions. 
	Questions 1, 2 and 3


Table 6: The key findings of the Key Stage 4 and Key Stage 5 questionnaires and how they were addressed in the focus groups. 

 Dissemination
This report is available to the University of Wales Trinity Saint David, the participant and the parents and guardians of the participants, upon request. 

Ethical considerations
The ethical considerations in this study involve potential harm to the participant, the researcher and the University of Wales Trinity Saint David, who approved the research. Details of the ethical considerations, and the steps taken to mitigate any potential risks, can be found in the Ethics Form attached (Appendix 1). Prior to the commencement of the research, informed consent and assent was obtained (British Education Research Association, 2018; UWTSD Research Ethics and Integrity Code of Practice,2017). Students and parents were also made aware of their right to withdraw consent, any time prior to or during the completion of the questionnaire and focus group.


Chapter 4.
PRESENTATION OF THE DATA 


Questionnaire analysis

The responses to the questionnaire were exported to Google Sheets for analysis. The responses to the pilot questionnaire were added to the larger sample at this stage. The responses were sorted by gender and pivot tables were used to perform the analysis. Questions 17 and 18, in both questionnaires, were open questions that generated individualised responses. The responses were considered, and key themes identified. Themes were not generated from the literature, in advance of reading the responses, as advocated by some authors (Gläser and Laudel, 2013), in an effort to give the truest reflection of the qualitative data generated (Glaser and Strauss, 1967). Coding was carried out in an effort to generate frequencies and allow for the observation of patterns (Cohen et al., 2018). 

During the coding process, it was judged that many responses contained multiple themes. As such the number of themes identified per responses was also recorded, in order to evaluate whether there was a difference in the number of reasons provided by males and females. 

Focus group analysis
The initial stage of data analysis was the transcription of the focus group responses. The responses were then summarised and are presented in table form, below. Each participant was given a code. Participants F1-F4 are female and participants M1-M4 are male. A brief commentary of the key findings is provided after each table. 

Key Stage 5 data

1. Key Stage 5 questionnaire

The Key Stage 5 questionnaire was completed by a total of thirteen students. These thirteen students comprised six males, six females and one student who selected “other” for their gender. Of the thirteen students, four were in Year 12 and nine were in Year 13 at the time of completing the questionnaire. The data generated from the questionnaire responses will be presented as follows: question 3; questions 11-16; questions 17-19.

Question 3
Question three asked students to select all of the subjects they were studying at the time of the research. Following their selection, the number of science subjects studied by each student was recorded. A reminder here, that “science subjects” refers solely to Biology, Chemistry and Physics. The responses to the question were largely uniform, with 100% of females and other students indicating that they studied a combination of two science subjects, along with 83.33% of males. 16.67% of males studied one science subject only.  

Questions 11-16
Questions 11-16 were Likert scale questions that sought a degree of agreement. Here, the data generated by each question will be presented individually. Question 11 posed “society values a career in science”. All students agreed with this statement, with 100% of females and other students saying that they strongly agree. 33.33% of males strongly agreed and 66.67% agreed. Question 12 posed “my science teachers encouraged me to continue studying one or more science at A Level”. Here, there was some disparity: all females and other students agreed with this statement (16.67% of females strongly agreed and 83.33% of females agreed); however 16.67% of males disagreed with this statement. Question 13 asked students how much they agreed with the statement “my parents/family value a career in science”. All females and other students agreed with this statement, with 66.67% of females saying they strongly agree and 33.33% of females and 100% of other students agreeing. Again there was more variation in the male responses with 33.33% strongly agreeing, 50% agreeing and 16.67% saying they were unsure. Question 14 asked “my parents/family encouraged me to continue studying one or more science at A Level” and generated more mixed responses than the previous questions. 66.67% of females said they agreed with the statement, while 33.33% said they were unsure. 33.33% of males strongly agreed with the statement, while 50% agreed and 16.67% said they disagreed. Question 15 asked students to evaluate the statement “I consider myself to be good at science”. All females and other students agreed with this statement: 16.67% of females strongly agreed; and 83.33% of females and 100% of other students agreed. Half of all males said they were unsure about this statement, while the other 50% of responses were split between strongly agree (33.33%) and agree (16.67%). The final question in this section, question 16, posed “I am considering a career in science”. All students answered positively here, although a larger proportion of females (83.33%) strongly agreed compared with males (16.67%). The breakdown of responses to these questions can be found in tables 7-12, below. 

	COUNTA of 11. “Society values a career in Science.”
	11. “Society values a career in Science.”
	
	

	1. Please select your gender.
	Agree
	Strongly agree
	Grand Total

	Female
	
	100.00%
	100.00%

	Male
	66.67%
	33.33%
	100.00%

	Other
	
	100.00%
	100.00%

	Grand Total
	30.77%
	69.23%
	100.00%


Table 7: Responses to “Society values a career in science”


	COUNTA of 12. “My Science teachers encouraged me to continue studying one or more Science at A Level”
	12. “My Science teachers encouraged me to continue studying one or more Science at A Level”
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Grand Total

	Female
	83.33%
	
	16.67%
	100.00%

	Male
	66.67%
	16.67%
	16.67%
	100.00%

	Other
	100.00%
	
	
	100.00%

	Grand Total
	76.92%
	7.69%
	15.38%
	100.00%


Table 8: Responses to “My science teachers encouraged me to continue studying one or more science at A Level”.


	COUNTA of 13. “My parents/family value a career in Science.”
	13. “My parents/family value a career in Science.”
	
	
	

	1. Please select your gender.
	Agree
	Strongly agree
	Unsure
	Grand Total

	Female
	33.33%
	66.67%
	
	100.00%

	Male
	50.00%
	33.33%
	16.67%
	100.00%

	Other
	100.00%
	
	
	100.00%

	Grand Total
	46.15%
	46.15%
	7.69%
	100.00%


Table 9: Responses to “My parents/family value a career in science”. 


	COUNTA of 14. “My parents/ family encouraged me to continue studying one or more Science at A Level”
	14. “My parents/ family encouraged me to continue studying one or more Science at A Level”
	
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Unsure
	Grand Total

	Female
	66.67%
	
	
	33.33%
	100.00%

	Male
	50.00%
	16.67%
	33.33%
	
	100.00%

	Other
	100.00%
	
	
	
	100.00%

	Grand Total
	61.54%
	7.69%
	15.38%
	15.38%
	100.00%


Table 10: Responses to “My parents/family encouraged me to continue studying one or more science at A Level”.


	COUNTA of 15. I consider myself to be good at Science.”
	15. I consider myself to be good at Science.”
	
	
	

	1. Please select your gender.
	Agree
	Strongly agree
	Unsure
	Grand Total

	Female
	83.33%
	16.67%
	
	100.00%

	Male
	16.67%
	33.33%
	50.00%
	100.00%

	Other
	100.00%
	
	
	100.00%

	Grand Total
	53.85%
	23.08%
	23.08%
	100.00%


Table 11: Responses to “I consider myself to be good at science”. 


	COUNTA of 16. “I am considering a career in Science.”
	16. “I am considering a career in Science.”
	
	

	1. Please select your gender.
	Agree
	Strongly agree
	Grand Total

	Female
	16.67%
	83.33%
	100.00%

	Male
	83.33%
	16.67%
	100.00%

	Other
	
	100.00%
	100.00%

	Grand Total
	46.15%
	53.85%
	100.00%


Table 12: Responses to “ I am considering a career in science”. 


Questions 17-19

Questions 17 and 18 asked open ended questions. As detailed above, the questions were coded and recurring themes were identified. In response to question 17, “Why did you choose to study Science at A Level?” three themes were identified: university requirements/career aspirations; perceived ability in the subject (both positive and negative); enjoyment of the subject. The numbers of each type of response are summarised in table 13.

	Theme
	Number of females 
	Number of males
	Number of other
	Percentage of total females (%)
	Percentage of total males (%)
	Percentage of total other(%)

	University requirement/career aspiration
	6
	4
	1
	100
	67
	100

	Perceived ability
	3
	0
	0
	50
	0
	0

	Enjoyment
	5
	2
	1
	83
	33
	100


Table 13: The number of each theme appearing in male, female and other responses to Question 17.

There were two responses that were not deemed to align with any of these themes. One of these responses was from a female student who expressed concern that she “may be a bit uncomfortable with being with only guys in the class (due to past experience)”. The other response was from a male student who said “there wasn’t really anything else that I could see myself doing”. 

In response to question 17, female responses consisted of an average of 2.5 themes, males responses consisted of an average of 1.17 themes and the other response consisted of 3 themes.

Question 18 asked “What factors discouraged you from studying one or more science at A Level?”. In the responses, two themes were identified: workload/perceived difficulty (these two factors were indistinguishable in most responses); and lack of enjoyment.
The numbers of each type of response are summarised in table 14.


	Theme
	Number of females 
	Number of males
	Number of other
	Percentage of total females (%)
	Percentage of total males (%)
	Percentage of total other(%)

	Workload/ perceived difficulty
	5
	6
	1
	83
	100
	100

	Lack of enjoyment
	2
	2
	0
	33
	33
	0


Table 14: The number of each theme appearing in male, female and other responses to Question 18.
It may be worth noting that of the responses that fitted the theme “lack of enjoyment” both females specified physics while one male specified chemistry and the other male more generically referenced science. There were 4 responses that did not fit either of the above themes. Due to its pertinence to the research questions at hand, the first female response will be quoted in its entirety: “I was also discouraged from taking it because of the reputation of the subject, especially that the number of women taking it in further education is very low and misogyny is relatively common.” The second female response cited discouragement from the year above. The two male responses cited “physics, not relevant to favoured career pathway” and “big classes-lack of help”. 

In response to question 18, female responses consisted of an average of 1.5 themes, males responses consisted of an average of 1.67 themes and the other response consisted of 1 theme.

Question 19 asked students for any further comments about studying science at A Level. There were six responses to this question: four from females and two from males. The responses were largely positive and provided student reflections on their experience. A common theme was that Biology A Level is very content heavy and that science A Levels, in general, require a lot of work, but that students were happy with their decision to study them. No specific comments about Physics were provided in these responses and the responses were not deemed to add any further, new information when compared with the responses to questions 17 and 18, and so they will not be analysed further. 

2. Key Stage 5 Focus Group

The Key Stage 5 focus group involved nine Year 12 students (one of whom, M3, was resitting Year 12 and so was a year older). Four of the nine participants were male and five were female. One female, F5, did not provide any responses during the focus group. Each of the questions and their responses are summarised below. 

	Question 1: Factors affecting the decision to study Biology A Level.

	F1
	· Future plans to study Medicine at university and so Biology A Level is highly desirable. 

	F2
	· It was boring at GCSE but not difficult.

	F3
	· Desired university course requires a Biology A Level.
· It was the easiest science at GCSE.

	F4
	· It was their best science at GCSE and they typically got better marks in biology, than chemistry and physics. 

	M1
	· It would be useful for university options.
· It was one of their strongest GCSEs

	M2
	· They researched the course and particularly liked the biochemistry content. 
· The prospect of lots of content was a negative factor that they considered.

	M4
	· Interested in studying mental health and/or a medical subject and so Biology would be useful.



Question 1 comment: Half of the  participants discussed their future career aspirations and/or their desired university course. One participant said that they may have been put off studying Biology by the volume of content but they chose it anyway. Half of the participants discussed Biology as being the easiest, or their best, science. 

	Question 2: Factors affecting the decision to study Chemistry A Level.

	F1
	· They knew which teacher they’d have and really liked them, having been taught by them before. 

	F3
	· It’s needed for a desired university course. 
· It’s fun and enjoyable.
· It’s quite hard

	F4
	· Considering studying Medicine at university, it’s a requirement. 
· They achieved a good grade at GCSE Chemistry.
· They felt it was probably their least favourite science and the least useful.

	M1
	· They found it boring at GCSE and generally didn’t enjoy it. 

	M2
	· Practicals are fun.
· It’s a requirement for Medicine
· They had heard from other students that the teacher was really good

	M3
	· The content links well with Biology A Level.

	M4
	· Interested in studying mental health and/or a medical subject and so Biology would be useful.



Question 2 comment: Again, over half of participants who responded to this question, discussed its usefulness for the future. Two participants described it as fun, while one participant described it as boring. Two participants discussed being influenced by the teacher they’d have if they chose Chemistry. 

	Question 3: Factors affecting the decision to study Physics A Level.

	F1
	· They hated it at GCSE, despite doing well in it. They felt it would be even harder at A Level. 
· Physics is the “boy’s science”. They felt you could see a gender difference in most lessons- girls enjoy biology lessons and boys enjoy physics lessons. 

	F2
	· Took A Level Physics as it’s a requirement for Engineering in university.
· Had a specialist physics teacher at GCSE and he was very passionate. 
· Solving difficult problems is fulfilling. 

	F3
	· They didn’t understand it and were surprised when they had a good grade at GCSE.
· The only interesting topic was space. 

	F4
	· They had no interest in it at GCSE and so didn’t bother trying to understand it. 
· Agreed with F1 that “physics is the boy’s science”.
· The best part about GCSE Physics was the maths content. They now study Mechanics (Mathematics) at A Level and feel it gives them “all the Physics they want). 

	M1
	· Loved the GCSE content.
· Researched  A Level content and saw that there was a lot of nuclear physics, which they really enjoyed. 

	M2
	· They had a specialist physics teacher* at GCSE who encouraged him to read around the topic and was knowledgeable about the A Level content. 
· It was their best science GCSE grade. 

	M3
	· They completed the Year 11 physics content in “about a month” as they completed their GCSEs during the Covid 19 pandemic. (This participant was resitting Year 12 and so is a year older than the other participants). 
· It’s definitely the hardest of the three sciences at A Level. 



Question 3 comment: Three of the four female participants had not chosen to study Physics A Level and spoke of their dislike for the subject. The fourth female participant spoke positively of Physics A Level and cited her GCSE teacher as an influential factor. Two female participants spoke about their perception that physics is a “boy’s science”. Two out of three male participants spoke positively about physics, with one of them also citing the positive influence of their GCSE teacher. 

	Question 4: Influence of parents/guardians

	F1
	· Neither parent went to university and most of their family are “not into science”. One brother studied engineering. 
· Parents were in favour of Biology and Chemistry based on past achievement. 
· Religion was an influence- the participant doesn’t believe in the big bang theory and so found aspects of physics difficult

	F4
	· Parents are not into science but would have been happy with any subjects, as long as the participant works hard in them.
· Parents spoke to them about career prospects and suggested that science subjects were more useful than others (namely Religious Studies).

	M3
	· Parents let them choose what he enjoyed.
· Discussed career prospects and encouraged the participant to consider the potential earnings of jobs as they themselves had not had “high paying jobs”. 
· The sciences are an area where you can earn money.

	M4
	· Family are mostly teachers.
· Grandmother was a doctor which may have been an influence but parents were not an influence. 




Question 4 comment: All participants felt that their parents hadn’t significantly influenced their decision in the sense that they hadn’t been pressured into studying any subjects in particular. Two of the four participants said that their parents had discussed career prospects with them. One female participant spoke about aspects of the Physics GCSE course being at odds with their religious beliefs. 

	Question 5: Influence of teachers

	F1
	· Didn’t like the style of biology teaching at GCSE but still picked it at A Level.

	F2
	· The subject is more interesting when a teacher is passionate about it. When a teacher doesn’t like the subject or doesn’t know it as well, it isn’t interesting. It’s obvious if a teacher is teaching their specialism or not. 

	F3
	· Really liked their GCSE Chemistry teacher (subject specialist).
· Agreed with F2 about the impact of teachers teaching within and outside of their specialism.

	F4
	· Agreed with F2 about the impact of teachers teaching within and outside of their specialism.

	M1
	· GCSE teacher was very passionate (subject specialist) and able to expand and explain beyond the course content. 

	M2
	· Agreed with F2 about the impact of teachers teaching within and outside of their specialism.

	M3
	· GCSE teachers spoke to him about A Level content.
· Liked GCSE teachers and so chose to stay in sixth form rather than go to college.
· Agreed with F2 about the impact of teachers teaching within and outside of their specialism.

	M4
	· Really liked their GCSE science teacher. 



Question 5 comment: A key finding here was that participants felt that they knew if a teacher was teaching their within their specialism and enjoyed the lesson more when being taught by a subject specialist. 

	Question 6: Perceived ability in each of the sciences

	F4
	· The biochemistry aspect of Biology is the hardest to understand. Predict they’ll get a better grade in Biology than Chemistry.  

	M2
	· Biology is mainly recall and so less time is needed for revision compared with Chemistry and Physics.

	M3
	· Physics is their weakest science because there are most marks available for recall in Biology and Chemistry, but you have to apply more knowledge in Physics. 

	M4
	· More inconsistent in maths-based topics e.g. in chemistry.
· Biology is more recall focused which makes it easier. 



Question 6 comment: All participants felt that biology is the easiest science and the main reason cited was that the exam questions rely more on information recall than understanding and application of knowledge, in comparison to chemistry and physics. 

3. Key Stage 4 Questionnaire

The Key Stage 4 questionnaire was completed by a total of thirty-five students. These thirty-five students comprised thirteen males, twenty-one females, and one student who selected “prefer not to say”. There was one other respondent who did not answer the gender question nor any questions after question 5 and so their responses have been excluded from the analysis. The student who selected “prefer not to say” will be referred to as “undefined” from this point on. Of the thirty-five students, twenty were in Year 10 and fifteen were in Year 11 at the time of completing the questionnaire. The data generated from the questionnaire responses will be presented as follows: question 3-5; questions 6-10; questions 11-16; questions 17-19.

Questions 3-5

Question 3 asked students to select all of the subjects that they were studying at the time of the research. Of all students that completed the questionnaire, 94.29% studied Triple Science and 5.71% studied Science Double Award at higher tier. Question 4 asked students if they were intending to study science A Levels, either in Sixth Form or at college, after completing their GCSEs. 97.14% ofstudents answered “yes” and continued with the rest of the questionnaire. One male student answered “no” and went on to explain in Question 5 (as instructed in the question) “because I’m not good at it, or interested”. 

Questions 6-10

Questions 6-10 were Likert scale questions that consisted of statements regarding the likelihood of students selecting science A Levels. Question 6 asked “How likely are you to choose to study Biology A Level?”. A significantly higher proportion of females (61.9%) than males (23.08%) answered “very likely” or “likely” to this question, with a correspondingly higher proportion of males selecting “unlikely” or “very unlikely”. More males (15.38%) than females (4.76%) were unsure. The undefined student was unsure. 
Question 7 asked “How likely are you to choose to study Chemistry A Level?”. Again, more females (61.91%) than males (38.46%) selected “very likely” or “likely” and a higher proportion of males than females were unsure. The undefined student answered “likely”. Question 8 asked “How likely are you to choose to study Physics A Level?”. In contrast to the previous two questions, a higher proportion of males (46.15%) than females (19.05%) responded with “very likely” or “likely”. Males and females displayed a similar likelihood of selecting “unsure” and the undefined student answer “very unlikely”. Question 9 asked “How likely are you to study more than one of the sciences at A Level?”. More females (60%) than males (46.16%) answered “very likely” or “likely”. In fact, all 60% of the positive female response was “very likely”. Males and females were similarly likely to select “very unlikely” to choose to study more than one science at A Level. The final question in this section, question 10, asked “How likely are you to choose to study all three sciences at A Level?”. The majority of responses to this question were negative, with “unlikely” and “very unlikely” making up 77.14% of the total responses. Males (23.08%) were more likely than females (9.52%) to answer “unsure” to this question. The breakdown to questions 6-10 can be found in tables 15-19 below. 


	COUNTA of 6. How likely are you to choose to study Biology A Level?
	6. How likely are you to choose to study Biology A Level?
	
	
	
	
	

	1. Please select your gender.
	Likely
	Unlikely
	Unsure
	Very likely
	Very unlikely
	Grand Total

	Female
	9.52%
	23.81%
	4.76%
	52.38%
	9.52%
	100.00%

	Male
	
	38.46%
	15.38%
	23.08%
	23.08%
	100.00%

	Prefer not to say
	
	
	100.00%
	
	
	100.00%

	Grand Total
	5.71%
	28.57%
	11.43%
	40.00%
	14.29%
	100.00%


Table 15: Responses to “ How likely are you to choose to study Biology A Level?”. 


	COUNTA of 7. How likely are you to choose to study Chemistry A Level?
	7. How likely are you to choose to study Chemistry A Level?
	
	
	
	
	

	1. Please select your gender.
	Likely
	Unlikely
	Unsure
	Very likely
	Very unlikely
	Grand Total

	Female
	19.05%
	9.52%
	14.29%
	42.86%
	14.29%
	100.00%

	Male
	23.08%
	15.38%
	38.46%
	15.38%
	7.69%
	100.00%

	Prefer not to say
	100.00%
	
	
	
	
	100.00%

	Grand Total
	22.86%
	11.43%
	22.86%
	31.43%
	11.43%
	100.00%


Table 16: Responses to “ How likely are you to choose to study Chemistry A Level?”. 


	COUNTA of 8. How likely are you to choose to study Physics A Level?
	8. How likely are you to choose to study Physics A Level?
	
	
	
	
	

	1. Please select your gender.
	Likely
	Unlikely
	Unsure
	Very likely
	Very unlikely
	Grand Total

	Female
	4.76%
	38.10%
	14.29%
	14.29%
	28.57%
	100.00%

	Male
	
	7.69%
	15.38%
	46.15%
	30.77%
	100.00%

	Prefer not to say
	
	
	
	
	100.00%
	100.00%

	Grand Total
	2.86%
	25.71%
	14.29%
	25.71%
	31.43%
	100.00%


Table 17: Responses to “ How likely are you to choose to study Physics A Level?”. 


	COUNTA of 9. How likely are you to study more than one of the sciences at A Level i.e. Biology and Chemistry, Biology and Physics, Chemistry and Physics?
	9. How likely are you to study more than one of the sciences at A Level i.e. Biology and Chemistry, Biology and Physics, Chemistry and Physics?
	
	
	
	
	

	1. Please select your gender.
	
	Likely
	Unlikely
	Very likely
	Very unlikely
	Grand Total

	Female
	0.00%
	20.00%
	5.00%
	40.00%
	35.00%
	100.00%

	Male
	
	23.08%
	15.38%
	23.08%
	38.46%
	100.00%

	Prefer not to say
	#NUM!
	
	
	
	
	#NUM!

	Grand Total
	0.00%
	21.21%
	9.09%
	33.33%
	36.36%
	100.00%


Table 18: Responses to “ How likely are you to choose to study more than one of the sciences at A Level?”. 


	COUNTA of 10.How likely are you to study all three sciences at A Level i.e. Biology, Chemistry and Physics?
	10.How likely are you to study all three sciences at A Level i.e. Biology, Chemistry and Physics?
	
	
	
	
	

	1. Please select your gender.
	Likely
	Unlikely
	Unsure
	Very likely
	Very unlikely
	Grand Total

	Female
	4.76%
	28.57%
	9.52%
	4.76%
	52.38%
	100.00%

	Male
	
	
	23.08%
	7.69%
	69.23%
	100.00%

	Prefer not to say
	
	100.00%
	
	
	
	100.00%

	Grand Total
	2.86%
	20.00%
	14.29%
	5.71%
	57.14%
	100.00%


Table 19: Responses to “ How likely are you to choose to study all three sciences at A Level?”. 


Questions 11-16

Questions 11-16, as with the Key Stage 5 questionnaire, comprises questions that ask students to agree or disagree with statements. Question 11 stated “society values a career in science”. Slightly more females (90%) than males (84.61%) answered “strongly agree” or “agree” with the remainder of males saying they were unsure and the remaining female responses split evenly between “unsure” and “disagree”. The undefined student agreed with the statement. Question 12 stated “my science teachers encourage me to continue with science after my GCSEs”. More males (76.93%) than females (52.36%) said that they “agree” or “strongly agree” with this statement, although a similar proportion of males and females disagreed (15.38% and 14.29% respectively). 33.33% of females, 7.69% of males and 100% of undefined students said that they were “unsure”. Question 13 posed “my parents/family value a career in science”. The majority of females agreed with this statement (80.95%) while the remainder said that they were “unsure”. A large, although comparatively smaller, proportion of males also agreed (69.23%) with this statement, with the remaining male responses split evenly between “disagree” and “unsure”. The undefined student disagreed with the statement. Question 14 stated “my parents/family encourage me to continue with science after GCSEs”. More females (71.43%) than males (53.85%) and undefined (0%) agreed with this statement. However, a larger proportion of females (14.29%) disagreed with the statement, compared with males(7.69%). 30.77% of males responded with “unsure”, as did the undefined student. Question 15 posited “I consider myself to be good at science”. Fewer males (61.54%) than females (71.42%) said that they “agree” or “strongly agree” with this statement, although similar proportions of males and females said that they “disagree” and were “unsure”. The undefined student responded “disagree” and males were the only group (7.69%) to “strongly disagree”. The final question in this section, question 16, stated “I am considering a career in science”. 66.67% of females, 53.85% of males and 100% of undefined students agreed with this statement. More males (38.46%) than females (19.05%) said that they were “unsure”, and more females (14.28%) than males (7.69%) responded “disagree” or “strongly disagree”. The breakdown of responses to questions 11-16 can be found in tables 20-25 below.


	COUNTA of 11. “Society values a career in Science.”
	11. “Society values a career in Science.”
	
	
	
	
	

	1. Please select your gender.
	
	Agree
	Disagree
	Strongly agree
	Unsure
	Grand Total

	Female
	0.00%
	60.00%
	5.00%
	30.00%
	5.00%
	100.00%

	Male
	
	46.15%
	
	38.46%
	15.38%
	100.00%

	Prefer not to say
	
	100.00%
	
	
	
	100.00%

	Grand Total
	0.00%
	55.88%
	2.94%
	32.35%
	8.82%
	100.00%


Table 20: Responses to “ Society values a career in science”. 


	COUNTA of 12. “My Science teachers encourage me to continue with Science after GCSEs.”
	12. “My Science teachers encourage me to continue with Science after GCSEs.”
	
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Unsure
	Grand Total

	Female
	47.62%
	14.29%
	4.76%
	33.33%
	100.00%

	Male
	53.85%
	15.38%
	23.08%
	7.69%
	100.00%

	Prefer not to say
	
	
	
	100.00%
	100.00%

	Grand Total
	48.57%
	14.29%
	11.43%
	25.71%
	100.00%


Table 21: Responses to “ My science teachers encourage me to continue with science after GCSEs”. 


	COUNTA of 13. “My parents/family value a career in Science.”
	13. “My parents/family value a career in Science.”
	
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Unsure
	Grand Total

	Female
	33.33%
	
	47.62%
	19.05%
	100.00%

	Male
	46.15%
	15.38%
	23.08%
	15.38%
	100.00%

	Prefer not to say
	
	100.00%
	
	
	100.00%

	Grand Total
	37.14%
	8.57%
	37.14%
	17.14%
	100.00%


Table 22: Responses to “ My parents/family value a career in science”. 


	COUNTA of 14. “My parents/ family encourage me to continue with Science after GCSEs.”
	14. “My parents/ family encourage me to continue with Science after GCSEs.”
	
	
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Strongly disagree
	Unsure
	Grand Total

	Female
	19.05%
	14.29%
	52.38%
	
	14.29%
	100.00%

	Male
	30.77%
	7.69%
	23.08%
	7.69%
	30.77%
	100.00%

	Prefer not to say
	
	
	
	
	100.00%
	100.00%

	Grand Total
	22.86%
	11.43%
	40.00%
	2.86%
	22.86%
	100.00%


Table 23: Responses to “ My parents/family encourage me to continue with science after GCSEs”. 


	COUNTA of 15. I consider myself to be good at Science.”
	15. I consider myself to be good at Science.”
	
	
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Strongly disagree
	Unsure
	Grand Total

	Female
	61.90%
	14.29%
	9.52%
	
	14.29%
	100.00%

	Male
	38.46%
	15.38%
	23.08%
	7.69%
	15.38%
	100.00%

	Prefer not to say
	
	100.00%
	
	
	
	100.00%

	Grand Total
	51.43%
	17.14%
	14.29%
	2.86%
	14.29%
	100.00%


Table 24: Responses to “ I consider myself to be good at science”. 


	COUNTA of 16. “I am considering a career in Science.” In this question, Science refers to Biology, Chemistry and Physics.
	16. “I am considering a career in Science.” In this question, Science refers to Biology, Chemistry and Physics.
	
	
	
	
	

	1. Please select your gender.
	Agree
	Disagree
	Strongly agree
	Strongly disagree
	Unsure
	Grand Total

	Female
	28.57%
	9.52%
	38.10%
	4.76%
	19.05%
	100.00%

	Male
	23.08%
	
	30.77%
	7.69%
	38.46%
	100.00%

	Prefer not to say
	100.00%
	
	
	
	
	100.00%

	Grand Total
	28.57%
	5.71%
	34.29%
	5.71%
	25.71%
	100.00%


Table 25: Responses to “ I am considering a career in science”.
 

Questions 17-19

As with the Key Stage 5 questionnaire, questions 17 and 18 asked open ended questions, the responses to which were coded. The responses to question 17, “why would you choose to study science at A Level?”, generated five themes: university requirements/career prospects; enjoyment of the subject; possible financial benefits through future careers; influence of teachers; general life prospects. The numbers of each type of response are summarised in table 15.


	Theme
	Number of females 
	Number of males
	Number of undefined
	Percentage of total females (%)
	Percentage of total males (%)
	Percentage of total undefined(%)

	University requirements/ career prospects
	14
	5
	1
	67
	38
	100

	Enjoyment
	7
	4
	0
	33
	31
	0

	Financial benefits
	2
	1
	0
	9.5
	7.7
	0

	Teacher influence
	2
	0
	1
	9.5
	0
	100

	General life prospects
	4
	0
	0
	19
	0
	0


Table 15: The number of each theme appearing in male, female and undefined responses to Question 17.

There were four responses that did not align with any of the themes. One female response spoke of the benefit of potentially more women taking up a career in science, another said that she found science easy to understand and the other described encouragement from her parents. The remaining male response said “because my other options aren’t open”. 
 
In response to question 17, female responses consisted of an average of 1.24 themes, males responses consisted of an average of 1.08 themes and the undefined response consisted of 2 themes.

The responses to question 18, “What factors may discourage/prevent you from studying science at A Level?”, generated five themes: workload/perceived difficulty; lack of enjoyment; perceived ability/GCSE results; teacher influence; options/course availability. The numbers of each type of response are summarised in table 16.


	Theme
	Number of females 
	Number of males
	Number of undefined
	Percentage of total females (%)
	Percentage of total males (%)
	Percentage of total undefined(%)

	Workload/ perceived difficulty
	12
	6
	1
	57
	46
	100

	Lack of enjoyment
	5
	2
	0
	24
	15
	0

	Perceived ability/ GCSE results
	2
	3
	0
	9.5
	23
	0

	Teacher influence
	2
	1
	1
	9.5
	7.7
	100

	Options/ course availability 
	3
	1
	0
	14
	7.7
	0


Table 16: The number of each theme appearing in male, female and undefined responses to Question 18.

Of the responses that included “workload/perceived difficulty” only one student named specific sciences: the student was female and she said that she found chemistry and physics “very difficult”. Of the responses that included “perceived difficulty/GCSE results” no students named specific sciences. Of the responses that included “lack of enjoyment” there were two female students who specified physics (one student described her “hatred for physics”). No male responses specified a science. The responses that included “teacher influence” all cited disliking their teacher or not having confidence in their teacher. There were three responses that were not included in any of the themes. Two of the responses simply stated that there were no factors. The other responses, which came from a female student, described her difficulty with information not being “contextualised” and her perception that she just had to learn facts for an exam. 

In response to question 18, female responses consisted of an average of 1.24 themes, males responses consisted of an average of 1.08 themes and the undefined response consisted of 2 themes.

Question 19 asked students for any further comments about studying science A Levels. There were seven responses from this question, including four from females, two from males and one from the undefined student. All four female responses speculated about the large amount of work that would be required of them and the undefined student explained that their choices at A Level were likely to be influenced by others’ opinions (although they did not state who these other people were). Both male responses were humorous in nature and did not pertain to the question. 

4. Key Stage 4 Focus group

The Key Stage 4 focus group involved six Year 11 students. Four of these participants were female and two were male. Each of the questions and their responses are summarised below.


	Question 1: Factors affecting the decision to study Biology A Level.

	F1
	· More enjoyable than the other sciences.

	F2
	· Considering taking Biology as it’s a requirement for future career aspirations. 

	F3
	· Not considering taking it as they hate it and feel there’s too much content. 

	F4
	· Human biology is more interesting than other aspects of biology.

	M1
	· Undecided as they’re not particularly interesting but it “links well” with other subjects. 


 
Question 1 comment: Three out of four females were considering choosing Biology A Level. The male who responded was undecided. 

	Question 2: Factors affecting the decision to study Chemistry A Level.

	F1
	· Would choose it because it’s interesting and “makes sense”. 

	F2
	· There’s lots of maths content which makes it harder.

	F3
	· Requirement for future career aspirations.

	F4
	· They don’t like it and think it’s the hardest A Level.

	M1
	· More likely to choose Chemistry A Level than Biology A Level.

	M2
	· It’s more interesting than the other sciences. 



Question 2 comment: Both males responded positively and said they were likely to study Chemistry A Level, as did two of the females. The other two females said they found chemistry comparatively difficult. 


	Question 3: Factors affecting the decision to study Physics A Level.

	F1
	· Definitely not considering it. 

	F2
	· It would be useful as it ties in with maths but they hate it. 
· There’s too much content to remember.

	F3
	· They enjoy learning about space and renewable energy, but no other topics. 

	F4
	· All of the topics are very similar and there’s not much variety. 

	M1
	· They hate physics.

	M2
	· It’s the “worst of the three sciences”. 



Question 3 comment: All participants responded negatively and said that they weren’t seriously considering taking Physics A Level.

	Question 4: Influence of parents/guardians

	F1
	· Parents spoke to them a lot about their GCSE choices and have already spoken to them about A Levels. 

	F3
	· Parents encouraged her to take Triple Science GCSE.
· Parents want her to take at least one science A Level.

	M2
	· Felt their parents “swayed” them into taking Triple Science. 



Question 4 comment: All three participants who responded felt that they had been influenced by their parents in terms of their GCSE choices and would be influenced by them, again, when it came to choosing their A Levels. 

	Question 5: Influence of teachers

	F1
	· Don’t feel that they’ve been influenced by their teachers. 
· They wish they’d had A Level “taster sessions”. 

	F2
	· Their relationship with their teacher makes them like Biology and more likely to choose it for A Level.

	F3
	· If they don’t like the A Level teacher they’d be less likely to choose the subject. 

	F4
	· The teacher influences how much they like the subject. 

	M1
	· Teachers haven’t directly spoken to him about what subjects to take but they would be influenced by knowing which teacher they’d have for A Level. 

	M2
	· Don’t feel that they’ve been influenced by their teachers. 



Question 5 comment: The general consensus here was that teachers hadn’t spoken to the participants about their choices, to influence them directly, but participants were strongly influenced by their previous experience with teachers and the knowledge of which teachers they’d have for their A Level studies. 

	Question 6: Perceived ability in each of the sciences

	F1
	· Feels confident in biology, “better than average” in physics, but has “no clue” in chemistry.

	F2
	· Judges herself to be equal at all three sciences. 

	F3
	· Performs well in biology but doesn’t enjoy it. 

	F4
	· Judges herself to be equal in biology and chemistry but finds physics harder. 

	M1
	· Thought he was “bad at” Biology and Chemistry but did well in his Year 10 exams. 

	M2
	· Judges himself to be equal at all three sciences although it depends on the topic.
· Biology is the easiest. 



Question 6 comment: All participants felt either that their ability in Biology was the same or better than the other sciences or that they performed well in their Year 10 Biology GCSE. One female participant said that they found physics the most difficult and one said that they found chemistry the hardest. 


	Question 7: Any other comments

	F2
	· The teacher has a big influence. Some teachers “talk at” students for too long and it makes the subject less interesting.

	F3
	· The past paper questions are confusing. Sometimes they understand the explanations but then don’t understand the exam questions and don’t see how they link up. 

	F4
	· Agreed with F2 that the teacher has a big influence as to whether or not they like the subject. 

	M1
	· Agree with F2 that if a teacher does a lot of talking, it puts them off the subject. 



Question 7 comment: Here, participants reiterated some of the sentiments expressed in response to question 5. The general consensus was that if a participant didn’t like their teacher, they were put off from studying their subject at A Level. Factors that made a participant not like their teacher included them spending too much time talking. 


Chapter 5.
DISCUSSION, & INTERPRETATION OF THE DATA 


Key findings

The results presented in chapter 4 will now be considered in light of the four research questions. The results from both key stages will be considered together.


1. What factors encourage students to study science A Levels?
Most students believe that society values a career in science. Students who study one science A Level are highly likely to study at least one other and are also highly likely to be considering a career in science. For the large majority of students, their experience and relationship with previous science teachers, both positive and negative, is a significant factor in their decision to study science A Levels. With regards to Biology A Level, both males and females perceive biology to be more recall focussed than chemistry and physics, and therefore easier, and give this as a reason for choosing to study Biology A Level.


2. What factors discourage students from studying science A Levels?
Workload and/or perceived difficulty is the biggest factor that discourages all students from taking science A Levels although males are more likely than females to be put off studying science due to workload or perceived difficulty. Males are more likely to be discouraged from taking science A Levels based on their GCSE results and/or perceived ability. As noted above, all students are impacted by their previous experience with science teachers. If they have not enjoyed science with a particular teacher and/or dislike the teacher that they would have for their A Level, they are strongly deterred from choosing that A Level. Not enjoying GCSE science with a particular teacher was often attributed to the students being aware that their teacher was teaching outside of their specialism i.e. a chemistry specialist teaching physics. During the Key Stage 5 focus group, a student who was resitting Year 12 cited the disruption to their learning, as a result of the Coronavirus pandemic, as a reason for not choosing Physics A Level: their Physics GCSE teaching was significantly rushed in comparison to his Biology and Chemistry GCSEs. 




3. Are there differences between male and female attitudes towards studying science and, if so, what are they?
The results of both the questionnaires and focus groups suggest that females are more likely than males to study Biology A Level and Chemistry A Level. Females are also more likely than males to study more than one science A Level. The degree to which participants felt they had been encouraged by parents and teachers to choose science A Levels, varied between genders and year groups and thus appeared to be dependent on an individual’s specific circumstances. Similarly, the degree to which participants’ perceived themselves to be good at science varied on an individual basis. However, females are more likely to consider their ability when choosing their A Levels. Overall, females are more likely to consider their future career aspirations when choosing their A Levels and also appear to have a stronger sense of their future career, with a higher proportion of them agreeing or disagreeing that they are considering a career in science and a higher proportion of males saying they are unsure. Females consider more factors than males when choosing which A Levels to take and are more likely, than males, to consider their enjoyment when choosing their A Levels. Some females are concerned about science being a “male subject” and being outnumbered in lessons, describing their perception of misogyny being an issue in further education and industry. 




4. Are there differences between male and female attitudes towards studying physics and, if so, what are they?

Overall, the results suggest that males are more likely than females to study Physics A Level. Males are more likely than females to enjoy physics, while females are more likely to find physics difficult and/or boring. Where females chose to study physics, they usually had a specialist GCSE Physics teacher and/or needed it for a degree course. Males are also positively influenced by having a specialist GCSE Physics teacher. An additional finding was that physics may be at odds with a participant’s religious beliefs.


How do the findings of this research compare with the findings of other authors?

The findings of this research will now be evaluated alongside the findings of previous authors. The key themes outlined in Chapter 2 will be considered. 

Science as a masculine subject
In accordance with the findings of other authors (Institute of Physics, 2018; Archer et al., 2013), this research generated some findings that indicated that females view science as a masculine subject. Indeed, some females specifically spoke about their concerns that science is a “male subject” and, were they to choose science subjects at A Level, they would be “outnumbered”. A female respondent of the Key Stage 5 questionnaire detailed her concerns that misogyny may be common on science based university courses and in industry. The reader is reminded of studies conducted with younger students which found that students think the biological sciences are “for girls” and the physical sciences are “for boys” (Andre, 1999; Greenfield, 1996; Jones, Howe et al., 2000). This theory may be particularly pertinent here as the present research found that males are more likely than females to study Physics A Level and are also more likely than females to enjoy physics. The females in the present study were more likely to find physics difficult and/or boring. In addition to this, the females in this study were more likely than males to study Biology A Level and Chemistry A Level, echoing the findings of Andre (1999), Greenfield (1996), and Jones and Howe et al. (2000).



Encouragement from teachers
The effects of the influence of teachers, reported in this research, broadly apply to male and female students and don’t differ between the two genders. Specifically, students are influenced by their previous experience with a teacher; their relationship with them, how much they liked them and the anticipation of having them again at A Level and whether or not they were taught by a subject specialist. The degree of teacher encouragement participants felt they’d received varied from participant to participant, with no distinct pattern, contrary to the findings of Mujtaba and Reiss (2016) who found that males were more likely than females to be encouraged to study Physics. Additionally, while some females did describe viewing science as a masculine subject, as described above, they did not discuss teachers as being a source of this view, unlike the findings of other authors (Mujtaba and Reiss, 2016; Plucker, 1996; Zohar and Bronshtein, 2005). 


Encouragement from parents
As with the level of encouragement from teachers, the level of encouragement participants felt they’d received from parents varied on an individual basis, with no clear pattern. This is in contrast to the findings of Andre et al. (2000) who reported that parents had higher expectations of boys than girls in their science education. The author is led to conclude that parental encouragement plays little to no part in the observed differences between males and females in the uptake of A Level sciences.

Ability
This section is prefaced with a reminder that the present research considered participants’ perceived ability rather than GCSE or other test results. Workload and/or perceived difficulty was the biggest factor that discouraged male and female participants  from taking science A Levels although male participants were more likely to be discouraged. The degree to which participants’ perceived themselves to be good at science varied on an individual basis, although males were more likely to be discouraged from taking science A Levels based on their GCSE results and/or perceived ability. A potentially conflicting finding was that females were more likely to consider their ability when choosing their A Levels. A summary of these findings may be that females are more likely than males to consider their ability in a subject before choosing it. However, when a given participant considers their ability, they are more likely to be discouraged by perceived lower ability if they are male. Chapter 2 detailed the findings of other authors who reported that girls perceive science to be difficult and/or uninteresting (Huffman et al., 1997; Jones, Howe and Rua, 2000; Miller, Blessing and Schwartz, 2006; Archer et al. 2013). Andre et al. (1999) and Jovanovic and Steinbach King 1988) further posited that girls’ perceptions of their ability in science is lower than the perceptions of boys, even if those girls enjoy science. However, the findings of the present study are more in line with the findings of Carlone (2004) who found that both males and females consider science to be “too difficult”. With specific regards to physics, as outlined in Chapter 2, studies conducted in several different countries found sex differences in ability to answer questions, with males being more likely to correctly answer physics questions (Bell, 2001; Burkan, Lee and Smerdon, 1997). The present research appears to echo these findings with males being more likely than females to enjoy physics, while females are more likely to find physics difficult and/or boring. 

Factors affecting males and females/type of school
The type of school was not investigated here so, instead, a summary of the factors that were found to influence both males and females will be presented. Males and females 
believe that society values a career in science. Additionally, male and female students who study one science A Level are highly likely to study at least one other and are also highly likely to be considering a career in science. A significant theme was that, for male and female students, their experience and relationship with previous science teachers, both positive and negative, played a role in their decision to study science A Levels. Where students had a positive experience with their GCSE teacher, they felt more inclined to continue studying that subject at A Level. Conversely, if they had a negative experience with their GCSE teacher, they felt less inclined to continue studying that subject at A Level. These findings partially echo the work of previous authors (Mujtaba and Reiss, 2016) who found that girls’ attitudes towards maths and physics were impacted by their teachers. In the present study, both males and females’ attitudes towards science subjects were found to be impacted by their class teacher.  It is important to note here that this particular finding may be relevant only where students have access to a sixth form and the possibility of continued studies with their GCSE teacher. Students also discussed being aware of whether or not their GCSE teacher was teaching their specialism, and reporting that they were more likely to enjoy the subject when being taught by a subject specialist. 
The Key Stage 5 focus group responses brought to light the potential for a participant’s experience of learning during the Coronavirus pandemic to influence their A Level choices. This idea will be discussed further in Chapter 6.

There were three other themes, outlined in Chapter 2, that were not investigated in this study. These were: the whole school environment; the link to FSM; and the impact of other factors such as ethnicity and wealth. These will be discussed further in Chapter 6.


How have the findings of this research changed the key themes

As a result of the research, and in the context of the school in question, science as a masculine subject, workload, perceived difficulty and perceived ability are still considered key factors that influence the uptake of science A Levels. In addition to these, participants’ experience with the GCSE teacher, as opposed to “teacher encouragement” is now considered a key theme. Teacher and parental encouragement are not considered to be influential factors in the given context.


Chapter 6.
CONCLUSIONS and RECOMMENDATIONS 


Summary of main findings and conclusions

1. What factors encourage students to study science A Levels?
The participants in this study chose to study science A Levels if they were considering a career in science and/or required science A Levels for entry onto a degree course. Students were also encouraged to study science A Levels if they had a positive experience with their GCSE Science teacher. Students who choose to study Biology A Level are encouraged to do so as they see it as predominantly recall-based and typically easier than Chemistry and Physics A Level. Students felt that society values a career in science.  
2. What factors discourage students from studying science A Levels?
The participants in this study were or would be discouraged from studying science A Levels due to the anticipated workload and perceived difficulty. Some participants, mostly males, were discouraged from selecting A Level science subjects due to their own perceived ability in that subject. Male and female students were discouraged from selecting A Level science subjects if they’d had a negative experience with their GCSE Science teacher. 
3. Are there differences between male and female attitudes towards studying science and, if so, what are they?
Females are more likely to study Biology and Chemistry A Level and males are more likely to study Physics A Level. Females are also more likely to study two of the three sciences at A Level. Females typically consider more factors than males when choosing their A Levels and are more likely to consider their enjoyment and their future career prospects. Some females are concerned about science being a “male subject”. The males in this study did not share any concerns about science being a gendered subject. 
4. Are there differences between male and female attitudes towards studying physics and, if so, what are they?
Males are more likely than females to enjoy physics and to study Physics A Level.  Females are more likely than males to find physics difficult and/or boring. 


Limitations and directions for further research

This study was conducted in a single school with a relatively small sample of Key Stage 4 and 5 students. There was no scrutiny of GCSE and A Level results and nor was there analysis of the numbers of A Level science students in receipt of free school meals or from different ethnic backgrounds. As such, research into the effects of the whole school environment, the link to FSM and the impact of other factors such as ethnicity and socio-economic background was not included. These other factors have previously been highlighted by other authors (Friedman-Soluker and Justman, 2016; Justman and Mendez, 2018; Institute of Physics, 2018; Brotman and Moore, 2008; Brickhouse, Lowery and Schultz, 2000) and so may warrant further exploration, beyond the scope of the present research. 

There are two findings that have presented themselves throughout the course of this research, that may be explored in further research: these are the effect of the coronavirus pandemic on science education and students’ prior experience with science teachers. At the time of completion of this study, the little research that has already been conducted into the impact of the pandemic on science education, focuses primarily on medical sciences and university students. Data scrutiny of GCSE and A Level results of students from 2020 onwards, along with data scrutiny of A Level science uptake from 2020 onwards, and insight from students across Key Stages 3, 4 and 5 may be a starting point for future research into the impacts of the coronavirus pandemic on secondary and further science education and subsequent A Level uptake. 

In the school at the heart of this research, science teachers teach across all disciplines at Key Stages 3 and 4, and teach only within their specialism, i.e. biology, chemistry or physics, at Key Stage 5. Empirical evidence suggests that this is common practice in secondary schools. A key finding from this research was that students are often able to tell if a teacher is teaching within their specialism, typically enjoy those lessons more and so are more likely to study that subject at A Level. The opposite also appears to be true and students may be less likely to select a science A Level if their experience of that subject at GCSE was a negative one which they may attribute to their relationship with their GCSE teacher or whether or not their teacher was a subject specialist. Further exploration of this theme may involve interviews with students and teachers along with data analysis of A Level uptake in relation to subject specialist teachers at GCSE. 



Recommendations

The following are recommendations for possible further research.

1. Data scrutiny of A Level uptake with a comparison of male and female data, FSM and non-FSM data, and of students of different ethnicities.
2. Data scrutiny of GCSE and A Level results with a comparison of male and female data, FSM and non-FSM data, and of students of different ethnicities.
3. Data scrutiny of GCSE and A Level results of students from 2020 onwards, along with data scrutiny of A Level science uptake from 2020 onwards. Exploration of the impact of the coronavirus pandemic on students from Key Stages 3-5.
4. Data scrutiny of A Level uptake in relation to subject specialist teachers at GCSE along with interviews with students and teachers. 
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