What are the factors that influence whether or not pupils choose science A Levels?
1. Introduction
This research has been designed to explore the potential differences in the likelihood of male and female pupils to choose to study science A Levels. According to a report by the Institute of Physics (2018) the notion that science subjects, namely physics, is not one to be pursued by girls may, in part, be the result of generations of throwaway comments and quips that depict physics as a masculine subject. This idea is grounded in data from recent years. The 2016 Cambridge Assessment (Carroll and Gill, 2017) obtained data from nine different types of schools and analysed the uptake of different A Level subjects by males and females. The uptake of four STEM subjects are summarised in table 1, where the numbers represent the percentage of A Level students for that academic year.  The term STEM (Science, Technology, Engineering and Mathematics) can include a multitude 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 findings demonstrate that, with the exception of biology, more males progress to post-16 STEM subjects than females (Carroll and Gill, 2017). The authors note that while mathematics and physics are the most popular post-16 subjects for males, female pupils favour psychology and English literature. This data is supported by the Joint Council for Qualifications (Joint Council for Qualifications, 2014) who have previously reported that 57% of entries to post-16 STEM subjects are from male candidates. These findings are perhaps most interesting when one considers that male and female pupils perform equally well at science GCSEs (Joint Council for Qualifications, 2104). Moreover, the Institute of Physics (2018) have published that 65% of female students can include physics in their top four GCSE grades, and yet only 8% of these pupils continue to study physics at A Level. 

	Subject
	All
	Male
	Female

	Mathematics
	28.0
	38.5
	19.7

	Biology
	19.5
	17.0
	21.5

	Chemistry
	16.3
	18.4
	14.6

	Physics
	11.2
	19.9
	4.3


Table 1: Uptake of four STEM subjects at A Level in England in 2016.

There are various factors that the literature attributes to discouraging girls from studying science beyond their compulsory GCSEs. These include, but are not limited to, girls’ perception of science as a masculine subject, the variable levels of encouragement girls receive from teachers and parents to continue studying science and the type of school they attend. 
It has already been acknowledged that although male and female pupils perform equally well in science GCSEs, far fewer of these high performing females progress to science AS/A Levels than their male counterparts (Joint Council for Qualifications, 2014). A study conducted by Archer et al. (2013), funded by the UK Economic and Social Research Council, made use of a quantitative online survey to discern pupils’ and parents’ attitudes to science. The study, which comprised male and female pupils from a variety of school types and of various races and ethnic backgrounds, 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 girls surveyed aspired to progress to a career in science. The interviews that followed revealed that girls viewed science as a “brainy” or “geeky” subject and many of the girls felt that it was a masculine subject. In one particular school, girls discouraged each other from attending the after-school science club as it was “all boys”. When questioned about their preferred career choice, girls tended to select careers that the authors deemed “glamorous”, “nurturing” and “feminine”. While it is acknowledged that this study comprises pupils far younger that those included in the present study, 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. 
Mujtaba and Reiss (2016) conducted a study involving 10’000 pupils in England, into attitudes towards maths and physics education. Pupils were surveyed in year 8 and then again when they were in year 10. The authors found 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. Mujtaba and Reiss also 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 in contrast with the findings of Archer et al. (2013) who reported that girls felt that their parents valued a science education, although the reader is reminded that Archer and colleagues conducted their study with younger pupils and so the attitudes of parents towards science in compulsory education may differ to those attitudes about post-16 science education. 
The type of school a pupil attends may contribute to their decision to continue or discontinue their post-16 science education (Institute of Physics, 2018). According to the Institute of Physics there 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 present study will involve pupils in a co-educational maintained school.   
It is worthwhile to note, at this stage, that while this study is concerned with the progression of female pupils onto post-16 science education, some of the factors discussed above are relevant to both male and female pupils. Indeed, Bennett et al. (2013) determined that there are numerous elements that pupils consider when making decisions about their A Level subjects, including their intended career path and/or whether the subject is a pre-requisite for a given university course, their perceived ability in that subject and the perceived level of risk in taking that subject, and the views of their teachers and/or parents. Bennett and colleagues also reported that pupils considered their own enjoyment of the subject when making their decision. There may be other cultural or socio-economic factors which influence this decision as it has been documented that fewer UK students progress to post-16 STEM subjects than their counterparts in other developed countries (The Royal Society, 2011).    
At present, the government’s industrial strategy aimed at maintaining a competitive UK economy (Department for Business, Innovation and Skills, 2009) is dependent on thousands more recruits trained in STEM subjects, each year (Institute of Physics, 2018). Furthermore, the Institute of Physics argues the need to remove any barriers for potential female recruits in an effort to allow the development of a scientific community centred on fairness, equality and diversity. It is hoped that an exploration of the factors that dissuade girls from opting for post-16 science subjects may contribute to a wider understanding of the issue.   
The research that follows will aim to answer the following questions:
· Are girls less likely than boys to progress to post-16 science subjects?
· What are the factors that may contribute to pupils choosing science A Levels?
· What are the factors may deter pupils from choosing science A Levels?
The following section will discuss the methods employed to begin to answer these questions. 

2. Methods
2 i. Introduction
The research questions posed may be best answered through a combination of open and closed questions asked of pupils via questionnaire. The first research question “are boys more likely than girls to progress to post-16 science subjects” appears to lend itself to closed questioning followed by simplistic data analysis involving percentages. The two subsequent research questions that seek to understand what motivates pupils to select, or not select, science A Levels require more in-depth qualitative responses that may not be reduced to simple percentages. Questionnaires can offer cost and time effective data collection and allow for the collection of quantitative and qualitative data (Cohen et al., 2018). While it is acknowledged that conducting interviews with pupils may have produced richer, more personalised responses (Cohen et al., 2018) the decision to utilise questionnaires allows for data to be collected from a proposed sample of 50 participants, while imposing minimal time constraint. 
2 ii. Sample
The research was conduction in a maintained coeducational school in South Wales. The research sample comprised 50 15-16-year-old pupils currently studying Triple Science GCSEs. Only pupils studying Triple Science were selected to take part in this research as empirical work suggests that those pupils who choose to study Double Award Science, as opposed to Triple Science, do not tend to go on to study A Level science. The participants were made aware of the research during a morning tutorial: pupils were gathered together, and the methods and purpose of the research explained. Following the gaining of informed consent (discussed later), the questionnaires were completed over two morning tutorials- one half of the sample completed it on the first morning, and the other half on the second. The researcher was present in both cases 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). 
2 iii. Operationalizing the questionnaire
Operationalizing the questionnaire involved the initial generation of specific research questions that would allow the aim of this research to be addressed (Cohen et al., 2018), namely, to explore the reasons why girls may be deterred from selecting A Level science. Cohen et al. (2018) advocate the use of highly specific research questions if highly specific responses are the desired outcome. As such, the first research question “are boys more likely than girls to progress to post-16 science subjects” may be answered through a series of closed questions presented on a Likert scale (Likert, 1932), for example:
1. How likely are you to choose to study Biology A Level? (Please circle the most appropriate response)
Very likely            Likely                   Unsure                    Unlikely           Very unlikely
Responses to questions framed in this manner should generate frequencies of different responses than may then be statistically analysed (Cohen et al., 2018). Oppenheim (1992) highlights the comparability of responses as an advantage of closed questioning; in the present research, the responses of male and female pupils may be easily compared. Other noted advantages of this style of questioning include the speed and ease of coding and analysis (Bailey, 1994) and the relative ease with which respondents may answer the questions with little reliance on their ability to articulate their viewpoint or response (Cohen et al., 2018). While every effort has been made to offer respondents an exhaustive list of possible responses on the Likert scale, there is the possibility that respondents may feel that they are unable to convey the most appropriate response for them with the given options (Oppenheim, 1992). Oppenheim (1992) further argues that even if respondents are happy that their most appropriate response is present and available for them to select, they are unable to explain their response within the confines of a closed Likert scale question. Krosnick and Presser (2010) postulate that the afore described factors may lead participants to put less consideration into their responses. In the present research, questions regarding likelihood of selecting A Level science subjects are deliberately not dichotomous in nature and offer participants the option to select “unsure”. Although dichotomous questions may serve to minimise the impacts of respondents “guessing answers” (Sudman and Bradburn, 1982) instead imploring the respondent to refrain from remaining impartial, they may generate biased responses as participants are forced to choose a standpoint that they do not necessarily agree with. Youngman (1984) reports that participants are more likely to agree with statements than disagree and Weems et al. (2003) further recounts that participants are more likely to disagree with a positive statement than agree with a negative one, although it is acknowledged that the questions regarding A Level science require participants to discern levels of likelihood as opposed to agreement. The inclusion of the “unsure” option may be taken advantage of by participants wishing to avoid making judgements, disclosing information or opinions, or those who perhaps do not understand the question (Krosnick and Presser, 2010). This sentiment is echoed by Champagne (2014) who points to potentially less valid data being produced as a result. This being said, it may be argued that leaving out such a neutral response is unfair as it forces the respondent to choose a viewpoint and so should only be done if it is genuinely believed that the respondent may hold a neutral viewpoint (Cohen et al., 2018). In the present research, it is reasonable to assume that some year 11 pupils 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” is included as an option.  
The Likert scale questions used in this study comprise five possible options, ranging from a strong positive response on the left (“very likely”) to a strong negative response on the right (“very unlikely”) with a neutral response (“unsure”) in the middle. While some authors advocate using anywhere between five and eleven points on a scale (Friedman and Amoo, 1999), others conclude that seven-point scales are preferential as they make it easier for respondents to discriminate between points (Schwartz et al., 1991) (Krosnick and Presser, 2010) and so produce more reliable data. It is useful to consider here that some authors report an avoidance of the end values if they appear too extreme (Friedman and Amoo, 1999) and so the scales in this study range from “very likely” to “very unlikely” rather than more extreme wording such as “definitely” and “definitely not”. This, admittedly, may present its own problems as there can be no assumption that there are equal intervals between scale points (Cohen et al., 2018) and the respondents who indicate "very unlikely” to the question “How likely are you to choose to study Chemistry A Level?” may comprise pupils who have totally ruled it out and those who are still considering it as a possibility. The use of a five-point scale in this study, rather than the seven-point scale recommended by some authors, is used in conjunction with “non-extreme” wording at either end of the scale, in an effort to generate valid and reliable results. 
As discussed above, the Likert scale questions employed in this study have a statement attached to each scale point. Champagne (2014) reports that participants interpret labelled scale points with greater consistency than numbered scale points, producing less ambiguous results. These conclusions support the earlier work of Krosnick and Presser (2010) who wrote that participants preferred answering questions with labelled scale points as opposed to number scale points. 
As previously discussed, the first eight questions in the questionnaire, were designed to specifically answer the first research question. The remaining research questions (“What are the factors that may contribute to pupils choosing science A Levels?” and “What are the factors that may deter pupils from choosing science A Levels?) require more authentic and detailed responses and as such open-ended questions were used, in addition to Likert scale questions, to address them. Open-ended questions are considered to be of particular use for small-scale research, such as the research in this study (Cohen et al., 2018). Cohen and colleagues also postulate that the responses retrieved from asking open-ended questions will be richer than those generated from closed questions and so will offer increased validity. They do, however, caution that participants may display varying abilities to articulate their response, thus affecting the comparability of the responses. Indeed, the responses maybe so varied in their nature and viewpoint that comparison is a difficult process in any case. The present study involves solely pupils currently studying triple science GCSEs and therefore of similar academic attainment, although that is not to say that there would be no disparity among their ability to convey their response. Several authors, namely Oppenheim (1992) and later Cohen et al. (2018), suggest making use of a prompt in order to focus participants’ responses. Prompts were not included in this questionnaire in an effort to avoid leading participants to particular give particular responses. Instead, the researcher was present to offer clarifications for any questions deemed ambiguous or unclear by the participant.  There may be notable limitations of using open-ended questions, given the potential to generate irrelevant information either from participants failing to grasp the question accurately and proceeding to write a lengthy response that bares no significance to the research at hand (Redline et al., 2002), or from respondents being deterred from answering questions that appear to warrant a lengthy response and deciding to not answer it all or write that they are simply unsure (Krosnick and Presser, 2010). That said, they were selected for the present study, in place of multiple-choice questions, for example with a list of possible reasons why someone would choose to study A Level science, in an effort to not limit the respondent to what may not be a fully exhaustive list of reasons, and so enhance the validity of the data. Furthermore, respondents are likely to interpret multiple choice answers differently and be influenced by their own context (Cohen et al., 2018) and the resultant data analysis that follows may be crude in nature and not serve to answer the research questions. A possible method for presenting the respondent with an exhaustive list of answers may involve conducting a pilot study (Krosnick and Presser, 2010) (Cohen et al., 2018). A pilot study was not used in this case due to the time constraints placed upon the research: year 11s have a reduced timetable as a result of their upcoming exams. 

  
2 iv. Data analysis
This section will discuss how the data collected, will subsequently be analysed. As previously mentioned, the responses to the questionnaire items will generate data that are both quantitative and qualitative in nature. Responses to the first eight questions, which serve to answer the first research question (“Are girls less likely than boys to progress to post-16 science subjects?) will generate comparable quantitative data that will be subject to simplistic analysis involving frequencies and percentages. The aim here is to establish if there is a different in the likelihood of male and female pupils choosing to study science A Levels. The subsequent questionnaire items serve to answer the second and third research questions which are concerned with the factors that may encourage or deter pupils from choosing A Level science. Questions 9-14, being of Likert scale design, may also be analysed to give frequencies and percentages and may also be highly comparable (Oppenheim, 1992). Questions 15 and 16, requiring extended responses, should provide qualitative data which are richer in detail and authenticity (Cohen et al., 2018). These responses will not be coded unless obvious similarities are noted, in which case coding may be using to allow for comparable quantitative analysis.  
Possible risks to the validity and reliability of data include the presence of the researcher and the school setting in which the research was conducted (Strange et al., 2003; Krosnick and Presser, 2010; Cohen et al., 2018). Here, validity is concerned with the extent to which participants have given honest and accurate responses (Cohen et al., 2018) as opposed to giving a response which may not be honest but deemed more socially desirable (Fowler, 2009). The findings of Fowler (2009) and Krosnick and Presser (2010) may be viewed in unison here to point to the possibility that participants may have felt obliged to give a response they thought the researcher/teacher would approve of, particularly as said researcher was present. This risk was identified at the point of questionnaire design and as a result, participants were explicitly told that completely honest answers were required, their responses would be anonymous, and no particular “correct” answer was being sought. Another way in which validity may be limited is if participants leave some questions blank, either due to them not understanding the question or respondent fatigue (Denscombe, 2014). These potential issues have been minimised by restricting the questionnaire to 15 short questions which can be answered within the time constraints of a morning tutorial session, and by having the researcher present to clarify any misunderstandings over questions.  

2 v. Ethical considerations
The ethical considerations in this research are concerned with potential harm to the participant, the researcher and the University of Wales Trinity Saint David, who approved the research (further details can be found in the Ethics Form attached in the appendix). Prior to the commencement of the research, informed consent was obtained. As discussed previously, pupils were informed about the nature and purpose of the research during a morning tutorial and given the opportunity to ask questions. They then received a letter, detailing the proposed research, along with a consent form for them to sign. Parents and legal guardians also received this information via a letter sent home and were asked to give their consent. The sample comprised a mixture of 15 and 16-year-olds and so to avoid confusion, all pupils provided assent by signing the form, and parents and legal guardians also provided consent via a signature on the consent form. As much detail as possible was provided to pupils and parents so that they were able to give fully informed consent (British Education Research Association, 2018; UWTSD Research Ethics and Integrity Code of Practice,2017). Pupils and parents were also made aware of their right to withdraw consent, any time prior to or during the completion of the questionnaire.
While every effort was made to make pupils aware that they were under no obligation to part in the research and there would be do detrimental consequences for them for choosing to not take part, pupils may still have felt, as the research took place in a school and was carried out by a teacher, that they were expected to participate, thus potentially inflicting undue stress on pupils who would rather not take part (Cohen et al., 2018). Brooks et al., (2014) report that participants who complete research in school and in the presence of a teacher may feel that particular answers are desired by the teacher/researcher and so feel pressured into giving a response that is neither valid nor reliable as it does not reflect their true attitude or belief. In accordance with Article 12 of The United Nations Convention on the Rights of the Child, participants have the right to give their honest opinion and be listened to and taken seriously. Furthermore, in accordance with Article 12 and guidelines set out by the British Education Research Association, participants have the right to refuse to give an opinion. As such, it was made explicitly clear to all participants that there is no “right answer” that is expected of them and they are under no obligation to answer every question. 
This research presented additional ethical consideration in the form of collection of personal data, specifically the potential for psychological harm caused to pupils by being asked to identify their gender. This potential risk was minimised by making it clear that pupils will be asked about their gender on the questionnaire, prior to gaining consent. Furthermore, participants had the option to select “other” or “rather not say”.   
In an effort to alleviate risks posed to the researcher, namely the potential for conflict of interest as a researcher and practitioner, and possible altered relationship with pupils, Education Workforce Council (2018) guidelines, the British Education Research Association (2018) guidelines and the UWTSD Research Ethics and Integrity Code of Practice (2017) were adhered to, ensuring that pupil wellbeing was put above the needs of the research. 

2 vi. Dissemination 
Upon the completion of this research, a final report detailing the methods used, data analysis and conclusions made will be made available to the University of Wales Trinity Saint David, the participant and the parents and guardians of the participants, upon request. 
3. Conclusion
It is hoped that the data gathered from the questionnaires in this research will serve to answer the research questions posed, and greater enlighten the researcher and reader as to the factors that encourage and deter pupils from choosing A Level science and, specifically, to the difference in the factors between male and female pupils. As discusses, there is a wealth of literature that explores the differences in male and female A Level subject uptake in England, and the present research may enable similar comparisons to be made regarding uptake in a school in South Wales. If the present study were to offer similar results to afore mentioned studies i.e. if it were to find that male pupils are more likely to select science A Levels than female pupils, then future work may involve further exploration of the factors which influence these findings, to allow for better understanding as to how schools, families and the wider community are contributing to these findings. 
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