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Abstract

This paper investigates the characteristics of 15 year-old girls who express an intention to study physics post-16. The paper unpacks issues around within girl group differences and similarities between boys and girls in survey responses about physics. The analysis is based on the year 10 (age 15 years) responses of 5034 students from 137 UK schools as learners of physics during the academic year 2008-2009. A comparison between boys and girls indicates the pervasiveness of gender issues, with boys more likely to respond positively towards physics-specific constructs than girls. Analysis also indicates that girls and boys who expressed intentions to participate in physics post-16 gave similar responses towards their physics teachers and physics lessons and had comparable physics extrinsic motivation. Girls (regardless of intention to participate in physics) were less likely than boys to be encouraged to study physics post-16 by teachers, family and friends. Despite this, there was a subset of girls still intending to study physics post-16. The crucial differences between the girls who intended to study physics post-16 and those who did not is that girls who intend to study physics post-16 had higher physics extrinsic motivation, more positive perceptions of physics teachers and lessons, greater competitiveness and a tendency to be less extrovert. This strongly suggests that higher extrinsic motivation in physics could be the crucial underlying key that encourages a subset of girls (as well as boys) in wanting to pursue physics post-16.
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Introduction

Physics in the UK education system

In the UK, the gender gap in the uptake of physics has been a continuous and established problem at secondary school, further education and higher education levels. In England at the age of 16, students typically take General Certificate of Secondary Education (GCSE) examinations in about eight to twelve subjects, with limited student choice. Post-16 academic courses usually take the form of Advanced Level (A-Level) examinations taken at age 18 in about two to four subjects with a great deal of student choice. In order to do physics at A-Level, students in England, Northern Ireland and Wales (Scotland has a different examination system) are typically required to get a high grade (A*, A or B) in GCSE science or physics.
Attainment levels of boys and girls in physics/science at GCSE are quite similar with, if anything, girls doing slightly better. In 2011, for GCSE science, 3.0% of girls achieved the highest grade, A*, compared to 2.1% of boys; 10.1% of girls obtained a grade A compared to 8.0% of boys. For physics GCSE, 21.7% of girls and 20.8% of boys obtained an A*, while 27.1% of girls and 27.4% of boys obtained an A (JCQ, 2011a). Given that 51% of these science GCSE entries and 46% of these physics GCSE entries were by girls, this demonstrates there is little if any inherent difference between boys and girls in their ability at physics. In contrast to this, the odds of girls going on to do physics post-16 are substantially less than that for boys, even after controlling for entry requirements into A-level, with the gender gap being wider for physics than for any other STEM (science, technology, engineering, mathematics) subject (JCQ, 2011b). About four-fifths of the physics A-Level entries for each of the last ten years have been by boys. The number of students entering physics A-Level has begun to see a rise over the past five years, having reached a low in 2006 but even so the number of students continuing with physics post-16 is still only slightly over half of what it was in 1982. In 2010, physics entrees only constituted 3.6% of the entire cohort sitting A-Levels, with 6.2% of males who sat A-Levels having taken physics compared to only 1.4% of females who sat A-Levels.
The modest number of undergraduates taking physics degrees means there are implications for the number who go on to do specialist physics teacher training courses, impacting the availability of good quality teaching for young learners. This, in turn, may have implications for engagement with physics and post-16 participation in physics. More generally, the Leitch Review (Leitch Review of Skills, 2006) highlighted the skills shortage that the UK has in STEM subjects and encouraged strategies to be put in place to address such shortages by increasing recruitment at schools and universities. The British government has been committed to increasing the number of STEM professionals as it sees this as crucial for Britain to be able to compete in an increasingly global economy (Department for Business, Innovation and Skills, 2009). 

One of the key reasons why the under-representation of females in post-16 physics is important is because of the implications this has for women’s career development and access to specialist higher education courses. Thus, in subjects where females are already under-represented, where a recruitment drive is currently taking place, it is important to know what barriers females face in order to reduce problems with engagement and access. The concerns with female participation rates in STEM courses are also very much related to the high attrition rates of women at each post-16 stage as well as females in STEM careers (Blickenstaff, 2005). In the UK, there have been a number of national initiatives put in place to raise girls’ engagement with physics by exposing them to educational activities that promote female-inclusive education. Some important initiatives such as ‘Girls into Science and Technology’ and the ‘Women into Science and Engineering’ campaign received much enthusiasm from schools (Smail et al., 1982; WISE, 2007) though, despite these initiatives, physics remains highly gendered. In response to the continuing decline in the number of girls studying physics post-16 in England, the Institute of Physics commissioned a review with the hope that knowing what to do to boost girls’ participation in physics A-Level would help resolve the problem with female recruitment into physics (Murphy and Whitelegg, 2006). However, the review was unable to come to firm conclusions about how to boost girls’ participation in physics in post-compulsory education.

Competitiveness, confidence and the influence of schools in physics

It seems clear that gendered patterns of post-16 participation are attributable, at least in part, to the different psychological traits of boys and girls. For instance, boys have been found to be more goal-orientated, dominant, independent and competitive, whereas girls are more socially responsible, cooperative and person-orientated (Smithers and Hills, 1987). Though much of the research in STEM has focused on competitiveness and mathematics, early research documented that girls who chose to do A-Level physics had personality attributes that were more similar to boys, since girls who chose physics were less person-orientated and more goal-orientated than other girls (Collings and Smithers, 1984). More recent semi-structured interviews have revealed that decreasing the competitiveness in physics classes can contribute to increasing girls’ participation as well as performance in advanced physics classes without hindering the learning of boys (Zohar and Sela, 2006). 


The low confidence and low science self-concept of girls, compared to boys, has been well established during compulsory education (e.g. Green et al., 2007) and in post-compulsory education (e.g. Elwood and Comber, 1996). These researchers investigated gender differences in examinations at age 18, looking at English literature, mathematics and physics. Though there were no real differences in performance measures between girls and boys, the views of the teachers indicated that they were more likely to attribute areas of difficulty in mathematics and physics to girls. In the UK, where national examinations at age 16 in the sciences are tiered, teachers’ entry of students into these tiers can set arbitrary ceilings on students’ achievement. Data from international studies such as TIMSS have also documented the lower confidence levels of girls (Martin et al., 2008) though the self-confidence of all students in science declines as students get older. The type of schools that girls attend has been found to play a role in their perceptions of physics, with those in co-educational schools having a more negative view of physics than those in single-sex schools, with those in single-sex schools seeing physics as less masculine (Gillibrand et al., 1999), instigating a view that girls’ positive attitudes towards physics would flourish if girls were taught separately from boys. Spielhofer et al. (2002) assessed the impact of single-sex education on the likelihood of entry to GCSE subjects and to higher tiers at KS3 (key stage 3; for students aged 11-14, i.e. the period that immediately precedes GCSE courses) science and found that boys and girls in single-sex schools had a greater chance of being entered for higher tiers of KS3 science than students in mixed-sex schools. In contrast to these findings, The Youth Cohort study (Cheng et al., 1995) concluded that though girls in single-sex schools were more likely than girls from mixed-sex schools to opt for A-Level physical sciences, such trends were reversed when taking into account home background and prior achievement of students in mathematics and science and that achievement in mathematics and science was the most significant factor associated with A-level choice, particularly for girls. Similarly, Stewart (1998) concluded that prior achievement was a significant determinant in subject choice, particularly for girls choosing to study physics. 

Enjoyment and motivation as pre-determinants of physics choice

In contrast to the idea that boys are naturally disposed towards liking physics, an early study by Harding (1982) found that choosing physics and increasing enjoyment of it were more to do with the influence of individual teachers, rather than consequences of student gender. Reiss’ (2004) five-year qualitative longitudinal study found that teacher influence was paramount for students’ engagement with and liking of science but that during the course of their secondary schooling there was a reduction in enthusiasm for science among almost all the participating students. Reiss concluded that part of the reason for the decline in enthusiasm for science was because many of the students failed to see the connection between school science and their daily lives. Stewart (1998) explored the relationship between enjoyment and participation in physics and concluded that enjoyment of physics was more significant for girls than for boys as a reason for choosing it: 40% of girls who had chosen physics at A-Level had rated physics as their favourite subject at GCSE compared with 21% of boys. 

A number of studies indicate that the gender gap may be explained by the much lower levels of interest girls have in physics rather than it being related to low achievement (e.g. Reid, 2003). In Reid’s study of Scottish schools, twice as many boys than girls held positive attitudes towards physics and of those students expressing an interest in studying physics post-16, the reasons given were to do with its usefulness in their future careers and other aspects of their lives. In a study of 247 students aged 16 or 17 who had chosen to do physics at A-Level, girls had higher reported levels of physics enjoyment than boys but all students had high levels of confidence, motivation and enjoyment and felt that the subject was socially relevant (Elwood and Comber, 1996). 

There has been substantial interest in determining students’ attitudes to science (e.g. Osborne and Collins, 2001); such studies have concluded that enjoyment in science is highly correlated with continuation in physics and reveal large gender differences in such enjoyment. Some more recent work has turned from a consideration of student attitudes to science to the way in which school science succeeds or fails in enabling development of student identities (Schreiner, 2006). In relation to the gender implications of this, Bøe et al. (2011), building on Hazari et al. (2010), argue that a number of the features that make STEM careers attractive to boys (including high pay, high status and the ability to control others) are less effective for girls, who are more inclined than boys to want to help others.
Family influences and early life experiences

One influential theory indicates that motivational factors are the most important predictors for enrolment on education courses and career choice (Eccles, 1994; Eccles and Wigfield, 1995, 2002). Eccles and Wigfield’s model of achievement-related choices links educational choices to the student’s expectations for success and the value the individual attaches to the various options perceived to be accessible. Their model suggests that students will choose subjects in which they can envisage success, while students’ expectations for success depend on their confidence in their intellectual abilities at being able to overcome learning challenges. Confidence and choice, according to this model, depend on the influence and information received from within the home and school, explaining why girls who have the ability, frequently choose not to study physics because of gender-role stereotypes. Research has also pointed to the gender gap being attributable to the way in which girls associate STEM careers with males (Lee, 1998) and it is also evident that both girls and boys internalise these social gender roles to reflect the widespread perception that STEM-related careers are more appropriate for males (Lindsey et al., 1997). 

Research suggests that science experiences in early life impact selecting science for a career and shows that boys and girls have very different experiences in favour of boys being more exposed to science-type outings, encouragement and hands-on experiences. Parental encouragement of science interest still continues to be in favour of boys but trends can be reversed if girls are given appropriate attention. A recent USA study amongst a sample of 114 middle-school students found that mothers’ encouragement positively predicted girls’ self-concept and engagement with science (Bhanot and Jovanovic, 2009). It has been shown that the lack of connection of science to girls’ personal lives at least partly explains gendered patterns in post-16 participation (Barton, 1998). Indeed, engaging girls in science/physics may require different approaches than for boys. There is evidence that girls are more likely to select science as a career option if they identify with a significant other who has encouraged them with regards to science, and that girls define themselves as being able to do science because of their relationships with others (Baker and Leary, 1995). 

The context of this study

This paper is derived from the Understanding Participation rates in post-16 Mathematics And Physics (UPMAP) study (2008-2011) which aims to identify factors that relate to students’ intended choices with respect to physics and mathematics, using a mixed-methods longitudinal approach to the research. This paper explores issues around perceptions, motivations and attitudes in relation to intentions to participate in physics post-16, with a particular emphasis in attempting to add to the literature by explaining what is distinctive about those girls who choose physics. Methodologically, there are several problems with much of the research that looks into gender issues in attitudes towards science. Research tends to focus on the average differences between boys and girls, rather than examining within gender group variation and between gender group overlap. In addition, there are a number of factors that have been cited as explaining gender differences but there is little quantitative work on girls who do and do not intend to choose physics, i.e. looking at within gender group variation.
Documenting differences between girl groups in their motivations, perceptions and experiences of physics may go to some way to understanding what is important in engaging girls in physics. As indicated in the above literature review, previous research seems to suggest that the lack of post-16 participation in girls is particularly due to a lack of interest by girls in physics (e.g. Reid, 2003) and so the purpose of this paper is to explore whether this is true for all girls or a particular sub-group of girls. Furthermore, much of the research to date that attempts to explain factors that shape engagement with physics focuses on school influences, personal attributes or home influence, rather than taking a holistic approach. Another problem with research to date is that research on physics issues is subsumed into research on science issues. UPMAP is able to overcome this problem as the research instrument (a questionnaire) on which we draw in this paper contained 130 physics-specific items rather than more general items relating to science.

In order to explore issues around gender and intended physics participation, the answers from the questions on intended participation, as seen in table 1, were cross-related with gender in order to create four gender participator groups: 

· boys intending to participate in physics (PB),

· girls intending to participate in physics (PG), 

· boys not intending to participate in physics (NPB), 

· girls not intending to participate in physics (NPG). 

INSERT TABLE 1 HERE 
Student and school sample 

Whilst there is a considerable literature pertaining to extrinsic factors affecting choice and achievement in physics, comparatively little has been reported on the relationship between intrinsic factors, such as personality and attitudes to physics, and subject choice, achievement and post-16 participation. Accordingly, we designed a student questionnaire to include items from established psychological constructs alongside validated physics conceptual tasks so that possible relationships between performance, confidence and intrinsic and extrinsic factors could be explored. In total 5642 year 10 students completed our survey between October 2008 and April 2009. Given that the focus of the study is to find factors that influence post-16 participation in physics (and mathematics for which there was a separate, but related questionnaire), it was a deliberate part of the sampling to over-represent schools which were above average in either or both of mathematics and physics attainment and post-16 participation. We had originally intended to recruit 200 schools, principally using data provided by the DCSF (Department for Children, Schools and Families). In the end, 210 schools agreed to participate (out of slightly over 1000 approached, i.e. about one-quarter of the secondary schools in the UK), 137 of which subsequently returned sufficient student questionnaires. In a handful of cases schools decided that some of the questions, e.g. about parental occupation or details of home circumstances, were too intrusive. In the great majority of cases though where schools did not return student questionnaires, even though they had agreed to, it was simply that the practicalities of school life took precedence. In addition, given our research agenda, we targeted students who were predicted to get grades A*-D in GCSE mathematics and physics/science (which corresponds to approximatley the top two-thirds of students in terms of attainment). This bias was intentional because, although all barriers to participation are important, we are particularly interested in factors that affect the ‘choices’ of those students who have the opportunity, including fulfillment of attainment criteria, to study physics (or mathematics) post-16. Such a sample has a bearing on the types of associations we find and report. 

Procedures prior to main analysis: Construct development

Student questionnaires were designed following a review of the literature considering factors that may influence post-compulsory participation rates. Alongside questions related to intentions to continue to study physics post-16, the survey included physics-specific items to assess attitudes to physics, attitudes to lessons, attitudes to teachers, support for learning, engagement in extra-curricular activities, intrinsic and extrinsic motivation for learning, engagement with ICT, personality constructs and family/people support for studying physics. In total we had 130 items that were specific to exploring issues around physics – learning, support and perceptions – and 75 items that related to personality, attitudes and perceptions of learning in general. In addition, we included items in what we term ‘core conceptual areas’ in physics in order to assess unerstanding of core physics concepts and confidence.
The student questionnaires went through five rounds of design and piloting in order to refine the survey. The findings from these successive rounds of piloting meant that a number of the items were reworded so as to make them easier to understand for these age ranges. In addition, certain items were omitted. The final questionnaires can downloaded from the project website (UPMAP, 2011). A principle components analysis using varimax rotation affirmed some of the constructs though also led to minor changes in others. The detailed methodology surrounding the setup of the survey and how it fits within the wider project is provided in Reiss et al. (2011). Cronbach’s alphas were used to assess the internal consistency of all constructs and these were found to have fair to high reliability (.6-.9). All of the items within each construct were scored so that a high score represents strong agreement. Most items were measured on a 6-point Likert scale, though some had only four points. For the psychological constructs a high score (above 3 on a 6-point scale) meant: high on extroversion, high emotional stability, high internality and highly competitive. A brief summary of what each construct measures is provided with its corresponding analysis.

Results

Intention to participate in physics post-16

In the survey we asked year 10 students whether they were intending to continue with physics post-16. The coding is such that a high score represents strong stated intention to participate thus. Though in the rest of the paper the analyses look at the mean score, for this particular question the percentage response to each category is shown in table 1 to show the distribution of student responses. 


For each of the constructs, an analysis was conducted comparing the responses of males and females (t-tests were used for statistical tests) and then by the gender groups that were cross-related with intention to participate (ANOVA and Bonferonni-adjusted tests). The analysis was conducted in this way primarily to explore whether gender explains differences in aspirations, perceptions, motivations and attitudes. Comparisons were generally made between the intention to participate groups against the non-intention to participate groups and within each intention to participate group, e.g. boys who expressed an intention to participate in physics versus girls with the same intention and, separately, girls who expressed an intention to participate versus boys who did not have this intention – the latter in order to examine the possibility that some girls hold more positive perceptions about physics than some boys. Focusing on these differences helped to pinpoint whether responses were more to do with being a particular gender or belonging to a particular intention to participate in physics group. For the sake of brevity, ‘intention to participate’ in this paper refers to expressed intention to take part in a physics course at post-compulsory (i.e. post-16) education. 

Views of physics lessons

The survey measured views of physics lessons in two ways: ‘perceptions of lessons’ and ‘emotional responses towards lessons’ (table 2). Males reported more positive perceptions and emotional responses towards physics lessons p<.001.


Students, regardless of gender, who intended to participate had more positive perceptions of physics lessons than students who did not so intend, and girls who intended to participate in physics had more positive perceptions of lessons than boys who did not intend to participate. In addition, boys who expressed an intention to participate held more positive perceptions of physics lessons than did girls with similar intentions (F (3, 5706) = 394.208 p<.001). Similarly, boys who did not express an intention to participate held more positive perceptions of physics lessons than girls with similar intentions. These findings indicate that though there are gender differences in perceptions of physics lessons there is within group variability in responses (so, girls who intend to participate have different perceptions than girls who do not so intend). Table 2 shows the findings for ‘emotional response towards physics lessons’. The responses given by each gender and intention to participate group (F (3, 5293) = 132.590 p<.001) are in line with the findings reported above for ‘perceptions of lessons’.
INSERT TABLE 2 HERE 

Physics self-concept, conceptual ability and confidence in conceptual tasks

The physics-specific self-concept measured students’ perceptions of their own abilities as learners of physics. Our survey also measured students’ conceptual understanding via conceptual tasks, their confidence in conceptual tasks and their attitudes towards conceptual tasks (a composite score of students’ responses to three items asking them about the extent to which they found the tasks easy, enjoyable and interesting). Males had a higher physics self-concept, were more confident in their conceptual tasks and had more positive attitudes to conceptual tasks than females (p<.001). However, girls had higher conceptual task scores, which is interesting given that their confidence and self-concepts were lower than those of boys. 


Boys who intended to participate in post-16 physics had higher ‘physics self-concept’ than girls who intended to participate and than all students who do not intend to participate (F (3, 5354) = 482.087, p<.001). Table 3 indicates this finding mirrors those of confidence in and attitudes to conceptual tasks. Girls who intended to participate in post-16 physics had higher ‘physics self-concept’ scores than boys and girls who did not intended to participate (p<.001). No significant difference was found in the conceptual ability of boys and girls who intended to participate in physics. In terms of confidence in and attitudes to conceptual tasks, girls who intended to participate in physics had similar levels of confidence to boys who did not intend to participate, even though they (the girls) had statistically significant higher conceptual scores. Girls who did not intend to participate in physics had the lowest ‘physics self concept’ and confidence in and attitudes to their conceptual ability of all students (p<.001). These analyses also indicate that differences are not entirely to do with gender as girls who intended to participate in physics had higher scores in all areas than girls who did not intend to participate. 

INSERT TABLE 3 HERE 

Motivation and value of learning

Intrinsic motivation is seen to be derived from a sense of personal empowerment and/or pleasure in engaging with the subject. Our presumption is that a valuing for physics can develop into motivation. In our survey, students who demonstrate an intrinsic value for physics cite an appreciation because they find it enjoyable or interesting or mention some form of positive emotion when doing physics. Holding an intrinsic value for physics does not necessarily mean students are not extrinsically motivated. Our construct extrinsic motivation taps into students’ intentions to study physics because of material gains they will receive for studying this post-16. principle components analyses indicated that there were two underlying dimensions to extrinsic motivation: choosing physics for social gain, e.g. to be more popular, and choosing the subject for material gain, e.g. for access into higher education or employment prospects. Students were asked questions about their general motivations and aspirations towards learning (not physics-specific) in order to make comparisons with this against their motivations as learners of physics. 


The t-test analysis indicates that males have higher levels of extrinsic material gain motivation (t = 11.060, p<.001), extrinsic social gain motivation (t = 4.792, p<.001) and intrinsic value (t = 11.212, p<.001) (table 4). There were no statistically significant gender differences in physics extrinsic social gain motivation and no statistically significant differences between males and females in their ‘general motivations and aspirations towards learning’. 

Extrinsic material gain

There were no statistically significant differences in extrinsic material gain motivation between boys and girls who intended to participate in physics (F (3, 5355) = 746.630, p<.001). Both of these groups of students had significantly higher extrinsic material gain motivation compared to boys (and girls) who did not express an intention to participate in physics (p<.001). No significant differences were found between the extrinsic material gain motivation levels of boys who did not intend to participate and girls with similar intentions. 

Extrinsic social gain

Students who expressed an intention to participate in physics were significantly more likely to have higher levels of physics extrinsic social gain motivation than those who did not express an intention to participate (p<.001). There was no significant difference in extrinsic social gain motivation between boys and girls who intended to participate in post-16 physics. No significant differences were found between the extrinsic social gain motivation levels of girls and boys who did not intend to participate. 

Intrinsic value of physics

The analysis on the intrinsic value of physics construct indicates that boys who express an intention to participate in post-16 physics had higher levels of the intrinsic value of physics than girls with similar intentions (F (3, 5276) = 331.054, p<.001). Girls (and boys) who intended to participate in post-16 physics had higher levels of the intrinsic value of physics than students who did not intend to participate. No significant differences were found between the intrinsic value of physics for girls and boys who did not intend to participate. 

General motivations and aspirations towards learning

The analysis indicated that there were statistically significant differences between intention to participate gender groups, in favour of those expressing an intention to participate (F (3, 5247) = 84.645, p<.001). No significant differences were found between the motivation levels of girls and boys who did not intend to participate in post-16 physics nor between boys and girls who did intend to participate. 

INSERT TABLE 4 HERE 

Support, advice and learning in physics 

Our survey included constructs that explored the support and encouragement students received for physics learning and post-16 participation. Our construct ‘advice and pressure to study physics’ contained items about the encouragement students received from family, teachers, friends and acquaintances. Our construct ‘home support for physics achievement’ contained items that specifically focused on learning support. We included a construct that measured ‘home support for learning in general’ in order to make comparisons against the physics construct. Finally, we had constructs that measured ‘social support for physics learning’. This construct contained items which showed the support students received for work outside of lessons from teachers, family and friends. 


Table 5 demonstrates that males reported greater amounts of ‘advice and pressure to study physics’ and ‘home support for physics achievement’ (p<.001). Females had higher reported levels of ‘home support for achievement in general’ (p<.05) and ‘social support for physics learning’ (p<.001). 


Girls and boys who expressed an intention to participate had more advice and pressure to study physics than those who had not expressed such an intention. The analyses indicate that boys who express an intention to participate in post-16 physics were the group likely to receive the highest amounts of perceived ‘advice and pressure to study physics’, followed by the girls who expressed such an intention, with students who did not express such an intention less likely to report having received ‘advice and pressure to study physics’. There were no significant differences in the perceived amount of ‘advice and pressure to study physics’ between boys and girls who did not express an intention to participate. 


Boys and girls who expressed an intention to participate in post-16 physics had similar levels of ‘home support for achievement in general’ but boys who expressed an intention to participate had higher perceived levels of ‘home support for achievement in physics’ than girls with similar intentions (p<.001). Both boys and girls who expressed an intention to participate in physics had more perceived home support for achievement in physics than boys and girls who had not expressed an intention to participate. Girls who had not expressed an intention to participate were the least likely to receive perceived home support for achievement in physics. 


For social support in physics learning, boys and girls who expressed an intention to participate had more access to ‘social support in physics learning’ than the other groups. However, girls who expressed an intention to participate were the group with the highest access to ‘social support in physics learning’, whereas the girls who did not express intentions to study physics were the group with the lowest perceived access (p<.001).

INSERT TABLE 5 HERE 

Students’ perceptions of teachers, schools and parents

Our constructs that measured perceptions of physics teachers contained items to do with fairness, homework and classroom support. Males held more positive perceptions of their teachers (p<.001) and lower levels of sense of school belonging, compared to girls (p<.05), with no significant differences reported in respect of their perception of their relationship with their parents.


Students, regardless of gender, who intended to participate in physics held more positive perceptions of their teachers than students who did not intend to participate (F (3, 5501) = 96.541, p<.001), with no significant gender difference between boys and girls. There were also no significant differences in perceptions between boys and girls who did not intend to participate (see table 6). 


The students with the highest ‘sense of school belonging’ were those who intended to participate in physics post-16 with no differences between boys and girls for these intentions, though boys who did not intend to participate had the lowest ‘sense of school belonging’ (p<.05). 

INSERT TABLE 6 HERE 

Psychological traits of students

We wanted to profile the psychological traits of students who intended to continue with their physics studies. The psychological constructs were not related to physics intentions in particular but general underlying traits. For ‘competitiveness’, a score above 3 indicates that students are competitive with a tendency to veer towards self-enhancement as opposed to group enhancement and being more concerned with the needs of all, the latter of which is more typical of a co-operative personality (scores below 3 are more co-operative). ‘Emotional stability’ measures a state of composure and calmness, with a high score representing high emotional stability and calmness. A score above 3 indicates that students felt they were in control of their life, with a score below 3 being the converse of this. We also included a construct to measure ‘extroversion’, with scores above 3 indicating extroversion and scores below 3 indicating introversion. The ‘extroversion’ construct primarily measures the degree to which students reported a tendency to gain gratification through social interactions with others. The construct ‘locus of control’ measures the extent to which students feel they have an influence over issues that impact them. The three constructs that appeared to show a relationship between intention to participate and gender were ‘competitiveness’, ‘emotional stability’ and ‘locus of control’ (see table 7). There were no significant gender differences in extroversion levels. The analyses indicated that girls were more competitive, though boys more likely to have higher levels of locus of control and emotional stability (p<.001).


Boys who intended to participate had higher levels of emotional stability compared to all other students (p<.001). There were no significant differences between girls in emotional stability, regardless of intention to participate. Boys who did not intend to participate had higher levels of emotional stability than all girls. Boys who expressed an intention to participate in post-16 physics had the highest levels of ‘locus of control’ of any of the groups. The group with the lowest level was girls who did not intend to participate (p<.001). 


INSERT TABLE 7 HERE 

Discussion

The purpose of this paper is to explore tendencies in girls’ and boys’ motivations, attitudes and perceptions towards physics when it is no longer a compulsory subject. Our work extends research to date as our quantitative analysis suggests that positive associations with physics can be found with girls and that such girls hold more positive perceptions towards aspects of their physics education than do certain boy groups. For some of the constructs, no statistically significant differences appeared between males and females if they were a part of the same intention to participate group (see table 8). This means that for some constructs, girls who expressed an intention to continue with physics gave similar responses to boys who also intended to continue with physics. Such students as a group had more positive perceptions, attitudes and motivations, particularly towards physics-related constructs, than students who did not express an intention to continue with physics, which meant that girls who intended to do physics post-16 gave more positive views for these constructs than boys who did not intend to continue with physics. All of this highlights that analyses based on gender alone do not sufficiently explain differences in responses. 

INSERT TABLE 8 HERE 

Girls in our sample who intend to study physics in post-compulsory education are as positive about physics as are boys with similar intentions, in having similar levels of physics motivation for material gain or social gain. Leading on from this, our analyses indicate that girls who do not intend to study physics in post-compulsory education experience their present physics classroom environment differently from other groups, particularly in their ‘emotional response to physics lessons’ where they had the least positive responses of all groups (cf. Reid, 2003). On the other hand, girls and boys who intend to continue with physics after the age of 16 experience their classroom environment in a similar way, as indicated by the observation that both girls and boys were equally positive about their ‘perceptions of lessons’ and their ‘emotional response to lessons’ despite girls having less home support for learning in physics. 


However, the results also indicate that despite girls and boys who intended to participate in physics post-16 perceiving aspects of their classroom environment in the same way, there were statistically significant differences in other core physics-specific areas. Such girls had lower confidence in their conceptual ability and lower physics self-concept than such boys even though there was no difference in their conceptual ability (cf. Green et al., 2007; Martin et al., 2008). It seems likely that some girls who do not intend to participate in physics post-16 are switched off physics not only by their physics environment at school but also by issues outside of school, given that girls as a group report receiving less encouragement than boys to study physics post-16. This idea is given support by the finding that girls who intend to study post-16 physics are significantly less likely to receive home support for achievement in physics than boys who so intend (though we note there was no difference for home support for achievement in general), hold a lower intrinsic value of physics and, in addition, are less likely to receive advice and pressure to study physics post-16, again compared to boys who intend to participate in post-16 physics. Girls who do not intend to participate in physics had the least positive emotional response to physics lessons and perceptions of lessons and were amongst those with very low levels of both extrinsic and intrinsic value towards physics. 


These findings imply that a core group of girls who do not intend to study physics any further experience the same classroom environment in a very different way to all boys (regardless of their intentions to continue with physics) and girls who do intend to continue with physics. Findings such as this indicate that girls and boys often experience the same classroom environment in a very different ways. These findings could benefit from further work as it is possible that teaching styles disengage some girls, given that they typically prefer a more interpersonal way of learning. Such a preference might be facilitated by more context-based curricula (e.g. those that have been influenced at GCSE by Salters GCSE Science and at A-Level by Salters Horners Advanced Physics), by pedagogies that allow for greater student involvement and voice (Lee and Luykx, 2006; Rudduck and McIntyre, 2007) and by assessment instruments that allow for greater student autonomy and creativity (Reiss, 2009). At the same time, there is a danger in assuming that there are consistent gender differences between girls and boys in preferences for curricula, pedagogies and assessment. One message of this paper is that this is very unlikely always to be the case. More fine-grained work is needed here. In particular, there is a need to undertake research to determine how curricula, pedagogies and assessment regimes can succeed in maintaining the interest of as many students as possible, whatever their personalities and other characteristics.

Girls also scored quite low on the other physics-specific constructs but it is difficult to ascertain with this analysis the exact underlying cause for this. Lack of a supportive environment outside of school may, in some way, curtail such girls’ belief in themselves to do well in physics and impact their emotional responses to physics lessons. However, girls who intend to continue with physics manage to overcome issues around lack of support/encouragement in physics, given that their extrinsic physics motivation levels are on a par with boys who intend to continue with physics. 


The core difference between girls who intend to participate in physics after the age of 16 and girls who do not, in terms of individual differences and not looking at perceptions of their physics environment, is that girls who intend to participate in post-16 physics have motivation levels similar to boys who intend to participate and have absorbed the point that studying physics post-16 can have material and social benefits. All girls’ intrinsic valuing of physics, even the girls who intend to continue with the subject, is lower than that of boys who intend to participate in post-16 physics and so it seems likely that the emphasis given at school, or received elsewhere, about the extrinsic value of physics has been taken on board by a core group of girls (cf. Baker and Leary, 1995). Adding weight to this suggestion are the results that emanate from the personality constructs. Though previous studies (e.g. Smithers and Hill, 1987) have concluded that girls are less competitive than boys, the analyses within the UPMAP survey indicate otherwise. Girls who express an intention to participate in physics post-16 are more competitive than any group, including boys who express an intention to participate. The reasons for this remain to be uncovered but may reflect societal changes including, possibly, today’s generation of 15 year-olds girls in the UK being part of a more competitive educational market and classroom environment. 


This study suggests a number of additional avenues for further work. There are other subjects with post-16 gender participation differences in the UK and many other countries, for example mathematics (generally male-biased, though less than is the case for physics) and modern foreign languages (generally female-biased). It would be valuable to see if the findings here for girls and physics are also found for girls and mathematics and for boys and modern foreign languges. It may also be that our findings about the importance of extrinsic motivation for girls’ participation in phsyics mean that developing and testing an intervention is in order. The literature on girls and physics is large (reviewed by Murphy and Whitelegg, 2006) but surprisingly little work has been done to develop, implement and test any research-informed interventions. Now may be the time for this.
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Table 1: Intention to participate in physics post-16 for year 10 students in the UK

	
	Strongly disagree
	Disagree
	Slightly disagree
	Slightly agree
	Agree
	Strongly agree

	Overall results for UK sample

(percentage response)
	21.4
	23.7
	13.1
	18.9
	14.0
	8.8

	Boys

(percentage response)
	17.7
	18.1
	12.7
	19.5
	18.7
	13.3

	Girls 

(percentage response)
	24.9
	28.7
	13.6
	18.4
	9.9
	4.5


Table 2: Perceptions and emotional response to physics lessons

	 
	Boys
	Girls

	Construct (range 1-6)
	All boys
	PB
	NPB
	All girls
	PG
	NPG

	Perceptions of physics lessons 
	3.92 
	4.36 
	3.43 
	3.54
	4.09 
	3.27

	Emotional response to physics lessons 
	3.88 
	4.10 
	3.66 
	3.60
	3.94 
	3.42


Notes: Perceptions of lessons comparisons are: All boys versus all girls***; PB versus NPB***; PB versus PG***; PG versus NPG***; PG versus NPB***; NPB versus NPG***. 

Emotional response to lessons comparisons are: All boys versus all girls***; PB versus NPB***; PB versus PG***; PG versus NPG***; PG versus NPB***; NPB versus NPG***.

*** p < 0.001.

Table 3: Physics self-concept, confidence and conceptual ability 

	Construct 
	All boys
	PB
	NPB
	All girls
	PG
	NPG

	Physics self-concept 
	3.98 
	4.37 
	3.55 
	3.32
	3.79 
	3.09

	Physics conceptual tasks score (range 0-10)
	3.72
	3.92
	3.54
	3.82
	4.1
	3.70

	Confidence in physics conceptual tasks (range 1-4)
	2.68
	2.83
	2.52
	2.25
	2.45
	2.15

	Attitudes to physics conceptual tasks (range 1-6)
	3.50 
	3.85 
	3.10 
	2.76
	3.30 
	2.49


Notes: Physics self-concept comparisons are: All boys versus all girls***; PB versus PG***; PG versus NPG***; PG versus NPB***.

Physics conceptual tasks score comparisons are: All boys versus all girls***; PB versus NPB***.

Confidence in physics conceptual tasks comparisons are: All boys versus all girls***; PB versus PG***; PG versus NPB***

Attitudes to physics conceptual tasks comparisons are: All boys versus all girls***; PB versus PG***; PG versus NPB***. 

*** p < 0.001.

Table 4: Motivation and value of physics 

	Construct (range 1-6)
	All boys
	PB
	NPB
	All girls
	PG
	NPG

	Extrinsic material gain
	3.89 
	4.42 
	3.29
	3.59
	4.27 
	3.24

	Extrinsic social gain
	2.59 
	2.93 
	2.19
	2.45
	2.85 
	2.23

	Intrinsic perceived value of physics 
	4.06 
	4.42 
	3.64
	3.77
	4.19 
	3.56

	General motivations and aspirations towards learning
	4.64 
	4.87 
	4.41
	4.55
	4.78 
	4.44


Notes: Extrinsic material gain comparisons are: All boys versus all girls***; PG versus NPB***; PG versus NPG***; PB versus NPB***; PB versus NPG***.

Extrinsic social gain comparisons are: All boys versus all girls***; PG versus NPB***; PG versus NPG***; PB versus NPB***; PB versus NPG***.

Intrinsic perceived value of physics comparisons are: All boys versus all girls***; PG versus NPB***; PG versus NPG***; PB versus PG***; PB versus NPB***; PB versus NPG***.

General motivations and aspirations towards learning comparisons are: All boys versus all girls***; PG versus NPB***; PG versus NPG***; PB versus NPB***; PB versus NPG***.

*** p < 0.001.

Table 5: Support, advice and learning in physics 

	Construct (range 1-6)
	All boys
	PPB
	NPB
	All girls
	PPG
	NPG

	Advice-pressure to study physics 
	3.49 
	4.26 
	2.62 
	3.09
	4.04 
	2.60

	Home support for achievement in physics 
	4.15 
	4.54 
	3.69 
	3.71
	4.26 
	3.41

	Home support for achievement in general 
	5.54
	5.60 
	5.50 
	5.58
	5.61 
	5.56

	Social support for physics
	2.77 
	2.94 
	2.57 
	2.84
	3.06 
	2.73


Notes: Advice-pressure to study physics comparisons are: All boys versus all girls***; PB versus PG***; PG versus NPB***; PG versus NPG***.

Home support for achievement in physics comparisons are: All boys versus all girls***; PB versus PG***; PG versus NPB***; PG versus NPG***.

Home support for achievement in general comparisons are: All boys versus all girls*

Social support for physics learning comparisons are: All boys versus all girls***; PG versus PB***.

* p < 0.05, *** p < 0.001.

Table 6: Students’ perceptions of their physics teachers, their parents and their schools 

	Construct (range 1-6)
	All boys
	PB
	NPB
	All girls
	PG
	NPG

	Students’ perception of teacher 
	4.30 
	4.56 
	4.01
	4.21
	4.48 
	4.08

	Relationship with parents 
	4.62
	4.69 
	4.54
	4.64
	4.71 
	4.60

	Sense of school belonging 
	4.23
	4.43 
	4.00
	4.28
	4.42 
	4.21


Notes: Students’ perceptions of their physics teachers comparisons are: All boys versus all girls***; PB versus NPB***; PG versus NPG***; PG versus NPB***.

Students’ relationships with their parents comparisons are: All boys versus all girls***; PG versus NPG***; PG versus NPB***.

Sense of school belonging comparisons are: All boys versus all girls*; PB versus NPB***; PG versus NPG***; PG versus NPB***.

* p < 0.05; *** p < 0.001. 

Table 7: Psychological traits

	Construct 

(range 1-6)
	All boys
	PB
	NPB
	All girls 
	PG
	NPG

	Competitiveness
	4.01 
	4.06 
	3.96 
	4.39
	4.45
	4.36

	Emotional stability 
	4.21 
	4.23 
	4.18 
	3.85
	3.89
	3.83

	Locus of control 
	4.15
	4.24 
	4.05 
	3.95
	4.09
	3.89

	Extroversion 
	4.00 
	3.95 
	4.08 
	3.97
	3.90
	4.02


Notes: Competitiveness comparisons are: All boys versus all girls***; PG versus PB***; PG versus NPG***; PG versus NPB***.

Emotional stability comparisons are: All boys versus all girls***; PB versus PG***; PB versus NPG***.

Locus of control comparisons are: All boys versus all girls***; PB versus PG***; PB versus NPB***; PB versus NPG***.

Extroversion comparisons are: PG versus PB***; PG versus NPB***.

*** p < 0.001.

Table 8: Similarities and differences between intention to participate girls and boys

	Significant differences between PB and PG
	No significant differences between PB and PG

	Perceptions of lessons

Emotional response towards physics lessons

Self-concept 

Confidence in conceptual tasks

Intrinsic value of physics

Advice and pressure to study physics

Home support for achievement in physics

Emotional stability levels

†Social support for physics learning

†Competitiveness
	Physics material gain extrinsic motivation 

Extrinsic social gain motivation

General motivations and aspirations towards learning

Home support for achievement in general

Perceptions of teachers

Relationship with parents

Sense of school belonging

Conceptual ability

	Significant differences between NPB and NPG
	No significant differences between NPB and NPG

	Perceptions of lessons

Emotional response towards physics lessons 

Self-concept

Confidence in conceptual tasks

Home support for achievement in physics

Emotional stability levels

†Competitiveness

†Social support for physics learning
	Physics material gain extrinsic motivation 

Social gain motivation 

Intrinsic value of physics

General motivations and aspirations towards learning

Advice and pressure to study physics

Relationship with parents

Locus of control 

Perceptions of physics teachers


Note: † Girls scored higher than boys (as opposed to all the other constructs where significant differences exist, for which boys scored higher than girls).
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